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Abstract

This thesis focuses on the synthesis and charaatem of scandium compounds.
One goal was to investigate the solution reactiaty{CScs}l 1,Sc, which resulted in the
isolation of a molecular scandium nitride, §g),ScNSc(GHs)(THF)],, and a scandium
propoxide complex, [(§Hs).Sc( -OPr)}.

Besides this, priority was given to the synthemmsl characterization of the first
scandium dinitrogen complex, [ResH),Sch(i- % %N,), along with its precursor
compounds: (EMe;H),ScCI(THF), (GMesH),Sc( *-CsHs) and [(GMesH),Schl(p-Ph)BPh].
The reduction of the latter complex with K@nder N gave the elusive [Me4H).Sch(u-

% 2.N,). Structure determination supported by DFT caltahs revealed a coplanar
arrangement of a bridging side-on bound dinitrogeit and two scandium atoms. In one
reaction, the dinitrogen complex co-crystallized thwi an oxide impurity as
{I(CsMesH)zSch(p- % *N2)[(CsMesH)2Sch(k-O)}.

Additionally, the borohydride complexes {@esR),M(BH4)(THF)x (M = Sc, Y; R =
H, Me; x = 0, 1) were prepared. Yttrium borohyéridomplexes were investigated with
respect to their dinitrogen activation capabilliyt were found to be inactive. Ligand based
reactivity of (GMesR):Sc(*CsHs) (R = H, Me) occured with 9-BBN
(9-borabicyclo[3.3.1]Jnonane) to form the correspogd (GMesR),Sc( -H).BCgH14
complexes, from which oxygen exposure (R = H)dgel (GMesH),Sc( -O)BCgH1.4.

Subsequent investigations focused on the reactfof{GzgMesH).Sch[(p1-Ph)BPh]
with KCsMeyH and gave £°-CsMesH),Sc(i*-CsMe,H), which was structurally characterized
and is the first example of ar-coordination mode for a (®e;H) ligand bound to a rare-
earth metal. This complex undergoes Sigma Bondatlesis (SBM) reactivity towards
diphenyldichalcogenides, PhEEPh (E = S, Se, Te)prtmuce [(GMe4H),ScSPh] and
(CsMe4H).ScEPh (E = Se, Te) complexes. The analogous pi®daweld be isolated and

were fully characterized through the ligand baseakctivity of (GMesH),Sc( 3-CsHs) and



PhEEPhHh reagents. These reactions also workeceiprésence of THF to yield the solvated
complexes (€Me;H),ScEPh(THF) (E = S, Se, Te). The reaction ofME&H),Sc( 3-CsHs)
with pySSpy produced the analogougNIE;H),ScSpy complex. In addition, the formation
of a scandium selenium cluster complexsNié,H)Sck[SePh} was identified and reactivity
studies with PhTeTePh additionally resulted in idwation of a scandium tellurium cluster
compound, {[(GMes)Scl( 3-Te)}.

The functionalization of pD via insertion into the metal carbon bond of allyl
compounds, (MesR),M( 3-CsHs) (M = Sc, Y, La, Sm; R = H, Me) formed [{®esR),M(p-
A HP-ON=NGCsHs)]. complexes. The insertion OPrN=C=NPr into the Sc-C bond of
(CsMesH),Sc(P-CsHs) gave (GMesH),Sc[(Pr)NC(CHCH=CH,)N(Pr)- >°N,N].  Finally,
although the desired products were not isolatedmfran attempted reaction of
(CsMesH),Sc(?-CsHs) with diphenylhydrazine, a scandium hydroxo clusmplex

(CsMeygH)sSas( 5-0)( 3-OH)a( 2-OH)4 [(CeHs)NH], was isolated.



Inhalt

Die vorliegende Arbeit fokussiert auf die Syntheged Charakterisierung von
Scandiumverbindungen. Ein Ziel war es, die Red&ltiwon {CSg}l 1oSc in Lésung zu
untersuchen, das die Isolierung eines molekularen can@umnitrids,
[(CsH5)2ScNSc(GHs)(THF)]2, und eines Scandiumpropoxidkomplexes sH§).Sc( -OPr)b,
ergab.

Aullerdem stand die Synthese und Analyse der er&eandiumdistickstoff-
verbindung, [(GMesH),Sch(p- % %N,), zusammen mit der Charakterisierung der
Ausgangskomplexe: @®e;sH),ScCI(THF), (GMesH),Sc( *-CsHg) und [(GMesH),Sch[(p-
Ph)BPh], im Vordergrund. Die Reduktion des letztgenanri@®mplexes mit K@ unter N
ergab das schwer zu isolierende und bislang uniégdiiGMesH)Sch(p- % %N.). Die
Strukturbestimmung zeigte eine koplanare Anordnuder Uberbrickenden, seitlich
gebundenen NEinheit an die beiden Scandiumatome, welche dubéT-Rechnungen
unterstitzt wird. In einer Reaktion cokristallisee der Distickstoffkomplex mit einer
Oxidverunreinigung in Form von {[(e;H);Sch(u- % *Ny)[(CsMesH),Sch(u-0)}.

Dariiber hinaus wurden BorhydridkomplexeN@;R).M(BH.)(THF)x (M = Sc, Y; R
= H, Me; x = 0, 1) hergestellt. Yttriumborhydridkplexe wurden in Bezug auf ihre
Fahigkeit N zu aktivieren untersucht, wobei sich ihre Inakividemgegentber herausstellte.
Ligand-basierte Reaktivitdt von {KesR),Sc(3-CsHs) (R = H, Me) erfolgte mit 9-BBN
(9-Borabicyclo[3.3.1]nonan), das die entsprechen@@@me;R),Sc( -H).BCgH14,-Komplexe
hervorbrachte, aus welchen (R=H) mit Sauersto§M&H),Sc( -O)BCgH14 entstand.

AnschlieRende Untersuchungen umfassten die Reaktam [(GMesH).Sch[(p-
Ph)BPh] mit KCsMesH, aus der sich/-CsMesH),Sc(i'-CsMesH) ergab, welches strukturell
charakterisiert wurde und das erste Beispiel eitibsr einen/'-koordinierten Modus
gebundenen (§MesH) -Liganden an ein Seltenerdmetall darstellt. Diekemplex zeigt

Reaktivitat im Sinne einer Sigma-Bindungs-Metathg&®M) mit Diphenyldichalkogeniden,



PhEEPh (E=S,Se,Te) und ergibt Komplexe der Art sM{€&H),ScSPh] sowie
(CsMe4H),ScEPh (E=Se,Te). Die analogen Produkte konntem diee Ligand-basierte
Reaktivitat von (@MesH);Sc( >-CsHs) mit PhEEPh-Reagenzien isoliert und vollstandig
charakterisiert werden. Diese Reaktionen funkéden ebenfalls in Gegenwart von THF
und lieferten die solvatisierten Komplexesk&,H).SCEPh(THF) (E = S, Se, Te). Die
Reaktion von (@MesH),Sc( 3-CsHs) mit pySSpy ergab #Me;H),ScSpy. AuBerdem konnte
der Scandium-Selen-Clusterkomplex J&,H)Sck[SePh} dargestellt werden und
Reaktivitatsuntersuchungen mit PhTeTePh resulhiedasatzlich in der Isolierung einer
Scandium-Tellur-Clusterverbindung, {[{Mes)Scl( 3-Te)}.

Die Funktionalisierung von JD durch die Insertion in die Metall-Kohlenstoffbunty
von Allylverbindungen (@MesR):,M( *CsHs) (M = Sc, Y, La, Sm; R = H, Me) bildete
[(CsMesR)M(p-H': ~-ON=NGCsHs)]-Komplexe. Die Insertion vonPrN=C=NPr in die
Sc-C-Bindung ergab  @lesH),Sc[(Pr)NC(CHCH=CH,)N(Pr)- 2N,N].  SchlieRlich,
obwohl die erwiinschten Produkte aus dem VersuchMegH),Sc( 3-CsHs)  mit
Diphenylhydrazin zur Reaktion zu bringen, ausbliebg&urde ein Scandiumhydroxocluster-

komplex, Se( s5-O)( 3-OH)a( 2-OH)4(CsMesH)s [(CeHs)NH]3, isoliert.
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Chapter 1

General Considerations

1.1 Scandium, Yttrium and the f-block Metals

Dmitri Mendeleevcould not fill the space preceding yttrium in lisginal Periodic
Table in 1869 for a metallic element of atomic m&Ssbut he predicted an element specified
as ekaboron.In 1879,Lars Fredrik Nilsondiscovered a new element in the minerals euxenite
and gadolinite from Scandinavia, produced scandmuide and named the element scandium
after the Latin word Scandia for Scanding¥ia.lt wasPer Teodor Clevavho noticed the
consistency betweeMendeleev'grediction andNilsonsdiscovery and notifiedlendeleey
However, it was not until 1937 that the elemerdlitasas successfully isolated by electrolysis
of a eutectic mixture of KCI, LiCl and Scat 700-800 °C. This soft and silvery metal is in
fact fairly abundant, Table 1.1, but since it i€y distributed in the earth’s crust in the rare
ore thortveitite (S£Si,07), and is difficult to extract and purify, it is meexpensive than the
majority of the transition metals. The largest amtoof scandium is isolated from uranium
extraction as one of the byproducts.

Although scandium has no important applications, ¢hemistry of scandium is very
interesting and often challenging since it is thealest transition metal with the electron
configuration [Ar] 48 3d". It is often unclear whether its chemistry wésemble that of the
later lanthanides or the group 3 metals.

Below scandium in group 3 of the periodic tablke lgsted yttrium and the lanthanides,
which are altogether with scandium generally com®@d as the “rare earth” elements
implying that those are “rare” in the earth’s crudh fact, all sixteen elements are more
abundant than for instance mercury or gold. Amtregn only promethium has no natural
abundance, since all of its isotopes are radioactiVable 1.1 gives the natural abundance of

the rare earth elements in the earth’s crust coeajpiar other common metdls.



Table 1.1. Abundance of the “Rare-Earth” Metals in the Eart@iust compared to Other

Metals (ppmY.

aluminium 79600

iron 43200

titanium 4010 uranium 1.7

manganese 716

zirconium 203 tantalum 1.1
tungsten 1.0

nickel 56

copper 25
silver 0.07
mercury 0.04

lead 14.8 gold 0.0025
palladium 0.0004
platinum 0.0004
ruthenium 0.0001
iridium 0.0005

1.2 Size of the Rare Earth lons

Lanthanides. Lanthanide complexes usually show coordination rensifrom 8 to 10
due to their large sizes. The f-orbitals of thatl@nide elements have a limited radial
extension compared worbitals of the transition metals as proved byotk&cal, magnetic,
synthetic, spectroscopic and structural as weleastivity investigation§* As opposed to
yttrium and scandium, the lanthanides have f-olbitehich do not extend past the xenon
core, Figure 1.1° and therefore they cannot provide the needed igeaid orbital overlap
to form a covalent bond. As the interactions betwéanthanide metals and ligands are
considered to be electrostatic, the bonding forléimhanides is commonly more of an ionic

nature. Since f-orbitals are of diffuse nature,edfiective shield of the increasing nuclear



charge from La to Lu cannot be fulfilled by an ieasing f-electron count. As a consequence,
the ionic radii of the lanthanides decrease frontd_au gradually by approximately 0.01 A.
The term lanthanide contraction describes this ede® in ionic radii of the lanthanides.

Figure 1.2 gives the ionic radii for eight-coordimé#rivalent rare earth elemenifs.
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Figure 1.1 The distribution of the 4f, 5s, 5p and 6s elatsr for trivalent gadolinium are

presented as a function of radial distattce.
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Figure 1.2 lonic radii (A) for eight-coordinate trivalent eearth elements.



Yttrium. Yttrium is often considered similar to the lanthanides tuiés ionic radius
which is in between that of dysprosium and holmiamd its easily accessible trivalent
oxidation state, ¥, with a #f° configuration. This can be compared to thednfiguration
of the trivalent lanthanides. Both represent doskell ions which valence electrons do not
extend past their nobel gas cores, Kr and Xe. €@mnrently, yttrium is expected to react in a

similar way to the late lanthanides which is coesiswith experimental results.

Scandium. Referring to the size of trivalent rare-earth ed@s the smallest ionic
radius belongs to trivalent scandium. As showrFigure 1.2, the ionic radius for eight-
coordinate trivalent scandium is already about @.1smaller than that of lutetium.
Coordination numbers for scandium range from 3,tcn9vhich the sixfold coordination is
the most common. The Shannon radius of six coatdiscandium is 0.745 A, much smaller

than six coordinated trivalent lutetium, 0.861A.

1.3 Oxidation states of the Rare Earth Elements

The transition metals can access various oxidatiates in organometallic complexes.
In contrast, the rare earth elements show a morgell range of oxidation states with the
most stable being +3, since the fourth ionizatiaergy is larger than the sum of the first,
second and third ionization energies. Indeed foleth ionization energy is so large that it
cannot be compensated for by forming a new chenicald’® The only exception in
solution chemistry is the G¥Ce™ redox couple, which due to the low fourth ioniati
energy, makes the accessibility of the*Ten possible as it possesses a more stable closed
shell electronic configuration, [Xe]4f Consequently, C& compounds are strong oxidizing

agents-"*?



All observed oxidation states of rare earth metahs crystallographically

unambiguously identified molecular complexes a@shin Figure 1.3.

Sc
+3

+1

Y
+3

+4

La|Ce|Pr|{Nd|Pm |Sm|Eu|Gd|Tb|Dy|Ho|Er|Tm|Yb|Lu
+3 |+3 |+3 |+3 J(rad)]+3 |+3 |+3 |+3 |+3 |+3 |+3 |+3 |+3 |+3

+2 | +2 +2 +2 | +2 0 +2 0 +2 | +2

Figure 1.3. Oxidation states of rare earth metals observedtructsirally characterized

molecular complexes.

Divalent europium, samarium as well as ytterbiunvehdeen known for over 80
years®® Recently, accessible divalent oxidation states ritetals such as thuliufi,
dysprosiurmi® and neodymiurt have been discovered. Predictably, the isolaifamolecular
divalent species containing the latter three ioas extremely challenging (described in detail
on page 6). Very recently, the first two examplésligalent lanthanum complexes, namely
[K([18]c-6)(EtO)][LaCpy] and [K([2.2.2]crypt)][LaCps] [where Cp" = °-1,3-
(SiMes),CsHs] could be synthesized.

After the molecular structure of a formal Sc(l) ining scandium complex, [{-
P:sCo'Bu)Scly( - & %-PsC3'Bus)] has been reportéd® another low-valent scandium species
[{Sc(PsCatBu,)2} 2] has been obtained from the reaction of [SCtEBU,)3] with KCg in 2003
and has been structurally authentic&f&d.

Even several lanthanide complexes containing fdyman(0) has been successfully
synthesized® For instance, the reaction of Gd vapor with 1{85-butyl-benzene formed

[(Gd( -BusCsHs)7].>*



1.4 Divalent Rare-Earth Metal Reduction Chemistry

Predictably, divalent rare earth compounds are veagtive, making them excellent
reductants which have been applied in organometadliwell as in organic chemistry. The
first soluble organometallic divalent samarium cannpd was isolated in 1981 as the solvated
complex (GMes),Sm(THF).2”  Shortly after this discovery, the unsolvated agal
(CsMes),Sm was prepared which possesses an unexpectedtheritire’®?® Both of these
divalent samarium compounds show extensive reduathemistry, which led to the first
example of a lanthanide dinitrogen complex prepdreth the reaction of the unsolvated

samarium complex with dinitrogen eq £%1.

2 é ‘L */gl\“\\/// %Iﬁ/ (1.1)

Another outstanding example is the reaction of #udvated samarium complex with

diphenylacetylene and CO to give a tetracyclic bgdrbon, eq (1.2

\ \\\\\\\O
S + PhC=CPh — > [(CsMes),Sm],(PhCCPh)

~, 2 THF
=D o

\S
m

The first molecular T compound was isolated by tBechkarevand Evansgroup

o

as TmH(DME)s** from a freshly prepared sample, by using Bezhkarevmethod® and



characterized by X-ray crystallography. The regosential for Tri"/Tm®" (2.3 V) * shows
that it is even more reducing than the redox coSp/Snt* ( 1.55 V).** For that reason, it
was hard to isolate a metallocene complex of ‘Tamalogous to (§Mes),Sm and attempted
syntheses under dinitrogen resulted in the fingidim dinitrogen complex, [(§Mes),Tm]o(u-

% 2.N,),*® since the possible metallocene intermediate mietd @ species reactive enough
to be able to reduce dinitrog&h.Similar observations of dinitrogen reduction werade by
modifiying the ligand to the less-donating cyclofetienyl group (€H.SiMes) .* In order
to isolate the first divalent thulium metallocenenplex, the analogous reaction was
performed under argon, but the product of the reaaf Tmk with KCsMes in ELO revealed
that Tnf* was reactive enough to activate the solvent diethgr to form ethoxide and oxide
complexes® A breakthrough came when the ligand set was athrippm (GMes) to
[CsHs(SiMes),]” to give the first crystallographically identifiedrm?* metallocene,

[CsH3(SiMes),],Tm(THF), eq 1.3’

Me3Si
SiMe
. THF \ 3
TmL(THF); + 2 KCsHs(SiMe;), N > Me;Si. Im—O 1.3)
r
-2 KI 2@::
Me3Si

In a similar fashion to the preparation of ntomplexes, the first molecular By
complex was realized as DIDME)s.>” X-ray crystallography revealed unambiguously the
existence of both linear and bent Byhits in a single crystal, which itself is isombgus to
the samarium analo. Dyl is capable of reducing dinitrogen as well to famthe presence
of [CsH3(SiMes);] the dinitrogen complex, {[€H3(SiMes)s]-Dy} o(u- % %Ny).%’

However, because of its redox potential {B®y*" = 2.5)3** Dy** can even reduce
substrates with high reduction potentials like ribplene (2.60 V vs. SCEY, which after

hydrolysis yields dihydronaphthaleffe.The big advantage of this reduction is that it ba



done in an ether solution with a soluble moleculyf* species. Normally this kind of
reaction is only possible via a Birch reduction vehalkali metal is used in liquid ammorifa.
The first THF stabilized divalent neodymium compleas isolated as NfTHF)s.>* The

redox potential for N&/Nd®*" is 2.6 V vs. NHE>*

1.5 Trivalent Lanthanide Reduction

A breakthrough came with the exploration of routesccess divalent-like reduction
chemistry with trivalent lanthanide compounds. FRbe first time, this new reductive
chemistry could be applied with all of the lantides.

The first sterically crowded @es)sM complex was isolated in 1991 assi&s)sSm
from the reduction of cyclooctatetraene withhyN@s),Sm to give the unprecedented products

(CsMes)sSm and (GHg)Sm(GMes), eq 1.4

Bk @ﬁ%ioﬁ

Thus, it had been discovered that the three laBgil€s)” rings around S form the
very crowded complex @#Mes)sSm, which had been assumed by many groups to not be
possible to form, since it was estimated that theecangle of a (§Mes) ring is 14242
Hence, three of these angles would exceed the &h360°. However, the steric crowding in
(CsMes)sSm causes longer Sm-Gf@es) distances compared to previously reported®Sm
complexes of (eMes)’, as shown in Table 1.2. Thus, the required ahglethe metal-

centroid bond in (§Mes)sSm can be achieved by moving the ligand furtheryafiam the

metal center, Scheme 1.1.



Table 1.2. Sm-C(GMes) distances in (§Mes)sSm @) and other St complexes of (EMes)

(b).

Sm-C(CsMes) distances (A)

distances ia 2.782(2), 2.817(2), 2.910(3)
average ira 2.82(5)

typical averages ib 2.71(2)-2.75(2)

range of averages 2.68(1)-2.80(1)

Scheme 1.1.Change of the cone angle from 142° for normal rdejahd distances to
a cone angle of 120° by moving the ring further w@m the metal core to enable the

formation of (GMes)sSm.

It could be conceivable that substrates cannotogabr the metal because of the steric
crowding in (GMes)3Sm. However, the steric crowding ins{es)sSm causes a remarkably

high reactivity of this complex towards numeroubsttates, see section £%?

Surprisingly, (GMes)sSm can behave like a one electron reductant. Siaoerium
has not an accessible 4+ oxidation state, the tedupower in the (gMes)sSm complex
must derive from the (§Mes) ligands by offering one electron from one of {{@&Mes)
ligands to give half an equivalent of pentamethglogentadienyl dimer, (§Mes),, eq 1.5.

(CsMes) T ———> 0.5 (CsMes), + 1 e~ (1.5)



As the sterically crowded arrangement of bulkyids to the metal atom initiated this
reduction, such reactions are best described asadkg induced reductions (SIR). Thus, it
can generally be distinguished between two differeeduction types, Scheme 1.2,

exemplified by divalent (§Mes).Sm and trivalent (§Mes)sSm.

@

Sm(II) ;\ \Sm]I -_— ;\ \Smm + ee
Reduction ﬁé ﬁé

1@

Sterically

Induced i \Snlln - & \Smm NS 05
Reduction ﬁ; ﬁ;

(SIR)

Scheme 1.2. Comparison of Divalent Sm(ll) Reduction vs Steiligdhduced Reduction

(SIR).

1.6 Observed Reactivity Modes with (gMes)sM Complexes

As indicated above, all of the known s{(@es)sM complexes show an unexpected
(CsMes) reactivity. Depending on the substrate, it candistinguished between various
general modes of observed reactivity. As descrédeave, one type of reaction is SIR, eq

1.652

4\ \ \‘\\“Se':.,%\
2 Nd~O + 2 PhyP=Se ——> Nd" / "'Nd (1.6)
*ﬁiﬁ; - (CsMes), ‘@Se%

-2 PPh;

10



Another mode involves -like (CsMes)™ reactivity where numerous reactions like
hydrogenolysis, insertion of C8,eq 1.7, CG* and C$* eq 1.8, into the M-C(GMes)

bond, ring-opening of THE and olefin polymerizatioff occur.

% ‘om—O0~___.|--
ﬁSm{)}» + 2CO —— ‘ﬁ ESm\O _ 1.7)

La + CS, —_— ﬁ (1.8)
ﬁ % S

The third general reaction mode describes the #utieh of a pentahapto °>-(CsMes) ™

ligand by a ligand of lower hapticity, e.q. [N(Sib}d—,*"*° exemplified in eq 1.9.

% /& \\\SiMe3
M‘O + K(NSiMe;), —> M—N_ . (1.9)
ﬁ%—\i - KCsMes @ SiMe;

M=La,U

The fourth known reaction type involves the formatbf base adducts {&les)sML>°>? and

(CsMes)sML,*"*? (where L = CO, B, RNC, RCN) from (@Mes)sM complexes, eq 1.10.

;\‘ \M~@— + 2 Me;CCN ——— Me;CCNZVMD=NCCMe, (1.10)

<!

/‘\/\

-,

M= La, Ce, Pr

The majority of these reactions form single pradua relatively high yields. In

contrast, it has been reported that reactions ¢Még)sM with alkyl and aryl halides are more

11



complicated and result in various byproducts, € lgenerated through a combination of
nucleophilic displacement, radical reactions ardlicéion to form (GMes)..*° The latter is

the typical byproduct observed in SIR reactions] &q

o A ] [
R Y 0.5 Ph,
Sm‘O . © — smoX |+ 3 ey (D
~& & CoMek

X=ClLBr,I L .

More recently it has been found thatsies)sM as well as the nitrile adducts
(CsMes)sM(NCCMes)x  show SBM reactivity with PhSSPR.  For instance, the
organometallic product of the reactions ofN@s)sLa with PhEEPh (E = S, Se, Te) is shown
ineq 1.12. Whilst the (E = S, Se) analogues gaiesEPh as the major and {{@es), as the
minor byproduct, the analogous reactions with PERIT provided (€Mes), as the only
byproduct.

The application of PhEEPh substrates has often beplored in reductive f-element
chemistry*>" due to their broad range of reduction potentidls75 V,*® 1.2 V,*®and 1.06
V> vs. SCE for E = S, Se, and Te, respectively, and bestause of the often crystalline

nature of the (EPh)ontaining complexes.

/&\ ’ 2 \EI%\ + CsMesEPh
2 La + 2PhEEPh ——> La “La (1.12)
%\ ﬁ%_\i\la/;&? +(CsMeg);

E =8, Se, Te

One explanation for the generation of the obsetwgaroducts gMesEPh in these

reactions could be sigma bond metathesis (SBMJhis reaction pathway would require the

12



1. (CsMes)” bonding mode to be accessible for these compleReheme 1.4. A reported
example for this mode of SBM yields the productsBReand [(GH4Bu),Ln( -ER)], from
the reaction of (€H4sBu),Ln( -Me)]» (Ln = Y, Lu) with REER (E = S, Se; R = PlBu, 'Bu,

CH,Ph)%*

Scheme 1.4Sigma Bond Metathesis (SBM) Mechanism via a Rattd -(CsMes)~ ligand.

% . ’&M . M—EPh| (E=S,Se)
ﬁ@z{@} - N é |

L Jn

+ CsMesEPh

An alternative way to obtain thesesMesEPh byproducts could be via a radical
pathway. For this, a @¥es) ligand would have to provide an electron to gateea GMes

radical3¢653%2®%4yhich is trapped by PhSSPh, Scheme 1.5.

Scheme 1.5Generation of a §Mes Radical and Subsequent Trapping by PhSSPh.

(CsMes)_ —_— (CsMes) ¢ + e

(CsMes)® + 0.5PhSSPh ——> CsMesSPh

This reaction pathway is plausible since PhSSRma@svn to act as a radical trapping
reagenf® In order to test this conceivable route, a mixtafe{CsMes), and PhSSPh was
heated up, as it is known that crackingsNi8s), generates two (Mes) radicals:>®®
However, this reaction gave only thesk@s), disproportionation products,sMesH and
tetramethylfulvene, and unreacted PhSSPh. The tammaf GMesSPh was not observed.

Additionally, the thermal stability of puresMesSPh was tested: it showed no decomposition

when heated up to 110 °C in toluene. This suggésiisthe most likely pathway to form
13



CsMesEPh is via sigma bond metatheSisalthough crystallographic evidence for an
L.(CsMes) ™ ligand is still not reported.

The reaction of PhTeTePh with {@es)sM gave (GMes), as the only byproduct.
This would be consistent with SIR, but it mightalse that gMesTePh has been formed via
SBM first and subsequently decomposed tgMé&s), and PhTeTePh. The formation of
CsMesTePh was probed by combining PhTeTePh andsMi&s, but no reaction was

observed?

1.7 Divalent-like Reduction Chemistry Obtained Thraigh Alkali-Metal Reduction of
Trivalent Lanthanide Complexes

Divalent-like reduction chemistry was also observied reduction of trivalent
lanthanide complexes with alkali metals. Theseated LnZ/M and Ln4Z’ reactions (Z =
[N(SiMe3);] or CGGMe,R (R = H or Me); Z = BPR M = Na, K or KG) yield
[ZoLn(THR)]o(M- % %Ny) in the presence of Nand THF"®® Hence, this route displays
another way to access analogs ofsNi€s).Smb(H- % %N,) shown in eq 1.1. Remarkably,
this “LnZ,” chemistry accessible via Scheme 1.6 works algh Veinthanides for which no

divalent state has so far been isolated in solution

Scheme 1.6.Divalent-like “LnZ,” chemistry with reduction of an appropriate suatsr

2 LnZ; + 2 M + substrate —> {Z,Ln},[substrate] + 2 MZ
or 2 LnZ,7!

2 LnZ, + 2M —5~5> "LnZ," ——> 2 {LnZ,}* + 2¢

-2 MZ
or2 LnZ,7'
substrate + 2e¢ ——— [substrate]*

Z/7' = Monoanionic Ligand; M = Na, K or KCg

14



Following the discovery of the convenient accessediiced dinitrogen complexes, it
was discovered that these are excellent reduciartk®ir own right, as the K ligand of the

complex provides two electrons, Scheme 1.7

Scheme 1.7.Reduced dinitrogen complexes are excellent redtgtan

N> —> N, + 2¢

substrate + 2e¢ ——— [substrate]*

For instance, dinitrogen complexes are capablediicing phenazine which is a fairly
easy reducible substrate ( 0.36 V vs. SCEpq 1.13. In the past years, numerous bimetallic
reduced phenazine complexes have been isolatedrghaoWstinguishable binding modes of
lanthanide to the substrate depending on the metaé, compare for example
[(CsMesH)sLal(p- % *CiHgN)(La(THF)(GMesH), with [(CsMesH)Lu](p- % -

Ci12HeN2)(LU(THF)(CsMesH),. ™

%\\“ o W% @[ h \LuEEEE'££§‘~:::::Lu é(l.l?a)
N ﬁ 7 2THF$

Another appropriate substrate for the applicatibthe “LnZ,” reactivity is anthracene

that possesses reduction potentials of 1.98 andl42V vs. SCE? However, the use of
anthracene instead of phenazine changes the reeluefictivity of the lanthanide dinitrogen
compounds significantly. Whereas [{@esH)-La(THF)L(1- % %N,) shows reactivity with

anthracene, there was no reaction observed in aalogues reaction with

[(CsMesH),Lu(THF)]o(u- % 2Ny), even with heating to 75 °C for 24'h.

15



Furthermore, reduced dinitrogen complexes are d¢apzEbreducing small molecules
like CO,, that has a reported reduction potential of 2\2¥s SCE in dimethylformamid&,
which would yield an oxalate derivate.A second example of a small molecule activaton i
the reaction of [(€Mes).Lal(1- % %N,) with CO to yield a ketene carboxylate, namely
{[(CsMes),La]y[ - *-O,C-C=C=0](THF)L.”® Another route for the synthesis of the same
type of ketene carboxylate lanthanide complex ésreaction of [(EMes),Sm](THF) with 6

eq of CO’* The synthesis routes for each of these produetsambined in eq 1.14.

\ /’, NI N """"
La\\\ // 1y L{l

/

ﬁ\N //ﬁ;" 6 CO
THF

Although several substrates react with lanthamimh#rogen complexes via “LnZ
reactivity, for some substrates there are limitshid divalent-like reactivity. For instance,
[(CsMes),Ln]o(1- % %-N,) with Ln = Lu, La are not able to reduce naphthel¢hat has a

reduction potential of -2.60 V vs SCE"*

1.8 Organoscandium Compounds Compared to Organolahanide Compounds
Organoscandium chemistry resembles in some respleetshemistry of the later

lanthanides. For instance, the cyclopentadienyipiexes of scandium and lutetium, namely

16



ScCp’™ and LuCp’® show both mixed *- and °-coordination’”” However, the size
difference between scandium and the later lantlesnggems to affect some reactions which
provide products with subtle differences. For ins® the bis(pentamethylcyclopentadienyl)
complexes of scandium and lutetium possess diffestructures: (€Mes),ScMe® is a
monomer and [(EMes),Lu(p-Me)Lu(CsMes)»(Me)]’® is an asymmetric dimer. Another
example would be the difference in synthesis of tH& coordinated tris(phenyl) compounds.
Interestingly, both synthesis routes and the atrecof the scandium vs the lanthanide
product is different. While the twofold THF coordied tris(phenyl)scandium ScfPhHF), is
being produced by a salt metathesis reactiahe tri-coordinated THF tris(phenyl)lanthanide

compounds LnPYTHF)s (Ln = Ho, Er, Tm, Lu) require a redox reactftn.

1.9 Scandium Halides

All four trivalent scandium halides, SgRVF; structuref* ScCk (CrCh structuref*
ScBr; (Bil; structuref! Sck (Bils structuref! in which the coordination number of the metal
is six, are fairly stable compounds due to thegsrefl trivalent oxidation state of the metal.

However, through solid state synthesis techniquesenous well-defined scandium
halide compounds consisting of low valent scandam® obtainable. These are generally
prepared by the reduction of the respective trivalealide with scandium metal at high
temperatures. For instance, the reaction of saamavith ScC4 produces, depending on the

temperature as well as the stoichiometry,C&£* and SgCly.*

The reduced sesqui
scandium sesquibromide Bc; was obtained in an analogous reaction with $&8Fhe only
known binary scandium iodide, namelyy,g4,, can be obtained from the reduction ofsScl
with excess scandium metal at 750 °C in sealedaltamt or niobium ampoules. This
compound crystallizes in a Gellype structure and the X-ray structure revealed there is

an under-occupancy of scandium present. Condtictimeasurements, supported also by

EPR spectroscopy, showed that $£is metallic above 100 K and an insulator below 100

17



K.%* Through the phase transition at low temperathieglectrons are trapped in localized 3d
orbitals. Hence, Sel2 = Sglis = (SE")s(SE2(1)1s becomes a mixed-valent compound

owing to distinct and assignable electron configare.

1.10 Rare-Earth Metal Cluster Compounds

The term ‘metal atom cluster’ typically refers t@@up of two or more metal atoms
in which there are direct bonds between the métahs®™ Rare earth metals in low oxidation
states form clusters with their remaining valenkzzteons and are typically stabilized by a
halide sphere. Depending on the arrangement ohdlegen atoms, it can be distinguished
between the [MXg] and [MeX12] cluster types, Figure 1.4. In a §Mg] unit the eight halogen
atoms are located above the eight faces of thehedtan, thus the metal-metal bonds
represent as two-center-two-electron bonds thedgj2sof the octahedron. In contrast, in the
[MeX317] unit the 12 halogen atoms are placed above gésadf the octahedron, hence the
metal-metal bonds are located as three-center-legtrens on the surfaces of the metal

octahedron.

Figure 1.4 [MeXg] cluster unit §X15] cluster unit

With a few exceptions, rare earth (M) clusteeedto sequester an endohedral atom Z
to make up for the paucity of electrons of thesmgr3 elements. Therefore, isolated clusters

are rare and cluster condensation is a commonrpictdppropriate endohedral atoms are for
18



example carbon, boron or late transition metalshfial three periods, Mn-Cu, Ru-Pd, Re-
Au.®® Figure 1.6 and 1.7 show examples for typical emsated clusters complexes.

M-X12Z cluster compounds show a huge variety of compsunduding Sc, Y and
the rare earth metals, La, Ce, Pr, Gd, Th, Dy, Ho,and Lu which form interstitially
stabilized isolated octahedral clustersgjl " The {MsZ} cluster is capped by 18 halide
atoms, 12 halides above each edge of the octaheshrsix above the corners. A seventh
rare-earth metal atom links the {&}X 15 units into infinite chains. The chains are linked b
X" bridges resulting in M{MZ}X ¢ Xe» *Xe". Figure 1.5 shows the structure of,Glg,B

as an example of an isolated cluster complex.

Figure 1.5. Structure of SgCl;,B Part of the infinite chains (top) and their cocinen via i-

a/a-i bridges according to Sc{§}Cl¢ Clg22 Clg (bottom).

The RXsZ series is known e.g. for kigRu and PiisZ, (Z = Co’® Ru®® 0s? Ni,®9),
Y4lsC,* and GdlsZ, (Z = C or Si)'® Interstitial-atom-centered rare earth metal cedah
form infinite trans-edge chains, with all vacangesl bridged by halides. Another two halides

on top of each apical octahedral position link taeahedral chains vid™l connections. A
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further link between the chains is by &hdonnection. Figure 1.6 (a) showslEBRu as an
example for a typical condensated cluster complex.

A remarkable cluster compound is;&&;0l30, in Which twenty scandium atoms build a
T3-Supertetrahedron with all Stetrahedron centered by a carbon atom, Figurgti).6?
The carbon atoms are in the shape of a T2-Supattztron and the octahedral cavities are
filled with a T1-Sg-tetrahedron. The iodide atoms form a concave catad T4-
supertetrahedron shell, so that the molecular stre®f Sg,Ciolzo can be described as T1 +
T2 + T3 + T4*. Interatomic Sc-C distances are mitthe range of 2.01 and 2.42 A, whereas

the Sc-C distances are 2.28 and 2.33A in &8¢’ with isolated Sc-octahedra.

(a) (b)
Figure 1.6. (a) Crystal structure of RgRu. Part of the infinite chains (top) and their
connection via i-ifi-a/a-i bridges according to MR} a2l a4l 251 (bottom)*®  (b)

Molecular structure of $§C;ol30.1%2
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Additionally there are structures with cluster cizlinked by isolated rare earth metal
atoms, e.g. S€lsZ (Z=C, N)!*® Figure 1.7 (a), and $€l1¢C,,*** Figure 1.7 (b). In SElsZ

single chains of octahedra are formed whilgC3@C,is more condensed to double chains.

(@) (b)
Figure 1.7. (@) Crystal structure of $CIgC. Part of the infinite chains (top) and their
connection via i-ifi-a/a-i bridges according to Sc{C}ClgClys?Clgs" (bottom).  (b)
Structure of SgCI110C,.  Part of the infinite chains (top) and their ceation via i-i/i-a/a-i

bridges (bottom).

The exception to the centered rare earth clustersha sequihalides M3 (e.g. M =
Sc, Y; X=ClI, Brf**® as well as MClyo (M=Sc® Er %9 which evidently do not require an
interstitial atom, Figure 1.8 (a) and (b). Thestfifanthanide compound with an oxidation
number less than +2 was @k.°* The sequihalides contain chains of trans eddeedin

octahedra. The {N} octahedra are capped by eight halide atoms 1o fd&Xs cluster.
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Figure 1.8. (a) Crystal structure of XCls. Part of the infinite chains (top) and their
connection via i-i/i-a/a-i bridges (bottom). (bjyStal structure of S€l;o. Part of the infinite

chains (top) and their connection via i-i/i-a/aridges (bottom).

Another way to combat the electron deficiency @& third group metals is through the
use of a third element such as an alkali metal utddbup ternary halides, for example
CsSgCl;. These phases crystallize with the hexagonal ys&ite type of structure

(BaNiO3)'lO7,108

1.11 Molecular Metal Atom Cluster Complexes

Decades agd;ottonet al. succeeded in making various molecular natah cluster
compounds consisting of transition metals. Fortaimse, they could stabilize discrete
trinuclear complexes of niobiuffl® and shortly after that they observed self-assenably
octahedral metal atom clusters of zirconium, nioband tantalum*® The “modus operandi”
in these syntheses was the reduction of a suitbfesition metal complex with sodium

amalgam in an appropriate solvent.
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Around the same time, the synthesis of metal dustenpounds available through
solid state chemistry was studied extensively. tids account, the idea arose to do solution
chemistry with these metal cluster complexes. ikstance, several hexazirconium chloride
and bromide cluster complexes could be dissolvedcharacterized in polar solvents such as
acetonitrile, methanol and pyridine or in ionicuids [for example by use of a mixture of
AICl; and 1-ethyl-3-methylimidazolium-chloride (AKIMCI)].*** Later on, the dissolution
of hexazirconium iodide cluster compounds was ssgfaéthrough the use of deoxygenated
water’'? To date, there is still an interest in the resleaof these zirconium cluster
compounds. The reason for this is that througldsstiate synthesis there are plenty of
[{ZZr 6}X 1] (Z=endohedral atom; X= halide) complexes partadyl with a huge variety of
endohedral atoms availafé, which promises a plethora of possibilities in thalution
chemistry as well as properties of excised zirconausters. In addition, even solid niobium
cluster compounds are still interesting researcfeabd as exemplified with the recent
isolation of crown ether stabilized niobium alcadtel cluster compounds with an octahedral
arrangement of niobium atoris.

Although a lot of investigations have been repbrten transition metal cluster
complexes, there is nothing known concerning thenuhtry of rare earth metal cluster
compounds in solution or the excision of a meth fragment out of these solids via solution
chemistry. In general, it is expected that theiss@n of rare earth metal clusters should be
more difficult to realize due to their extreme @&en deficiency compared to transition metal
clusters. Also, the assumption is that isolated emrth metal cluster compounds should be
easier to excise because of their fewer linkagékinvthe structure compared to condensed

rare earth metal cluster complexes.
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1.12 Dissertation Outline

In light of the prevalence of solid rare earth rhetaster complexes, the incentive is
given to investigate these in solution chemistfje goal is to achieve a molecular rare earth
metal cluster complex for which an example is net known. In order to achieve this
objective, the electron deficiency of the rare leantetals is an additional challenge and the
assumption is that such a goal is probably easiattain by using solids with isolated metal
clusters rather than condensed metal cluster congsouOn this account, {C§¢t.,Sc was
chosen for this research. Scandium was also tésisince low-valent molecular scandium
species were obtainable via organometallic synthe$CSg}l 1.Sc reacted with potassium
cyclopentadienide to form, under a nitrogen atmesph an unprecedented molecular
scandium nitride complex. In addition, a scandpnopoxide complex has been isolated from
the analogous reaction conducted under an argoosatmre (Chapter 2). In view of the
expansion of divalent-like reactivity to the majgrof the trivalent lanthanide systems, the
guestion arose whether the extension of divaléet-lieactivity to the smallest trivalent
transition metal scandium is possible. In lighttué exceedingly small size of scandium, it is
not predictable if reaction modes will be compagabd the larger lanthanides. Hence,
reactions could provide scandium compounds possgssiusual structural features and/or
reactivity characteristics. To this end, reduceaditegen chemistry was extended to
scandium to vyield the first example of a scandiurmitebgen complex, namely
[(CsMesH)-Sch(p- % %N,). This complex shows a co-planar arrangement bfidging
side-on bound dinitrogen unit between the two sitancatoms, analogous to the lanthanide
dinitrogen complexes. This is unusual in thas itmsolvated and because the fouM&H)
rings define a square plane rather than a tetrang@@hapter 3). Valuable precursors for the
preparation of lanthanide dinitrogen complexes tateaphenylborate salts whose synthesis
requires multiple steps. Therefore, borohydride emarth metal complexes were prepared via

one-pot-synthesis procedures and investigated wagfard to dinitrogen activation, which
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unfortunately did not occur (Chapter 4). Furthemmoscandium borane chemistry was
explored vyielding the 9-BBN substituted scandoceomplexes (eMe4sR),Sc( -H).BCgH14

(R = H, Me). Oxygen contamination of f@e4R),Sc( -H).BCgH14 formed (GMe4R),Sc( -
O)BCgH14 (Chapter 5). Tetraphenylborate salt complexes ganeral formula
(CsRs)2M(BPhy) (R = H, Me), however, are not only useful preoussfor the activation of
dinitrogen. In fact, they are excellent startingtermials for the synthesis of highly reactive
alkyl complexes, nitride as well as azide compouadd (GMe;R)sM complexes (R = H,
Me). Particularly, the latter tris(pentamethyloméntadienyl) and
tris(tetramethylcyclopentadienyl) lanthanide compke all show pentahapto coordination of
the (GMe4R) ligands, which are of interest due to their higaativity towards various
substrates. For instance, one of the remarkablactiom modes of the
tris(pentamethylcyclopentadienyl) complexes is isédlly induced reduction (SIR). The
postulated mechanism of many of these reactionsresga monohapto coordination of one of
the penta/tetramethylcyclopentadienyl rings tortietal center for which no crystallographic
or spectroscopic evidence has been reported sdiespite this challenge, {Me;H);Sc was
prepared from the corresponding tetraphenylborea@dium cation and KéMe,H (Chapter
6). X-ray crystallography revealed the solid statstructure to be
(/P-CsMe4H),Sc(*-CsMesH). This was a spectacular result since this tedlaompound
represents the first example of a monohapto coatidin of a tetramethylcyclopentadienyl
ligand to a rare earth metal. Consequently, thipperts the postulated monohapto
coordination of a (6Me4R) ligand to the metal center for the reactions wéhthanide
complexes. Obviously, metal size plays an impantale: the change from the slightly bigger
metal lutetium to the smaller scandium enables ¢emeration of the elusive/At
C5Me4H)2M(/71-CsMe4H). Furthermore, first reactivity tests with thisomplex were
undertaken (Chapter 7). It can undergo sigma banédtathesis reactions with
diphenyldichalcogenides PhEEPh (E = S, Se, Teg sHme type of reaction was achieved by
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the use of (@MesH),Sc(*-CsHs). Depending on the presence of coordinating subyerHF
coordinated and non-coordinated products could ymhssized. Interestingly, one of the
products, (6MesH),ScSePh(THF), seems to rearrange with loss of coatell THF to form
an unprecedented scandium selenium clustersMéH)ScE[SePh}, proven by X-ray
crystallography (Chapter 7). Extending the ligdrased reactivity of allyl complexes to
(CsMes),Sc(f*-CsHs) that possesses the biggegN@s) ligand set, included its synthesis and
reaction with diphenylditelluride to yield an uneqgbed scandium tellurium cluster,
{[(CsMes)Scl( 3-Te)u} (Chapter 8).

One common decomposition product in lanthanide loeene chemistry arises
through the formation of an oxide complex of form{{GMe4R),Ln]»(1-O) (R = H, Me).
Although the structural characterization of thessmplexes is important, spectroscopic
identification also plays an important role, in tgarar via NMR spectroscopy. For this
reason, efforts have been made to prepare theiscamdide, which in only one case was co-
crystallized with the scandium dinitrogen complé&hépter 2). One of the attempts to
generate such an oxide complex involves the usérmius oxide. Due to its weakdonating
and accepting capabilities, laughing gas is commohbyught a poor ligand to transition
metals. Surprisingly, PO inserted into the metal carbon bond of the aligahnd of
(CsMes),Sc(-CsHs).  This functionalization of nitrous oxide was exded to yttrium and
lanthanide allyl complexes (Chapter 9). Other sabss can also insert into the scandium
allyl-carbon bond such as carbodiimides, to gigseandium amidinate complex (Chapter 10).
Hence, (GMes),Sc(#>-CsHs) has been proven to be an excellent precursorvémious
reactions. In one attempt to react it with 1,2héipylhydrazine, oxygen/water impurities
formed an unexpected scandium hydroxo clusterctine of which resembles the structural
feature of lanthanide propoxides (Chapter 11).

Thus, the research comes to full circle: the setate cluster chemistry initiated the

solution chemistry and now the solution chemistryniaking new cluster complexes.
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Chapter 2

Reactivity of Sc{S¢C}l 1,: Attempts to Excise {SgC} from the Solid State

2.0 Introduction

Long before it became clear where the rare eagmehts would be placed in the
periodic table of the elements, it was known thane of them could be reduced to the
divalent state, namely europium, samarium, andrhitied! The solid-state chemistry
community needed a few further decades to estaltfiah there are pseudo-alkaline-earth
halides with rare-earth elements M with electrorimfigurations of [Xe]6%d%f" for M**

(M = Nd, Eu, Sm, Dy, Tm, Yb). Moreover, the configtion crossover to [Xe]&sd"4f"*
offered hitherto unexpected possibilities as ddipation of the 5d electron into a band as in
Lal, or the formation of (mostly octahedral) metal thus for all the other rare earth
element$. For the solution/coordination chemistry commupnitytook much longer because
chemistry even with the six %" elements mentioned above is highly unlikely intjoro
solvents (except maybe with Euvith a reduction potential of —0.35 V) as wellinsother
solvents and with all ligands that are not stalgjairest reduction. However, much progress
has been made in recent years and new synthettesrdwave been developed such that
chemistry of rare-earth elements in oxidation statelow +3 (mostly +2) is now well
established for the magic six (Nd, Eu, Sm, Dy, ¥h) and even with Sc, La and €eEven
complexes of higher nuclearity have been obtaiakdpugh, in a stricter sense, they may not
be called cluster complexes.

With a few exceptions, rare earth metal clusters}{heed to sequester an endohedral
atom Z to make up for the electron deficiency aésén group 3 elements. Due to this,
condensed cluster complexes are more common tlodatad clusters. One metal cluster
compound type which appears for almost all of thie rearth elements (except those who

require 584" configuration, Eu, Yb, Sm, Tm) is the M.Z = {ZMg}X .M type. By
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experience, {CSgl 1,Sc appears to be the most stable compound in tharyesystem C/Sc/l
which otherwise features cluster chains as in)f@G} 11 and {G)Sa}l s and the oligomeric
T3-supertetrahedron {&Scu}l 30Sc?

The interest is directed to molecular metal-richgents. Stabilization of a rare earth
metal cluster, for example a carbon centered soamdictahedron {CS§, by any kind of
molecules could provide a previously unobservedeawdar rare earth metal cluster. If a
successful route was found, this synthetic routddcbe conceivable for the isolation of all
missing molecular low-valent rare earth complexgskpanding this reaction to all of the
lanthanides and yttrium. The challenging part giois the search for an appropriate ligand
set to achieve this goal.

This chapter describes first attempts to establigh earth clusters in solution and to
establish new (organometallic) cluster complex&éberefore, we have followed the route to

excise clusters from solids and have chosen &8¢, 1, as our starting material.

2.1 Multigram Synthesis of the Solid {CSgl 1,Sc

In {CSc}l 12Sc, 1, an endohedral carbon atom is surrounded by aahedtal
scandium cluster and in the second coordinatioersphy 12+6 iodide ligands; a seventh Sc
atom occupies a “normal” octahedral hole providgdsix | anions, which the simplnti-
Werner-complex nomenclatuf&{CScs} 1,Sc, clearly exhibits. The {Cggccluster is actually
surrounded by 18 iodide ligands of which 12 areoimed in a-i and i-a connections,

according to [{CSgl 'l %2172 Sc, see Figure 2.1.1.

31



Figure 2.1.1. Crystal structure of {CSH 1,Sc, 1. Part of the chains ...[{Cgit ¢]13Sck...

(top) and their connection via i-a/a-i bridges adomy to [{CSa}H 'sl %2162/ Sc (bottom).

For a multi-gram synthesis of {C§t;,Sc, 1, from carbon, scandium and
scandium(lll) iodide, Sg) an optimized synthetic route was establishdtddepends strongly
on the cooling rate from 850 °C, the reaction terapge, to ambient temperature. The faster
the samples are quenched, the higher is the yiel@%cs}l 1.Sc,1. The only (unavoidable)
byproduct was scandium diiodide, 03¢», the only stable reduced scandium iodide in the
binary system ScA. Due to its pronounced crystal habit, it couldseparated mechanically
from the reaction mixture. Thus, pure sampled avere obtained as attested by the X-ray
diffraction powder pattern as shown in Figure 2.1I1Ris compared with a powder pattern

calculated from its own single crystal datavhich perfectly match literature déta.
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Figure 2.1.2.X-ray powder diffraction patterns of {C§t;,Sc,1. Top: measured with Mo-

K radiation, bottom: calculated for Mo-Kadiation with single crystal dafd.

2.2 Attempts to Excise the {CS¢ Cluster from {CScg}l 12Sc by the Use of Solvents

A series of dried solvents were tested in ordeexoise the {CSg cluster without
destruction of the cluster as embedded in solidd@$,Sc. As expected, {Cg@ 1.Sc does
not show any reactivity in nonpolar solvents likduene, pentane or hexane. The use of
protic solvents was avoided because previous expegi has shown that rare earth cluster
complexes are typically destroyed in such solveriigen traces of water (moisture) leads to
total decomposition yielding products such as Sg@OHHowever, {CSg}l 1,Sc dissolves in
the polar solvents N,N-dimethyl-acetamide (DMA) wtrahydrofuran (THF) and these
solutions were investigated B¢ NMR Spectroscopy.

Solutions ofl in DMA are EPR active. Two signals with axial syetry (axially
elongatedg > g ) were observed in glassy frozen solutions (at KL@t X band frequency
with the followingg values:g; = 3.10 andy; = 2.24;9, = 2.46 andy, = 2.10 (Figure
2.2.1). The two signals appear in an approximalely ratio and they do not reveal any

hyperfine coupling to th&Sc isotope (nuclear spin= 7/2, 100% natural abundance). Since
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the nuclear spin of 7/2 would result in eight lingse observed line width of about 200 G
means that the (unresolved) hyperfine coupling tzoms do not exceed 25 G. Paramagnetic
S (3dY) in solid matrices exhibitg values of 2.000 for ScO in argon at 4.2g& 1.951 for
[ScR]® in Cak (1.5 K) andg = 1.936 for [ScE® in SrR.2 In Sgagd», Which is in fact
(SSM)(SEM6(1N)18, an isotropic signal with no hyperfine structuseobserved aj = 1.99 at
temperatures below 100 R.Apart from these solid samples, there is alsoprteon the
organometallic complex [{Scé,'Bu,)s}2] with an isotropicg value of 1.9823 and &Sc
hyperfine coupling constant of 37%.In all these compounds, isolated Sspecies give rise

to the EPR spectrum. Fy both signals exhibi values abovee = 2.0023 (the value of the
free electron). Whilgy values smaller thage are typical for isolated $tions with marked
spin-orbit coupling,g values larger thage point to species, which are characterized by a
delocalized singly occupied molecular orbital (SOM&nd close-lying further unoccupied
MOs? This and the non-resolved hyperfine couplingiarkne with the assumption that the
two signals observed in DMA solution arise from retiam-cluster atoms. Whether two
different {ZSg} clusters are present in DMA solution, or one thuswith two different
scandium sites, it cannot be decided from the BERfRr@ments. Indeed, in {C§¢1,Sc there
are 13 cluster-based electrons available for iclinater bonding. In a localized picture, the

MO scheme must contain a SOMO which is “delocalizagbr the {CSeg} cluster.

Figure 2.2.1.X-band EPR spectrum of the solutionlah glassy frozen DMA at 110 K.
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EPR spectra of solutions a@fin THF reveal signals very similar to those obserin
the DMA solution. In glassy frozen solutions (A01K) at X-band frequency, two signals in
a 1:1 ratio were observed with the followiggyalues:g; = 3.11 andy; = 2.24;9, = 2.47

andg, = 2.10, Figure 2.2.2. Again, no hyperfine couglin the**Sc isotope is observed.

92
|

Figure 2.2.2 X-band EPR spectrum of the solutionlah glassy frozen THF at 110 K.

2.3%°Sc-MAS-NMR Spectrum of {CSe} 1,Sc

The **Sc-MAS-NMR spectrum of solid {C$H 1,Sc shows only one peak centered at
434 ppm, Figure 2.3.1. From the width of the saieb manifold a quadrupole coupling
constant of ca. 2 MHz is calculated. In the chystaucture of 1, there are three
crystallographically different scandium positiomghile Sc2 and Sc3 are part of the {GSc
cluster core, Scl stands for the seventh scandiom & {CSg}l 1.Sc Quadrupole coupling
constants for all scandium positions were deterchibg quantum chemical calculations
(WIEN2K).? These are 2.3 MHz for Sc1, 9.1 MHz for Sc2 arfiMHz for Sc3. Only the
calculated quadrupole coupling constant of 2.3 Mhtches the experimental value of 2
MHz. Thus, the cluster scandium atoms withicannot be observed by solid-st&tSc-
MAS-NMR spectroscopy. Either the correspondingkg&ais (are) too broad to be observed
or the paramagnetism of the 13-electron cluster {@6cs} is responsible for the failure to

obtain a"*Sc-MAS-NMR spectrum for the cluster scandium atoifis
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Figure 2.3.1.%°Sc-MAS-NMR spectrum of solid {CSH 1.Sc.

2.4 Attempts to Excise the {CSg Cluster from {CScg}l 12Sc by its Reaction with KGHs
in THF
For an excision of a {CSE cluster

from {CSa}l 12Sc, ideally all iodides have to
be removed. One way to do this might be a
salt metathesis reaction by the use of 12 equiv.
of an alkali metal ligand salt to remove the 12
iodide atoms, Figure 2.4.1. For charge
equalization, the donating ligand should be a
monoanionic ligand, which could drive the

reaction to completion. The idea is that a

monoanionic ligand can coordinate directly to
. Figure 2.4.1. Excision of {CSg}.

one metal center, thus better filling tF

coordination sphere of the metal cluster. Theiltabion of the metal rich fragment is

thought to work better with a-conjugated donating ligand set, such as aromgstesis.
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Furthermore, it is thought that the use of smagkrids, especially for a scandium cluster, is
more appropriate. One promising ligand might beHgL .

In this chapter, the reaction of {C§k;.Sc with 12 equiv. of KCp to yield dark
solutions is described. From the reaction condliacieder a dinitrogen atmosphere, a
scandium nitride, namely [€El5)>.ScNSc(GHs)(THF)]2, 2, could be isolated. The analogous
reaction under an argon atmosphere gave a darkaoliom which a scandium propoxide

complex, [(GHs)Sch[u-O(CsH5)]2, 3, was obtained.

Experimental

All manipulations were performed under nitrogeracgon with rigorous exclusion of
air and water using glove-box, Schlenk, and vaclioentechniques. Solvents were sparged
with UHP argon and dried over columns containing @nd molecular sieves. Elemental
analyses were performed on a Perkin Elmer 240@$&rCHNS analyzer. {CSH 12Sc, 1,

was prepared according to literatireKCsHs was prepared according to literattife.

[(CsH5)2ScNSc(GHs)(THF)] 2, 2. In a nitrogen-filled glovebox, 12 equiv. of Kids
(0.072 g, 0.69 mmol) were slowly added to a stitoktk slurry of {SgC} 1,Sc, 1, (0.107 g,
0.0579 mmol) in 20 mL of THF. After the mixture svatirred for 84 h, the solution was
centrifuged to remove insoluble materials, presuyn#él, and evaporated to dryness. The
resulting pale redbrown powder was extracted witinl2 of THF to give a dark red-brown
solution that was cooled to -35 °C. Over the cews2 days colorless material precipitated
which was removed by centrifugation and filtratiorThe solution was concentrated and
stored again at -35 °C. This purification cycleswapeated until no colorless material
precipitated out of solution yielding an oily daméd-brown product. Dark orange crystals
suitable for X-ray diffraction were obtained in &MR tube from a concentrated THs-

solution at 25 °C over the course of 2 weeks.
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[(CsH5)Sch[pu-O(CsHY)]2, 3. Following the procedure foR, in an argon-filled
glovebox, KGHs (0.070 g, 0.67 mmol) and {gC}l1.Sc, 1, (0.103 g, 0.0557 mmol) were
combined in 18 mL of THF. Golden crystals suitalde X-ray diffraction were obtained in
an NMR tube from a concentrated Tldgsolution at 25 °C over the course of 3 weeks.

X-Ray Crystallographic Data. X-Ray data collection parameters »fand 3 are
summarized in Table 2.4.1. Details for X-ray datalection, structure, solution and

refinement are given in the Appendix.

Results and Discussion
(a) Reaction of {CS# 1,Sc with KCp under Dinitrogen Atmosphere

The reaction oflL with 12 equiv of KCp in THF under dinitrogen atrpbsre shows
after 3.5 days full consumption @fresulting in a red-brown solution. Out of thidutimn a
scandium nitride complex, [¢Bl5),SCNSc(GHs)(THF)],, 2, could be isolated, eq 2.4.1,
Figure 2.4.2-2.4.4. The X-ray diffraction data sfd the existence of four scandium atoms

which are linked to each other by nitrogen atomh@écompound.

THF /

+ THF
+N, @
4/7 Sc{ScsC}I;, + 6 KCp ——>

Se— / \N——S%
-KI, C @1 \ < ﬁ
=

2.4.1)

38



Figure 2.4.2. Thermal ellipsoid plots of [(§5).ScNSc(GHs)(THF)],, 2, drawn at the 50%

probability level. Hydrogen atoms are omitted dtarity.

Figure 2.4.3. Crystal structure of [(§15).ScNSc(GHs)(THF)]2, 2. View along the c-axis.

Hydrogen atoms are omitted for clarity.
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Figure 2.4.4. Two space-filling diagrams of [Bl5).ScCNSc(GHs)(THF)]2, 2, with 50%

transparency of carbon and hydrogen atoms.

Since it is often difficult to distinguish nitrogemmd oxygen atoms from each other by
X-ray crystallography, it might be conceivable thia defined nitrogen atoms 2could also
be oxygen atoms. However, the elemental analyki2 showed a significant nitrogen
percentage while none of the starting materihland KCp, contain nitrogen. If we assume
that the entire redbrown productdsthen we would expect for elemental analysis C4&1
H, 6.24; N, 3.77, while we found C, 53.19; H, 6.10; 1.13. The self-evident huge
discrepancy between the experimental and calculaed/alues for nitrogen is due to the
very difficult purification of2. The product is soluble in THF, however it is sotuble in a
more nonpolar solvent such as toluene owing tonttare of the (6Hs)™ ligand. However,
all of the byproducts are also soluble in THF, mgkit difficult to separate them from the
main product, which explains the discrepancy betwibeoretical and experimental values.
A second hint for the existence of nitrogerRiis charge equalization. Zcontains nitrogen,
then the compound is neutral according to 6H&, 2 N*" and 4 SE. If we expect that
instead of nitrogen atoms, there are oxygen atdmes), the entire molecule would have two
delocalized electrons due to charge equalizati®{GsHs)", 2 &, 2 € and 4 SE. A third
indication for the existence of nitrogen 2nis that2 is EPR inactive. There are no similar
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molecular scandium nitride complexes reported eixttepnumerous encapsulatedgi$cinits

in fullerenest!*®

Table 2.4.1. X-ray Data Collection Parameters for §G).ScNSc(GHs)(THF)]», 2, and

[(CsHs)Sch[H-O(CsH7)]2, 3.

Complex 2 3
B Csg His N, O, S

Empirical formula  2(CHO) Cys Has O, SG
Fw 886.82 468.45
Temperature (K) 153(2) 98(2)
Crystal system Orthorhombic Tetragonal
Space group Pbcn P42,2
a(h) 20.8031(16) 17.1961(6)
b (A) 20.2022(16) 17.1961(6)
c(R) 10.4370(8) 8.0473(3)

(deq) 90 90

(deg) 20 90

(deq) 90 90
Volume (&) 4386.3(6) 2379.63(15)
Z 4 4

calca(Mg/nT) 1.343 1.308

(mm?) 0.636 0.589
R1[>2.0 ()2 0.0612 0.0304
wR2 (all data} 0.1815 0.0856

3 Definitions: WR2 = BW(F>-F:2)? / S[w(F.2)? 1Y% R1 =S||R|-|R|| / S|F|

(b) Reaction of {CSH 1,Sc with KCp under Argon Atmosphere
The reaction ofl with 12 equiv of KCp in THF under an argon atmasehshows

after 3.5 days full consumption 8fresulting in a dark brown solution. Out of théaction, a
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dimeric scandium propoxide complex, namelysHg)Sch[u-O(CsH5)]2, 3, could be isolated,

eq (2.4.2), Figure 2.4.5.

THF .} ?
{CSc}Scly, + 12 KCp ——» darkbrown _~ 5, Se

solution % ;
3

Se 2.4.2)

27

@\/0\
~_

Figure 2.4.5. Thermal ellipsoid plot of [(§Hs).Sch[u-O(CsH7)]2, 3, drawn at the 50%

probability level. Hydrogen atoms are omitted ¢tarity.

A reaction obviously occurred betwe2mand KCp under argon atmosphere. When the
solvent was evaporated from the dark colored swiwdind analyzed by elemental analysis, no
nitrogen was observed. One can assume that anothetion proceeded under argon
compared with the reaction under dinitrogen. Ts$mation of [(GHs)Sch[u-O(CsH7)], 3,
from this reaction was unprecedented. The existefiche propoxide ligand i& can not be
explained. Since both starting materigdlsand KCp, were pure according to elemental

analysis (of KCp) and powder diffraction (8, the propoxide ligands might have originated
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from the solvent. However, a ring-opening of THRunlikely since this would result in four

carbons to give butoxide ligands.

Structural Studies

[(CsH5)2ScNSc(GHs)(THF)] 2, 2. For X-ray crystallography, a suitable crystal of
[(CsHs)2ScNSc(GHs)(THF)]2, 2, was grown in a THF solution. Although the qualif the
data is a little poor, the observed distances agikea are discussed in the following section,
since this crystal is the only metal-rich fragmehnat could be obtained from all of the

reactions carried out with Selected bond distances and angles are givEalle 2.4.2.

Table 2.4.2. Selected Bond Distances (A) and Angles (deg) for

[(CsH5)2ScNSc(GHs)(THF)]2, 2.

Cnt1-Sc1-Cnt2 128.2 Scl-Cntl 2.229
Cnt1-Sc(1)-N(1) 109.7 Scl-Cnt2 2.225
Sc1-N1-Sc2' 153.55(16) Sc2-Cnt3 2.216
Sc1-N1-Sc2 101.07(2) Sc1-N1 1.997(3)
Sc2-N1-Sc2' 100.82(13) Sc2-N1 2.094(3)
N1-Sc2'-Sc2 40.30(9) Sc2-N1' 2.033(3)
N1-Sc2-Sc2' 38.39(8) N1-N1' 2.5404(44)
N1-N1'-Sc2 53.086(103) Scl1-Sc2 3.1584(11)
N1-Sc2-N1' 75.97(15) Sc2-Sc2' 3.180(1)
Sc1-Sc2' 3.9223(11)

The SgN, core of2 is compared with the 8 core of SgN@GCso, 4, and with the
{SceC} unit of Sc{SeC} 1, 1,*> Table 2.4.3. The molecule was located aboutcfold
rotation axis. The Sc-Sc distances are Sc1-ScA583(10) A and Sc2-Sc2' = 3.1800(14) A

which are shorter than the Sc-Sc distances in $wgG} unit of Sc{SgC}l 15, 1,*> 3.323(2),
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3.2380(18) and 3.231(2) A (3.26 A av.) and the SdiStances observed in thesSaore of
4. 3.2642(8), 3.5229(11) and 3.7146(11) A. TheetaSc-Sc distance i is remarkably
longer than the other two. For comparison, th@23¢11) A Sc1-Sc2' distance his also
much longer. The Sc-N distances are Sc1-N1 = {399, Sc2-N1 = 2.094(3) A and Sc2-
N1' = 2.033(3) A and are comparable with the Scibtasices of the Sh portion of
SaN@GCse: Scl1-N = 2.014(2) A, Sc2-N = 2.031(2) A and Sc312.041(2) A" The SgN,
portion of 2 is irregular as indicated by the Sc-N-Sc angleSoi-N1-Sc2' = 153.54(16)°,
Scl-N1-Sc2 = 101.07(1)° and Sc2-N1-Sc2' = 100.82(18hile the N-Sc-N angles in the
SN part of SeN@GCg are greater: Sc1-N-Sc2 = 121.12(11)°, Sc1-N-S&®#%21(10)° and
Sc2-N-Sc3 = 131.61(11)°. The angles of the recetmgoortion NS¢ of 2 more closely
resemble each other with N1-Sc2'-Sc2 = 40.30(9QF Mib-Sc2-Sc2' = 38.89(8)°, whereas the
following angles ir2 are larger: N1-N1'-Sc2 = 53.086(10)° and N1-Sc2N15.97(15) °.

The dihedral angle between the plane defined by Sc2' and Sc2 atoms and the

plane defined by Sc2', Sc2 and Scl' atoms is 130.9°

Table 2.4.3. Selected Bond Distances (A) and Angles (deg) thar SgN, Portion of
[(CsHs)2ScNSc(GHs)(THF)]2, 2, the SeN Portion of SeN@Gso, 4, and the {SgC}unit of

Sc{SGC} 1z, 1.°

2 4 1

(Sc)-(N)-(Sc)  153.55(16), 101.07(1), 121.12(11), 107.21(10) -
100.82(13) 131.61(11)

(Sc)-(N) 1.997(3), 2.094(3), 2.033(3)  2.014(2),A[), 2.041(2)

(Sc)-(Sc) 3.1584(11), 3.180(1), 3.2642(8), 3.5229(11), 3.323(2), 3.2380(18),
3.9223(11) 3.7146(11) 3.231(2)
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[(CsH5)Sch[pu-O(CsHY)]2, 3. A suitable crystal for X-ray crystallography of
[(CsHs)2Sch[u-O(CsH7)]2, 3, was obtained from a concentrated THF solutioale@ed bond
distances and angles are given in Table 2.4.4. siiueture of3 is compared to that of the
compound [(GHs),Ti]J[H-O(C:Hs)l2, 5%° that is the only directly related compound in
literature, Table 2.4.5. An analogous propoxide hat been observed for any rare earth or
transition metals. The metal oxygen bond distamzesvith 2.0936(12) and 2.0976(12) A in
3, about 0.2 A longer than observed for the M-O bdistance irb: 2.0755(17) A. The M-M
bond distance irB is 3.3135(4) A, thus slightly shorter than 3.338)(A found for 4.
Although the structure @ consists of propoxide ligands aBdontains ethoxide units, both
complexes are similar. One similarity found ®rand5 is the metallocene part where the
(CsHs)™ are twisted relative to each other. Another $tnad feature which both compounds
have in common is that the alkoxide chain is disggd in a similar way, Figure 2.4.6. The
M-O-M bond distance i8 is 104.48(5)°, slightly smaller than 108.01(6)°setved for5,
Figure 2.4.4. The propoxide ligand 3nshows regular C-C single bond distances within the
range of 1.43(3) and 1.545(4) A that is comparablthe 1.46(2) A C-C alkyl bond distance

in 5.

Table 2.4.4. Selected Bond Distances (A) and Angles (deg)(fdsHs)Sch[H-O(CsHo)]2, 3.

Cntl-Scl-Cntl’ 1271 Sc1-01 2.0936(12)
Cnt2-Sc2-Cnt2’ 126.4 Sc2-01 2.0976(12)
Sci-Cntl 2.222 Sc1-Sc2 3.3135(4)
Sc2-Cnt2 2.220
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Table 2.4.5.Selected Bond Distances (A) and Angles (deg)#sHs),Sch[p-O(CsH7)]2, 3,

and [(GHs)2Ti] J[-O(CoHs)] 2, 5.*°

3 5
(Cnt)-(M)-(Cnt) 127.1,126.4 127.7
(Cnt)-(M)-(0) 112.9, 108.4, 107.8, 114.1 108.6, B13
(M)-(0)-(M) 104.480(52) 108.010(6)
(0)-(M)-(0) 75.603(46) 71.990(3)
(M)-(Cnt) 2.222,2.220 2.1133
(M)-(0) 2.0936(12), 2.0976(12) 2.0755(17)
(M)-(M) 3.3135(4) 3.3584(16)
(0)-(C) 1.430(12), 1.440(3) 1.4787(88)
(C)-(C)* 1.43(3), 1.517(4) 1.4604(193)
(C)-(C)* 1.545(4), 1.54(2)

(0)- (C)-(Cy 112.1(2), 106.9(15) 110.640(839)
(C)-(CI-(CY) 110.7(3), 108.0(14)

*(Cy) : carbon attached to the oxygen of the propohgsnd
(Q: second carbon of the propoxide ligand
(Q: terminal carbon of the propoxide ligand

Figure 2.4.6. Structural similarities between [{85),Sch[u-O(CH7)]2, 3, and

[(CsHs)Ti] o[u-O(CHs)]2, 5. Hydrogen atoms are omitted for clarity.
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Conclusion

{CScs}l 12Sc reacts with potassium cyclopentadienide to yikElk colored products.
From the reaction conducted under a dinitrogen spmere, a scandium nitride,
[(CsHs)2ScNSc(GHs)(THF)]2, 2, could be isolated. From the analogous reactimaien an
argon atmosphere, an alkoxide productsHESch[u-O(CsH5)]2, 3, was crystallized. For

both complexes?2 and3, no isomorphous compounds were found in the tiieea

2.5 Attempts to Excise the {CS§ Cluster from {CScg}l 12Sc by its Reaction with
Different Ligands via Salt-Metathesis

{CScs}l 12Sc, 1, has been reacted with several ligands. A saifesalt metathesis
reactions has been carried out where 12 equivheofigand has been used in order to remove
all 12 iodide ligands of the starting material. r Fais, ligands systems such asN@éH,)",
(CsMegH)™ and (GMes)”, which represent the larger analogues ofsiH&(subchapter 2.4)
have been chosen. Similar to the observed regctvith KCsHs, the reaction ofl with 12
equiv. of NaGMeH, under an argon atmosphere went within 3.5 day®topletion yielding
a brown-black solution. In contrast, the reactaril with 12 equiv of KGMesH under a
dinitrogen atmosphere gave only a yellow colorddtsm after 1 week of stirring. Similarly,
the reaction ofl with 12 equiv of KGMes provided only a pale yellow solution after a one
week reaction time. Longer reaction times did afb¢ct the color or the completion of the
last two reactions. Summing up these salt metesthesactions, reactions df go to
completion with less bulky ligand systems likesks)™ and (GMeH;)". The larger
(CsMe4H)™ and (GMes)™ did not drive the reactions withto completion. One reason for this
might be that too large anions cannot get clos@igmdo the scandium cluster unit in order to
react with the iodide ligands df That means that bulkier ligand systems couldgnethe
desired reactions from occurring. This argumergugported by the fact thatreacts with

LiCH,SiMe; (in hexane) to yield a red solution, whilewith the larger LICH(SiMg), (in
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toluene) did not react at all. The following tweactions also support this assumption: Linear
ligands like N from NaN; with 1 (in toluene) yielded a green-brown solution irethiveeks,
whereas aryloxide ligands such as (OARja use of potassium 2,6-bis(t-butyl)-4-
methylphenoxide (KOAR) did not react at all with All of the described reactions of this
section did not give crystallizable products. ¢mclusion, less bulky ligands seem to be more

promising to initiate reactions with

2.6 Attempts to Excise the {CS§ Cluster from {CScg}l 12Sc by Oversaturation with
lodide

Another approach to the isolation of the desiredecwdar scandium cluster would be
the oversaturation of the halide sphere of thehmtteal metal fragment by halides. This goal
could be achieved for zirconium clusters of therfola [(ZZ)X12] (Z = endohedral atom;
X = halide) by the use of ionic liquids. For inste, ZgBri4Fe reacts with ImCI/AIGIto give
(Im)4[(ZréFe)Chgl.?°  Following the analogous reaction pathway, a simileaction was
carried out with {SgC}l1,Sc and 12 equiv. of BMIMI (1-butyl-3-methylimidazin-iodide)
that did not provide an isolable product. Attemiatsvork-up the reaction with MeCN, as
reported in the Zr reactions, were not successfalirthermore, it has been observed that
{ScsC} 1,Sc dissolves initially in MeCN, but subsequentlgats with the solvent itselffor
which reason it is not an appropriate solvent forksup of the conducted reaction with the
ionic liquid. However, the use of MeCN to isolatmic liquid containing complexes
(molecular zirconium compounds) is standard dubéo excellent solubility in this solvent.

An alternative substrate to ionic liquids might be PNPI
[Bis(triphenylphosphineiminium)iodide] which could fulfill the goal of overloading the
scandium metal cluster with halides. PNPI is slelub solvents such as GEl,, acetone, and
dimethylformamide€! and hardly soluble in solvents like THF. Sinceetane is a

coordinating solvent, and might destroy the metaimacluster, the reaction of {§C}l1,Sc
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with PNPI had been examined in dichloromethane hees dolvent. This reaction was
monitored by**Sc NMR spectroscopy, Figure 2.6.1. Although scamdipossesses a
quadrupole moment of —0.22:3m? due to its | = 7/2 spin, it is qualified f6rSc NMR

spectroscopy analysis due to the natural abundafifcgc of 100 %52

Figure 2.6.1. Control of the Reaction of {$€}! 1,Sc with PNPI in CHCl, by **Sc-NMR

spectroscopy.

A **Sc NMR spectrum was taken after each of the folgweaction times: 40 h, 64 h,
178 h and 200 h. The presence of several peake fiSc NMR spectra after 40 h and 64 h
reaction time is a hint for either different scamdispecies next to each other in solution or
the coordination of the PNPI molecule to the met@hhedron core. After 178 h reaction
time, it seems like one main product has been fdrhogether with only one byproduct.
However, theé”Sc-NMR spectrum after 200 h reaction time showsfdhmation of a peak at
249 ppm which can be unambiguously assigned taoth¢ScC)™. To sum this experiment
up, {SeC} 12Sc reacts with PNPI in CGi&l,, however, either the solid {gC}l1,Sc itself or
the unknown formed product in solution starts t@ctevith the solvent. In order to avoid this

issue, a fast work-up would be necessary. Howdwertime difference of 22 h between
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getting a reaction to completion (expecting onlg @m at the most 2 peaks in th&c NMR
spectrum) and the start of a reaction with the esdhvitself causes problems. First, the
reaction starts with either the starting materialtlte generated compound with &,
presumably before 22 h time difference. Second,ftimed compound seems to be only

soluble in CHCI,, which would prevent crystallization from anotisetvent.

2.7 Attempts to Excise the {CSg Cluster from {CScg}l 12Sc by its Reaction with Nitriles
Reactions ofl with nitriles in arene solvents were not supposelle salt metathesis
reactions. In fact, nitrile ligands were thoughfitl up the coordination sphere of {C§L;»,
consequently breaking the chainlin This would require a removal of the trivalendusdium
together with the cationic part of the nitrile,asionic pair.
Reactions ofl were carried out witfbutylnitrile and trimethylsilylcyanide (TMSCN).
The reaction of ME€CCN with 1 after 3 days gave a red color, however it did gotto

completion after 17 d. In contrast, no reactiooused with TMSCN and.
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Chapter 3

Synthesis, Structure, and Density Functional Theorpf the First Scandium

Dinitrogen Complex, [(CsMeH),Sch(p- % 2N,)

Introduction

Although numerous examples of dinitrogen complexkethe early transition metals
are known, no dinitrogen complex of scandium has been isdlagince scandium is the first
transition metal with the lowest atomic number, disitrogen complexes would be the
simplest transition metal compounds to analyzeheptetical methods. However, the small
size of scandium along with its electropositive unat also makes it one of the more
experimentally challenging metafsto use to explore dinitrogen chemistry.

An attractive synthetic route to a scandium dagéen complex is the method used
with yttrium and lanthanide complexes to accessldivt-like "Lrf*™ reactivity by combining
complexes of trivalent metal ions with alkali metals shown in eq 3.1 where Z is defined as

a monoanionic ligand that allows these reactiorsctur?>

N (THF)X/’ N /Z
2 c' R AN ‘1,
2 LnZ3 + oM — Z—Ln\\ ///Ln-"""Z A3.1)
2 LnZ,Z! N o
or2 LnZ, or -2 MZ' 7 (THF),

Ln = La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er, Y, Tm, Lu

Z = N(SiMej3),, CsMe H, CsMes, CsH,(CMejs);, OC¢H3('Bu),-2,6
Z'=BPhy, I; x=0-2

M=K, KCg, Na

With dinitrogen as a substrate, these reactionsigeo[Z(THF)Ln]o(k- % %N.)
products with a co-planar arrangement of the bniggide-on bound dinitrogen and the two
metals as shown in eq 3.1. These complexes ha\Nébiad distances of 1.233(5)-1.305(6) A

and can be considered to be complexes gf (i’ Since scandium in some complexes is
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known to have oxidation states lower than 3+ (slémtescandiumj’ ™3 this appeared to be a
reasonable way to access scandium dinitrogen chgmis

Tetraphenylborate salts of yttrium and lanthanidetallocene cations of general
formula [(GMesR).Ln][(p- % -PhypBPhy] (R = Me, H)>** e.g. Figure 3.1a, have proven to
be excellent starting materials for the formatioh [(CsMesR)o(THF)LLN]a(H- % %Ny)
products. These complexes are molecular specasatie soluble in arene solvents and
contain an easily displaced leaving group since tidteaphenylborate is only loosely
coordinated to the metal center via agostic inteyas involving two of the phenyl groups.
When the scandium example of this class was ctggtaphically characterized, it
displayed a new type of (BRA bonding mode involving dihapto coordination frorsiagle
phenyl group, i.e. [(§Mes),Sc][(u- % *-Ph)BPh] Figure 3.1b. However, unlike the
[(CsMesR)M][(p- % *-PhyBPh] complexes (R = Me, H) of the lanthanides and urarfiu

the [(GMes),Sc][(u- % *-Ph)BPh] complex has minimal solubility in arene solvents.

Figure 3.1. Binding modes of (BPA" in (@) [(CsMesH)-Lu][(p- % *-Ph)BPh]° and b)

[(CsMes),Sc][(u- % “-Ph)BPh].*®

The synthesis of a [Bch(l- % %N,) analogue of the complexes in eq 3.1 with Z =
CsMes appeared challenging not only because the catjpmeicursor had low solubility, but

also because the small size of scandium could ntakeerically difficult to form such a
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complex. Hence, a sterically less crowded targest @hosen with Z =4Me4H. This chapter
reports the synthetic chemistry needed to makeptieiously unknown (€MesH).ScX
precursors and [(#MesH),Sc][(u-Ph)BPh], as well as its reductive chemistry with potassiu

graphite.

Experimental

The manipulations described below were performedeumitrogen or argon with
rigorous exclusion of air and water using SchlerdGuum line, and glovebox techniques.
Solvents were saturated with UHP grade argon (Aigand dried by passage through
Glasscontodf drying columns before use. NMR solvents were driwer Na/K alloy,
degassed, and vacuum transferred before use. mdfyhesium chloride (2.0 M in THF) was
purchased from Aldrich and used as received. 1¢4&dhe was purchased from Aldrich and
used as received. 1,2,3,4-Tetramethylcyclopentadi@GMe,H,) was purchased from
Aldrich, distilled onto 4 molecular sieves, and degassed by three freezg-themw cycles
prior to use. Potassium bis(trimethylsilyl)amideldich) was dissolved in toluene and the
mixture was centrifuged and decanted. Solventrea®ved from the supernatant before use
as a white solid. KgMe,H was prepared as described for K@s.*® [HNEt][BPhs]*® and
KCg'® were prepared according to the literatutel and**C NMR spectra were recorded on
Bruker GN500 or CRYO500 MHz spectrometer§Sc NMR spectra were recorded on a
Bruker Avance 600 spectrometer operating at 145 ¥tiHZ°Sc. The"*Sc NMR spectra were
referenced to [Sc(#D)¢]** in D;O. N NMR spectra were recorded with an Avance 600
MHz spectrometer operating at 61 MHz foN and calibrated using an external reference,
1>N-formamide in DMSO (-268 ppm with respect to nitethane at 0 ppm). IR samples
were prepared as KBr pellets, and the spectra alaned on a Varian 1000 FT-IR system.
Elemental analyses were performed using a PerkieElgeries 11 2400 CHNS elemental

analyzer.
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(CsMey4H),ScCI(THF), 6. In a nitrogen filled glovebox, KéesH (2.623 g, 16
mmol) was slowly added to a stirred white slurrySmiCk (1.237 g, 8 mmol) in 100 mL of
THF. After the mixture was stirred for 48 h, thesgension was centrifuged to separate
insoluble materials, presumably KCI, the supernat@as decanted, and the solution was
evaporated to dryness. The resulting pale-orangaler was extracted with toluene to give a
bright orange solution that was evaporated to diyiie yield a pale-orange powder (2.482 Q).
Washing this powder with hexane leavegM€;H).ScCI(THF),6, as a pale-yellow powder
(2.126 g, 66%). Crystals suitable for X-ray difftian were grown from a concentrated THF
solution at —35 °C over the course of 72 NMR (500 MHz, THFdg):  5.62 (s, 2H,
CsMe4H), 1.98 (s, 12H, @MeyH), 1.85 (s, 12H, eMesH). C NMR (126 MHz, THFdg):
123.99 CsMesH), 117.96 CsMesH), 112.43 CsMegH), 13.92 (GMesH), 12.44 (GMegH).
%°Sc NMR (145 MHz, THFdg): 55 Dy, = 400 Hz). Anal. Calcd for £H3.ClOSc: C,
66.91; H, 8.68. Found: C, 66.42; H, 8.83. Theotlkeated derivative, (§Me4H).ScCl, is
described in the Appendix.

(CsMe4H),Sc( 3-CsHs), 7. In a nitrogen-filled glovebox, allylmagnesium clitte
(0.53 mL, 1.06 mmol) was added to a stirred orasigery of 6 (0.420 g, 1.06 mmol) in
100 mL of toluene. A yellow solution immediatetyrfned. After the mixture was stirred for
24 h, the solution was evaporated to dryness 1d gigpale yellow powder. This material was
treated with 2% 1,4-dioxane in hexane (75 mL) amal mixture centrifuged to separate a
white precipitate. The yellow supernatant was dtgh and removal of solvent under
vacuum vyielded (€MesH)»Sc( 3-CsHs), 7, (0.337 g, 96%) as a yellow powder. Crystals
suitable for X-ray analysis were grown from a concated toluene solution af at —35 °C
over the course of 24%. 'H NMR (500 MHz, benzends):  7.10 (m, 1H, CHCHCHy),
5.93 (s, 12=9Hz, 2H, GMesH), 3.81 (s, 1= 102 Hz, 2H, allyknti CH,), 1.95 (s, 12H,
CsMesH), 1.64 (s, 1= 12 Hz, 12H, @MesH). °C NMR (126 MHz, benzends): 157.3

(CH,CHCHy), 121.2 CsMegH), 116.6 CsMesH), 112.6 CsMesH), 70.6 CH.CHCH,), 13.4
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(CsMeyH), 12.3 (GMesH). H NMR (500 MHz, toluenaks): 7.0 (m, 1H, CHCHCH,),
5.88 (s, 12=9Hz, 2H, GMesH), 3.70 (s, 12 =98 Hz, 2H, allylanti CH,), 1.93 (d, 12H,
CsMesH), 1.62 (s, 1= 12 Hz, 12H, @e;H). *H NMR (500 MHz, toluenals, 228 K):
7.06 (m, 1H, CHCHCH,), 6.07 (s, 1H, eMesH), 5.73 (s, 1H, eMeysH), 3.82 (d, 2H, allyl
anti CHy), 2.07 (d, 2H, allysynCH,), 1.96 (d, 12H, eMesH), 1.79 (s, 6H, éMesH), 1.42 (s,
6H, GMesH). *H NMR (500 MHz, toluenels, 373 K):  7.01 (m, 1H, CHCHCH,), 5.85 (s,
2H, GMeH), 2.84 (d, 1, = 25.7 Hz, 4H, allyl E&,), 1.92 (s, 12H, @MesH), 1.64 (s, 12H,
CsMesH). *C NMR (126 MHz, toluenek): 157.1 (CHCHCH,), 120.8 CsMe,H), 116.2
(CsMeyH), 112.3 CsMegH), 70.2 CH,CHCH,), 13.0 (GMesH), 11.9 (GMesH). *°Sc NMR
(145 MHz, benzenédg): 153 Oy, = 350 Hz). IR 3078w, 3062w, 2963m, 2909s, 2860s,
2726w, 1663w, 1555w, 1485m, 1435m, 1382m, 1329vH302 1176w, 1147w, 1028m,
974w, 834m, 794vs, 702s, 614w, 594w tmnal. Calcd for GHs:Sc: C, 76.80; H, 9.51;
Sc, 13.69. Found: C, 76.60; H, 9.45; Sc, 14.02.

[(CsMe4H).Sc][( -Ph)BPhg], 8. In an argon-filled glovebox free of coordinating
solvents, [HNE§][BPhy] (0.185 g, 0.435 mmol) was added to a stirredoyelsolution of7
(0.119 g, 0.362 mmol) in 20 mL of toluene. Aftbetmixture was stirred for 3 h, the yellow
solution was filtered to remove insoluble yellowitehmaterial. Evaporation of the solution
yielded an oily product that crystallized afterleast 2 h under vacuum (3Gorr). The
thoroughly dried material was washed with hexangite a yellow crystalline solid. The
hexane washing cycle of this yellow crystalline en@tl was repeated until the supernatant
was colorless. This yielde®las a yellow crystalline powder (0.165 g, 75%).aAiCalcd for
CsoHaeBSc: C, 83.16; H, 7.64. Found: C, 83.00; H, 7.Bingle crystals suitable for X-ray
analysis were grown from a concentrated toluenetisol at -35 °C over the course of 4&8°h.
'H NMR (500 MHz, benzends):  8.02 (m, 8H, @Hs), 7.21 (m, 8H, @Hs), 7.12 (m, 4H,
CeHs), 5.17 (s, 2H, eMeyH), 1.49 (s, 12H, MesH), 1.35 (s, 12H, MeH). °C NMR (126
MHz, benzened):  136.2 CeHs), 134.1 CeHs), 131.9 CsMeyH), 128.9 CsMesH), 128.8

56



(CeHs), 127.7 CeHs), 125.7 CeHs), 124.2 CeHs), 120.4 CsMegH), 13.5 (GMeyH), 12.2
(CsMeyH). **Sc NMR (145 MHz, benzends): 190 Oy, = 7800 Hz). IR: 3122w, 3088w,
3051m, 3040m, 2997m, 2983m, 2911m, 2861m, 2732\83W9 1873w, 1807w, 1759w,
1581m, 1568m, 1479s, 1426s, 1385s, 1376m, 13286W,21267w, 1240m, 1184m, 1157m,
1150m, 1066m, 1031m, 1022s, 978w, 910w, 895m, 88%4s, 764m, 744vs, 730vs, 705vs,
624m, 605vs ci.

[(CsMeyqH),Sc(THF)][BPhy], 9. In a nitrogen-filled glovebox,8 (100 mg,
0.133 mmol) was dissolved in 2 mL of THF to giveyellow solution. Single crystals of
[(CsMe4H),Sc(THFY][BPhy] suitable for X-ray diffraction were grown from anmentrated
THF solution at —35 °C over the course of 3 d.

[(CsMesH)2Sch( - % %Ny), 10. In a nitrogen-filled glovebox, K&£(0.032 g, 0.25
mmol) was added to a stirred solution8¢0.150 g, 0.25 mmol) in 5 mL of THF. After the
reaction mixture was stirred for 20 min, black amdite insoluble materials (presumably
graphite and KBPf) were removed by centrifugation and filtration.eTgreen filtrate was
stored at -35 °C for 4 d to affodD as a dark red microcrystalline solid (22 mg, 30%ed
crystals of10 suitable for X-ray analysis were obtained in an RIMibe from a concentrated
benzeneds solution at 25 °C over the course of 681 NMR (500 MHz, benzends):  6.01
(s, 4H, GMesH), 2.01 (s, 24H, MeH), 2.00 (s, 24H, MesH). °C NMR (126 MHz,
benzeneds):  119.8 CsMesH), 118.4 CsMesH), 114.5 CsMesH), 12.6 (GMesH), 11.9
(CsMegH). ®N NMR (61 MHz, benzenes, referenced to MeN£:  385. *°Sc NMR (145
MHz, benzeneak): 143 Omny, = 2700 Hz). IR: 2971m, 2908s, 2861s, 2724w, W46
1641w, 1485w, 1444m, 1383m, 1370m, 1332w, 114940%] 1020w, 973w, 825vs, 773m,
700w, 619m cril. UV-Vis (benzene, nme)): 592 (60), 447 sh (200). Anal. Calcd for

CseHs2N2Se: C, 71.74; H, 8.70; N, 4.65. Found: C, 71.339H5; N, 4.37.
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X-ray Crystallographic Data. Information on X-ray data collection, structure
determination, and refinement fé+11are given in Table 1. Details for X-ray data cciien,

structure solution and refinement are given inAppendix.

Table 3.1. X-ray Data Collection Parameters fors{esH),ScCI(THF),6, (CsMesH),Sc( -
CsHs), 7,%° [(CsMesH),Sc][(u-Ph)BPh], 8,°° [(CsMesH),Sc(THFY][BPh,], 9,

[(CsMesH)Sch(p- % *Ny), 10, and {[(CG:MegH)oSch(p- % *N2)[(CsMesH),Sch(u-0)}, 11

Complex 6 7 8 9 10 11
Empirical Cs0Hg:BO,SC [C36H5NL-S6]
C,H3.CIOSc  GyH3Sc G H.eBSc CseHs2N2S6
formula - % (GHgO) [C3eH5,0S6)]
Fw 394.90 328.42 606.56 786.82 602.72 1193.41

Temperature (K) 153(2) 153(2) 163(2) 148(2) 98(2) 148(2)
Crystal system monoclinic monoclinic  triclinic thirtic monoclinic monoclinic
Space group P2./n P2,/n P1 P1 P2./n Pn
a(h) 8.6644(5) 8.7813(8) 11.8363(13)15.513(5) 8.4928(9) 8.8370(14)
b (&) 14.8610(9) 14.7244(13) 11.9868(13) 17.197(5) 10.1010(10) 21.042(3)
c(A) 16.4746(10) 14.1177(13) 12.4080(13) 17.467(5) 18.4580(18) 17.909(3)
(deg) 90 90 100.450(2) 102.366(5) 90 20
(deg) 97.4774(7) 92.186(2) 98.128(2) 101.371(4) .3%90(10) 91.485(2)
(deg) 90 90 100.555(2) 101.285(4) 90 90
Volume (&) 2103.3(2) 1824.1(3) 1674.0(3) 4323(2) 1583.4(3) 3329.1(9)
z 4 4 2 4 2 2
calcd(Mg/n?) 1.247 1.196 1.203 1.209 1.264 1.191
(mm?) 0.484 0.399 0.248 0.212 0.455 0.433
R1[1>2.0 (N* 0.0333 0.0282 0.0517 0.1200 0.0327 0.0675
wR2 (all dataj  0.0913 0.0798 0.1239 0.3774 0.0885 0.1647

3 Definitions: WR2 = S[w(Fo>-F2)?] / SwW(F)? 1*% R1 =S||Ry|-|R|| /SIF|
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Computational Details. The structure ofl0 was initially optimized using the
TPSSH? hybrid meta-GGA functional and split valence basits with polarization functions
on non-hydrogen atoms (SV(Pf).TPSSH was chosen due to its established perfarentam
transition met&f?®and lanthanide compounéfs Fine quadrature grids (size m2yvere used
throughout except for the final TZVP optimizatioxibrational frequencies were computed at
the TPSSH/SV(P) lev& and scaled by a factor of 0.95 to account for enbaicity and
basis set incompleteness; this factor was chosapgmximately fit the computed vibrational
frequency of free plto the gas phase vafdeof 2359 crit. All structures were found to be
minima. Natural population analy$&snd plots were also obtained at the TPSSH/SV(P)
level; the contour values were 0.08 for moleculebital plots. The structural parameters
reported in the text are the result of re-optima@ausing larger triple-zeta valence basis sets
with two sets of polarization functions (def2-TZ\VPjand fine quintature grids (size mb5).
The differences between the SV(P) and the TZVR&iras were found to be small, typically
amounting to 0.01 A in bond lengths or less. Tleeteonic stability of the ground state was
tested by performing open shell calculations. Nm symmetry breaking was found. The
triplet excited state was computed to be 32 kcdl/abmve the singlet ground state. All

computations were performed using the TURBOMOLEgpam packagd’

Results and Discussion

Synthesis. The synthetic sequence used to obtainsj{€H).Sc][(u-Ph)BPh], 8,
shown in eq 3.2-3.4, is similar to the route usedntake [(GMesR)M][(1-PhxBPhy]
complexes (M =Y, lanthanides; R = Me, H}f and has many parallels in earlier studies of
scandium metallocene chemisty**? Individual steps in the synthetic procedure are

described in the following paragraphs.
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THF

— 3.2
KA (CsMe,H),ScCI(THF) (3.2)

SCCI3 + 2 KC5M94H

toluene /&
(CsMeH),ScCITHF)  + Xu“MgCl ——— > MacL Sc—v 33)
= 2
p - THF ﬁ

/& . toluene &
Se _\/ + HNEt;BPh, Sc

' e xS, G
= e &

(CsMe4H),ScCI(THF), 6. Two equiv of KGMe4H react with ScGlin THF to form
(CsMe4H),ScCI(THF),6, eq 2, in a reaction similar to the preparatiofi@Mes),ScCI(THF)
from ScCh(THF)s with LiCsMes in xylene at reflu? These complexes can be obtained
without any observed complications of forming ate"asalt,i.e. (CsMe4H).ScCLK(THF)y, as
is typical for yttrium and the lanthanid&s® Scandium metallocene ate salts can form as
demonstrated by the lithium ansa complex, {BifCsH,-2,4-(CHMe);]2}Sc(u-
CI),Li(THF),,** but this is not observed with which has a larger (ring centroid)-Sc-(ring
centroid) angle and larger alkali metal. Singhstals of6 can be obtained from THF, Figure
3.2, and the structural details are described helddnsolvated (eMesH),ScCl can be

obtained fron® by sublimation in a procedure analogous to thét®sis of (GMes),ScCl3

60



Figure 3.2. Thermal ellipsoid plot of (§MesH),ScCI(THF),6, drawn at the 50% probability

level. Hydrogen atoms are omitted for clarity.

(CsMesH)2Sc( 3-CsHs), 7. As shown in eq 3, complek reacts with allylmagnesium
chloride to form (@MesH),Sc( 3-CsHs), 7, which was characterized By, *3C, and**Sc
NMR spectroscopy as well as by X-ray diffractiomgufe 3.3. An analogous reaction was
used to make {MgSi[CsH2-2,4-(CHM®),].}Sc( 3-CsHs)*! whereas (@Mes),Sc(GHs)® and
{Me,Si(CsH3-3-CMey),}Sc( >-CsHs)*? were made from an allene and the corresponding
metallocene hydrides. Like other scandium, yttriuamd lanthanide metallocene allyl
complexes?® 7 displays fluxional behavior in solution, Figure43. A single set of
cyclopentadienyl resonances is observed7f@at room temperature in toluedg- but these
split at low temperature. The coalescence tempergor the methyl resonances, 268 K,
Figure 3.5, fits in well with the 318 K, 283 K, a@87 K analogues for @Mes),Y(CsHs),*
(CsMes),Lu(CsHs)®*® and (GMes),Sc(GHs),® respectively.  This series shows a good

correlation with steric crowding based on the sifethe metal and the cyclopentadienyl
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ligand. The fluxional behavior in solution @fis also observable at higher temperatures,

Figure 3.6.

Figure 3.3. Thermal ellipsoid plot of (MesH),Sc( *-CsHs), 7, drawn at the 50% probability

level. Hydrogen atoms are omitted for clarity.

Figure 3.4. Extract of the'H NMR spectrum (in toluends) of (CsMe;H),Sc( 3-CzHs), 7, at

188 K (bottom), 208 K, 228 K, 248 K, 268 K, 278298 K (top).
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Figure 3.5. Extract of the'H NMR spectrum (in toluends) of (CsMesH),Sc( 3-CsHs), 7, at

248 K (bottom), 268 K, 278 K, 298 K (top), showithg coalescence temperature at 268 K.

Figure 3.6. 'H NMR spectrum (in toluends) of (CsMesH),Sc( >-CsHs), 7, at 298 K

(bottom), 323 K, 348 K and 373 K (top).
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[(CsMe4H).Sc][( -Ph)BPhg], 8. Complex?2 reacts with [HNE§[BPh,] to form the
tetraphenylborate salt, [§@lesH).Sc][(u-Ph)BPh], 8, eq 3.4. This synthesis is similar to that
of [(CsMes),Sc][(u- % -Ph)BPh] from the reaction of (Mes),ScMe with
[PhNMeH][BPh,] in toluene (67% yield}> Both complex8 and the (GMes)" analog have
very limited solubility in arene solvents. Singlgystals of8 suitable for X-ray diffraction
were obtained from toluene and gave the structbhosvs in Figure 3.7. Comple& is not
thermally stable: yellow solutions &fin toluene, as well as the isolated solid, readiy

colorless at room temperature. Hence, samples noatmely stored at -35 °C.

Figure 3.7. Thermal ellipsoid plot of [(€MesH),Sc][(u-Ph)BPHh], 8, drawn at the 50%

probability level. Hydrogen atoms are omitted dtarity.

[(CsMeg4H).Sc(THF),][BPhy], 9. In THF, complex 8 converts to the solvated
complex [(GMesH),Sc(THF}][BPhs] which was identified by X-ray crystallographyTitHF,

Figure 3.8.
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Figure 3.8. Ball-and-stick plot of [(GMesH).Sc(THF}][BPhs], 9. Hydrogen atoms and

independent THF molecules are omitted for clarity.

[(CsMesH)2Sch( - % %Ny), 10. Following the reductive method shown in e§°1,
complex8 was treated with KEin THF under dinitrogen to generate the scandiuriirdgen

complex [(GMesH):Sch(u- % %Ny), 10, eq 3.5, Figure 3.9.

; C""‘@ @ +2KC8, N, /& N %
& > Sy _uSe (3.5)
-2 KBPh, AN o
@/ \@ - graphite

Short, 20 minute reaction times are favored fos fwocedure as other byproducts
begin to appear if the reaction mixture is in solutfor longer time periods. Crystallization
from THF was also found to be preferable to isolatfrom toluene, sinc&0 is not very
soluble in toluene. Solutions @D in THF are green and benzene solutions are ydji@&n,

but the complex is red in the solid state.
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Figure 3.9. Thermal ellipsoid plot of [(EMesH)2Sch(u- % 2-Ny), 10, drawn at the 50%

probability level. Hydrogen atoms are omitted ¢tarity.

Both °*Sc NMR and™®N NMR data were obtained fdi0. Although**Sc NMR data
have been reported for a variety of compleX&§, relatively few data are available on
scandium metallocenes. Hence, reported shiftstitmenainly as fingerprint spectra that
show purity. McGlinchey showed as early as 19&8 there was considerable variation in
“>Sc NMR shifts for simple cyclopentadienyl metalloes as a function of compositich.
Table 3.2 shows those data as well as similar tedal the tetramethylcyclopentadienyl
complexes in this study.

The ®N NMR shift of 10 is lower than those observed ftire [(GMesH).Ln]x(u-

% 2.N,) complexes (ppm): Ln = Lu, 521ta, 495’ Y, 468 Sc, 385 (compled0). The
Sc-Y-La values show an increase in shift as thecgal quantum number increases, but the
difference between Sc and Y is much larger thahlibbween Y and La. The shifts do not
correlate with metal size since Lu is slightly sklmathan Y. There are also no correlations in

this series of complexes with the experimentallfedained N-N bond distances which are
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indistinguishable (A): Ln = Lu, 1.243(12) ALa, 1.233(5) A" Y, 1.252(5) A% Sc, 1.239(3)

(see below).

Table 3.2. *Sc NMR chemical shifts and line width at half heighscandium metallocenes

Complex Chemical shift (ppm) Line width at half tlei
(Hz)

(CsHs),ScCl 9.5 85

(CsHs)sSc 13.5 280

(CsMe4H),ScCI(THF) 55 400

(CsHs),ScBH, 67.5 250

[(CsMesH),Scl( - % 2Nj) 143 2700

(CsMeyH),Sc( 3-CaHs) 153 350

[(CsMe4H),Sc][( -Ph)BPh] 190 7800

{[(CsMe4H)-Sch(p- % %No)[(CsMesH),Sch(u-0O)}, 11. During one attempt to make
the >N analog of10, golden crystals of a decomposition product weaited.  X-ray
crystallography revealed this to be {{{@esH),Sch(p- % 2N,)[(CsMesH)-Sch(p-0)}, 11,
Figure 3.10. Evidently, the oxide, [{kes;H),Sch(u-O), a common type of decomposition
product with f-element metallocen&s? formed and co-crystallized withO into a single
crystal of11. This co-crystallization may be facilitated bytfact thatlO and the oxide both
have compact dianionic ligands coordinated to W metallocenes. Althoughl was only
isolated in a single case, it was included hershow that oxides and reduced dinitrogen

complexes can co-crystallize.
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Figure 3.10. Thermal ellipsoid plot of {[(GMesH),Sch(u- % >-Ny)[(CsMesH) Sch(u-0)},

11, drawn at the 50% probability level. Hydrogennasoare omitted for clarity.

Structural Studies

(CsMe4H),ScCI(THF), 6, and(CsMesH),Sc( 3-CsHs), 7. The structures of and7
are not unusual compared to analogs when the eliféess in ligands and metals are taken into
account. This is shown fo in Table 3.3 where its data are compared to thafse
(CsMe4H)(CsH4CH,CHNMe,)ScCl,12,* and (GMes),YCI(THF), 13* The structure of is
compared with the scandium ansa comptex;Me,Si[ >-CsH,-2,4-(CHMe),]»Sc( -CsHs),

14,* and the yttrium analog, {®e;H),Y( 3-CsHs), 15 in Table 3.4.
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Table 3.3. Selected Bond Distances (A) and Angles (deg) feMg&H).ScCI(THF),6,

(CsMe4H)(CsH4CH,CH:NMe,)ScCl, 12,* and (GMes),YCI(THF), 13+

6 12 13
M Sc Sc Y
(Cnt)-M-Cnty 133.0 132.43(7) 136.2(4), 136.6(4)
(Cnt)-M-CI 108.4, 108.12(6), 106.0(3), 106.0(3),
106.4 107.30(6) 105.4(3), 105.5(3)
M-(Cnt) 2.222, 2.193(2), 2.382(1), 2.379(1),
2.219 2.199(2) 2.373(1), 2.388(1)
M-CI 2.4332(4) 2.4574(12) 2.579(3), 2.577(3)
M-O 2.2557(10) - 2.410(7), 2.410(7)
M-N - 2.396(3)

&Cnt = centroid of the cyclopentadienyl ring

Table 3.4. Selected Bond Distances (A) and Angles (deg) fgMg&H),Sc( *-CsHs), 7, rac-

Me,Si[ >-CsHy-2,4-(CHMe),],Sc( 3-CsHs), 14,2 and (GMesH),Y( 3-CsHs), 154

7 14 15

M Sc Sc Y

(Cnt)-M-(Cnt) 134.6 128.5(2) 134.5, 134.7

M-(Cnt(1)) 2.204 2.188(1) 2.347,2.348

M-(Cnt(2)) 2.190 2.189(1) 2.334,2.341

M-C(terminal allyl) 2.4702(11) 2.487(3) 2.585(3)520(3)

M-C(terminal allyl) 2.4774(11) 2.469(3) 2.592(3)594(3)

M-C(internal allyl) 2.4618(11)  2.465(5f 2.603(3), 2.603(3)
2.436(7)

#Sc-centroid3A (C13-C14A-C15, major rotamer)
°Sc-centroid3B (C13-C14B-C15, minor rotamer)

[(CsMe4H).Sc][( -Ph)BPhg], 8. The structure of8 differs from lanthanide and
actinide analodé*® exemplified by [(GMesH).Lu][(p- % *-PhypBPhy], 16, Figure 3.1a, in

that the anion ir8 interacts with the cation through one not two pthegroups. This |-
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Ph)BPh]" type of attachment had previously been observethén (GMes)" scandium
analog, [(GMes),Sc][(1- % *-Ph)BPh], 17, which had Sc-C(phenyl) distances of 2.679(2)
and 2.864(2) A. I8, the disparity in Sc-C distances of the two closasbon atoms of the
single phenyl bridge is even greater: 2.568(2) ar@89(2) A such that this structure is
approaching an - *: *-Ph)BPh]' orientation. Comparisons of the metrical paransets

8, 16, andl7 are presented in Table 3.5.

Table 3.5. Selected Bond Distances (A) and Angles (deg) ©sNte:H),Sc][(u-Ph)BPH], 8,

[(CsMesH),Lu][(p- % *-PhpBPh], 16, and [(GMes),Sc][(u- % -Ph)BPh], 17.1°

8 16 17
M Sc Lu Sc
M-(Cnt(1)) 2,122 2.302 2.1516(10)
M-(Cnt(2)) 2.137 2.301 2.1587(9)
M-C(o-phenyl) 3.895(2) 2.668(2) 4.048(2)
4.263(2) 2.800(2) 4.740
M-C(m-phenyl) 2.889(2) 2.947(2) 2.864(2)
3.382(3) 3.237(2) 3.788(2)
M-C(p-phenyl) 2.568(2) 3.952(2) 2.679(2)
4.379(2)
Cnt(1)-M-Cnt(2) 139.4 133.4 140.94
Cnt(1)-M-C(o-phenyl) 84.8 102.9 125.0
91.0 114.9 120.3
Cnt(1)-M-C(m-phenyl) 96.6 100.6 1155
107.5 102.3 108.4
Cnt(1)-M-C(p-phenyl) 114.3 86.4 105.0
111.9
Cnt(2)-M-C(o-phenyl) 134.9 103.6 93.4
126.0 113.7 96.2
Cnt(2)-M-C(m-phenyl) 120.9 99.4 100.8
110.2 100.6 108.7
Cnt(2)-M-C(p-phenyl) 105.9 89.6 113.3
113.1
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The fact that only one phenyl substituent is oadntowards the metal center8ns
reasonable compared 16 since the S¢ metal center is 0.107 A smaller than thé'Lmetal
center according to 8-coordinate Shannon ionici.fddiThe smaller size of the {EeH)*
ligands in8 compared to the @es)* ligands in17 apparently allows a single phenyl carbon
to get in closer to the metal cation and make £ Sonnection 0.1 A shorter than thatlifi
However, these structures may also be influencedripstal packing effects as was found
with the tris-ring complexes, (®es)Ln[( ®-PhyBPh] (Ln = Eu, Sm, Yb) where the

pyramidal Eu and Sm complexes differed from thgotmial planar Yb analoy.

[(CsMe4H).Sc(THF),][BPh4], 9. Recrystallization oB from THF gave the solvated
complex [(GMe4H).Sc(THF)Y][BPh,], 9, Figure 3.8. Structural comparisons with anal@gou
solvated lanthanide species were not possible dimeecrystal quality o® only provided
connectivity.

[(CsMesH).Sch( - % %N,), 10. The scandium dinitrogen compld® differs from
most of the [Z(THF)Ln]x(u- % %N,) lanthanide and vyttrium complexes previously
characterized by X-ray crystallography (Z = N(SideOGsH-'Bu,Me, CsMes, CsMesH, x =
0-2)+> 7102498494 that it is unsolvated. The only other unscddhtexamples are
[(CsMes),Smb(u- % %N,),*® which had an unusually short 1.088(12) A N-N disg
[(CsMes), Tmla(p- % *Np)° and  {[CsH3(SiMes)z]Dy}2(p- % %Np)° for  which good
crystallographic data were not obtained, and sHEBW) Nd]o(u- % %N,)° and
{[C sH3(SiMe3),]oTm}o(u- % %N),2 which had 1.23 and 1.259(4) A N-N distances,
respectively. The structure @D is also unusual in that the fours{@esH)* ring centroids
define a square plane rather than a tetrahedr@ncé the dihedral angle between the planes
defined by the two ring centroids and Sc for eadcttatiocene is 0° rather than the 90°
common for bimetallic metallocene complexes withalnbridging ligands such as

[(CsMes)Smpb(p- % %Ny),> [(CsMes)Smpb(u-H)2, > and [(GMes).Smp(p-0).** The C-H
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components of the @e,H)" rings are arranged such that they are staggeréunwa
metallocene with one C-H over theJ ligand in the open part of the wedge and the other
where the two rings have their closest approache dihedral angle between the two planes
defined by the ring carbon attached to H, the dewgtroid, and Sc is 177.2°.

Despite this unconventional arrangement of angillands, the S¢u- % %N,) unit
in 10 is planar as it is in the JTHF)LNn]a(u- % %N,) complexes. The 1.239(3) A N-N
distance is in the broad 1.233(5)-1.305(6) A rafgend for the lanthanide and yttrium
examples and is indistinguishable from those of [@MesH).Ln(THF)]a(U- % %Ny)
complexes (Ln = Lu, 1.243(12) ALa, 1.233(5) A’ Y, 1.252(5) &Y. The 2.216(1) and
2.220(1) A Sc-N(N) distances are about 0.1 A shorter than those in
{[(Me 3SiyN]A(THF)Y}o(t- % *Ny), 18" and [(GMesH).LU(THF)]a(u- % *Nj), 19° This
is consistent with the smaller size of scandiunom@arisons of the metrical parameters of

10, 18, and19 are presented in Table 3.6.

Table 3.6. Selected Bond Distances (A) and Angles (deg) B&NlesH)>Sch(p- % %Ny),

10, {[(MesSi)N](THF) Y} 2(u- % %Ny), 187 and [(GMesH)Lu(THF)]o(1- % *Np), 19.°

10 12 13
M Sc Y Lu
Cnt1-M(1)-Cnt2 131.0 117.44(6) 129.9
M(1)-Cntl 2.195 2.2443(15) 2.369
M(1)-Cnt2 2.196 2.2640(15) 2.385
M(1)-N(1) 2.216(1) 2.2958(17) 2.290(6)
M(1)-N(1") 2.220(1) 2.3170(16) 2.311(6)
N(1)-N(1") 1.239(3) 1.268(3) 1.243(12)
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Detailed comparisons of the structure d® with the analogous component in
{[(C sMesH)-Sch(p- % %No)[(CsMesH),Sch(u-O)}, 11, are not possible since the crystal
quality of 11 provided connectivity only. The structure of #{€sMesH)>Sch(p- % %Ny)
component ofl1 is similar to that one o0 in that the dihedral angle between the planes
defined by the two ring centroids and Sc for eaehafiocene is 5.2°. The [§®lesH).Sch(p-
O) component of.1 differs in that the dihedral angle between thengtadefined by the two
ring centroids and Sc for each metallocene is 8&tfer than the 0°. This gives a tetrahedral
arrangement of rings more common for bimetallic altetenes. An overlay of the two
components ol1 in Figure 3.11 shows that one metallocene andtitging ligand line up
well for the two structures, but the square plarsartetrahedral difference in arrangement of

the four (GMe;H)" rings is evident when the other metallocene coraptsare compared.

Figure 3.11. Overlay of the [(GMesH):Sch(u- % *Ny) and [(GMesH),Sch(u-O)

components of 1.

The possibility that bimetallic 3} and (Of complexes could be structurally similar
and co-crystallize to give unusual metrical pararse@ la bond stretch isomerEnt is

generally a concern in these complexes. In the o&%1l, the two units have very different
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dihedral angles between the planes defined by wwee ring centroids and Sc for each

metallocene and do not disorder.

Theoretical Studies

The experimentally determined structurel@fwas evaluated with density functional
calculations using the Tao-Perdew-Staroverov-Saudeybrid (TPSSH) functiondf The
calculations were similar to those done on {[#8N](THF)Y}o(p- % %N.), 18%* The
optimized calculated N-N bond distance of 1.226 & fl0 agrees well with the
crystallographic value of 1.239(3) A as does theuated 2.223 A Sc-N bond (vs 2.216(1)
and 2.220(1) A). The DFT results are consistetit an N-N bond order of 2 ih0.

To check against the possibility thHe@ was the peroxide complex [{KesH).Sch(u-

2 2.0,), calculations on this species were also carried sut.0-O bond distance of 1.51 A
was calculated for [(@esH).Sch(pu- % %0,) that is clearly different from the distances
observed inl0 and similar to the experimental values of 1.5434n Yb,[N(SiMes)]4(u-

2 2.0,)(THF),>* and 1.517(7)-1.603(8) A in [¥tu- % %0,)L,Cl,](ClO4),, where L is
2,14-dimethyl-3,6,10,13,19-pentaazabicyclo[13.hdfradeca-1(19),2,13,15,17-pentaghe.

Inspection of the computed Kohn-Sham moleculartalbexplains the observed bond
lengths. The dinitrogen-Sc bonding i© results from a strong interaction between a
scandium 8 orbital and the antibonding orbital of N, in the ScNSc plane, Figure 3.7. The
computed natural population analysis (NPA) forgies a charge of -0.75 and a scandium 3
population of 1.57 along with the fairly short obssl Sc-N bond distance of 2.223 A. This
indicates the presence of a polar covalent intemactorresponding to a two-electron-four-
center bond between two {@e;H).Sc fragments and NNeach with a nearly neutral actual
charge. The initial reduction of the’N triple bond to a formal N=N double bond 10 is
possible because the occupied @bital of scandium is high enough in energy aaé

enough to form @ - * back bond. This is the main basis of the bondiimge the occupied
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bonding and orbitals of N are too low in energy to interact with the metalnas. The
lowest unoccupied molecular orbital @0 is the essentially unperturbed orbital of N,

perpendicular to the SeNc plane, Figure 3.12.

HOMO LUMO
13 /\
n?\'
1 1
| Il
44—
7 A7
(L,5c¢), (L,S¢),N,y N,

Figure 3.12. Simplified molecular orbital scheme of [{{@esH),Sch(p- % %N,), 10.

The orientation of the four cyclopentadienyl ringsl0 was also probed by DFT. The
initial calculations gave a structure with a squalemar arrangement of the four ring centroids
as was found experimentally. Since it was posditée this was a local minimum obtained
because the starting point was the experimentallauates forl0, a calculation starting with
the rings in a tetrahedral arrangement was alstedaout. As the energy in this calculation
was minimized, the rings began to rotate from hetdmal to square planar. However, a
minimum was reached when the dihedral angle betwbenplanes defined by the two
CsMe4H ring centroid planes and Sc for each metalloagnewas 54°. Since the energy of

this structure is 2.7 kcal/mol higher than thathwibhe square planar rings, it appears that
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unfavorable interactions between the rings prettemtmodel from moving them completely
to square planar and the global minimum. In supgbthis, a calculation with (§Bs)* rings
starting in a tetrahedral conformation, ended wh#hrings square planar in the lowest energy
structure. In summary, the calculations suppatdtfuare planar arrangement of rings found

in 10 and11 to be the lowest in energy.

Conclusion

A reduced dinitrogen complex of the smallest tramsi metal, scandium, can be
obtained by using the tetramethylcyclopentadieggbup as the ancillary ligand. The
necessary scandium metallocene precursofdég).ScCI(THF),6, (CsMesH)-Sc( 3-CsHs),
7, and [(GMe4H),Sc][(u-Ph)BPHR], 8, can be synthesized in a manner similar to théskeo
larger lanthanides. The reductive method in wiaidhvalent salt is combined with an alkali
metal that was successful with yttrium and theHantdes in reducing dinitrogen also applies
to scandium and provides [{desH).Sch(p- % %N,), 10, from 8. Complex10 has the
Ma(u- % %N,) coordination mode observed with larger metalsiarsblvated complexes and
has an N-N bond distance consistent with (N=NIPensity functional theory shows how this

moiety is stabilized by scandium via polar covaleonding.
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Chapter 4

Synthesis, Structure, and Reactivity of Scandium ahYttrium Metallocene
Borohydride Complexes:

Comparisons of (BH)" vs (BPh)' as Counteranions

Introduction

One of the effective ways to expand reactivity opsi with the trivalent lanthanide
ions is to use LT complexes as precursors in L reduction reactions that provide access
to “Ln®* reactivity even if the divalent ion has not bdsalated in solutiorl. For example,
dinitrogen complexes previously obtainable onlyhwite divalent ions like Sth? Tm?* 3*
Dy?"*°and Nd*,* can be obtained for lanthanides from La to Lu4&q®"® When trivalent
LnZs are challenging to synthesize, e.g. when Z sM&)",**® LnZ.Z' precursors such as
[(CsMes),Ln][(p-PhypBPhy] can be usedff When desirable LnZcomplexes are made from
LnZ,Z' precursors as is the case ofNesH)3Y, which is synthesized from [®esH)Y][( p-

PhypBPhy],'® the LnZZ' complexes are the more efficient starting matsror the reductive

chemistry.
. (THF), P
2 ~ R AN ‘y,
2LnZ, + 2K Z—KZ> Z7Ln‘\1\{//Ln""'“Z 4.1)
or2 LnZZZ' or -2 KZ' Z (THF)X

Ln = La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er, Y, Tm, Lu
7= N(SiMe3)2, C5Me4H, C5Me5, C5H2(CMC3)3, OC6H3(tBu)2-2,6
Z'=BPhy, I; x=0-2

The  tetraphenylborate complexes  d{@s).Ln][(n-PhyBPh]*  and
[(CsMesH),Ln][(u-PhyBPh]*° have proven to be excellent reagents for ZZVK reactions in

part since the (BR)" anions are only loosely ligated to the metal \gastic interactions
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involving two phenyl groups. Although these comxele are effective precursors, they

require multiple steps for synthesis as shown imefe 4.1.

AN
YCl; THF N mgcl R

\ /I
— — —\
+ 2KCsMesR 50y (CsMe R YCLK(THE) T3, Rﬁ: £ \'/

- THF
/& R / HNE.BPh toluene ’& @
\;/ + HNEt S
. V 3BPhy -NEt3 ‘@/ \Q
- propene

R = Me, H
(@)
ScCl THF N vl /& ;
3 ———— > (CsMeH),ScCI(THF) ———— Se—y,

+ 2 KCsMeyH -2 KC1 - MgCl, N
- THF %

/& ) toluene <
Sc —V + HNEt;BPhy ———>» Se----
N - NEt; E
- propene

Scheme 4.1. Typical synthesis of rare earth metal tetraphengtate complexes. a)
[(CsMesR)Y][(H-PhRBPh] (R=H, Me) showing interactions involving two ofi¢ phenyl
groups and b) (§Me4H).Sc-Ph)BPh) showing only one interaction with one of the pylen

groups (see Chapter 3 for more information).

In efforts to find precursors for LrZ'/K reactions that could be synthesized more
directly, the borohydride complex@3ssMes),Ln(BH4) and (GMe4H).Ln(BH,) were attractive
since Schumann et ahad reported that they could be directly synthesirom LnC} eq
42"
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LnCl;(THF)x + 2 Na[CsMe,R] + NaBH; —> [(CsMe,R),Ln(BH,)(THF)] + 3 NaCl
R=H,Ln=Y,Sm,Lu; R=Me, Ln=Y,Sm, Lu; “r
R=Et,Ln=Y,Sm,Lu; R=Pr,Ln=Y, Sm, Lu

Since borohydride ligands typically bind to lantltBs via bridging hydride
connections that are more direct than the agastigractions found with their phenyl analogs,
it was unlikely that they could be displaced adlgas the (BPE* ions. On the other hand,
the structures of these complexes were unknowntlaaduccess of the LaZ/K reactions
depends in part on only the relative attractiorzbfor Ln** vs K'*, since the byproduct is
KZ . To evaluate the borohydrides as precursors fid,Z'/K reactions, the structures of
(CsMe4H)2Y (BH4)(THF), 20, and (GMes).Y (BH4)(THF), 21, were determined, their utility in
reductive reactions was examined, and the preferen§(GMesR),Y]** cations for (BH)"
vs (BPh)' was investigated. Structural comparisons26f and 21 with the reported
tetraphenylborate complexes, §@esH),Y][(H-PhpBPh], 22 and [(GMes) Y][(p-
PhyBPhy], 232 were carried out. In addition, {&lesH),Sc(BH,), 24, and (GMes),Sc(BHy),
253, were prepared and their structures were compdeectheir (BPh)! analogs.
Unfortunately, complex25a could only be crystallized contaminated with thearslium
chloride component (#Mes),ScCI(THF), 26, as (GMes)Sc(BHs)os(Cl)os(THF), 27, in

which (BH;)” and Cl are assigned with site-occupany factors of 0.50.

Experimental

The syntheses and manipulations described belove wenducted under argon or
nitrogen with rigorous exclusion of air and wateing glovebox, vacuum line and Schlenk
techniques. Solvents were dried over columns aanta Q-5 and molecular sieves. NMR
solvents were dried over Na/K alloy, degassed, saduum transferred prior to use.
Allylmagnesium chloride (2.0 M in THF) was purchddeom Aldrich and used as received.
1,4-Dioxane was purchased from Aldrich and used ®eived. 1,2,3,4-
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tetramethylcyclopentadiene {@e;,H,) was purchased from Aldrich, distilled onto 4
molecular sieves, and degassed by three freeze-thamp cycles prior to use. Potassium
bis(trimethylsilyl)amide (Aldrich) was recrystaléd from toluene prior to use. KKie;H
was prepared as described for K@s.'® 'H and**C NMR spectra were recorded on Bruker
GN500 or CRYO500 MHz spectrometers. IR sampleeweepared as KBr pellets, and the
spectra were obtained on a Varian 1000 FT-IR syst&femental analyses were performed
using a PerkinElmer Series Il 2400 CHNS elememalyaer. Complexeg0 and 22 were
prepared by slight modifications of the literatprecedure.’

(CsMesH)Y(BH)(THF), 20. In a nitrogen-filled glove box, KéMesH (2.01 g,
12.5 mmol) was slowly added to a stirred whiterstaf YCI3 (1.22 g, 6.25 mmol) in 100 mL
of THF. After the mixture was stirred for 24 h, NaB(270 mg, 7.14 mmol) was added and
the mixture was stirred for another 24 h. The otuwas then evaporated to dryness to yield
a white powder. After this material was stirred 160 mL of hexane for 24 h, the white
precipitate was removed via centrifugation andrdilon to yield a colorless solution.
Evaporation of the solvent left a white crystallmaterial,20 (1.47g, 56%). Crystals suitable
for X-ray analysis were grown from a concentrateldene solution oR0 at 25 °C over the
course of 24 hH NMR (500 MHz, benzends):  5.63 (s, 2H, @MesH), 3.45 (s, 4H, THF),
2.07 (s, 24H, @MesH), 0.77 (s, 1H, Bi), 0.62 (s, 1H, Bl), 0.43 (s, 1H, Bi), 0.28 (s, 1H,
BH). C NMR (126 MHz, benzends):  121.55 CsMe,H), 118.36 CsMe,H), 110.98
(CsMeyH), 13.83 (GMeyH), 12.00 (GMegH).

(CsMes)2Y(BH,)(THF), 21. As described for20, 21 was obtained as a colorless
crystalline solid (0.776 g, 53 %) from N&des; (1.00 g, 6.32 mmol), YGI (0.636 g,
3.26 mmol)and NaBH (0.166 g, 4.39 mmol) in THF (100 mL). Colorlesgstals suitable
for X-ray analysis were grown from a concentrateddme solution o1 at 25 °C over the

course of 48 hH NMR (500 MHz, benzends):  3.52 (s, 4H, THF), 2.00 (s, 30H;!@es),
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0.83 (s, 1H, Bi), 0.66 (s, 1H, Bi), 0.49 (s, 1H, Bi), 0.33 (s, 1H, B). *C NMR (126 MHz,
benzened;): 118.54 CsMes), 12.41 (GMes).

(CsMesH),Sc(BH,), 24. As described for20, 24 was obtained as a pale yellow
crystalline solid (0.085 g, 45 %) from KKesH (0.200 g, 1.25 mmol), Scg€l0.094 g,
0.62 mmol)and NaBH (0.024 g, 0.62 mmol) in THF (20 mL). Colorlesgstals suitable for
X-ray analysis were grown from a concentrated hexsmiution of24 at -35 °C over the
course of 24 h.

Alternative Synthesis of 24. In a nitrogen-filled glove box, NaBH(0.058 g,
0.15 mmol) was added to a yellow solution of g{@,H),Sc][(u-Ph)BPh], 8" (0.311
g, 0.513 mmol) in 20 mL of THF. After the mixtuveas stirred for 24 h, the solution was
evaporated to dryness to yield a pale yellow powddter this material was stirred in 20 mL
of hexane for 2 h, the white precipitate was rendovia centrifugation and filtration to yield a
colorless solution. Evaporation of the solvent kefwhite crystalline materia4 (134 mg,
86%). 'H NMR (500 MHz, benzends):  6.19 (s, 2H, @MesH), 1.98 (s, 12H, MesH),
1.70 (s, 12H, @MesH), 1.83 (m, 2H, Biy), 1.59 (m, 2H, Bl,). *C NMR (126 MHz,
benzeneds): 126.3 CsMesH), 121.1 CsMegH), 115.9 CsMegH), 13.4 (GMeyH), 12.4
(CsMegH). Anal. Calcd for @gH3BSc: C, 71.54; H, 10.01. Found: C, 72.04; H610.

(CsMes).Sc(BH,), 25a. In a nitrogen-filled glove box, NaBH (0.010 g,
0.264 mmol) was added to a yellow solution of s¥@s).Sc][(u- % *-Ph)BPh] (0.040
g, 0.066 mmol) in 20 mL of THF. After the mixtuveas stirred for 24 h, the solution was
evaporated to dryness to yield a pale yellow powddter this material was stirred in 20 mL
of hexane for 2 h, the white precipitate was rendovia centrifugation and filtration to yield a
colorless solution. Evaporation of the solvent &fivhite crystalline material (0.010 g, 48%).
'H NMR (500 MHz, benzends):  2.30 (m, 4H, Bh), 1.89 (s, 30H, Mes).

(CsMes)2Sc(Clo s(BH4)os(THF), 27. In a nitrogen-filled glove box, KéMes (0.20 g,

1.3 mmol) was slowly added to a stirred white slwf ScCk (0.094 g, 0.62 mmol) in 20 mL
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of THF. After the mixture was stirred for 24 h, Bld, (25 mg, 0.66 mmol) was added and
the mixture was stirred for another 24 h. The softutvas then evaporated to dryness to yield
a white powder. After this material was stirred 2@ mL of hexane for 24 h, the white
precipitate was removed via centrifugation andrdilon to yield a colorless solution.
Evaporation of the solvent left a white crystallimaterial (70 mg). Crystals suitable for
X-ray analysis were grown from a concentrated hexsmiution of27 at -35 °C over the
course of 24 h.
X-ray Crystallographic Data. X-Ray data collection parametersasf, 21, 24and27

are given in Table 4.1. Details for X-ray data eolion, structure determination and

refinement are given in the Appendix.

Results and Discussion

(CsMe4H)2Y (BH4), 20, and (GMes),Y(BH4), 21, can be made directly from Y& la
cyclopentadienyl salt, and NaBHs previously reported. Complex20 can be prepared
starting with either Nage,H as originally reported or with KGMe;H. However, the
synthesis of21 appeared to require that both reagents be sodalts. s Attempts to use
complexes 20 and 21 as precursors to vyield [(®esH).Y(THF)]o( - % %N,) and
[(CsMes).Y(THF)]o( - % %N,) via the LnZZ'/K reactions were unsuccessful. The results of
the LnZZ'/K reactions suggested that the borohydride ldgawere more tightly bound than
the tetraphenylborates as originally anticipatéltb obtain more information on this point,
complexe2 and23 were treated with NaBHo determine whether anion substitution would

occur. As shown in eq 4.3, in both cases the hyahathe displaces the tetraphenylborate.

(4.3)

R=H, Me
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Table 4.1.

X-ray Data Collection Parameters

(CsMes),Y(BH)(THF), 21,

[(CsM e4H)2Sc(CI)(TH F)] 2.

(CsMe4H)2Sc(BH,), 24,

for 56@4H)2Y(BH 4)(TH F), 20,

and  [(GMesH),Sc(BHy)(THF)]

20 21 24 27
formula G:H3gBOY C,H4:BOY CigH3BSc [G4H3s0ScBH)]
[C24H380ScCl]
fw 418.24 446.30. 302.19 412.65
space group P1 P1 P2,/n P1
crystal system Triclinic Triclinic Monoclinic Triglic
a(A) 8.6457(3) 8.5431(10) 12.5375(5) 8.4949(4)
b (A) 16.8105(6) 17.102(2) 11.2389(4) 16.6454(8)
c(A) 16.8419(6) 18.187(2) 12.6035(5) 17.7827(8)
(deg) 65.9645(4) 62.5943(13) 90 63.7179(5)
(deg) 87.0262(5) 88.1152(16) 102.9693(4) 87.6483(5)
(deg) 81.1176(5) 85.9470(16) 90 87.2937(6)
V (A3 2208.56(14) 2353.1(5) 1730.63(12) 2251.47(18)
z 4 4 4 2
caled (M@/m®) 1.258 1.260 1.160 1.217
(mm) 2.647 2.489 0.414 0.397
temp (K) 103(2) 153(2) 98(2) 153(2)
R1[I>2 ()]? 0.0274 0.0324 0.0272 0.0399
WR2 (all data) 0.0666 0.0766 0.0765 0.1053

2 Definitions: WR2 = §[W(F>-F:2)?] / S[w(F2)?] 1¥% R1 =S||R|-|R|| /S|F|.

In order to have a structural comparison to thewtt borohydride complexe20 and

21, the scandium analogs {@esH),Sc(BH,), 24, and (GMes),Sc(BH,), 25a have been

synthesized, using the same method as described, #h.2. Surprisingly, these reactions

proceeded not as clean as the analogous synti€Xisand21. For this reason, compl&ba

could not be formed cleanly, but it crystallizedtlas solvated (§Mes),ScCI(BHy)(THF), 25,
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together with the respective chloride siM&s),ScCI(THF), 26, to give
(CsMes),Sc(Cly s(BH4)os(THF), 27, in one single crystal. The alternative synthésisising
tetraphenylborate salts of a scandium metallocenelescribed in eq 4.3 for the yttrium

complexes worked much better to yield pReand25aaccording tdH NMR spectoscopy.

Structural Studies

(CsMesH).Y(BH ), 20, and (GMes)2Y(BH4), 21. As shown in Figures 4.1 and 4.2,
respectively,20 contains a [{-H)sBH]" ligand and21, which has the more substituted
cyclopentadienyl rings, haspiH).BH,]* coordination. The metrical parameters are shown
in Table 4.2 along with data for [(®esH),Y][(p-PhpBPh], 22'° Figure 4.3a, and

[(CsMes),Y][( p-PhyBPhy], 232 Figure 4.3b.

Figure 4.1. Thermal ellipsoid plot of (§MesH).Y(BH4)(THF), 20, drawn at the 50%

probability level. Hydrogen atoms except for HR, 3 and H4 are omitted for clarity.
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Figure 4.2. Thermal ellipsoid plot of (€Mes).Y(BH.)(THF), 21, drawn at the 50%

probability level. Hydrogen atoms except H1 andaf omitted for clarity.

Figure 4.3. Agostic interactions between the metal and theapbenylborate anion in (a)
[(CsMesH).Y][( -PhyBPhy], 22, and (b) [(GMes).Y][( -PhypBPhy], 23** Hydrogen atoms

are omitted for clarity.
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Table 4.2. Selected Bond Distances (A) and Angles (deg) fgMg&H).Y (BH4)(THF), 20,
(CsMes)2Y(BH4)(THF), 21 [(CsMesH)2YT( -PhpBPh], 22 and  [(GMes).Y][( -
PhyBPhy], 23 The unit cells 020 and 21 contain two crystallographically independent
molecules, the metrical parameters of which arg genilar. Only one is discussed in detalil

here. For more information see supplementary métion.

20 21 22 23
Cnt1-Y1-Cnt2 127.3 135.0 132.8 134.3
Cnt1-Y(1)-O(1) 105.5 103.8 -
Cnt1-Y(1)-B(1) 110.8 107.4
Cnt1-Y(1)-(HL)" 102.1 97.2 -
Cnt1-Y(1)-(H3)’ 135.6 126.8 . -
Cnt1-Y(1)-(H3)" 92.2
Y1-Cntl 2.383 2.386 2.353 2.363
Y1-Cnt2 2.377 2.388 2.353 2.375
Y1-(H1y)' 2.24(2) 2.25(2) - -
Y1-(H2y)" 2.43(2) 2.30(3) - -
Y1-(H3y) 2.40(2)
Y1-B1 2.547(2) 2.643(3) 4.349 4.442
Y1-01 2.3783(12) 2.3951(15) -
Y1-c20* - - 2.718(2)
Y1-c22 - 2.819(3)
v1-c21* - - 2.976(2)
Y1-c23 - 3.152(3)
Y1-C26' - - 2.829(2)
Y1-c2¢' - 2.813(3)
Y1-c27 - - 3.223(2)
Y1-c29' 3.118(3)

" (Hp) = bridging hydrogen atoms
# C= phenyl carbon atoms interact agostic with thealnetnter
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Since the unit cells 020 and 21 consist of two crystallographically independent
molecules whose structural data are similar, omlg © considered for discussion here. The
(CsMe4R ring centroid)-Y-(GMe4R  ring centroid) (R = H, Me) angle g0, 127.3°, is
smaller than the ones #1, 22 and23 with 135.0°, 132.8° and 134.3° due to theF{)s:BH]"
coordination of the ligand plus THF coordinationth® metal atom and hence a sterically
more crowded Y atom i80. The Y-(GMe4R ring centroid) distances 20, and21, 2.383,
2.377, 2.386 and 2.388 A are within the range wlitsse observed fo22 and 23, 2.353,
2.353, 2.375 and 2.363 A. The Y1-H1 bond distan@0, 2.24(2) A, is significantly shorter
than the other two Y-H bond distances Y1-H2 andHal-2.43(2) and 2.40(2) A. By
contrast, both Y-H bond distancesaf are closer, 2.25(2) and 2.30(3) A. The shorte& Y
distance is observed 20, 2.547(2) A, whereas the Y-B bond distanc@1ris approximately
0.1 A longer. These Y-B bond distances in theiwtir borohydrides20 and 21 are, as
expected, much smaller than the Y-B bond distanneshe yttrium tetraphenylborate
complexes22 and23. The Y-B distance 22, 4.34(9) A, is slightly shorter than the Y-B
bond distance 23, 4.44(2) A. This comparison shows that the boetom in the
yttriumborohydrides through the hydrogen atoms &asronger bond to yttrium than in the
corresponding tetraphenylborate complexes. Fa@& tbason, an easy displacement of the
borohydride ligand was not feasible.

(CsMegH),Sc(BHy), 24, and (GMes),Sc(Clys(BH4)os(THF), 27. As shown in
Figures 4.4 and 4.5, respectiveB4 and 27 contain a [-H)-BH2]' ligand. The metrical
parameters are shown in Table 4.3 along with datg(CsMe;H).Sc][(u-Ph)BPh], 8,°"3
[(CsMes)zScll(u- % *-Ph)BPh], 17, [{CsHa(SiMes)a}oScll(u-H):BH2], 28  and

(CsMe4H),ScCI(THF),6.°M3
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Figure 4.5. Thermal ellipsoid plot of [(@MesH),Sc][(u-H).BH2], 24, drawn at the 50%

probability level. Hydrogen atoms except for HH &2 are omitted for clarity.

Figure 4.6. Ball-and-Stick plot of27, drawn at the 50% probability level, containing th
scandium borhydride and chloride complexes, sM&).Sc(BHy)(THF), 25 and
(CsMes),Sc(CI)(THF), 26, in a single crystal. Hydrogen atoms except tydrdgens of the

borhydride component are omitted for clarity.
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Figure 4.7. Thermal ellipsoid plot of the scandium borohydratel chloride components of
27, (CsMes).Sc(BHy)(THF), 25, and (GMes),Sc(CI)(THF),26, drawn at the 50% probability
level. Hydrogen atoms except the hydrogens ofbtbr@hydride component are omitted for

clarity.

The structure o4 differs from those o020 and21 in that it is unsolvated, although
the same reaction conditions were chosen. EviglePdl prefers to be unsolvated due to its
small size. Compared to reported related compqutits unsolvated analog was not
unexpected. The complex [§B3(SiMes),}.Sc][(u-H)2BH], 28, containing sterically less
bulky [CsHs(SiMes),]” units and a borohydride ligand, tends to be urset’* The more
surprising fact is that §Mes),Sc(Clys(BHa)os(THF), 27, bearing the bulkier (§Mes)
ligand, could be crystallized. Despite the bulkmef the ligand set as well as the small size
of scandium27 possesses a coordinated THF molecule.

Furthermore, the structure 4 differs from that oR0in that it shows a [(-H)-BH]*
coordination, while20 possesses apf{H)sBH]" ligand in addition to a THF molecule. Also

in this case, the small size of scandium couldradfe explanation for this difference in both
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structures20 and24, although having used thed@e;H) ligand in both cases. The outcome

of this is an eight coordinate complex for scandiwhereas yttrium is ten coordinate.

Table 4.3. Selected Bond Distances (A) and Angles (deg) fosME&H).Sc(BHy), 24,
[(CsMeqH)-Scll(u-Ph)BPR], 8" [(CsMes).Sc(BH)(THF)] [(CsMes)zSc(CI)(THF)], 27,
[(CsMes);Scll(- * “Ph)], 17 [{CsHs(SiMes)}oScll(u-H)BH,  28%  and
(CsMeyH),ScCI(THF), 6.5 The unit cell of24 and 27, respectively, contains two
crystallographically independent molecules, the ritat parameters of which are very

similar. Only one is discussed in detail here. fRore information see supplementary chapter.

24 8 27 17 28 6
Cntl-Sci-Cnt2 138.8 139.4 136.5 140.94 136.0 133.0
(Cnt)-Sc(1)-(H)"  109.2, - 108.4, - 1103, -

106.0 95.4 108.5
(Cnt)-Sc(1)-Cl(1) - - 106.0, - - 108.4,

107.2 106.4

(Cnt)-Sc(1)-B(1)  111.0, - 105.3, - 112.0, -

110.1 103.1 112.0
Scl-Cntl 2.139 2.122 2.243 2.1516(10)  2.159 2.222
Scl-Cnt2 2.146 2.137 2.233 2.1587(9)  2.159 2.219
Sc1-B1 2.5433(11)  6.406 2.556(4) 6.024 2.523) -
Sc1-Cl1 - - 2.4753(10) - - 2.4332(4)
Sc(1)-0(1) - - 2.2979(11) - - 2.2557(10)
Scl-(H)' 2.066(15), - 2.18(3), - 2.024(4), -

2.033(15) 2.07(2) 2.024(4)
Scl-Cp-phenyl) - 2.568(2) - 2.679(2)

" (Hy) = bridging hydrogen atoms
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The structure oR7 reveals that a borohydride ligand is about theesame as a
chloride ligand. A comparison of the unit cellsadmplex27, Table 4.1, and comple
Table 3.3"3 shows that these are pretty much identical in. sitee unit cell o27 contains
two crystallographically independent molecules, thetrical parameters of which are very
similar. Only one of the independent moleculedissussed in detail here. TheslM&4R ring
centroid)-Sc-(@Me4R ring centroid) (R = H, Me) angle v, 136.5°, is smaller than the ones
in 8, 17 and 24 with 138.8°, 139.4° and 140.94°, respectively. isTbould be due to a
sterically more crowded Sc atom 27 due to the bulkiness of the /@es)” ligand, the [(-
H),BH,]* coordination of the borohydride ligand and a dldercoordination, respectively,
and a THF coordination to the metal center. Th€CgMe4R ring centroid) distances ¥,
2.139 and 2.146 A, are somewhat shorter, approeijnatl A, than those observed @7,
2.243 and 2.233 A, but, similar to those observe®] 2.122 and 2.137 A. In contrast, the Sc-
CsMeyR ring centroid distances BV, 2.243 and 2.233 A, are still longer than thosseobed
in 17, 2.1516(10) and 2.1587(9) A.

The componer25 of 27 shows longer Sc-O and Sc-Cl bond distances, 2(22yand
2.4753(10) A, as observed @ 2.2557(10) and 2.4332(4) A. Furthermore, theC&desR
ring centroid distances 25, 2.243 and 2.233 A, are slightly longer than oiediin6, 2.222
and 2.219 A.

The Sc1-H1A bond distance 27, 2.18(3) A, is significantly longer than the Sc181
bond distance 27, 2.07(2) A, and both of the scandium hydrogen bdistiances ir5,
2.033(15) and 2.066(15) A. Overall, the scandiydrbgen bond distances in the range of
2.033(15)-2.18(3) A are shorter compared to theuytt analogs 2.242-2.432 A, Table 4.2,
but in the same range of 2.03(4) A as observefldgHs(SiMes)-} »Sc][(1-H)-BH-], 28.%°

The Sc-B bond distances 24 and25, 2.5433(11) and 2.556(4) A, are longer than in
28, 2.52(3) A. Since scandium is bonded over hydbidéges to boron, the Sc-B distances in

24 and 25 are, as expected, much smaller than the Sc-Bndesain the respective
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tetraphenylborate complexeégand17. In these complexes, the scandium atom is faryawa
from the boron center. Interestingly, the Sc—Batise in8 is, 6.406A, thus almost 0.4 A
longer than the Sc-B distance i, 6.024 A, but both of these show about 2 A longetal
boron distances than observed in the yttrium téegaglborates22 and 23, due to the -Ph
bridging between M and [BEh in 8 and 17 vs a -Ph, bridging in 22 and 23. The
borohydride ligand is strongly bonded to the metaiter in24 and25, overall similar to the
yttrium complexe20 and21 which raises the assumption of similar reactiatyrare earth

borohydride complexes.

Conclusion

Although the borohydride complexes  sMe4H).Y(BH4)(THF), 20
(CsMes).Y (BH4)(THF), 21, can be made directly from Y£lthey are not useful precurors in
LnZ,Z'/K reactions like their tetraphenylborate analog¥he polydentate hydride bridges of
the borohydride ligands appear to attach to yttrtomstrongly to be lost as KByproducts
in the reductive reaction.

The scandium borohydride complexesNI€g;H).Sc(BH,), 24, and (GMes),Sc(BH,),
25a can also be obtained from a one-pot-synthesrguscC}, the potassium salts KMe,H
and KGMes, respectively, and NaBH However, these reactions do not give clean prisgu
in contrast to the alternative synthesis routesdaandium tetraphenylborate complexes and
NaBH;. The unsolvated structure of {{@esH),Sc(BH;), 24, shows a [{-H).BH,] 1-
coordination of the borohydride ligand whereas thgger yttrium captures a tenfold
coordination having a [j¢H)sBH]* ligand in (GMesH),Y(BH4)(THF), 20. Thus, this
structurally subtle difference i24 and 20 shows again how metal size can affect the
coordination sphere of the metal centers in congdex In addition, the structure of
(CsMes),Sc(Clp s(BH4)os(THF), 27, proves that a rare earth metallocene chloride and

borohydride can cocrystallize in one single crystal
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Chapter 5

Scandium Metallocene Borane Chemistry:
Isolation of 9-BBN Coordination Complexes,

(C5Me4R)28C( -H)zBCgH 14 (R =H, ME) and (Cf,Me4H)28C( 'O)BCgH 14

Introduction

In general, little is known about the alkylborandnemistry of rare earth
metallocenes-® Recent investigations have been directed touyttrimetallocene borane
complexes, which revealed that yttrium allyl compds are useful precursors for the
formation of 9-BBN (9-borabicyclo[3.3.1]nonane) taining borane substituted allyl
complexes and borohydride complexes, respectiveBpth of these components, namely
(CsMesH),Sc 3-CsHa(BCgH14)] and (GMesH)2Sc( -H),BCgH14, cocrystallized in one single
crystal® The yttrium allyl complex, (€Mes),Y( *-CsHs), was used as it enables easy access
to M-C bond reactivity. In this chapter, the goal was to make the analsgrandium
borohydride complex (§Mes).Sc( -H).BCgH14, 29, via the same synthetic route. After its
successful isolation, the ligand has been changed (GMes) to (GMesH) to determine
whether the analogous complex,s&;H).Sc( -H).BCgH14, 30, can be synthesized since
ligand changes sometimes affect the observed vigcti Oxygen contamination o080
provided access to a scandium 9-BBN oxidgM&H),Sc( -O)BCgH14, 31, which features

an unusual metallocene containing a M-O-BBN unit.

Experimental
The syntheses and manipulations described belove wenducted under argon or

nitrogen with rigorous exclusion of air and wateing glovebox, vacuum line and Schlenk
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techniques. Solvents were dried over columns aanta Q-5 and molecular sieves. NMR
solvents were dried over Na/K alloy, degassed, saduum transferred prior to use.
Allyimagnesium chloride (2.0 M in THF) and 1,4-dame were purchased from Aldrich and
used as received. 1,2,3,4-tetramethylcyclopentadi€GMesH,) was purchased from
Aldrich, distilled onto 4 molecular sieves and degassed by three freeze-thampcycles
prior to use. Potassium bis(trimethylsilyllamide Iqéch) was dissolved in toluene,
centrifuged and filtered to remove insolubles anédlunder reduced pressure. 4&,H
was prepared as described for K@s.” *H and**C NMR spectra were recorded on Bruker
GN500 or CRYO500 MHz spectrometers operating atNIB& for **C. 'B NMR spectra
were recorded on a Bruker Avance 600 spectrom@ierating at 192.5 MHz and referenced
to external BEOEt. “*Sc NMR spectra were recorded on a Bruker Avancesp@@trometer
operating at 145 MHz and referenced to [S€}d]*" in D,O. IR samples were prepared as
KBr pellets, and the spectra were obtained on daawatO000 FT-IR system. Elemental
analyses were performed using a PerkinElmer Seélri@l00 CHNS elemental analyzer.
(CsMes),Sc( 3-CsHs), 32, was prepared by another route compared to trerafitre
proceduré, which is explained in Chapter 8.

(CsMes).Sc( -H)2BCgH14, 29. In a nitrogen-filled glove box free of coordinating
solvents, a yellow solution of {®les),Sc( *-CsHs), 32, (0.169 g, 0.47 mmol) in 15 ml of
toluene was added to 9-BBN dimer (0.116 g, 0.47 thrnAdter the mixture was stirred for
24 h, the yellow solution was evaporated to dryriesgeld a yellow tacky solid. This was
washed with hexane and evaporated to dryness kb gistill tacky yellow residue (0.17 g,
82%). Yellow crystals suitable for X-ray analysier& grown from a concentrated hexane
solution of29 at 35 °C over the course of 48 HH NMR (500 MHz, benzends):  2.40-
1.51 [m, - -and -H of (BGsH1)], 1.99 (s, 1H, @Mes), 1.57 (s, 30H, §Mes), 1.04 {b, 2H,

H-H of [(1-H)2BCgH14]}.
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(CsMe4H)2Sc( -H),BCgH14, 30. In a nitrogen-filled glove box free of coordinating
solvents, a yellow solution of ¢®lesH),Sc( *-CsHs), 7, (0.14 g, 0.43 mmol) in 15 ml of
toluene was added to 9-BBN dimer (0.10 g, 0.41 mmdifter the mixture was stirred for
24 h, the pale yellow solution was evaporated {messs to yield a yellow tacky solid. This
was washed with hexane and evaporated to drynegeltba pale yellow powder (0.15 g,
84%). Crystals suitable for X-ray analysis werevgn from a concentrated hexane solution
of 30 at 35 °C over the course of 24 i*H NMR (500 MHz, benzends):  6.49 (s, 2H,
CsMegH), 2.41 (m, 2H of {BGH14}), 2.28 (m, 4H of {BGH14}), 2.17 (m, 4H of {BGH14}),
1.98 (s, 12H, @MesH), 1.56 (s, 12H, @MeyH), 0.76 (br d, 2Hp-H of {(p-H)-BCgH14)}). **C
NMR (126 MHz, benzends):  125.5 CsMesH), 120.8 CsMegH), 116.9 CsMesH), 34.9
(BCgH14), 25.9 (BGH1), 12.4 (GMeH), 12.2 (GMeH). B{'H} NMR (192.5 MHz,
benzeneds): 7.02. °Sc NMR (145 MHz, benzend): 128.64. IR: 2978m, 2911s, 2870s,
2827s, 2728w, 2043w, 1987w, 1961m, 1911s, 1867v21i8 1769w, 1678w, 1481w,
1445m, 1385m, 1361s, 1323s, 1280w, 1204w, 1149@8W11038w, 1023w, 974w, 929w,
918w, 827w, 813m, 796m, 613w ¢m Anal. Calcd for GH4BSc: C, 76.10; H, 10.32.
Found: C, 75.65; H, 10.70.

(CsMe4H),Sc( -O)BCgH 14, 31. Oxygen contamination a0 provided31. Colorless
crystals suitable for X-ray analysis were growmira concentrated benzengswlution of31
at room temperature over the course of three weeks.

X-ray Crystallographic Data. X-Ray data collection parameters2¥, 30and31 are
given in Table 5.1. Details for X-ray data colleat structure, solution and refinement are

given in the Appendix.
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Table 5.1.

X-ray Data Collection Parameters for sM&s).Sc( -H).BCgH14,

(C5M€4H)23C( -H)zBCgH14, 30, and (QMG4H)23C( -O)BC8H14 31

29 30 31
formula GsHss B Sc Ge Hao B Sc Ge HioB O Sc
fw 438.42 410.37 424.35
space group Pl p1 P2;/c
crystal system Triclinic Triclinic Monoclinic
a(h) 9.1910(5) 10.7158(4) 13.7353(10)
b (A) 15.1368(8) 13.6441(5) 17.9060(12)
c(A) 19.9838(11) 17.6253(6) 10.2837(7)

(deg) 69.3342(6) 102.9444(5) 90
(deg) 77.1285(7) 99.0856(5) 106.2385(9)
(deg) 87.1072(7) 104.3286(5) 90
V (A% 2534.7(2) 2370.41(15) 2428.3(3)
Z 4 4 4
caled (Mg/m®) 1.149 1.150 1.161
(mmh) 0.303 0.319 0.317
temp (K) 143(2) 88(2) 148(2)
R1[I>2 ]2 0.0463 0.0468 0.0355
wR2 (all data) 0.1225 0.1210 0.0974

29,

2 Definitions: WR2 = §[W(Fo>-F:2)? / S[W(Fo2)? 12 R1 =S||R|-|R|| / S|Fol.

Results and Discussion

(CsMes),Sc( 3-C3Hs), 32, reacts with 1 eq of 9-BBN in toluene during 24ohgive a
yellow powder of (GMes),Sc( -H).BCgH14, 29, in 82% vyield, eq 5.1. The analogous reaction
with (CsMesH),Sc( 3-CsHs), 7, gives after 24 h (§MesH),Sc( -H),BCgH14, 30 in 84% yield,
eq 5.1. Although the topology of the comple28sand30 is the same, the structures are not
isomorphous. The difference is that28 two conformers of BBN exist, while compl&0

shows only conformer. This is discussed in thecstiral section.
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R R

\ A H . wHu.,
; se“=il  + 05 CH B BCgH,, — ; Se \‘H "BCgHyy  (5.1)
R 9-BBN dimer R

R =Me, 29; H, 30

One conceivable route to the generation of congde&9 and30 is formulated in eq
5.2 and 5.3 on the basis of the proposed mechatosfiorm the analogous compound
(CsMes),Y( -H)-BCgH14, 33° The first step comprises a regular addition BN to an
olefin, eq 5.2 This is remarkable since according to this meismarthe allyl group would
need to adopt an'-coordination mode, {MesR),Sc( *-CH,CH=CH,) (R = H, Me), complex
|.  This means that the®-allyl reactivity in this scandium metallocene (ayttrium
metallocene, respectively) arises from the olefid anot, as typical for the rare earth
metallocenes, from the M-C sigma bond. Furthermitiie postulated that the resulting alkyl
complex,ll, could -hydrogen eliminate to produce a 9-BBN substitudkzfin as a leaving
group and a scandium hydride metallocenesNI&R),ScH] (R = H, M&). This hydride
complex could have been trapped by another 9-BBMcnte to give the observed products

31and32 eq 5.3.

R R

R
\
; SN\ 4 H-BCgH,, —> ; s¢ e, _ ; Se—H| (52)
ﬁﬁl ﬁ%v\ -~ BCHlg ﬁ
R R

\
I II - - X
\

R

/%.\\HI“,

H + H_BC8H14 —> ﬁSC\HIBCSHI“ (5.3)
R

F
R
R

Jx R =Me, 29; H, 30
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Structural Studies

(CsMes)2Sc( -H)2BCgH14, 29 and (CsMe4H),Sc( -H).BCgH14, 30. Crystals of29
and 30 suitable for X-ray diffraction were obtained fronexane solutions. As shown in
Figures 5.1 and 5.2, respective® and30 have [(1-H),BBN]'" coordination. The metrical
parameters are shown in Table 5.2 along with data(€&Me4H),Sc( -O)BCgH14, 31,

(CsMes)2Y( -H)2(BCgH1d), 33,° and[(CsHs)2Zr( -H)( -O)(BCgH14)]2, 34

The unit cell of29 differs from 30 in that each independent molecule possesses a
distinguishable BBN conformer, Figure 5.3. Theomed complex RuH[(-H).BBN]( >
H,)(PCy). shows a disorder on a carbon for which reasonag been resolved as two
possible conformations. Both of these would becstrally similar to the observed two

conformations ir29.°

Figure 5.1. Thermal ellipsoid plot of (§Mes).Sc( -H).BCgH14, 29, drawn at the 50%
probability level. Hydrogen atoms except the bingghydrogens of the BBN component are

omitted for clarity.
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Figure 5.2. Thermal ellipsoid plot of (§MesH),Sc( -H).BCgH14, 30, drawn at the 50%
probability level. Hydrogen atoms except the bingghydrogens of the BBN component are

omitted for clarity.

Figure 5.3. Thermal ellipsoid plot of the two crystallograpHlgandependent molecules in
(CsMes),Sc( -H).BCgH14, 29, drawn at the 50% probability level, showing two
distinguishable BBN conformers. Hydrogen atomseexthe bridging hydrogen atoms of the

BBN component are omitted for clarity.
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Table 5.1. Selected Bond Distances (A) and Angles (deg) feMg),Sc( -H),:BCgH14, 29,
(CsMeqH)2Sc( -H)2BCgH14, 30, (CsMesH)2Sc( -0)BCsHaa, 31, (CsMes),Y( -H):BCgH14, 33,°
and [(GHs),Zr( -H)( -O)(BCgH14)]2, 341 The unit cells of29 and 30 contain two
crystallographically independent molecules, the ritat parameters of which are very

similar. Only one is discussed in detail here. fRore information see in the Appendix.

29 30 31 33 34
M Sc Sc Sc Y Zr
Cnt1-M(1)-Cnt2 138.5 136.3 137.3 137.1 126.1
Cntl- M(1)-O(1) - 111.3 116.1
Cnt2- M(1)-O(1) - 111.4 115.4
(Cnt)-M(1)-O(1)' - 104.5, 104.4
Cntl- M(1)-B(1) 111.2 113.0 111.0 107.3
Cnt2- M(1)-B(1) 110.3 112.7 106.3
Cntl-M(1)-(H,) 104.4, 111.3, 116.2, 96.0

112.1 107.8 103.5
M(1)-Cntl 2.189 2.159 2.137 2.334 2.250
M(1)-Cnt2 2.185 2.152 2.145 2.354 2.261
M(1)-O(1) - 1.9390(11) - 2.1182(10)
M(1)-O(1)' 2.1352(10)
0(1)-B(1) 1.323(2) 1.485(2)
M(1)-(Hp) 2.05(2), 2.00(2), 2.152(5), 1.959(16)

2.03(2) 2.02(2) 2.279(5)
M(1)-B(1) 2.626(2) 2.592(2) 2.767(52) 2.654(2)
B(1)-(Hy) 1.269(0), 1.23(2), 1.158(5), 1.309(16)

1.222(0) 1.24(2) 1.307(5)
B(1)-(G)" 1.621(3), 1.612(3), 1.590(2), 1.621(7), 1.622(2),

1.609(3) 1.616(3) 1.591(2) 1.616(9) 1.620(2)

" (Hp) = bridging hydrogen atoms
# (Gy) = BBN carbon atoms bridging to boron atom



The (GMeyR ring centroid)-M-(GMe4R ring centroid) (R = H, Me) angle iR9,
138.5°, is slightly larger than the angles obsemve80, 31 and33 with 136.3°, 137.3° and
137.1°. The M-(GMe4H ring centroid) distances 29, 2.189 and 2.185 A30, 2.159 and
2.152 A 31, 2.137 and 2.145 A, are shorter tha3®12.334 and 2.354 A, which is consistent
with the differences in ionic radii of these twotade according to Shannon. The Sc-H bond
distances ir29, 2.03(2) and 2.05(2) A, are very similar to thas80, 2.00(2) and 2.02(2) A,
and are also consistent with the Sc-H bond distnbserved 24, 2.033(15) and 2.066(15)
A, and 28, 2.03(4) A. As a result of the small size of stiam, expectedly, both hydride
bridges in29 and30 are shorter than those 33, 2.152(5) and 2.279(5) A. In this context, it
is noticeable that the metal hydrogen bond lengtlesin29 and30 more similar than ir83.
The Sc-B distance i9, 2.626(2) A, is longer than the Sc-B bond distariog0, 31 and27,
2.592(2), 2.5433(11) and 2.556(4) A, and shortantie Y-B bond distance 88, 2.767(52)
A.

(CsMe4H),Sc( -O)BCgH14, 31. A suitable crystal of31 for X-ray diffraction was
obtained from benzene solution.

The (GMe4R ring centroid) - M - (6Me4R ring centroid) (R = H, Me) angle i1,
177.35(11)°, is almost linear. The coordinatiomier of scandium is seven in compl&k
for which no comparable seven coordinate scandigtallocene possessing a Sc-O bond is
known. The Sc-O bond distance 3t is 1.9390(11) A, that is expectedly shorter thae t
Sc-O bond distances observed in eight-coordinagandsem metallocenes: 2.167(3) and
2.176(3) A (2.172 A av.) in (§Mes),Sc(QC)CeHACHs, Mt 2.067(2) and 2.331(2) A in
(CsHs)Co( 4, 1, 1-CO)(=C(CH;)OSc(GMes)y, ' 2.216(3) A in
(CsHs)2Sc[Si(SiMe)s](THF), 2 2.2964(14) and 2.2652(14) A in {kes),Sc(THF)][BPh,],**
or 2.2557(10) A ir6.“"* However, the comparison of the Sc-O bond distarice9390(11)

A in 31 with Sc-O bond distances in seven-coordinate saen@omplexes which do not

feature a metallocene unit reveals that it is estghtly shorter than in [ScgL8-crown-
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6)](SbCk) with 2.190(5)-2.229(5) A, and in [Sc(dapsc)(][NO3],[OH] with an average
Sc-O bond distance of 2.110 A [dapse = 2.6-diapgtidinebis(semi-carbazone). When
complex 31 is compared to six-coordinate scandium complekesSc-O bond distance is
slightly longer than for instance found in alkoxédel.889(5), 1.854(5) and 1.865(5) A in
[Sc(OGH,Me-s-Bu'>-2,6),* or about the same length as in salicylaldiminat®@§candium
complexes with 1.985(3) and 1.920(3)A.

There are no rare earth metallocene oxo borabingdanes known to compare with
31 The only transition metal oxo borabicyclononasd(CsHs)Zr( -H)( -O)(BCgH14)]2,
34, which is in fact an organohydroborate dimer coragan31. The Sc-O bond distance is
1.9390(11) A in31, whereas the Zr-O bond distances are 2.1182(10)2ah352(10) A,
respectively, in34. Two organohydroborate ligands link twosi&s),Zr units in a Zr(-
H)( -O)B mode that causes a nonlinear Zr-O-B angle3o1®8)° vs 177.35(11)° found in
31 The B-O distance of 1.485(2) A is34 much longer than the observed 1.323(2) &1n

The B-C bond distances in the compou8s30, 31, 33 and34 lie within the range

1.590(2) to 1.622(2) A.

Figure 5.4. Thermal ellipsoid plot of (§MesH),Sc( -O)BCgH14, 31, drawn at the 50%

probability level. Hydrogen atoms are omitted dtarity.
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Conclusion

The borohydride complexes {@es),Sc(-H).BCgH14, 29 and (GMesH).Sc( -
H),BCgH14, 30, were synthesized from reactions ofM&4R),Sc( >-CsHs) (R = H,7; Me, 32)
and 9-BBN. Switching the @Mes) ligand, which have been shown to be reactive tdevar
9-BBN/,? to a (GMe;H) ligand, has evidently not limited its reactivitComplex29 shows
two distinguishable conformers of the BBN ligandhil 30 and 31 have only one type of
BBN conformer. Oxygen contamination 8D provided an unusual monomeric metallocene
organoborane oxide {®esH),Sc( -O)BCgH14, 31. This is the first scandium metallocene
complex with a seven coordinate scandium contai@ngOBBN ligand. The Sc-O bond

distance is short with 1.9390(11) A.
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Chapter 6

Synthesis and Structure of the Elusive Monohapto Tteamethylcyclo-

pentadienyl Metallocene Complex P-CsMe H).Sc(r-CsMe4H)

Introduction

One of the unusual developments in organometalétalocene chemistry in recent
years has been the isolation of a series of stgriceowded complexes containing three
pentahapto pentamethylcyclopentadienyl ring%@Mes)sM.*® Since the cone angle of
CsMes)' had previously been estimated to be approximatédBF/ the existence of these
complexes was not thought to be possible. Isalatio( >-CsMes)sM complexes as well as
the more crowded {-CsMes)sMX, ( >-CsMes)sML, and (>-CsMes)sML, species (X = B,
ClLEMe’ H;'® L = COM N,,** RNC? RCN®'), where M = lanthanide metalgttrium,
thorium, and uranium, showed that the cone angl¢ feCsMes)' could be reduced to 120°
by moving the ligand further away from the methi.each of these complexes, the MAG(
CsMes) distances are approximately 0.1 A or more lonigan any previously observed
analogous distancés.

Associated with the long distances in these trisi@®ethylcyclopentadienyl)
complexes was unusual reactivity of the normallgrirancillary (>-CsMes)" ligands. For
example, (°-CsMes)sSm was found to ring open THE polymerize ethylen®,undergo
insertion reactivity with C3,and react by sigma bond metathesis with dihydrdggcheme
6.1. None of these reactions had previously bésemed with the/-CsMes)* ligands, but

they were common with alkyl lanthanid¥s.
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polyethylene

Scheme 6.1.Some examples of high reactivity ofs{@es);Sm towards various substrates.

This led to the speculation that®{CsMes)sM complexes could have access to a
monohapto form, °-CsMes),M(/#*-CsMes), that engaged in these alkyl-like reactions, dq 6
Flexibility in the hapticity of cyclopentadienylgiands is well knowr® but it was unclear if

such an/? to #* transformation could occur in these crowd&dCsMes)sM complexes.

Numerous efforts have been made sint®2QsMes)sSm was first discoverédto

obtain spectroscopic evidence on the existence(f-&sMes),M(/#*-CsMes) complex'® No
evidence was obtained by low temperature spectpysand reactions with bases designed to
trap a (r-CsMes),M(/*-CsMes)L complex suitable for crystallization. This lemla new type

of reaction for the A>-CsMes)sM complexes, a reduction reaction called stericaitjuced
reduction (SIRY® Base adducts were eventually isolated, nam@hCiMes)sML***3and

(/P-CsMes)sML,, "> but the cyclopentadienyl rings in these complexege found to bind in
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a pentahapto mode in the solid state. Hence, gvéme presence of a base, there was no
evidence for the#-CsMes) coordination that would lead to alkyl-like reatty.

This chapter describes the first structurally ebterizable example of an
(/°-CsRs)2M(1*-CsRs) complex. The discovery arose from investigatiofshe (GMesH)"
chemistry of St designed to make the first reduced dinitrogen derpf scandiunf’ The
(CsMesH)' ligand was chosen instead ofsles)’” due to the small size of scandium. The
synthesis of the dinitrogen complex, §@H),Sch( -7 #-N,), 10, required the
tetraphenylborate complex [{&e;H).Sc][( -Ph)BPh], 8, as a precursdt>?! This complex
also is a viable precursor to4@e4H)3;Sc via the most common synthetic route tgR&sM
complexes, namely reaction of a tetraphenylboraliec$ a metallocene with an alkali metal
cyclopentadienide, eq 6.2. When this reaction wasducted with the scandium and
(CsMesH)™  combination, it provided evidence on the previguslelusive

[bis(pentahapto)](monohapto) orientation for theeéhcyclopentadienyl rings.

@Esg * KCsMes  —ppm /&EM j@}- (6.2)

M = La, Ce, Pr, Nd, Sm, Gd, U

Experimental

The manipulations described below were conductedemurargon with rigorous
exclusion of air and water using Schlenk, vacuume,liand glovebox techniques. Solvents
were sparged with UHP argon and dried over coluoamdaining Q-5 and molecular sieves.
NMR solvents (Cambridge Isotope Laboratories) wikted over Na/K alloy, degassed, and
vacuum-transferred before use. The preparatiq€sflesH),Sc( >-CsHs), 7, is described in
Chapter 3.'H NMR and**C NMR spectra were recorded on a Bruker DRX500 tspeeter

at 25 °C.**Sc NMR spectra were recorded on a Bruker Avancesp@étrometer operating at
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145 MHz for**Sc. The®™Sc NMR spectra were referenced to [S&hd]>" in D,O. Infrared
spectra were recorded as KBr pellets on a VariddD I0TIR spectrophotometer at 25 °C.
Elemental analyses were performed on a Perkin EB#@0 Series || CHNS analyzer. Mass
spectrometry analysis was performed on a ThermoelS+ GCMS.

(/-CsMe4H),Sc(f-CsMegH), 35. In an argon-filled glovebox, KéMesH (0.040 g,
0.25 mmol) was added to a stirred yellow slurr§(6MesH).Sc][( -Ph)BPh] (0.152 g, 0.25
mmol) in 10 mL of benzene. After the mixture waisred for 1 h, the orange slurry was
centrifuged, filtered, and the solvent was remowster reduced pressure to vyield
(CsMeyH),Sc@’-CsMe,H), 35, as a bright orange crystalline solid (0.084 g%82crystalline
yield). Yellow crystals suitable for X-ray analgsivere grown from a concentrated toluene
solution of35 at -35°C over the course of 2 day$i NMR (500 MHz, benzends):  5.62
(2H, GMesH), 2.09 (12H, @MeH), 1.71 (12H, GMegH). °C NMR (126 MHz, benzends):

125.9 CsMegH), 120.6 CsMesH), 111.0 CsMegH), 13.5 (GMegH), 12.7 (GMegH). H

NMR (500 MHz, toluene): 5.55 (2H, GMesH), 2.07 (12H, @MeH), 1.69 (12H,
CsMesH). °C NMR (126 MHz, toluenek):  125.5 CsMesH), 120.1 CsMesH), 110.7
(CsMegH), 13.0 (GMegH), 12.3 (GMegH). *°Sc NMR (145 MHz, toluenes): 227 (12 =
3300 Hz). IR: 3096w, 3075w, 3033w, 2975m, 29@48%8s, 2726w, 1662w, 1548w, 1481m,
1432m, 1331w, 1266m, 1106w, 1024m, 974w, 834s, 8088w, 670vs, 623s, 613s ¢m
Anal. Calcd for G/HseSc: C, 79.37; H, 9.62 Found: C, 79.40; H, 9.80.

VT NMR of 35. In order to test the'-coordination mode of the &®le,H)  ligand in
35 in solution, variable temperature NMR has beennaketolueneds on a Bruker GN500
spectrometer. The spectrum was initially takeB% K to make sure th&6 is pure and that
there are no decomposition products observablea@n rtemperature. Subsequently, the
sample was cooled down to 243 K and agaiH &IMR spectrum was taken. This procedure
was repeated at each of the following temperatur2®3 K, 188 K and finally at 183 K.

During this cooling procedure, no splitting of tpeaks was observable in the NMR
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spectra. Upon warming to 273 K, the peaks3bmwere once again observed. The sample
was heated to investigate the thermal stabilitg®f '"H NMR spectra were obtained at 313
K, 333 K and finally at 353 K. ThiH NMR spectrum at 353 K does not show the formation
of any decomposition products. Cooling back dowr298 K vyielded aH NMR spectra
which was identical to the initially measured one.

X-Ray Crystallographic Data. X-Ray data collection parameters &5 is given in
Table 6.1. Details for X-ray data collection, sture solution and refinement are given in the

Appendix.

Results and Discussion

The reaction of K@MesH with [(CsMesH),Sc][( -Ph)BPh]? was examined in
analogy to the reactions of [{fes).M][(u-PhyBPh] complexes with KEMes that have
been shown to form @es)sM complexes with M = L&, Ce? Pr? Nd,*> Sm?’ Gd® U.° eq 2.
Although this reaction has been successful in tlweses, it was uncertain if it also would
form a tris(cyclopentadienyl) complex with the stealSE* ion even with (@MesH)".
However, a reaction occurs within 1 h and yellowstals of35 with an elemental analysis
consistent with (€MesH)sSc were isolated in 82% vyield. The and®*C NMR spectra 085
showed a single type of {&e,H)* environment in solution down to =80 °C in toluebat
X-ray crystallography revealed that in the soligtst35 had a [bis(pentahapto)](monohapto)
metallocene structure /-CsMesH),Sc(*-CsMesH), 35, eq 6.3, Figure 6.3. The X-ray

diffraction data o35 clearly showed the monohapto nature of the C1-+@&p r
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& H
Q\ @ benzene &Sc 63)
‘% @/ \@ + KCsMe H —>- KBPh, ‘%

35

Figure 6.1. Thermal ellipsoid plot of (€MesH),Sc@’-CsMesH), 35, drawn at the 50%
probability level. The second independent mole@fl&5 and hydrogen atoms except for

H1A are omitted for clarity.
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Table 6.1. X-ray Data Collection Parameters fors{@e,H),Scu’-CsMe,H), 35.

Complex 35
Empirical formula G/H3sSc
Fw 408.54
Temperature (K) 148(2)
Crystal system monoclinic
Space group P2,/c
a(A) 16.9583(9)
b (A) 17.2189(9)
c (R 17.1638(9)
(deg) 90
(deg) 112.7633(7)
(deq) 90
Volume (A% 4621.5(4)
z 8
caica(Mg/nT) 1.174
(mm?) 0.328
R1[>2.0 ()2 0.0368
wR2 (all dataj 0.1025

2 Definitions: WR2 = S[w(Fo>-F2)?] / SwW(F)? 1%% R1 =S||Ry|-|R|| /SIF|

Structural studies

(/-CsMeyH),Scfr-CsMegH), 35. The X-ray diffraction data a5 clearly showed
the monohapto nature of the C1-C5 ring. Selected listances and angles are given in
Table 6.2. The unit cell A5 contains two crystallographically independent rooles, the
metrical parameters of which are very similar. YOmhe is discussed in detail here. For more

information see in the Appendix.
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Table 6.2. Selected Bond Distances (A) and Angles (deg) feMg&H).Sc'-CsMe4H), 35.

35 35
(Cnt)-Sc-Cnt) 135.4 Sc(1)-C(1) 2.3744(15)
Cnt1-Sc(1)-C(1) 106.8 C(1)-C(2) 1.442(2)
Cnt2-Sc(1)-C(1) 117.6 C(1)-C(5) 1.443(2)
Sc-C( °-CsMeyH) 2.423(2)-2.544(1) C(2)-C(3) 1.388(2)
Sc(1)-Cntl 2.178 C(3)-C(4) 1.427(2)
Sc(1)-Cnt2 2.163 C(4)-C(5) 1.380(2)

%Cnt = centroid of the cyclopentadienyl ring

The 1.380(2)A C4-C5 and 1.388(2) A C2-C3 distances are shomin the other
three C—C distances in the ring, 1.442(2), 1.443¢) 1.427(2) A respectively, which is
consistent with a localized diene structure. TI872(2) A Sc1-C1 distance is much longer
than the 2.243(11), 2.278(2), and 2.286(4) A Scik@fasingle bonds in (€Mes),ScMe??
(CsMes),ScCHCMes,?® and (GMes),ScCHSiMes,* respectively, but it is shorter than the
2.423(2)-2.544(2) A range of Sc+(CsMe,H) distances i85, The 135.4° (C10-C14 ring
centroid)-Sc—(C19-C23 ring centroid) angle is samilto the 139.4° value in
[(CsMesH),Sc][( -Ph)BPh], 8,2“"2and smaller than the 144.65° analog iBMEs),ScMe.
The 2.171 A average Sc—+@e,H ring centroid) distance is longer than the 2.&3@alue in
[(CsMe4H),Sc][( -Ph)BPh] and identical to the 2.171 A analog insi@s),ScMe. The C-H

positions of ther-rings in the metallocene are 3° away from beingpietely staggered.

Conclusion

The first example of arf/’>-CsRs),M(/#*-CsRs) (R = Me, H) complex, an elusive
structural type that has been postulated in nunsereactions of (§Rs)sM compounds, has
been synthesized and structurally characterizasgusie combination of M = Sc angRg =
CsMesH. [(CsMesH),Sc][( -Ph)BPh] reacts with KGMesH to form (°-CsMesH),Sc(/-
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CsMeyH), 35, which has a 2.374(2) A Sc—C single bond distandie monohapto ring and

2.423(2)-2.544(2) A Sc—C bond distances in thegierito rings.
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Chapter 7

Sigma Bond Metathesis Reactivity of (Me,H),Sc({*-CsHs) with
Diphenyldichalcogenides, PhEEPh (E = S, Se, Te) and

Dipyridyldisulfide, PySSPy

Introduction

The synthesis of sterically crowded complexes a@omg three
pentamethylcyclopentadienyl rings#*{CsMes)sM,*® demonstrated that it was possible to
make series of complexes in which all the metaridybonds are longer than those previously
observed. Although this result makes an important pointsimthesis and structure, these
complexes also have substantial implications ictrei#y. The long bonds translate into high
reactivity and demonstrate a method to activate rtbemally inert (*-CsMes)™ groups
extensively used as ancillary ligands. Until rebenthree general types of unexpected
(CsMes)* reactivity have been observed with these stdyicabwded (GMes)sM complexes

f,6,8,9,10

depending on the substrate: (&Jike (CsMes)' reactivit (b) a one electron reduction

process called sterically induced reduction (SIR)?and (c) displacement of a pentahapto
( >-CsMes)* ligand by a ligand of lower hapticif§®> Each of these reactions typically gives
a single product in high yield.

Recently, however, in reactions with diphenyldicbgenide substrates, PhEEPh (E =
S, Se, Te), it was found that thesk@s)sM complexes could react along two pathways.
These reactions formed a single type of metallocpraduct, [(GMes),M(EPh)L, but
mixtures of two types of byproducts were observefdethding on M and E. {(Mles),, the
byproduct of sterically induced reduction, eq 7Awas predominant in some cases, but
CsMesEPh, the byproduct of sigma bond metathesis, egwa2 the major product in other

reactions. The latter reaction could be envisagedccur via a pseudo-alkyl intermediate,
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(/°-CsMes),M(A#*-CsMes), although no evidence for such a structure hash lmbserved even

in base adduct species si@s)sML and (GMes)sML >

/& /& \\\"Te"l, %\
W ll,,,
2 ﬁo + PhTeTePh —> La La (CsMes),  (7.1)

2 \La‘o + 2 PhEEPh —> a + C:MesEPh (7.2)

+  (CsMes),
minor

Chapter 6 describes the first structurally chanazable example of ar-CsRs),M( /-
CsRs) complex that was discovered with the combinatignSc* and (GMesH)Y.  (4°-
CsMesH),Sc(r*-CsMesH) provided the first chance to test sigma bondathessis reactivity in
a tris(polyalkylcyclopentadienyl) complex with denstrated access to a@{CsMe;H)"
ligand. However, the viability of sigma bond métdis of PhEEPh with more conventional
scandium alkyl complexes had not yet been estaaishSigma bond metathesis usually
occurs with substrates that can put H or Si inpibstion diagonal to the metal.

To provide information on sigma bond metathesisvbeh Sc-C and PhEEPh in a

(CsMesH)™  metallocene, reactions with {@esH),Sc( >-CsHs), 7, were  studied.
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(CsMe,sH),Sc( ®-CsHs) was chosen for these reactions not only becaude the only
hydrocarbyl scandium @e;H)" metallocene in the literature so far, but alsoabse
metallocene allyl complexes of the lanthanides hanewen to be conveniently synthesized
and reliable sources of M-C bond reactivity? In this chapter, the reactivity af with
PhEEPh is described here as well as a comparisogattions with £>-CsMesH),Sc(r-

C5M€4H), 35.

Experimental

The manipulations described below were conductedemurargon with rigorous
exclusion of air and water using Schlenk, vacuume,liand glovebox techniques. Solvents
were sparged with UHP argon and dried over coluoomdaining Q-5 and molecular sieves.
NMR solvents (Cambridge Isotope Laboratories) wited over Na/K alloy, degassed, and
vacuum-transferred before use. PhSSPh, PhSeSeBhPrareTePh were purchased from
Aldrich and sublimed prior to use. d@esH),Sc( 3-CsHs), 7,.°™% and (GMe,H),Sc( *-
CsMesH), 35°"®were prepared as described in the correspondingetsa’H NMR and™C
NMR spectra were recorded on a Bruker DRX500 spewter at 25 °C. Infrared spectra
were recorded as KBr pellets on a Varian 1000 F9gBctrophotometer at 25 °C. Elemental
analyses were performed on a Perkin Elmer 2400eSeli CHNS analyzer. Mass
spectrometry analysis was performed on a ThermoelS+ GCMS.

[(CsMey4H),ScSPh}, 36. In an argon-filled glovebox, PhSSPh (0.099 g, Hol)
was added to a yellow solution ofs{@esH),Sc( 3-CsHs), 7, (0.149 g, 0.45 mmol) in 10 mL
of toluene. After the mixture was stirred for 24tle solution was evaporated to dryness to
yield a yellow powder. This was washed with a $raatount of cold hexane in order to
remove (*-C3Hs)SPh to give yellow crystalline [¢Me;H).ScSPh), 36, (0.279 g, 78 %,
crystalline vyield). Yellow crystals suitable for-fdy analysis were grown from a

concentrated toluene solution 8 at -35 °C over the course of 2 dH NMR (500 MHz,
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benzenedy): 7.65 (d, 2H, @Hs), 7.20 (m, 2H, GHs), 7.03 (M, 1H, GHs), 6.23 (s, 2H,
CsMe,H), 2.08 (s, 12H, @MesH), 1.57 (s, 12H, MesH). ( -CsHs)SPh  'H NMR (500
MHz, benzenas):  7.24 (m, 2H, GHs), 7.00 (m, 3H, @Hs), 5.69 (m, 1H, CHCHCH,),
4.91 (d, 1H, CHCH=CH, anti CH,), 4.83 (d, 1H, CHCH=CH, syn CH,), 3.19 (d, 2H,
CH,CH=CH,). HRMS (GC-MS) m/z calcd for [M]150.0503, found 150.0510.

(CsMe4H),ScSePh, 37.In an argon-filled glovebox, PhSeSePh (0.148 g7 énnol)
was added to a yellow solution ofs{@esH),Sc( *-CsHs), 7, (0.156 g, 0.47 mmol) in 10 mL
of toluene. After the mixture was stirred for 24tlme solution was evaporated to dryness to
yield a yellow powder. This was washed with a $raatount of cold hexane in order to
remove (*-CsHs)SePh to give colorless crystallinesf®,H),ScSePh37, (0.161 g, 76 %
crystalline yield). Colorless crystals suitabler f-ray analysis were grown from a
concentrated toluene solution ®7 at -35 °C over the course of 2 dH NMR (500 MHz,
benzeneds): 7.91 (d, 2H, @Hs), 7.15 (m, 2H, €Hs), 7.07 (m, 1H, GHs), 6.35 (s, 2H,
CsMe4H), 2.08 (s, 12H, @MeyH), 1.53 (s, 12H, gMeyH). °C NMR (126 MHz, benzene):

140.7 CeHs), 137.0 CeHs), 129.0 CeHs), 125.5 CsMesH), 125.1 CeHs), 121.3 CsMesH),
118.5 CsMesH), 12.6 CsMeH), 12.3 CsMeH). IR: 3112w, 3072w, 3060w, 3043w,
2976m, 2901m, 2860m, 2728w, 1664w, 1575s, 147049941435s, 1385s, 1372s, 1323m,
1176w, 1156m, 1114w, 1071s, 1061m, 1024s, 998mw9OB&3w, 904w, 842vs, 824vs,
738vs, 694s, 667m, 629w, 615m tm Anal. Calcd for GHs;ScSe: C, 65.01; H, 7.05
Found: C, 64.90; H, 7.55.

(CsMe4H),ScTePh, 38.As described foB7, 38 was obtained as a yellow crystalline
solid (0.101 g, 73 % crystalline yield) from PhT&he (0.115 g, 0.28 mmol) and
(CsMe,sH),Sc( -CsHs), 7, (0.092 g, 0.028 mmol)n toluene (10 mL). Yellow crystals
suitable for X-ray analysis were grown from a caricated toluene solution &8 at -35 °C
over the course of 1 dH NMR (500 MHz, benzends):  8.21 (m, 2H, @Hs), 7.09 (m, 3H,

CsHs), 6.59 (s, 2H, @MesH), 2.04 (s, 12H, MesH), 1.48 (s, 12H, Me,H). C NMR (126
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MHz, benzenes): 142.8 CeHs), 129.3 CeHs), 126.1 CeHs), 125.6 CsMeyH), 121.7
(CsMegH), 118.3 CsMesH), 115.3 CeHs), 13.1 CsMesH), 12.5 CsMegH). IR: 3105w,
3070w, 3056m, 3037w, 2974m, 2900s, 2859s, 272480rA6 1640w, 1596w, 1571s, 1469s,
1433s, 1385s, 1373s, 1323m, 1297w, 1260w, 1113%1rhQ 1018s, 991m, 836vs, 822s,
733vs, 694s, 652w, 628w, 614m ¢tm Anal. Calcd for GHsScTe: C, 58.58; H, 6.35
Found: C, 58.28; H, 6.29. GEHCH,TePh. *H NMR (500 MHz, benzendg):  7.64 (m,
2H, GHs), 7.00 (m, 1H, €Hs), 6.92 (m, 2H, €Hs), 5.88 (m, 1H, CHCHCH,), 4.61 (d, 1H,
CH,CH=CH, anti CH,), 4.57 (d, 1H, CHCH=CH, synCH,), 3.27 (d, 2H, El,CH=CH).

(CsMe4H),ScSPh(THF), 39. In a nitrogen-filled glovebox, PhSSPh (0.072 ¢,30.3
mmol) was added to a yellow solution ofs§@4H)»Sc( 3-CsHs), 7, (0.108 g, 0.33 mmol) in
10 mL of toluene and spiked with 0.1 ml of THF. t&&fthe mixture was stirred for 24 h, the
solution was evaporated to dryness to yield a wellovhite tacky residue of
(CsMe4H),ScSPh(THF) and {-CsHs)SPh. Both compounds are soluble in hexane. @skr
crystals 0f39 (0.107, 69 % crystalline yield) suitable for X-ragalysis were grown from a
concentrated hexane solution at room temperatuee te course of 1 weekKH NMR (500
MHz, benzeneak):  7.66 (d, 2H, €Hs), 7.23 (m, 2H, €Hs), 7.04 (m, 1H, @Hs), 5.95 (s,
2H, GMesH), 1.96 (s, 12H, éMesH), 1.91 (s, 12H, eMe;H). *C NMR (126 MHz, benzene-
ds):  151.5 CeHs), 137.2 CeHs), 128.9 CeHs), 123.5 CeHs), 122.7 CsMesH), 119.0
(CsMegH), 115.6 CsMesH), 13.6 CsMegH), 12.7 CsMesH). IR: 3090w, 3070w, 2968m,
2906m, 2861m, 2722w, 1580m, 1567w, 1509w, 147180M¥ 1434m, 1373m, 1337w,
1295w, 1240w, 1177w, 1146w, 1111w, 1087s, 1064r580949w, 923m, 861s, 837s, 800s,
735vs, 699s, 690s, 619m. Anal. Calcd fegHzsOScS: C, 71.76; H, 8.39 Found: C, 71.35;
H, 8.88.

(CsMe4H)2ScSePh(THF), 40.In a nitrogen-filled glovebox, PhSeSePh (0.078.850
mmol) was added to a yellow solution ofs{@,H),Sc( *>-CsHs), 7, (0.082 g, 0.25 mmol) in

10 mL of toluene and spiked with 0.1 ml of THF. t&&fthe mixture was stirred for 24 h, the
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solution was evaporated to dryness to vyield a weldnhite tacky residue of
(CsMe,H),ScSePh(THF) and t-CsHs)SePh. Since @MesH),ScSePh(THF) is also slightly
soluble in hexane, the product was washed withramal amount of cold hexane to remove
( -C3Hs)SePh to give a colorless solid. Colorless crgstdl0 (0.081 g, 63 % crystalline
yield) suitable for X-ray analysis were grown franconcentrated toluene solution 49

at -35 °C over the course of 72 fiH NMR (500 MHz, benzends):  7.89 (d, 2H, GHs),
7.17 (m, 2H, @Hs), 7.08 (m, 1H, @Hs), 6.15 (s, 2H, eMeyH), 3.61 (s, 8H, ¢HgO), 2.00 (s,
12H, GMesH), 1.77 (s, 12H, MesH), 1.26 (s, 8H, GHz0). *C NMR (126 MHz, benzene-
de): 141.7 CeHs), 137.0 CeHs), 128.8 CeHs), 124.6 CeHs), 123.5 CsMesH), 119.9
(CsMegH), 116.5 CsMesH)), 72.8 C4HsO), 25.9 C4HsO), 13.3 CsMesH), 12.7 CsMegH).
IR: 3112w, 3062w, 2970m, 2909m, 2860m, 2729m, ®WG4U575s, 1470s, 1435s, 1450s,
1384s, 1372s, 1325w, 1242w, 1176w, 1112w, 1070&24,01012s, 925m, 905m, 857s, 841s,
824s, 809s, 738vs, 695s, 667m, 615m. Anal. CadcdCisH390ScSe: C, 65.23; H, 7.63
Found: C, 64.81; H, 7.30.

(CsMe4H),ScTePh(THF), 41. As described fod0, 41 was obtained as a colorless
crystalline solid (0.267 g, 65 % crystalline yieldpm PhTeTePh (0.299 g, 0.73 mmol) and
(CsMe,H),Sc( 3-CsHs) (0.240 g, 0.73 mmolin toluene (10 mL) and spiked with 0.1 ml of
THF. Crystals suitable for X-ray analysis were wgnofrom a concentrated benzetge-
solution of41 at room temperature over the course of 1 weekNMR (500 MHz, benzene-
dg):  8.19 (m, 2H, GHs), 7.09 (M, 3H, GHs), 6.36 (s, 2H, EMesH), 3.58 (s, 4H, ¢HgO),
1.97 (s, 12H, MesH), 1.70 (s, 12H, MeyH), 1.29 (s, 4H, GHsO).

(CsMe4H),ScSpy, 42. In a nitrogen-filled glovebox, PySSPy (0.097 g,20mMmol)
was added at -30 °C to a precooled (-35 °C) yeHolution of (GMesH),Sc( 3-CsHs) (0.144
g, 0.44 mmol) in 10 mL of toluene. The reactiorximie was allowed to warm up while
stirring together both components. After the migtwas stirred for 24 h, the solution was

evaporated to dryness to yield a yellow white tackgidue of (@MesH),ScSpy and (-
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CsHs)SPy. The product was washed with cold hexanernmwe (*-CsHs)SPy and dried to
give (GMe4H),ScSpy,42, as a colorless solid (0.137 g, 79 %, crystallirdd). Crystals of
42 suitable for X-ray analysis were grown in an NMB®é from a concentrated benzele-
solution at room temperature over the course oé&ks.*H NMR (500 MHz, benzend):
7.19 (m, 2H, @H4N), 6.66 (M, 1H, GH4N), 6.15 (m, 1H, GH4N), 6.02, (s, 1H, eMesH),
1.99 (s, 6H, eMesH), 1.91 (s, 6H, eMesH), 1.86 (s, 6H, eMesH), 1.41 (s, 6H, eMeyH).
13C NMR (126 MHz, benzends):  145.4 C4H4NCS), 136.4, C:HNCS), 123.8 CsMe,H),
121.5 CsMeyH), 119.3 CsMesH), 117.2 CsMegH), 115.2 C4HNCS), 112.1 CsMeyH), 14.2
(CsMegH), 13.9 (GMegH), 12.7 (GMegH), 11.2(GMesH). The quartenary carbon of the
pyridylring could not be located in théC NMR. IR: 3092w, 3077w, 3060w, 3044w,
2962m, 2934m, 2903m, 2860m, 2721w, 2660w, 1731v@11§ 1538s, 1479w, 1447s,
1413vs, 1380s, 1368s, 1326m, 1263m, 1183m, 11360@§m, 1022m, 1003m, 986w, 868w,
802s, 756vs, 728s, 644m, 617mtmAnal. Calcd for GHsNSSc: C, 69.49; H, 7.61; N,
3.52 Found: C, 69.22; H, 7.54; N, 3.53. .CHCH,Spy *H NMR (500 MHz, benzene):
6.84 (m, 1H, py), 6.79 (m, 1H, py), 6.38 (m, 1), the fourth pyridyl resonance was not
found, 5.95 (m, 1H, CHCHCH,), 5.15 (d, 1H, CHCH=CH, anti CH,), 4.93 (d, 1H,
CH,CH=CH, synCH,), 3.84 (d, 2H, El,CH=CH,).

[(CsMe4H)Scls[SePh}, 43. As described fod0, (CsMey4H).ScSePh(THF) is slightly
soluble in hexane. The vyellow hexane wash solutiavhich contained
(CsMe,sH),ScSePh(THF) and t-CsHs)SePh, was concentrated and filtered to give ar clea
yellow solution. Yellow crystals o43 were obtained from this concentrated hexane swoluti
at room temperature over the course of 10 d.

Reactions with (GMe4H).Sc( -CsMe,H), 35. In an argon-filled glovebox, PhSSPh
(0.005 g, 0.02 mmol) was added to an orange solwi®5 (0.010 g, 0.02 mmol) in 2 mL of
toluene. After the mixture was stirred for 24 lhe fpale orange solution was evaporated to

dryness to yield a tacky yellow-orange materiskNMR spectroscopy showed that this was
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a 2:1:3 mixture of(CsMe4H),Sc( -SPh)}, 36, unreacted35, and resonances at 6.04, 1.98,
1.97 ppm previously attributed {CsMesH).Sch( -O) (that was also observed in Chapter 3
as a byproduct). In addition, resonances at 10843259 ppm that could not be assigned to a
known compound.

Following the procedure abov@&5 reacts withPhSeSePh to form a mixture of
(CsMe4H).Sc(SePh)37 and [(GMesH).Sch( -O) in a 3:1 ratio with a peak at 1.46 ppm that
could not be assigned to a known compound.

The analogous reaction @5 with PhTeTePh form (€MesH).Sc(TePh),38 and a
product with a resonance at 1.43 ppm that couldaassigned to a known compound.

X-ray Crystallographic Data. Information on X-ray data collection, structure
determination, and refinement f86-43are given in Table 7.1 and Table 7.2. DetailsXer

ray data collection, structure solution and refieatrare given in the Appendix.

Results and Discussion

Reactivity of (CsMesH)»Sc( 3-C3Hs), 7, with PhEEPh (E = S, Se, Te).Complex7
reacts with PhSSPh to yield dimeric §e;H).Sc(SPh)}, 36, eq 7.3, and with PhSeSePh
and PhTeTePh to afford monomericsid&;H).Sc(SePh)37, and (GMesH).Sc(TePh),38,

respectively, as shown in eq 7.4. In each caselsEPh was isolated as the byproduct.

123



i \Sc—\-,/ + PhEEPh —>»

&

E

s~ EP (4

E =Se, 37; Te, 38

Table 7.1. X-ray Data Collection Parameters for §ie,H).ScSPh}, 36, (CsMesH).ScSePh,

37 and (GMe4H),ScTePh38.

Complex
Empirical formula
Fw
Temperature (K)
Crystal system
Space group
a(h)
b (A)
c(h)

(deg)

(deg)

(deg)
Volume (&)
4

calca (Mg/NT)

(mni)
R1[1>2.0 (N)?

wR2 (all dataj

36
GsHe2 S SG » GHg
885.15
143(2)
monoclinic
P2,/n
9.1827(5)
15.5610(8)
16.4433(9)
90
98.9859(6)
90
2320.8(2)
2
1.267
0.419
0.0346

0.0963

37

Co4 H31 Sc Se » GHg

535.54
148(2)
Orthorhombic

Pnma

11.2833(5)

11.7599(6)

19.9881(10)

90
90

90

2652.2(2)

4

1.341

1.667

0.0469

0.1570

38

CoaH31 Sc Te « GHg

584.18
143(2)
Orthorhombic

Pnma

11.5128(11)

11.8430(11)

20.2121(19)

90

920

90

2755.8(4)

4

1.408

1.321

0.0406

0.1340

3 Definitions: WR2 = B[w(F,>-F2)? / Sw(F)? 1¥2 R1 =S||R|-|R|| /S|F|
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Table 7.2. X-ray Data Collection Parameters for si&4H),ScTePh(THF), 39,
(CsMey4H),ScSPh(THF), 40, (CsMesH).ScSePh(THF), 41, (CsMesH).Sc(Spy), 42 and

[(CsMeyqH)Sch[SePh}, 43

Complex 39 40 41 42 43

Empirical formula CugH30SSc GgH30ScSe CogH3g0ScTe CysH3NSSC GaHesSCSes

Fw 468.61 515.51 564.15 397.50 1434.82
Temperature (K) 148(2) 148(2) 93(2) 93(2) 143(2)
Crystal system Triclinic Triclinic Triclinic Monoaiic Monoclinic
Space group P1 P1 Pl P2,/c P2,/c
a(A) 8.9008(4) 8.8672(5) 9.3570(3) 16.3661(5) 1BA7)
b (A) 9.4443(5) 9.7827(6) 16.8480(6) 8.4809(3) 227a2)
c(R) 15.9737(8) 15.3323(9) 18.5223(6) 15.8932(5)  .2RY1(12)
(deg) 81.1952(5) 94.6992(7) 67.1803(4) 90 90
(deg) 75.3670(5) 102.8106(7) 79.3325(4) 108.00 T3RA(7)
(deg) 71.1870(5) 97.2083(7)° 76.4365(4) 90 90
Volume (&) 1226.05(10) 1278.34(13) 2601.89(15) 2097.98(12) 00763(6)
Z 2 2 4 4 4
calca (Mg/nt) 1.269 1.339 1.440 1.258 1.586
(mm?) 0.403 1.729 1.399 0.457 4.002
R1[>20 (N?* 0.0302 0.0248 0.0217 0.0304 0.0434
wR2 (all data} 0.0817 0.0681 0.0549 0.0841 0.1113

3 Definitions: WR2 = S[w(Fo>-F2)?] / Sw(F)? 1%% R1 =S||Ry|-|R|| /SIF|

For E = S and Se,s8sEPh was characterized by mass spectroscopy and tiitRs
consistent with the NMR spectra of the knowsHEEPh?>** For the less stablesBsTePh,
only NMR evidence was obtained that shows similangical shifts to those reported for
CsHsTePh? Complexe86-38 could be isolated in crystalline form in at le@6 vyield and
were characterized by X-ray crystallography, Figore-7.3. Structural details are discussed

below.
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Figure 7.1. Thermal ellipsoid plot of [(§MesH).ScSPh], 36, drawn at the 50% probability

level. Hydrogen atoms are omitted for clarity.

Figure 7.2. Thermal ellipsoid plot of (€esH).ScSePh37, drawn at the 50% probability

level. Hydrogen atoms are omitted for clarity.
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Figure 7.3. Thermal ellipsoid plot of (€1e4H),ScTePh38, drawn at the 50% probability

level. Hydrogen atoms are omitted for clarity.
When the reaction of @esH),Sc( >-CsHs) with PhEEPh is performed in the
presence of THF, the THF adductsMe;H).Sc(EPh)(THF) (E = S39, Se,40, Te, 41) are

isolated, eq 7.5. 4EisEPh again is observed as the byproduct and eactdisoa complex

was characterized by X-ray crystallography, Figure7.6.

E =S, 39; Se, 40; Te, 41
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Figure 7.4. Thermal ellipsoid plot of (§MesH).ScSPh(THF),39, drawn at the 50%

probability level. Hydrogen atoms are omitted ¢tarity.

Figure 7.5. Thermal ellipsoid plot of (§MesH).ScSePh(THF)40, drawn at the 50%

probability level. Hydrogen atoms are omitted ¢tarity.
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Figure 7.6. Thermal ellipsoid plot of (MesH),ScTePh(THF),41, drawn at the 50%

probability level. Hydrogen atoms are omitted dtarity.

Consistent with the formation of the THF addu@$41, a pyridyl analog
(CsMesH),Sc(Spy), 42, can be obtained from {MesH),Sc( >-CsHs), 7, and
dipyridyldisulfide, pySSpy, eq 7.6, and structwatharacterized, Figure 7.7. The byproduct

of this reaction is gHsSpy>%

N
/& / \ \ 7/
\Sc_v + pySSpy — > S -
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Figure 7.7. Thermal ellipsoid plot of (§MesH),ScSPy,42, drawn at the 50% probability

level. Hydrogen atoms are omitted for clarity.

In addition, when the product {e;H),Sc(SePh)(THFMO0, was washed with hexane
and this hexane washing solution was kept at raanperature, over the course of 10 days an
unprecedented scandium selenium cluster compousdamaed, [(GMe4H)Sch[SePh}, 43,
eq 7.7, that was structurally characterized, FiguB Scandium lost the coordinated THF
ligand and presumably through ligand redistributiormed the trimetallic compleA3 that

has shown to be reproducible.
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Figure 7.8. Ball-and-Stick plot of [(GMe4H)Sck[SePh}, 43. Hydrogen atoms are omitted

for clarity.
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Reactivity of (/”-CsMe4H).Sc(fr-CsMe4H), 35, with PhEEPh (E = S, Se, Te)/-
CsMesH),Sc(r*-CsMeyH), 35, reacts with PhEEPh in toluene to generate thee ssmandium
metallocenes obtained froy namely (GMesH),Sc(EPh) (E = S36; Se, 37; Te, 38) as
shown in eq 7.8 and 7.9. The reaction with E =isTthe cleanest. For E = S and Se, the
reactions do not go to completion within 24 h anayproduct is present that is thought to be
the oxide, [(GMesH),Sch( -O), on the basis ofH NMR resonances and prior studfés.
Specifically, a complex of this composition has rbadentified crystallographically in a
mixed crystal of the composition {[§®esH),Sch(p- % %N)[(CsMesH).Sch(u-0)},
11.°"335  This set of resonances is frequently seen intiee involving (GMesH)
metallocenes of St as is common with early metal and lanthanide reetahe chemistry in

which [(GsRs).M]2( -O) oxides are almost ubiquitous byprodiféts: However, a direct

synthesis and full characterization of the scandixide complex has been elusive.

&y S e
2 %@\Jr 2 PhSSPh ———» §\Si /£? (7.8)

36

?g%\ + PhEEPh ——>» /g E (7.9)

E = Se, 37; Te, 38
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Structural Studies

[(CsMeg4H),Sc(EPh)], 36-38. The structure of [(Me4H).Sc(SPh)], 36, is dimeric
whereas the structures of s{@esH),Sc(SePh),37, and (GMesH).Sc(TePh), 38, are
monomeric. Disorder in the toluene molecule in latices of isomorphou87 and 38
prevents detailed metrical analysis, but data ot5&@nd Sc-Te bonds is discussed below
with the THF adducts. The metrical data offf&,H),Sc(SPh)], 36, is compared with those
of [(CsMes)>Y(SPh)}, 44%° and [(GMes),Sm(SPh), 452° Table 7.3, that are the closest

reported compounds.

Table 7.3. Selected Bond Distances (A) and Angles (deg](fosMesR),MSPh} complexes

(M = Sc,36, R = H; ¥*°, 44, R = Me; Sm’, 45, R = Me).

Sc, 36 Y, Z a4 Sm> 45
Eight-coordinate ionic radias 0.870 1.019 1.079
M(1)-S(1) 2.7114(4) 2.8931(6) 2.9341(6)
M(1)-S(1) 2.7335(4) 2.9031(6) 2.9388(6)
S(1)-CP° 1.7718(14) 1.766(2) 1.765(2)
M(1)-Cnt1 2.220 2.370 2.429
M(1)-Cnt2 2.202 2.402 2.464
S(1)-M(1)-S(1)’ 66.778(14) 61.59(2) 61.99(2)
Cnt1-M(1)-S(1) 111.9 107.4 106.7
Cnt2-M(1)-S(1) 109.9 116.0 116.4
Cnt1-M(1)-S(1)’ 112.6 108.9 108.5
Cnt2-M(1)-S(1)’ 108.0 115.3 115.5
Cnt1-M(1)-Cnt2 130.1 128.5 128.6
CP2-5(1)-M(1) 121.07(5) 117.02(8) 124.82(8)
M(1)-S(1)-M(1)’ 113.222(14) 118.41(2) 118.01(2)
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In the crystal structure @6 a disordered toluene molecule is present thatigeatly
not influencing the metrical parameters3& The structure 086 differs from the structures
of 44 and45 in that it is dimeric. The Shannon ionic radios €ight-coordinate scandium is
0.870 A, thus much smaller than for eight-coordingtrium, 1.019 A, and samarium, 1.079
A.?" Due to the smaller size of scandium, there aneessubtle differences in distances and
angles betweefi6 and the complexe$4 and45 containing the larger yttrium and samarium.
For example, the metal-sulfur bond distances3fbare 2.7114(4) and 2.7335(4) A, about 0.2
A shorter than those observed B, 2.8931(6) and 2.9031(6) A, and 8, 2.9341(6) and
2.9388(6) A. The same applies for the ring cedtraetal bond distances that are 2.220 and
2.202 A in36, thus also abou@.2 A shorter than id4, 2.370 and 2.402 A, antb, 2.429 and
2.464 A, respectively. Complé6 contains (gMe;H) ligands which could arrange closer to
each other resulting in a smaller (ring centroidtah(ring centroid) angle. This angle is
130.1°, slightly larger than those # and 45, 128.5° and 128.6°, respectively, which is
probably again an outcome of the small size of dicen. Furthermore, the metal-sulfur-
metal angle irB6is 66.778(14)° which is significantly larger thé&h.59(2)° and 61.99(2)° in
44 and45, respectively. In contrast, the data for the ($Higand in all three structures are
very similar with S-C distances of 1.7718(14), 5@ and 1.765(2) A 186, 44 and 45,
respectively.

The small size of scandium might also effect tharmgement of the (SPh)igands in
the molecule. The phenyl rings B6 are more perpendicular to the plane defined by the
scandium, sulfur and ipso-carbon atoms in all tlteepounds36, 44, and45, Figure 7.9.
This dihedral angle of 34.7(1)° 86 is much bigger than the dihedral angles found4n

16.7(1)°, and iW5, 17.3(1)°.
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36 (34.7°) 44.(16.1°) 45(17.3°)

Figure 7.9. The dihedral angle between metal and thiophegght in [(GMesH),ScSPhj,
36 in comparison with the dihedral angles in {{&s),YSPh}, 44, and [(GMes).SmSPh],

45,

There are no structural data for a cyclopentadeersdntaining scandium-sulfur
compound known to compare wis6.

Although the data 087 and38 are not good enough to discuss, it becomes dhaar t
the structures are monomeric, which is likely tothe effect of the small size of scandium.
The larger samarium analog, even with the largejMég) ligand, makes the dimeric
complexes, [(@Mes),Sm(SePh)] and [(GMes),.Sm(TePh)] possiblé® There are no
structures in terms of a closer progression witersem or tellurium rare earth metallocene
known to compare with.

(CsMey4H),Sc(EPh)(THF), 39-41. In this series, complexes39 and 40 are
isomorphous but not complekl, Figure 7.4-7.6. Their metrical parameters amragared
with (CsMes),SmEPh(THF) (E = $46; Se, 47, Te,48), Table 7.4.

The Sc-E bond distances follow progression witl22244), 2.6836(3) and 2.9393(3)
A'in 39, 40 and41, respectively. This progression is expected basesize of the chalcogens
when compared with the observed Sm-E bond distanfe2.7605(12), 2.8837(6) and
3.1279(3) A in46, 47 and48, respectively. The Sc-O bond distance89n40, and41 are all
within the same range: 2.2425(9), 2.683648) 2.2407(12) A, and overall about 0.2 A

shorter than the Sm-O bond distances 2.445(3),38334nd 2.4490(15) A found 6, 47
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and48, respectively. In general, the structure8@f40 and41, are not unusual compared to

the samarium metallocends$, 47 and48 when the differences in ligands and ionic radii of

the metals are taken into account.

Table 7.4. Selected Bond Distances (A) and Angles (deg)@Me;H),ScSPh(THF)39,

(CsMesH),ScSePh(THF),40, (CsMesH),ScTePh(THF), 41, (CsMes),SmSPh(THF), 46,%°

(CsMes),SmSePh(THF)47,% and (GMes),SmTePh(THF)482° There are two independent

molecules o#1 in the crystal structure. The distances and angle¢he second independent

molecule of41 are omitted for clarity.

39 40 41 46 47 48
E S Se Te S Se Te
M(1)-O(1) 2.2425(9) 2.2397(10) 2.2407(12) 2.445(3) 2.443(3) 2.4490(15)
M(1)-E(1) 2.5222(4) 2.6836(3) 2.9393(3) 2.7605(12p.8837(6) 3.1279(3)
M(1)-Cnt(1) 2.244 2.234 2.230 2.442 2.448 2.448
M(1)-Cnt(2) 2.217 2.217 2.213 2.452 2.445 2.445
E(1)-C(19) 1.7689(13) 1.9155(14) 2.1294(17) -
E(1)-C(21) 1.759(5)  1.913(4)  2.127(2)
Cnt1-M-Cnt2 133.5 134.1 134.2 133.7 134.1 135.2
Cnt1-M(1)-E(1) 100.7 99.5 101.1 99.5 98.7 100.0
Cnt2-M(1)-E(1) 110.7 111.2 109.0 114.4 114.8 113.1
Cnt1-M(1)-0O(1) 104.8 106.1 105.1 104.6 105.7 104.1
Cnt2-M(1)-0O(1) 107.2 105.2 106.0 106.1 105.1 103.7
C(19)-E(1)-M(1)  119.93(4)  117.72(4) 112.54(4) -
C(21)-E(1)-M(1) 120.82(17) 118.51(14) 112.49(6)
O(1)-M(1)-E(1) 92.16(3) 93.44(3) 94.46(3) 89.72(9) 89.35(8) 92.51(4)

%Cnt = centroid of the cyclopentadienyl ring

Scandium has a coordination number of eight in dergs39-41. The only known

reported structures of selenium and tellurium soaedes are those of seven coordinate
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scandium in [(GMes),Sch(p-Se)?® [(CsMes),Sch(p-Te)?® (CsMes),ScTeCHCgHs,?® and
{(CH3),Si[(t-C4Ho)CsH3]} :Sc(PMe)} o(1-Te)-GHs.>®> The Sc-Se bond distance #0 is
2.6836(3) A. This is expected due to the higherdmation number of the metal and it is
longer than 2.5425(16) A as observed insM@s).Sch(i-Se)?® Furthermore, the 2.9393(3)
A Sc-Te bond distance #il is also longer than the 2.7528(12) A distancé@aNles),Sch(u-
Te)?® 2.8337(14) A in (@Mes),ScTeCHCeHs® and 2.8798(5) A in {(CH.SI[(t-
CaHg)CsHa} 2Sc(PMe)} »(H-Te)-GHe?®  because of the eight-coordinate scandium.
Unfortunately, the poor quality of the data3i and38, due to a highly disordered solvent
molecule, does not favor a detailed comparison \hiése seven-coordinate scandocenes.
However, if for example only the Sc-Te bond distmé 2.8399(10) A ir38 is taken in
account, then this one agrees well with the mertio®c-Te bond distances for seven-

coordinate scandium.

Figure 7.10 shows the unit cells of [{@e4H).ScSPh} « C/Hg, 36+ C/Hg, and
(CsMe4H),ScSePh  ¢Hg, 37 « C/Hg.

In the crystal structure of36¢C/Hg, the scandium thiophenyl dimers
[(CsMe4H).ScSPhyY, 36, are located on the cell edges and the centdreotell. There is one
disordered toluene molecule per {l&4H),ScSPh], present which fills up the cavities
between dimeric [(§MesH).ScSPh] molecules. The solvent was disordered about an
inversion center and there were nestacking interactions between the toluene molacule
observed.

In the crystal structure of (MesH).ScSePh « ¢Hg, 37 « C;Hg, there is one disordered
toluene molecule per esH),ScSePh37, present which fills up the cavities by forming
solvent channels between monomerigME&;H).ScSePh molecules. There was one molecule
of toluene solvent present and it was located onireor plane and was disordered. There

were no -stacking interactions between the toluene molacokeserved.
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(@

(b)
Figure 7.10. (@) Unit cell of [(GMesH).ScSPh] « C;Hsg, 36+ C;Hg. View along the b-axis.

(b) Unit cell of (GMe4H).ScSePh « ¢Hg, 37 « C;Hs. View along the a- and b-axes.

(CsMe4H),Sc(Spy), 42. There are no related structures of (cyclopenigdierare
earth metal thiopyridyl complexes known to compaitth complex42. The structure od2 is
compared with the molybdenum complexdz),Mo(2-Spy)][PF], 49, *° whose cationic part

shows a similar structural feature, Table 7.5.
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Table 7.5. Selected Bond Distances (A) and Angles (deg)(@MesH),ScSPy,42 and

[(CsHs).Mo(2-Spy)][PF], 49.

42 49°%®
(Cnt)-M-(Cntff  134.6 137.460(18)
(Cnt)-M-E 109.3, 110.2 107.140(29), 108.469(38)
(Cnt)-M-N 108.3, 107.9 107.688(85), 108.002(84)
(Cnt)-M-C° 111.8, 113.0 112.331(81), 110.057(87)
c’-s-M 78.08(4) 81.219(146)
N-C°-M 116.23(9) 109.466(299)
M-(Cnt) 2.179, 2.181 1.9709(6), 1.9709(5)
M-E 2.6158(4) 2.5006(14)
M-N 2.2487(10) 2.1570(35)

&Cnt = centroid of the cyclopentadienyl ring
®Carbon binding nitrogen and sulfur

The structure o#i2 resembles the structure of the metallocene pa4Banh that both
metal atoms are eight-coordinate. However, scandaitrivalent whereas molybdenum is
tetravalent. Hence, it is not expected that baimmounds feature very similar metrical
parameters. The metal-sulfur bond distance of 38¢4) A in 42 is slightly longer than
2.5006(14) A in49. Similarly, the metal-nitrogen bond distance d?4B87(10) A in42 is
longer than 2.1570(35) A id9. Overall, the structure of2 is not unusual compared to
complex49 when the differences in ligands and metals arsidened.

In contrast, the only structurally characterizedtattecene compound featuring an
f-block metal and a thiopyridyl ligand is the unami complex (GMes)-[('Pr)NC(Me)N({Pr)-

N,N'JU(Spy),50,** in which uranium has an oxidation state of 4+ mnign-coordinate. As
expected, comple&0 shows big differences in bond distances and anglesy compared to
42. For example, the U-N and U-S bond distanceS0rmre 2.572(2) A and 2.7997(6) A,
respectively, whereas the Sc-N and Sc-S bond dissarin 42 are 2.2487(10) A and

2.6158(4) A.
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[(CsMe4H)2Sc(SPh)}, 36, (GMesH),ScSPh(THF), 39, (GMe4H).ScSpy, 42. Since
there is no structural data for a (cyclopentadiesgandium sulfur complex available, a
comparison between the metrical data fors[ME;H).Sc(SPh)j, 36, (CsMesH).ScSPh(THF),
39, and (GMesH).ScSpy,42, was undertaken, Table 7.6. The scandium atonadl ithree

compounds are eight-coordinate which facilitatesmparison of the metrical data.

Table 7.6. Selected Bond Distances (A) and Angles (deg) f@sNtesR).ScSPhj, 36,

(CsMe4H),ScSPh(THF)39, and (GMesH).ScSPy42.

36 39 42
(Cnt)-Sc(1)-(Cnd 130.1 1335 134.6
(Cnt)-Sc(1)-S(1) 111.9, 109.9 100.7, 110.7 109.3, 110.2
(Cnt)-Sc(1)-S(1)’ 112.6, 108.0

Sc(1)-(Cnt) 2.220, 2.202 2.244,2.217 2.179, 2.181
Sc(1)-S(1) 2.7114(4) 2.5222(4) 2.6158(4)
Sc(1)-S(1)’ 2.7335(4)

%Cnt = centroid of the cyclopentadienyl ring

The scandium-sulfur bond distance is 2.5222(4h 89 which is substantially shorter
than those i@2, 2.6158(4) A, and i86, 2.7114(4) and 2.7335(4) Thus, the chelate affects
a longer scandium-sulfur bond distancetthcompared to the solvat&®. However, in this
comparison, the longest scandium-sulfur bond digtarare observed B6, which might be
due to the formation of a dimeric molecule. Thersdst (ring centroid)-scandium bond
distances are found 2, 2.179 and 2.181 A, presumably due to a less cedwazbmplex
compared tB6 and39. In contrast, the ring centroid-scandium bondadlises in36, 2.202
and 2.220 A, more closely resemble the observedesain42, 2.217 and 2.244 A.The
smallest (ring centroid)-scandium-(ring centroidplke exists i36, 130.1°, due to the more

crowded system, compared to the observed angles39oand 42, 133.5° and 134.6°,
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respectively. The (ring centroid)-scandium-sulingles in36 are similar to each other,
109.9° and 111.9° as well as 108.0° and 112.6pectvely, and within comple®d2, with
109.3° and 110.2°. In contrast, in compB&Xthe (ring centroid)-scandium-sulfur angles are
100.7° and 110.7°, quite different from each other.

In general, the observed Sc-S bond distancess8P2(4) and 2.6158(4) A, as well as
2.7114(4) and 2.7335(4 in 39, 42 and 36 agree well with found Sc-S distances as seen by

the 2.674(3) A distance in [Li(thf)| ScCl:S,CCH(N>CsH-3,5-Mey),].

[(CsMesH)Sc)s(u-SePh), 43. The metrical paramaters 48 are given in Table 7.7.
There are no other scandium selenium cluster coraplavailable for comparison.

Interestingly, ligand redistribution resulted inlprone (GMesH) ligand and two
(SePh) ligands per scandium which makes the metal in ¢ex43 seven-coordinate. Based
on this,43 should be more comparable to §§@s).Sch(u-Sef® in which scandium is seven-
coordinate as well. However, it has to be conside¢hat43 is not a metallocene compound
by reason of only one les,H) ligand per scandium. The Sc-Se bond distanc&3irs
within the range of 2.6840(9)-2.8633(9) A (2.758ag.) which is much longer than the
observed value of 2.5425(16) A in [{@es),Sch(u-Se)?® The mean Sc-Se bond distance of
2.758 A in 43, in which the scandium is seven-coordinate, is elemer compared to
2.6836(3) A found im0 featuring an eight-coordinate scandium. One caurae that the
concurrent interactions with one @e;H) ligand and four relatively bulky (SePHjgands
push the selenium atoms further away from the neatasing longer Sc-Se bonds than
But, there is one of the twelve Sc-Se bond distitd3, namely 2.6840(9) A, which agrees
well with 2.6836(3) A noted id0. However, complex3 is less likely to be overcrowded
since the (eMesH) ligand is presumably more strongly bound to theainas observed by
shorter ring centroid-Sc bond distances of 2.1414& and 2.150 A i43 than in40, 2.217

and 2.234 A. The scandium atoms construct a taianghape in which the average Sc-Sc
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distance is 4.038 A, thus too long to be conside®diirect interactions between the metal
atoms. This metal triangle is bridged by two seienatoms per edge and the resulting cavity
is empty. The ring centroid-Sc-Se angles are batwil5.0-125.8° i3, bigger than the
observed angles 0, 99.5° and 111.2°. The Sc-Se-Se angle$3iare within the range of

90.52(2)° and 96.60(3)°, hence almost perpendicular

Table 7.7. Selected Bond Distances (A) and Angles (deg)(fMe4H)Sck[SePh}, 43.

43

Cnt(1)-Sc(1)-(Se)  116.6, 125.8, 113.9, 116.7
Cnt(2)-Sc(2)-(Se)  116.1, 116.1, 121.7, 115.0
Cnt(3)-Sc(3)-(Se)  118.0,117.8, 115.0, 117.9
C(28)-Se(1)-(Sc)  119.19(14), 127.42(14)
C(34)-Se(2)-(Sc)  111.18(16), 116.10(18)
C(40y-Se(3)-(Sc)  112.47(12), 112.89(12)
C(46)-Se(4)-(Sc)  118.67(14), 125.82(14)
C(46BY-Se(4)-(Sc)  115.5(2), 130.4(2)
C(52f-Se(5)-(Sc)  109.92(13), 115.00(15)

C(58f-Se(6)-(Sc)  118.77(14), 127.77(13)

Sc(1)-(Se)-(Sc) 96.60(3), 93.88(2), 94.07(2), 9852
Sc(2)-(Se)-(Sc) 96.60(3), 93.88(2), 90.52(2), 96333

Sc(3)-(Se)-(Sc) 90.52(2), 94.52(3), 94.07(2), 96333

(Sc)-(Cnt) 2.150, 2.146, 2.141

Sc(1)-(Se) 2.7042(10), 2.7471(9), 2.7498(9), 2.€9p2

Sc(2)-(Se) 2.7125(9), 2.7501(9), 2.7518(8), 2.7913(

Sc(3)-(Se) 2.6840(9), 2.7734(9), 2.7907(10), 2.8883

(Se)-(C} 1.936(4), 1.926(4), 1.938(4), 1.926(6), 1.933(4932(4), 1.930(4)

¢ ipso-Carbon atom of phenyl group
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Discussion
The diphenyldichalcogenides readily participatesigma bond metathesis reactions

(SBM)* with allyl scandium metallocenes. Equation 7.h@ves the presumed four-center

transition state for these reactions based on gue\studies of SBNf***

(I)/\>
S . : Sc—-— + EPh 7.10
¢ | — JE— Sc Ph /\/ ( )

PhE----EPh

In each of the reactions with the allyl complex&8sMesH),Sc( 3-CsHs), both in
toluene and toluene/THF, the expected allyl phaMmgdicogenide byproduct,;8sEPh, was
isolated. In each of these reactions, the allyphglex is acting as a mono-hapto alkyl ligand.
Hence, the diphenyldichalcogenide reaction is algneasure of Sc-C bond reactivity.

Examination of the reactions of PhEEPh with {CsMe4H),Sc('-CsMesH), 35, gave
the same [(EMesH)>ScEPh] (x = 0, 1) products as observed withl@4H).Sc( 3-CsHs), but
the reactions were not as clean and the oxide @®mpGMesH),.Sch( -O), was a constant
byproduct in the reactions with PhEEPh (E = S, S&)e (7°-CsMesH),Sc(/#'-CsMe,H), and
(CsMe,H),Sc( -CsHs), reactions were run under analogous conditibasthe allyl reactions
were much cleaner. This is consistent with thehhigactivity found for £°-CsRs)sM
complexes. Oxide complexes are often byprodudpitieextreme efforts to avoid oxygen in
the systems. Hence it can be concluded that ajth¢fer -CsMe,sH),Sc(-CsMesH), 35, can
react as an’-alkyl, it might have other reaction channels tha accessible. The idea that a

mono-hapto structure leads to pseudo-alkyl redgtisisound.
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Conclusion

(CsMe4H),Sc( 3-CsHs), 7, reactswith PhEEPh (E = S, Se, Te) to form in at leas#60
yield the sigma bond metathesis productsHEPh and [(EMesH).Sc(SPh)], 36,
(CsMey4H),Sc(SePh), 37, and (GMe4H),Sc(TePh), 38, respectively, in toluene and
(CsMe4H),Sc(EPh)(THF) (E = S39, Se,40, Te,41) in toluene/THF. CompleX reacts with
pySSpy to make the monometallic sulfur derivati@Me;H).Sc(Spy),42. A trimetallic
ligand redistribution product, [@MesH)Sc1-SePh)]s, 43, was isolated as a byproduct of the
PhSeSePh reaction in toluene/THF. In additionsM&H)sSc, which has a(/-
CsMesH),Sc(r*-CsMeyH) structure in the solid state, was reacted whiEEPh (E = S, Se,
Te) in toluene and these reactions were compardidog®e of7 in the respective solvent. It
turned out that with A-CsMesH),Sc(-CsMeyH), the cleanest reaction proceeded with

PhTeTePh.
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Chapter 8
Sigma Bond Metathesis Reactivity of (€Mes),Sc(r*-C3Hs) with

Diphenylditelluride, PhTeTePh

Introduction

In chapter 7, it was shown that the scandium atbyhplex (GMesH),Sc(/*-CsHs) can
undergo a sigma bond metathesis reaction with didb#elluride in toluene to form the
product (GMe4H).ScTePh. In order to investigate the ligand siZecéfin this reaction, the
exploration was extended to a starting materiataiamg the slightly larger (§Mes) ligand.
The analogous reaction of {@es),Sc(/7*-CsHs) and diphenylditelluride in toluene produced

an unprecedented scandium tellurium cluster, JM€s)Scli( s-Te}.

Experimental

The manipulations described below were conductedemumrgon or nitrogen with
rigorous exclusion of air and water using SchlerGuum line, and glovebox techniques.
Solvents were sparged with UHP argon and dried colermns containing Q-5 and molecular
sieves. NMR solvents (Cambridge Isotope Laborasdriwere dried over Na/K alloy,
degassed, and vacuum-transferred before use. RBRTeWwas purchased from Aldrich and
sublimed prior to use. gMes),ScCI(THF),26, was prepared with some modifications of the
reported synthesis. An alternative synthesis to the literature methads used for the
preparation of (@Mes)»Sc( >-CsHs), 32, see below.’H and**C NMR spectra were recorded
on Bruker GN500 or CRYO500 MHz spectrometers at rt.

(CsMes),ScCI(THF), 26. In a nitrogen filled glovebox, KéMes (1.166 g, 6.689
mmol) was slowly added to a stirred white slurrysafCk (0.519 g, 3.430 mmol) in 80 mL of
THF. After the mixture was stirred for 48 h, thesgension was centrifuged to separate

insoluble materials, presumably KCI, the supernat@as decanted, and the solution was
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evaporated to dryness. The resulting pale-orangaler was extracted with toluene to give a
bright orange solution that was evaporated to diyn® yield a pale-orange powder.
Washing this powder with hexane leavegsM€&;H).ScCI(THF),26, as a pale-yellow powder
(0.606 g, 42%). Crystals suitable for X-ray difftian were grown from a concentrated THF
solution at —35 °C over the course of 72 h.

(CsMes),Sc( 3-C3Hs), 32. In a nitrogen-filled glovebox, allyimagnesium chitte
(0.72 mL, 1.4 mmol) was added to a stirred orarlgaysof 26 (0.606 g, 1.43 mmol) in
100 mL of toluene. A yellow solution immediatetyrined. After the mixture was stirred for
24 h, the solution was evaporated to dryness 1d gigale yellow powder. This material was
treated with 2% 1,4-dioxane in hexane (75 mL) féh 2nd the mixture was centrifuged to
separate a white precipitate. The yellow supematas decanted and removal of solvent
under vacuum yielded @®les),Sc( >-CsHs), 32, (0.372 g, 73%) as a yellow powder. Crystals
suitable for X-ray analysis were grown from a conicated toluene solution &2 at —35 °C
over the course of 24 h'*H NMR (500 MHz, benzend): 7.13 (m, 1H, CHCHCH,),
3.29 (s, 12=30 Hz, 2H, allylanti CH,), 2.14 (1H, allylsynCH,), 2.15 (1H, allylsynCHy),
1.86 (s, 30H, eMes).

{[(CsMes)Scl( 3-Te)s}, 51. In an argon-filled glovebox, PhTeTePh (0.059 g4a.1
mmol) was added to a yellow solution ofs§@s).Sc( >-CsHs), 32, (0.050 g, 0.140 mmol) in
10 mL of toluene. After the mixture was stirred 4 h, the solution was evaporated to
dryness to yield a yellow powder. This was washwét a small amount of cold hexane to
yield a golden yellow solid (0.028 g, 65%). Crystaf 51 suitable for X-ray analysis were
grown in an NMR tube from a concentrated benzeysotlition at room temperature over the

course of 2 weeks'H NMR (500 MHz, benzends):  1.89 (s, 60H, Mes).
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X-ray Crystallographic Data. Information on X-ray data collection, structure

determination, and refinement 86, 32 and51 are given in Table 8.1. Details for X-ray data

collection, structure solution and refinement axeg in the Appendix.

Table 8.1. X-ray Data Collection Parameters for Compl&sMes),ScCI(THF), 26,

(CsMes)2Sc( 3-C3H5), 32 and {[(GMes)Scl( 3-Te)}, 51.

51

GoHso S Tey

1231.12
93(2)
Triclinic

Pl

11.4455(8)
11.6530(8)
18.7846(13)
86.2700(10)
86.0220(10)
66.6840(10)

2293.3(3)

1.783

3.085

Complex 26 32
Empirical formula G, Hsg Cl O Sc Gs Hss Sc
Fw 422.95 356.47
Temperature (K) 148(2) 98(2)
Crystal system Triclinic Orthorhombic
Space group P1 Cmca
a(h) 8.4353(6) 14.6990(12)
b (A) 16.5792(11) 9.2201(8)
c(A) 18.1925(12) 30.322(3)
(deg) 61.1903(9) 90
(deg) 89.7836(10) 90
(deg) 87.7080(10) 90
Volume A 2227.2(3) 4109.5(6)
4 4 8
calca(Mg/nT) 1.261 1.152
(mm?) 0.462 0.359
R1[>20 (I)]* 0.0777 0.1192
wR2 (all data} 0.2111 0.3338

0.1670

0.5016

2 Definitions: WR2 = S[w(F>-F2)?] / SW(F)?] 172 R1 =S||Ry|-|R|| /S|F|
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Results and Discussion

(CsMes),ScCI(THF), 26. The reaction of two equiv of Kles and one equiv of
ScCk at ambient temperature afforded si&s),ScCI(THF), 26, eq 8.1, similar to the
preparation of (€Mes),ScCI(THF) from ScGTHF); and LiGMes in xylene at reflux, and
analogous to the preparation ofs§@;H).ScCI(THF),6.™ Complex26 was characterized
by X-ray crystallography, Figure 8.1. Unfortungtelhe collected data is not of sufficient

quality to discuss bond distances and angles.

Figure 8.1. Thermal ellipsoid plot of (§Mes),ScCI(THF),26, drawn at the 50% probability

level. Hydrogen atoms are omitted for clarity.

(CsMes),Sc( 3-CsHs), 32. The reaction of (§Mes),ScCI(THF) with GHsMgCI
afforded (GMes),Sc( 3-CsHs), 32, eq 8.1, thus different to the reported syntheaied on the
starting materials of an allene and the correspantliydride’ Complex32was characterized
by X-ray crystallography, Figure 8.2. The collettiata is of poor quality and does not allow

a detailed discussion.
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THF N "MgcCl
SeCl
3 — 3 (CsMes),ScCI(THF)

\
— i —\
+ 2KCsMes -2 KCl - MgCl, ﬁs <

- THF
26 32

Figure 8.2. Ball-and-Stick plot of (@Mes),Sc( >-CsHs), 32. Hydrogen atoms are omitted for

clarity.

{[(CsMes)Scl( s-Te)s}, 51. (CsMes).Sc( >-CsHs) reacts with PhTeTePh in toluene at
ambient temperature to afford a yellow product. e TH-NMR spectrum of this reaction
shows one peak at 1.89 ppm and a few little pehks ¢ould not be assigned. Thus,
according to théH-NMR spectrum, this reaction does not proceedeamnty as the analogous
reaction of (GMe4H),Sc( 3-C3Hs) with PhTeTePh in toluene that was discussed mp@it 7.
Complex51 could be isolated out of this reaction, eq 8.8uFe 8.3. Since this product was a
preliminary result, the mechanism of this reaci®mot yet known. Obviously, the reaction

must undergo a redox process due to the lack gslibayl rings of the telluride ligands.
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g \//*\a

e—/— _Sc ~

/& g toluene

4 Se—\;/ + 2PhTeTePh —>»

ﬁ /,,Sc
Ser=— Te

51

Figure 8.3. Ball-and-Stick plot of {[(GMes)Scl( s-Tek}, 51 Hydrogen atoms are omitted

for clarity.

In complex51, each scandium atom features a coordination numbsix. This is
different compared to the coordination numbers lo¢ tscandocene starting materials
(CsMes),ScCI(THF), 26, and (GMes)»Sc( >-CsHs), 32. In complex51, four (GMes)Sc units
and four s-bridging telluride ligands form a heteronucleabepin which all scandium atoms

have the oxidation state of +3. The only known pouond that can be compared3bis a
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(CsMes)” ligated cobalt-tellurium cluster, namely {[{&es)Cols( >-Te)}, 52,2 This could be
obtained through the oxidation of the cobalt(Igdex [(GMes)CoCl), with binary Zintl
polyanion [SaTes]* in LisSnTes 8en(en= 1,2-diaminoethane).

The structure 051 provides only connectivity due to a poor crystaaley, for which
reason a detailed structural discussion is neglectdonetheless, the interatomic distances
between the scandium atoms are about 3.5 A. Heéincan be assumed that there are no
scandium scandium interactions. This is consisigifit the fact that in complex2, there are
no metal metal interactions as is attested by IGngCo distances ranging from 3.714(5)-
3.876(5) A. In contrast, the Sc-Te distances séeray around 2.8 A, which would be
comparable to the values of 2.7528(12) A in sNi8s).Sch(u-Te) involving a seven-
coordinate scandiufh. The Te-Sc-Te angles range between 99 and 106€hwisi an
indication for a distortion in the heteronuclearbeu Complex51 represents the first

molecular scandium-tellurium cluster compound.

Conclusion

The complex (€Mes),Sc( >-CsHs), 32, could be synthesized via a synthetic route
using (GMes),ScCI(THF) and @HsMgCl.  Compound 32 showed unexpected redox
reactivity with PhTeTePh to afford a scandium talm cluster complex, namely
{[(CsMes)Scl( 3-Te)}, 51. This complex represents the first example of@decular rare

earth metal tellurium cluster, whose core featarbgteronuclear cube.
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Chapter 9

Facile N,O Insertion into Metal Carbon Bonds of Lanthanide Alyl

Complexes

Introduction

One of the characteristics of organometallic comgdeof electropositive metals is that
they can readily react with oxygen-containing compis to make oxide derivatives. In
many cases, the source of the oxygen is unknowntasdiifficult to isolate and characterize
molecular products from these reactions since dtdatde or insoluble products often form.
However, for the metallocenes of yttrium and th@hanides, oxide complexes of the formula
[(CsMes),Ln]»(u-O) are often formed that are isolable and fullyaretuterizablé:’
Crystallographic data have been obtainable on elempith Ln = La® Ce? Nd° Sm} Y,?
and LU as well as several analogs of formulasRg).LnL] »(1-O) where L = Lewis bas®’

When a new metallocene system of metals of tlpie ty investigated, it is often useful
to generate the [@Rs).Ln]»(u-O) oxide complex to facilitate identification by MR
spectroscopy in case it is formed as a byproduotthe case of [(EMes).Smp(U-O), the
oxide complex was deliberately made with reagenth s pyNO, epoxides, NO, andQ\*
Recent studies of tetramethylcyclopentadienyl cexgd of scandium generated a byproduct
identified by NMR spectroscopy that was thoughbéothe analogous oxide in this system,
namely [(GMesH),Sch(p-0)2 In efforts to make this complex independently teaction of
the allyl complex, (€MesH),Sc( 3-C3Hs),? with N,O was investigated. However, instead of
forming the oxide, MO inserted into the Sc-C(allyl) bond. This chamtescribes the details
of this reaction as well as its extension to aftftium and lanthanide metallocenes.

N2O has been extensively studied since it is a thdymamically powerful oxidant, a

potent greenhouse gas, and a component in the Iglubagen cycle with its own
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metalloenzyme, nitrous oxide reductase, that cdsvirto dinitrogen and watéf'! In
reactions with metal complexes,®l often functions as an oxo transfer reagent progid
either metal oxides or inserting oxygen into méigand bonds?*® Hence, the BD insertion
reported here is not common. To our knowledgey dnlo isolated examples of ;0
insertion with organometallic complexes of electsiive metals have been reported. In one
case, nitrous oxide reacted with M5 M(C.Php) (M = Ti, Zr) to make
(CsMes),M[N(O)NCPh=CPh] in which the [N(O)NCPh=CPh]igand surprisingly binds to
Ti and Zr only with the nitrogen atom$.In the other example, the samarium complex,

(CsMes),Sm(CHCsHs)(THF) 2! reacted with MO to generate the dimer as shown in ecf9.1.

We report here that this,® insertion reaction is quite facile with organastiam, yttrium,

and lanthanide allyl metallocenes.

Experimental

The manipulations described below were performedeunargon with rigorous
exclusion of air and water using Schlenk, vacuume,liand glovebox techniques. Solvents
were saturated with UHP grade argon (Airgas) ameddoy passage through Glasscontbur
drying columns before use. NMR solvents (Cambrildgéope Laboratories) were dried over
Na/K alloy, degassed, and vacuum-transferred befsee(CsMes),M( 3-CsHs)?® (M = Sm?

La, Y?%) and (GMesH)M( 3-CsHs) (M = Sc® Y?* complexesvere prepared according to
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literature methods. Nitrous oxide (99% Sigma-Adt)i was used as receivedH and**C
NMR spectra were recorded on Bruker GN500 or CRYDI®9BHz spectrometers. Due to the
paramagnetism of samarium, only resonances thdt dmei unambiguously identified are
reported. Infrared spectra were recorded as KBletseon a Varian 1000 FTIR
spectrophotometer at 28C. Elemental analyses were performed on a PenkiaEl
2400Series I CHNS elemental analyzer.

[(CsMesH)2Scu-A' F~-ON=NC3H5s)],, 53. A sealable Schlenk flask outfitted with a
Teflon stopcock was charged with s(@esH),Sc( 3-CsHs), 7, (143 mg, 0.435 mmol) in
toluene (10 mL) and a stir bar. The flask waschitd to a high vacuum line and the reaction
mixture was frozen in liquid nitrogen and placediemvacuum (18 Torr) for 30 min. One
equiv of NO was measured into a second, similar Schlenk tdideown volume using a
manometer and was subsequently condensed intoirgtetube. The reaction vessel was
sealed and rapidly warmed to room temperature whatsed a color change from bright
yellow to yellow. Once at room temperature, thect®n flask was returned to the glovebox
and the mixture was stirred at room temperaturedftr. Evaporation of solvent yielded a
yellow crystalline material that was washed witlxdrge until the supernatant was colorless.
Complex53 remained as a yellow crystalline powder (126 n8yoy. Colorless crystals 6f3
suitable for X-ray diffraction were grown over theurse of three days from a concentrated
toluene solution at -35 °C.*H NMR (CsDg) 6.31 (m, 2H, CHCHCH,), 5.95 (s, 4H,
CsMesH), 5.44 (d, 2H3Jyans= 17.0 Hz, CHCH=CH, trans CH,), 5.18 (d, 2H3J¢s = 10.3 Hz,
CH,CH=CH, cis CH,), 4.51 (d, 4H3Jy. = 5.8 Hz, G,CH=CHy), 1.89 (s, 24H, MesH),
1.69 (s, 24H, MeH). °C NMR (GDe) 134.8 (CHCHCH,), 123.4 CsMesH), 119.3
(CsMegH), 112.9 CsMegH), 117.7 (CHCH=CH,), 56.7 CH,CH=CH,), 13.3 (GMesH), 10.9
(CsMegH). IR: 3083m, 3054m, 3021m, 2969s, 2943s, 29P860s, 2722m, 2064w, 1941w,

1856w, 1647m, 1603m, 1510m, 1494s, 1451s, 1403,s13331m, 1305m, 1287m, 1184s,
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1128s, 1082m, 1021m, 990s, 927s, 823s, 806s, 730s, 694s, 615m ¢ Anal. Calcd for
CaeH7aN4O2S0: C, 67.72; H, 8.39; N; 7.52. Found: C, 67.68885; N, 7.41.
[(CsMe4H),Y (p-A ~-ON=NC3Hs)]», 54. As described fob3, 54 was obtained as a
colorless crystalline solid (171 mg, 76%) fromON(1 equiv) and (@MesH),Y( 3-CsHs), 15,
(200 mg, 0.537 mmol) in toluene (10 mL). Colorlesystals of54 suitable for X-ray
diffraction were grown over the course of three ddépm a concentrated toluene solution
at -35 °C.*H NMR (CsD¢) 6.17 (m, 2H, CHCH=CH,), 5.83 (s, 4H, eMe,H), 5.15 (m, 4H,
CH,CH=CH,), 4.23 (d, 4H3J4n = 7.0 Hz, G1,CH=CH,), 2.06 (s, 12H, @MesH), 2.00 (s,
12H, GMesH), 1.96 (s, 12H, eMeH), 1.93 (s, 12H, MeH). °C NMR (GDg) 133.1
(CH,CH=CH,), 120.2 (CHCH=CH,), 120.0 CsMesH), 119.5 CsMesH), 117.9 CsMesH),
117.3 CsMesH), 110.6 CsMesH), 53.5 CH.CH=CH,), 13.5 (GMesH), 13.4 (GMesH), 12.4
(CsMegH), 12.2 (GMegH). IR: 3079m, 3018m, 2966s, 2911s, 2861s, 272860w, 1875w,
1646m, 1433s, 1403s, 1382s, 1326m, 1310m, 1288%6s]12196s, 1134s, 1113m, 1023m,
1013m, 990s, 967m, 936s, 907w, 796s, 785s, 764Ay,6020m crit. Anal. Calcd for
Ca2He2N4O2Y 2: C, 60.57; H, 7.50; N, 6.73. Found: C, 60.627H6; N, 6.68.
[(CsMes),Y (u-A*: H-ON=NCsHs)],, 55. As described fob3, 55 was obtained as a
colorless crystalline solid (106 mg, 87%) fromeON(1 equiv) and (§Mes),Y( 3-CsHs) (110
mg, 0.275 mmol) in toluene (10 mL). Colorless tais of 55 suitable for X-ray diffraction
were grown over the course of 3 d from a conceedrapluene solution at -35 °éH NMR
(CeDg) 6.22 (M, 2H, CHCH=CH,), 5.19 (m, 4H, CBHCH=CH,), 4.32 (d, 4H )y = 6.8
Hz, CH,CH=CH,), 2.01 (s, 60H, Mes). °C NMR (GD¢) 133.2 (CHCH=CH,), 118.1
(CsMes), 119.8 (CHCH=CH,), 53.8 CH,CH=CH,), 12.8 (GMes;). IR: 3079m, 2966s,
2905s, 2860s, 2723m, 2063m, 1848w, 1646m, 1496@8s141402s, 1380s, 1306m, 1286m,
1211m, 1177s, 1129s, 1061m, 1022m, 989s, 963m, 98%s, 760w, 729w, 672m, 621m
cm’. Anal. Calcd for GsH7oN4OoY2: C, 62.16; H, 7.94; N, 6.30. Found: C, 62.31; 1907
N, 6.14.
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[(CsMes),Sm(u-A': F#~-ON=NCsHs)],, 56. As described fob3, 56 was obtained as a
yellow-orange crystalline solid (141 mg, 82%) frxsO (1 equiv) and (EMes),Sm( 3-CsHs)
(157 mg, 0.340 mmol) in toluene (10 mLYH NMR (CsDg)  3.51 (d, 2H,3Jgs = 10.2 Hz,
CH,CH=CH, cis), 2.90 (d, 2H,3Jans = 17.0 Hz, CHCH=CH, trans), 1.35 (s, 60H,
CsMes), -0.29 (d, 4H,3)y4 = 6.7 Hz, G,CH=CH,. C NMR (GDs) 128.8
(CH,CH=CH,), 117.1 (CHCH=CH,), 114.0 CsMes), 46.1 CH,CH=CH,), 18.6 (GMes).
Anal. Calcd for GoHg2N4O,Smy: C, 54.61; H, 6.91; N, 5.54. Found: C, 53.65;71,1; N,
4.85. Although the analytical data give a C:H:Naaf 12.9:20.4:1 close to the 12.5:20.5:1
ratio expected, the analysis was not as good asahasomorphou$7. Crystals 066 were
surprisingly less stable than thoses8f55 and57.

[(CsMes).La(p-A: ~-ON=NC3Hs)], 57. As described fob3, 57 was obtained as a
colorless crystalline solid (121 mg, 73%) fromsON(1 equiv) and (§Mes),La( *-CsHs) (150
mg, 0.333 mmol) in toluene (10 mL}H NMR (CsD¢) 6.19 (m, 2H, CHCH=CH,), 5.20
(m, 4H, CHCH=CHy), 4.26 (d, 4H3J,+ = 6.9 Hz, G1,CH=CH,), 2.04 (s, 60H, Mes). °C
NMR (CeDg)  133.2 (CHCH=CH,), 120.1 (CsMes), 119.8 (CHCH=CH,), 53.4
(CH,CH=CH,), 11.9 (GMes). IR: 3078m, 2963s, 2909s, 2859s, 2725m, 206BV5w,
1646m, 1496m, 1439s, 1422s, 1398s, 1380s, 130486nm,21207m, 1173s, 1129s, 1061m,
1022m, 1003m, 990m, 961m, 935m, 908m, 803w, 7888wy 694w, 619w cih. Anal.

Calcd for GegH70N4OsLay: C, 55.87; H, 7.13; N, 5.67. Found: C, 55.857H9; N, 5.26.
X-ray Crystallographic Data. Information on X-ray data collection, structure

determination, and refinement 68 and54 is given in Table 9.1 angsb, 56and57 is given

in Table 9.2.
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Table 9.1. X-ray Data Collection Parameters for §{@e;H),Scu-4":/#-ON=NC;Hs)]>, 53,

and [(GMegH),Y (u-# /*-ON=NCzHs)],, 54.

Complex 53 54
Empirical formula C“de(zcl\l? ;‘_%SOZ C“Zg‘ééN?"f'(s))zYz
Fw 929.14 1017.04
Temperature (K) 143(2) 93(2)
Crystal system Monoclinic Monoclinic
Space group C2lc C2lc
a(h) 15.7970(13) 15.5705(7)
b (A) 12.9336(11) 13.2395(6)
c(A) 26.217(2) 26.4343(12)
(deg) 90 90
(deg) 106.2580(10) 105.9252(5)
(deg) 90 20
Volume A 5142.2(7) 5240.2(4)
Z 4 4
calca(Mg/nT) 1.200 1.289
(mm?) 0.308 2.247
RE[I>2.0 ()] 0.0924 0.0383
0.2587 0.0915

wR? (all data)

*R1=S||R|-|R||/S|RKI
PWR2 =[S [w (Fo™F)? / S[w (F,)*]] M2
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Table 9.2. X-ray Data Collection Parameters for [{@es).Y (p-/":#*-ON=NCsHs)], 55,

[(CsMes),Sm(u-#": //-ON=NGC;zHs)], 56, and [(GMes);La(u-/": //~-ON=NCzHs)], 57.

Complex 55 56 57
CueH70N4O2Y 5 CueH70N4,OS My CueH70N4OsLa,
Empirical formula
*2(C/Hg) *2(C/Hg) *2(C/Hg)

Fw 1073.15 1196.03 1173.15
Temperature (K) 183(2) 173(2) 143(2) K
Crystal system Monoclinic Monoclinic Monoclinic
Space group P2;/n P2;/n P2;/n
a(h) 15.8443(8) 14.8358(6) 14.6563(9)
b (A) 13.9604(7) 14.0396(5) 14.1978(8)
c(A) 25.2595(12) 27.3264(10) 27.4602(16)

(deg) 90 90 90

(deg) 91.3400(6) 93.5110(10) 93.2795(7)

(deg) 90 90 90
Volume A 5585.7(5) 5681.1(4) 5704.8(6)
Z 4 4 4

calca(Mg/nT) 1.276 1.398 1.366

(mm?) 2.112 2.090 1.521
R1[>2.0 ()] 0.0361 0.0308 0.0261
wR2 (all data) 0.0961 0.0847 0.0641

*R1=S||R|-|R||/S|RI
PWR2 =[S [w (Fo™F2)? / S[w (F,)*]]

Results and Discussion

Recent efforts to make the first dinitrogen complExscandium focused on the
reduction of [(GMesH).Sc][(u-Ph)BPh], 8, with KCg under nitroger?.h'3 This generated a
highly reactive species, [(®lesH),Sch(pu- % %N,), that decomposed in one case to grow a
ligand [(GsMesH).Sch(p- % *

crystal containing both dinitrogen and oxide
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No)[(CsMesH).Sch(p-0)3"®  To be able to identify [(€1esH).Sch(n-O) by NMR
spectroscopy, an independent synthesis was pursued.

Since NO is used as a source of oxid& and since it was previously found that
(CsMes),;Sm(THF) reacts with MO to make [(GMes);Smb(u-O)' the reaction of
(CsMe,H),Sc( 3-CsHs) with N,O was examined. The allyl complex was chosen sinie
one of the more readily accessible reactive M-Cdedrspecies available with electropositive
metallocene&? Although this reaction was not analogous to tlreasaum reaction involving
metal based reductionwe assumed that this combination would ultimafelyn the oxide
complex, since metallocene oxides of this type svereadily formed even without any
obvious source of oxygen.

As shown in eq 9.2, this reaction did not giveoarde, but instead led to an insertion
product [(GMesH),Sc-A"##-ON=NCH,CH=CH,)],, 53, containing an allyl azoxy ligand,
figure 9.1. ThéH NMR spectrum showed resonances consistent withalized allyl ligand
and a single set of (MesH) resonances that integrated appropriatelysfor No evidence

for any other products containings{@e;H) was observed.
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Figure 9.1. Thermal ellipsoid plot of [(EMesH),Sc(u-A":#*-ON=NC:Hs)],, 53, drawn at the

50% probability level with hydrogen atoms omitted €larity.

Complex53 was definitively identified by X-ray crystallograp which showed that it
crystallizes as a dimer in the solid state. ThAR" ligands bridge the two metallocenes in
a p-#A-mode, eq. 9.3, analogous to that found in the umbdof reacting

(CsMes),Sm(CHCsHs)(THF)?! with N,O, eq 9.12°

N
4 2 N O < y ““““ W
/\/ _ A9 M M 9.3)
f_\i = /

/

M=Y,55; Sm, 56; La, 57
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To determine the generality of (RB)" ligand formation with metallocene allyl
complexes as a function of metal and ancillaryridjaanalogous reactions were examined
with (CsMesH).Y( 3-CsHs) and (GMes),M( 3-CsHs) (M = Y, Sm, La). As shown in eq 9.3,
products analogous t83 were formed in each case and provided complexascibhuld be
analyzed by X-ray diffraction, Figure 9.2-9.5. Higure 9.6, a picture of a single crystal of

[(CsMes),La(u-A*: #~-ON=NCsHs)] is shown.

Figure 9.2. Thermal ellipsoid plot of [(EMesH),Y (u-/:/*-ON=NGCsHs)],, 54, drawn at the

50% probability level with hydrogen atoms omitted €larity.
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Figure 9.3. Thermal ellipsoid plot of [(€Mes).Y(p-A":/7-ONNC;Hs)]2, 55, drawn at the

50% probability level with hydrogen atoms omitted €larity.

Figure 9.4. Thermal ellipsoid plot of [(@Mes).Sm{u-/:##-ON=NC;Hs)],, 56, drawn at the

50% probability level with hydrogen atoms omitted €larity.
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Figure 9.5. Thermal ellipsoid plot of [(Mes):La(u-A":/-ONNC:Hs)],, 57, drawn at the

50% probability level with hydrogen atoms omitted €larity.

Figure 9.6. Picture of the single crystal [(®les),La(u-/": ~~ONNCsHs)]» * 2(C/Hsg), 57.

Since the [(@Mes):Ln](u-O) oxides are known for Ln = aSm! and Y? the

formation of an oxide byproduct in these reactiocsuld be determined by NMR

spectroscopy. No evidence for oxide formation easd in any of the spectra.

164



It should be noted that insertion chemistry has #lsen observed recently with NO
and metallocene allyls of these metdlsSpecifically, the (€Mes);M( *-CsHs) complexes

(M =Y, Sm, La) react with NO to form {§Mes)oM[ -ONN(CH,CH=CH,)O]}, products.

Structural Studies

Complexess3 and 54 are isomorphous as at&-57. Each complex contains a nine-
coordinate lanthanide metal center ligated by twatyadkylcyclopentadienyl ligands, two
nitrogen atoms of one (R®)" ligand, and an oxygen of the other (RN" ligand, Figure
9.1-9.5 show the structures©3-57. Selected bond distances and angle$4e57 are shown
in Table 9.3. The data d&3 established connectivity, but was not of suffitigaality to

discuss metrical parameters.

In each casé&he N-N and N-O bond distances in the ¢RI\ ligand are in the N=N
double and N-O single bond regions, respectiflyThis suggests that the ligand is more
appropriately considered as an allyl substituteakgZigand coordinating through the N=N
bond rather than an allyl nitroso amide coordiratthrough a single nitrogen. Further
support for this view comes from the bond distartcethe metal. The structures %57
each have two similar M-N distances consistent ith ligation rather than one short and
one longer as expected for an amide/amine coordmahode. Surprisingly54 has two
rather different Y-N distances despite N-N and Nl§ances like those B5-57.

The C-C bond distances of the allyl substituentsaich (RNO) ligand are consistent
with localized C-C single and C=C double boftisThe 2.419(2) A Sm-O and 2.556(3) and
2.565(3) A Sm-N bond distances the samarium comple6 are equivalent to the
corresponding bond distances in the previously ntedobenzyl complex, [(§Mes),Sm(u-

A H2-ON=NCH,Ph)], 58, %° [2.422(2) A Sm-0O; 2.557(3) and 2.579(2) A Sm-Nhese Sm-
N distances are considerably longer than the 2)38@5(1) A distances in the azobenzene
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complex, (GMes),Sm(PhNNPh)(THF¥® thathas 1.32(1)-1.39(2) A N-N bond distances (two
molecules in the unit cell). The Sm-O distancestis much shorter than the 2.532(8)-
2.557(9) A Sm-O(THF) bond lengths in g@es),Sm(PhNNPh)(THF}®. The fact that the
Sm-O bond irb6 is shorter than these latter typical Sm-O(neutaadad ligand) distances is

also consistent with the allyl azoxy coordinatioada discussed above.

Table 9.3. Selected Bond Distances (A) and Angles (deg) insNI&H).Y (u-A"H-
ON=NGsHs)]o, 54, [(CsMes)oY(pu-#/P-ON=NGCsHs)], 55,  [(CsMes).Smu-A -

ON=NG;Hs)], 56, and [(GMes),La(u-/": ##-ON=NCsHs)], 57.

54 55 56 57
M(1)-Cnt 2.345, 2.366 2.405,2389  2.464,2486 2550, 2.559
M(1)-N(1) 2.410(2) 2.484(2) 2.556(3) 2.642(2)
M(1)-N(2) 2.484(2) 2.508(2) 2.565(3) 2.640(2)
M(1)-O(1) 2.324(2) 2.354(2) 2.419(2) 2.490(1)
N(1)-N(2) 1.264(3) 1.264(2) 1.258(3) 1.258(2)
N(1)-0(2) 1.300(2) 1.305(2) 1.306(3) 1.307(2)
N(2)-C(41) 1.474(3) 1.468(3) 1.477(4) 1.476(3)
C(41)-C(42) 1.592(6) 1.498(3) 1.495(5) 1.502(3)
C(42)-C(43) 1.311(9) 1.230(4) 1.205(6) 1.248(4)
Cnt1-M(1)-Cnt2 131.1 129.9 130.9 131.8
M(1)-O(1)-N(3) 117.2(1) 120.9(1) 121.3(2) 120.2(1)
O(1)-N(3)-M(2) 161.1(2) 163.6(1) 163.6(9) 163.3(1)
O(1)-M(1)-N(1) 80.62(6) 74.93(5) 74.72(7) 75.82(5)

Cnt = centroid of the (§Mes)™ or (GMe,H)" ligand
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Complexes54 and 55 provide an opportunity to compare s{e;H) vs (GMes)
analogs. The Y-(ring centroid), Y-N(2), and Y-O@iytances are 0.02-0.03 A shorter in the
(CsMe4H)™ complex. This is consistent with the slightly sierasize of the ligand and its less
electron donating nature that may lead to a stnongeal allyl azoxy interation. The Y-N(1)
distance irb4is also shorter, but the difference, 0.07 A, igéa than for the other bonds. As

described above, this distancebithis unusual.

Conclusion

N>O readily reacts with allyl metallocene complexésso, Y, and the lanthanides to
make allyl azoxy (RBD) ligands that can bridge two metal centers to miaikeetallic
complexes, [(EMesR)M(p-#:/7-ON=NGC;Hs)].. Hence, insertion rather than delivery of
oxygen is the preferred mode of reaction. Intamgst, NO behaves similarly with

metallocene allyls of these metals.
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Chapter 10

Carbodiimide Insertion into the Metal Carbon Bond of

(CsMe,4H),Sc(r*-CsHs)

Introduction

The insertion of carbodiimides (RNCNR, where R kyhlaryl) into metal alkyl bonds
provides access to amidinate moieties, that haveeprto act as valuable ancillary ligands in
their own right:

A growing number of lanthanide and actinide amitBhneomplexes are known, the
synthesis of which is commonly via an ionic metath@eaction that comprises the use of an
amidinate salt. Alternatively, the insertion chstry of carbodiimides has been examined
with yttrium and f-element alkyl alkynyl > and amidécomplexes. Equation 10.1 shows one

typical example of an insertion reaction into theQvbond??

‘Bu
5 0 @ 0 @ N
\, "BuLi, <~ ‘BuN=C=N'Bu o n
Y— T Y % Bu 10.1)

% al @\nm -LiCl - @\T

In comparison to these results observed in yttrilamthanide and actinide chemistry,
there are also some examples known of scandiumiaigdcomplexes. Among those it can
be distinguished between mono- and di-amidinate poamds of scandium, for example
{[(Ar)NC(Ph)N(Ar)- *N,N]Sc(CH:SiMes)(THF)}[BPh4] (Ar = 2,6-diisopropylphenyf) and
{[(Me 3S))NC(Ph)N(SiMe)- °N,N].ScH},.” In contrast, there are no cyclopentadienyl
scandium amidinates, featuring a RNCNR (R = alkyyl) known. However, a structurally
related compound to metallocene amidinate compleisesthe reported example of

(CsMes),Sc[(H)NC(Me)N(NMe)- °N,N].®  This complex is prepared by the reaction of
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(CsMes),ScMe with 1 eq 2,2-dimethylhydrazine and subseqdeslution in acetonitrile, eq

10.28
HzNNMez’ H
N
R CH;CN N
Se—Me ——— > s >>~Me 102)
D

Metallocene allyls of the lanthanides are conveiyegorepared stable sources of M-C
bond containing complexes and are ideal for stglfimther reactivity'® In chapter 9, the
facile NO insertion reaction into allyl metallocenes of amgscandium, yttrium, and
lanthanide complexes was described. On the bdsiki® type of insertion reaction, the
complex (GMesH),Sc(*-CsHs) has been used as the starting material for teertion of
carbodiimides into the M-C bond in this chapteheTeaction of (§Me;H),Sc(/*-CsHs) with

'PrN=C=NPr afforded (MesH),Sc[(Pr)NC(CHCH=CH,)N(Pr)- 2N,N], 59.

Experimental

The manipulations described below were conductedemurargon with rigorous
exclusion of air and water using Schlenk, vacuume,liand glovebox techniques. Solvents
were sparged with UHP argon and dried over coluoomgaining Q-5 and molecular sieves.
NMR solvents (Cambridge Isotope Laboratories) wited over Na/K alloy, degassed, and
vacuum-transferred before usé€CsMesH),Sc( >-CsHs) was prepared according to literature

methods:"3 *H NMR spectrum was recorded on a Bruker DRX500 speeter at 25 °C.

(CsMe4H),Sc[(Pr)NC(CH.CH=CH)N(Pr)- °N,N'], 59. In an argon-filled

glovebox, (GMesH),Sc( *-CsHs) (0.079 g, 0.24 mmol) was dissolved in 10 ml ofdree and
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added tdPrN=C=NPr (0.030 g, 0.24 mmol) dissolved in 1 ml of hexaréter the mixture
was stirred for 48 h, the solution was evaporatedryness to yield a yellow powder. This
was washed with a small amount of cold hexane idemrto remove unreacted
(CsMe4H),Sc( 3-CsHs) to give yellow crystalline (§MesH),Sc[(Pr)NC(CHCH=CH,)N('Pr)-
2N,N] (0.064 g, 59%). Crystals suitable for X-ray s were grown from a concentrated
hexane solution d§9 at 35 °C over the course of 2 dH NMR (CsDe):  5.89 (m, 1H>Jn.+
= 7.0 Hz, CHCH=CH,), 5.85 (s, 2H, eMe,H), 5.07 (M, 2H>Jyans = 18.2 Hz*J4s = 8.6 Hz,
3J4n = 9.6 Hz, CHCH=CH.), 3.66 (septet, 2H, l@Me,), 3.07 (m, 2H,Jy4 = 6.3 Hz,

CH,CH=CHp), 2.01 (s, 12H, MesH), 1.95 (s, 12H, eMeyH), 1.08 (d, 12H, CMle,).

X-ray Crystallographic Data. Information on X-ray data collection, structure
determination, and refinement f&9 are given in Table 10.1. Details for X-ray data

collection, structure solution and refinement axeg in the Appendix.

Results and Discussion

Recently is has been shown that carbodiimides RN &where R 2Pr) can readily
insert into the M-C bond of actinide alkyl, alkyn@nd aryl complexes. For instance, the
insertion reaction of PrN=C=NPr with (GMes),AnMe, (An = U, Th) afforded the
isomorphous methyl amidinate productgNt@s),AnMe[(Pr)NC(Me)N{Pr)- *N,N1.°

(CsMesH),Sc(#P-CsHs) reacted with  'PrN=C=NPr to give
(CsMegH),Sc[(Pr)NC(CHCH=CH,)N('Pr)- N,N7, 59, eq 10.3., Figure 10.1. This reaction,
being a preliminary result, proceeded cleanly atiogr to *H NMR analysis giving only

complex59 as the product.
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Table 10.1. X-ray Data Collection Parameters for Complex

(CsMesH),Sc[(Pr)NC(CHCH=CH,)N('Pr)- °N,N], 59.

Complex
Empirical formula
Fw
Temperature (K)
Crystal system
Space group
a(h)
b (&)
c(®)

(deg)

(deg)

(deg)
Volume A
Z

calca(Mg/nT?)

(mm?")
R1[1>2.0 (N?

wR2 (all dataj

59

Gg Has N2 Sc
454.62

143(2)

Triclinic
Pl
9.1685(4)
9.4497(5)
15.0224(7)
94.6362(5)
90.2360(5)
90.9249(5)
1297.09(11)
2

1.164
0.301
0.0298

0.0815

2 Definitions: WR2 = B[w(F,>-F2)? / SIwW(F)? 12 R1 =9||Ry|-|R|| / S|Fol
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Figure 10.1: Thermal ellipsoid plot of (@esH),Sc[PrNC(#*-CsHs)N'Pr- 2N,NJ, 59, drawn

at the 50% probability level with hydrogen atomsitbea for clarity.

Structural Studies.

Complex 59 contains an eight-coordinate scandium atom ligateg two
tetramethylcyclopentadienyl ligands and two nitroge atoms of the
[((Pr)NC(CHCH=CH,)N(Pr) ligand, Figure 10.1. Selected bond distances angles for
complex59 are shown in Table 10.2. These are comparedeantétrical parameters of

(CsMes),Sc[(H)NC(Me)N(NMe)- °N,N7, 60, Table 10.3.

The (ring centroid)-scandium bond distances of 2.&43and 2.233 A in comple%9
are equivalent to 2.231 A and 2.232 A found in claxB0. Furthermore, the Sc-N bond
distances of 2.1872(9) A and 2.2198(9) A obsermecbimplex59 are very similar to those of
2.1615(42) A and 2.2650(48) A in compoud@ The M-N bond lengths of 2.1872(9) A and
2.2198(9) A in comple%9 are different compared to those of 2.1615(42) A 2:2650(48) A

in 60. The Sc-C distance of the NCN unit of 2.6159(A0)h complex59 is slightly longer
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than the value of 2.6057(47) A found in the NCNtumicomplex60. The (ring centroid)-Sc-
(ring centroid) angle of 132.4° iR9 is, as a consequence of the coordination of aidulk
amidinate ligand to the metal center, smaller tth@nangle of 137.8° observed &0. The
(ring centroid)-Sc-N angles ranging between 109.8:-1° in complex59 are slightly larger
than the range of 105.6-110.6° found in comm@éx In addition, the (ring centroid)-ScC
(C* = of the NCN unit) angles are 111.5° and 116.089nsimilar to those ir60 with 106.5°
and 115.3°. However, these (ring centroid)-SC = of the NCN unit) angles in complex
59 resemble more each other than the mentioned amaangles found i60.

The observed C-C bond distances of C(19)-C(2062511(14) A and C(20)-C(21) =
1.5023(16) A in comple%9 are consistent with a single bond, whereas thel®@l distance

of 1.3150(19) A in compleg0is expectedly equivalent with a double bond.

Table 10.2. Selected Bond Distances (A) and Angles (deg) for

(CsMesH),Sc[(Pr)NC(CHCH=CH,)N('Pr)- *N,N] 59.

59 59
Cntl-Sc(1)-Cnt2 132.4 Sc(1)-N(2) 2.1872(9)
Cntl-Sc1-N1 109.5 Sc(1)-N(2) 2.2198(9)
Cntl1-Sc1-N2 112.1 Sc(1)-C(19) 2.6159(10)
Cntl1-Sc1-C19 116.0 C(19)-C(20) 1.5251(14)
Sc(1)-Cntl 2.233 C(20)-C(21) 1.5023(16)
Sc(1)-Cnt2 2.231 C(21)-C(22) 1.3150(19)




Table 10.3. Selected Bond Distances (A) and Angles (deg) for
(CsMe4H),Sc[(Pr)NC(CHCH=CH,)N('Pr)- °N,NJ, 59, and

(CsMes),Sc[(H)NC(Me)N(NMe)- 2N,N7, 602

59 60
Cntl-M(1)-Cnt2 132.4 137.8
(Cnt)-M1-(N) 109.5,112.1, 110.2, 109.5  108.5, #071.10.6, 105.6
Cnt1-M1-(Cy 116.0, 111.5 115.3, 106.5
M(1)-(Cnt) 2.233,2.231 2.232,2.231
M(L)-(N)* 2.1872(9), 2.2198(9) 2.1615(42), 2.2650(48)
M(1)-(C)* 2.6159(10) 2.6057(47)

# C of N=C=N unit

Conclusion

Facile insertion of the carbodiimiderN=C=NPr into the scandium carbon bond of
(CsMesH),Sc(r*-CsHs) provided a scandium amidinate complex,
(CsMegH),Sc[(Pr)NC(CHCH=CH,)N('Pr)- °N,N], 59. This complex is, besides the
compound (€Mes),Sc[(H)NC(Me)N(NMe)- *N,N], 60, only the second cyclopentadienyl

scandium metallocene featuring a coordinated NCiNtarthe metal center.
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Chapter 11

Isolation of (CsMesH)sSG( s-O)( 3-OH)4( -OH)4 [(CeHs)NH] »

Introduction

Reactions of samarium metallocene complexes wpheatylhydrazine, PANHNHPh
have been previously examined. Diphenylhydrazime two reactive hydrogen atoms which
are suitable for deprotonation. For instance, thi€ceeded in a clean reaction with
[(CsMes),SmHL that yielded (@Mes),;Sm(PhNHNPh) and in THF, {®es),Sm(*

PhNHNPh)(THF), eq 11.1.

/¢ \‘\‘\HII’I %\
\S ¥ / Sm + 2 PhNHNHPh 2—H> 2 (CsMes),Sm(PhNHNPh)
C\S ) - 2
ﬁ 1. toluene THF

2. vacuum

_Ph
\\\N
e
2 Sm—N—Ph
% N H
THF

Another way to prepare the same productMés).Sm(PhNHNPh), is the reaction of

(11.1)

divalent (GMes).Sm with PhnNHNHPh, eq. 11.2, although this reacts@s not as clean as
the synthetic route using the hydride.The byproduct of this reaction is presumably

hydrogen, however it was not isolated.

i Sm + PhNHNHPh ——» (CsMes),Sm(PhNHNPh) (11.2)

% -0.5H,

In contrast, the THF coordinated sMkes),Sm(THF) reacts with PhANHNHPh by

cleaving the N-N bond to give {Mes).Sm(NHPh)(THF), eq. 11.3.
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/& ‘\\\\\THF /& \\\\\ NHPh
Sm + 0.5 PhNHNHPh ——> Sm (11.3)
S - THF -THF \%\ THF

The allyl complex (@MesH),Sc( >-CsHs) has been proven to be a stable starting
material for probing M-C reactivity. It reacts Wwita range of substrates like
[HNEt3][BPhy],“™® PhEEPh (E = S, Se, T&)® pySSpy:"® N,O"? and'PrN=C=NPr"1°
respectively. Therefore, it has been chosen ton@ereactivity with further substrates. The
aim was to investigate reactivity of scandium metane complexes with diphenylhydrazine,
PhNHNHPh.

(CsMesH),Sc( 3-CsHs) reacts with PANHNHPh to yield a tacky dark greeaterial
that is hexane soluble. The desired product coatde isolated and instead attempts to grow
crystals resulted in the isolation of the unexp@cseandium hydroxo cluster complex,
(CsMegH)sSas( 5-0)( 3-OH)a( 2-OH)s [(CeHs)NH],, 61, most likely formed from
oxygen/water impurities. The main structural featis an oxo-centered scandium pyramid
that is capped by hydroxo ligands over each edgetlam metal atoms are each coordinated

with one (GMe4H) ligand. Beside this, a cocrystallized PnNHNHPprissent.

Experimental

The manipulations described below were conductedemurargon with rigorous
exclusion of air and water using Schlenk, vacuume,liand glovebox techniques. Solvents
were sparged with UHP argon and dried over coluoamdaining Q-5 and molecular sieves.
NMR solvents (Cambridge Isotope Laboratories) wirted over Na/K alloy, degassed, and
vacuum-transferred before use. sN&4H),Sc( >-CsHs) was prepared according to literature

methods:™3 *H NMR spectra was recorded on a Bruker DRX500 spewter at 25 °C.
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Reaction of (GMe4H).Sc( >-CsHs), 7, with PANHNHPh. In a nitrogen-filled
glovebox, an orange solution of PANHNHPh (0.029.46 mmol) in 2 ml of toluene was
added to (@MesH),Sc( >-CsHs) (0.028 g, 0.16 mmol) in 8 ml of toluene. Afteetmixture
was stirred for 24 h, the dark orange solution exzeporated to dryness to yield a tacky green
material. ‘H NMR (500 MHz, benzends):  8.02 (m, 3H), 7.27 (m, 2H), 6.71 (m, 2H), 6.89
(m, 1H), 6.17 (d, 1H), 6.04 (s, 2H), 6.00 (s, 16166 (s, 1H), 5.59 (s, 1H), 2.13 (s, 3H), 2.05
(s, 2H), 2.02 (s, 3H), 1.98 (d, 24H), 1.89 (s, 3HB2 (s, 3H), 1.74 (s, 3H), 1.58 (d, 6H), 1.51
(s, 3H).

(CsMesH)sSas( 5-O)( 3-OH)4( -OH)s [(CsHs)NH]», 61. Crystals of61 suitable for
X-ray analysis were grown at rt from a concentratedzene solution over the course of 6
weeks.

X-ray Crystallographic Data. Information on X-ray data collection, structure
determination, and refinement f6t is given in Table 11.1. Details for X-ray dataleotion,

structure solution and refinement are given inAppendix.

Results and Discussion

(CsMe4H),Sc( -CsHs), 7, reacts with PANHNHPh to give a scandium metatiece
product of an unknown composition and a byprodunet tis thought to be the oxide,
[(CsMesH),Sch( -O), on the basis dH NMR resonances and prior studfds. The’'H NMR
spectrum of the crude product indicates coordimatibthe PhNHNHPh ligand to scandium,
since the observed peaks belong presumably to @klegH) ligand that are shifted
compared to théH NMR spectrum of the starting material s{@&,H),Sc( 3>-CsHs). The
reaction proceeds to completion within 24 hours.efforts to crystallize the products of this
reaction, oxygen and water impurities presumab&cted with the initial product to form an
unprecedented scandium hydroxo cluster, sM&H)sSG( 5-O)( 3-OH)s( -OH),

[(CsHs)NH]2, 61, eq 11.1, Figure 11.1.
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The structure of this unusual complgk is similar to (GMes)sYs( 5-O)( 3-OMe)y( -
OMe), 62, that was obtained from reaction ofsfs)sYCI(THF) and KOCH - CH;OH at
30 °C for two days.

Furthermore, the core of compl®d is structurally related to the rare earth metal
isopropoxides, M(OPg (M = Sc, Y, Er, Yb, Nd), which can be synthesitedugh different
routes, exemplified in eq 11.3 and eq 1*24.

M  + 3iPprOH ———> M(OiPr); + 1.5 H, (11.3)

M=Sc, Y
NdCL(Pr'OH); + 3 KOP¥ —— Nd(O'Pr); + 3 KCI + 3 PrOH (11.4)

However, the formation of an isopropoxide composhdwing the pattern in Figure
11.3 depends on the reaction conditions. Formestathere is a chlorine-containinig cluster,
namely Nd(OiPr)NCI, also reported which was obtained from the tieacbf NdCk with

NaOPr®
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O'Pr

Figure 11.3. Structural feature of rare earth metal alkoxidethwW (Sc,Y, Er, Yb, Nd)

Table 11.1. X-ray Data Collection Parameters for Comp{€xMesH)sSa( 5-O)( 3-OH)4( -

OH); [(CeHs)NH], 61

Complex 61
Empirical formula G7 Hgs N, Og S » Y2(GHe)
Fw 1206.12
Temperature (K) 93(2)
Crystal system Monoclinic
Space group P2,/c
a(h) 21.9553(8)
b (A) 12.6867(5)
c(R) 21.7649(8)
(deg) 90
(deg) 103.9457(5)
(deq) 90
Volume A2 5883.7(4)
Z 4
caica(Mg/nT) 1.362
(mm?) 0.603
R1[>2.0 ()2 0.0422
wR2 (all dataj 0.1103

3 Definitions: WR2 = S[w(Fo>-F2)?] / S[W(F)? M2 R1 =S||Ry|-|R|| /SIF|
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Figure 11.1. Thermal ellipsoid plot of (§Me4H)sS6( 5-O)( 3-OH)a( -OH)s  [(CsHs)NH]o,
61, drawn at the 50% probability level. Hydrogen asorexcept those of the hydroxo and

hydrazine groups, have been omitted for clarity.

Figure 11.2. Thermal ellipsoid plot of the unit $8(OH) in the compound
(CsMegH)sSas( 5-O)( 3-OH)y( -OH)s  [(CeHs)NH],, 61, drawn at the 50% probability level.

Hydrogen atoms, except those of the hydroxo grougss been omitted for clarity.
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Structural studies

Selected bond distances and angles for sM@&H)sS6( 5-O)( 3-OH)4( -
OH); [(CeHs)NH],, 61 are listed in Table 11.2. The structure of comfé is compared to
(CsMes)sYs( 5-O)( -OMe( -OMe), 62,° Sc(OP¥k), 632 and Y(OPYs, 64,% respectively, in
Table 11.3. Comple%l resembles compoun@? in that each metal is coordinated by a
cyclopentadienyl ligand, even thou@li contains (gMe4H) and 62 (CsHs) ligands. The
core of complex6l consists of an oxo-centered metal pyramid whosesfeand edges,
respectively, are capped by hydroxo ligands. Hmsilar structural feature is observed in
complex62 as well, where the capping ligands are (MeQJonsequently, the coordination
number of the metals in both complexes is eightssthheir metrical parameters are
appropriate for comparison. For this reason, cemfP is the closest related compound to
compare with6l. However, the structural feature of an oxo-cesdeare earth metal cluster
with a square-pyramidal core of complék resembles generally the structure of rare earth
alkoxide compounds of the formula M(ORrwhich are better described ag®{OP)13 (M
= Sc, Y, Er, Yb, Nd). Although the metals are soordinate in these complexes, a
comparison of the metrical parameters for comméxwith those of Sc(ORy), 63° and
Y(OPY)s, 64,% is taken into account, to check on similaritiéghe data for the cocrystallized
diphenylhydrazine in comple&l is neglected in respect of discussion, since Iscaih the
large distance of the diphenyldihydrazine to cetenxygen atom of the scandium cluster,
N(1)-O(9) = 4.0426(1) A and N(11)-O(9) = 4.0892(A) there is no direct interaction

between the N-N single bond of PhANHNHPh and thedican cluster.

182



Table 11.2. Selected Bond Distances (A) and Angles (deg) fgM&H)sSos( 5-0)( 2-

OH)4( -OH)s [(CeHs)NH]2, 61

61 61
Sc(1)-Cntl 2.228 Sc(3)-0(2) 2.2814(15)
Sc(2)-Cnt2 2.245 Sc(4)-0(8) 2.1040(16)
Sc(3)-Cnt3 2.232 Sc(4)-0(7) 2.1107(16)
Sc(4)-Cnt4 2.250 Sc(4)-0(9) 2.2336(14)
Sc(5)-Cnt5 2.229 Sc(4)-0(4) 2.2396(15)
Sc(1)-0(9) 2.1446(15) Sc(4)-0(3) 2.2409(15)
Sc(1)-0(1) 2.1546(15) Sc(5)-0(6) 2.0936(15)
Sc(1)-0(2) 2.1634(15) Sc(5)-0(8) 2.1065(16)
Sc(1)-0(4) 2.1686(15) Sc(5)-0(9) 2.2247(15)
Sc(1)-0(3) 2.1764(15) Sc(5)-0(4) 2.2511(15)
Sc(2)-0(6) 2.0910(16) Sc(5)-0(1) 2.2544(15)
Sc(2)-0(5) 2.0927(15) Sc(1)-Sc(5) 3.2026(5)
Sc(2)-0(9) 2.1941(14) Sc(1)-Sc(4) 3.2147(5)
Sc(2)-0(1) 2.2638(15) Sc(1)-Sc(3) 3.2160(5)
Sc(2)-0(2) 2.2876(15) Sc(1)-Sc(2) 3.2166(5)
Sc(3)-0(5) 2.0983(15) Sc(2)-Sc(5) 3.1168(5)
Sc(3)-0(7) 2.1064(16) Sc(2)-Sc(3) 3.1297(5)
Sc(3)-0(9) 2.2248(15) Sc(3)-Sc(4) 3.1275(5)
Sc(3)-0(3) 2.2357(15) Sc(4)-Sc(5) 3.1361(6)
Cnt1-Sc(1)-0(1)  112.0 0(9)-Sc(1)-Sc(5) 43.85(4)
Cntl-Sc(1)-0(9)  177.3 0(2)-Sc(1)-S¢(5) 102.19(4)
0(9)-Sc(1)-0(1)  69.16(6) C(4)-Sc(1)-Sc(5) 161.67(5)
O(1)-Sc(1)-0(2)  82.88(6) Sc(5)-Sc(1)-Sc(4) 58.509(1
0(2)-Sc(1)-0(4)  138.78(6) Sc(5)-Sc(1)-Sc(3) 87.425(
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Table 11.3. Ranges of Selected Bond Distances (A) and Angleg)(fbr (GMesH)sSas( -
O)( 3-OH)a( -OH)s [(CeHs)NH]2, 61, (CsMes)sYs( 5-O)( 3-OMek( -OMe), 62

(O'PriSas( 5-0)( 3-O'Pru( -O'Pr), 632 and (OPrkYs( s-O)( 3-O'Prly( -O'Pr), 64.%

61 62 63 64
ionic radius  0.870 1.019 0.745 0.900
(eight-coord.) (eight-coord.) (six-coord.) (six-coord.)
(M)-(Cnt)  2.228- 2.250 2.387-2.425
M-O* - - 1.873(6)-1.890(8)  1.98(4)-2.07(5)
MPL( -0)  2.0910(16)-2.1107(16)  2.209(19)-2.250(20) 62(0)-2.095(7)  2.20(4)-2.31(3)
MPL( ;-O) 2.2357(15)-2.2876(15)  2.395(21)-2.457(19) 2(Z7-2.317(7)  2.38(3)-2.45(4)
M?-( -0) 2.1546(15)-2.1764(15)  2.299(19)-2.348(20) 2(T52.179(7)  2.18(5)-2.32(4)
M-( O)  2.1446(15)-2.2336(14)  2.271(17)-2.414(19) 2(652.193(7)  2.31(4)-2.39(4)
MR- P2 3.2026(5)-3.2166(5) 3.361(5)-3.472(5) 3.183(3)93(8)  3.44(1)-3.47(1)
MPLMmPa 3.1297(5)-3.1361(6) 3.343(5)-3.361(5) 3.059(3)78@)  3.30(1)-3.34(1)

*O: oxygen of the hydroxide and alkoxide, respetyiviggand

The Sc-O bond distances ranging from 2.0910(16376¢15) A (2.183 A av.) in
pentametallic complexs1 can be compared to 2.167(3) and 2.176(3) A (2A7av.) in
(CsMes),Sc(QC)CsHACHs,” in which the scandium atoms are also eight-coatdin The
structure of6l is very regular. The3-OH groups in61 lie closer to the apical scandium
atom, Sc(1), with Sc(1)-O lengths from 2.1546(18)784(15)A. In contrast, the longest Sc-
O bond distances in complé4 are observed in the connections of the basal aoanatoms,
Sc(2)-Sc(5), with the 3-OH groups ranging from 2.2357(15)-2.2876(15) Axpéctedly, the
doubly bridging eight Sc(basal)-QfOH) distances are shorter, lying in the range 20096)
to 2.1107(16) A. The oxygen atom centering thenditan pyramid is closer to the apical
scandium showing a Sc(1)-O(9) bond distance of46(5) A, than to the basal scandium

atoms in which the Sc-O bond distances lie withih921(14)-2.2336(14) A. The metal-
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metal distances between the basal and basal scamdaums are within a range of 3.1297(5)-
3.1361(6) A., thus shorter than the observed SdiStances between the apical and basal
scandium atoms ranging from 3.2026(5)-3.2166(5) A.

In general, the structure of complég is not unusual compared to the pentametallic
yttrium complex62, when the differences in ligands and metals drertanto account. The
(ring centroid)-metal bond distances ranging fron228-2.250 A in complex6l are,
expectedly, smaller than 2.387-2.425 A in com@&x Although all bond distances are, due
to the larger metal yttrium, about 0.1-0.2 A longkan found in compleX1, a similar
progression of the yttrium oxygen distances is nlekwhen compared with the sequence in
complex61l.

A comparison of the Sc-O bond distances in complexn which scandium is eight-
coordinate (ionic radius of 0.870 A), with complég, in which scandium is six-coordinate
(ionic radius of 0.745 A), shows that the observallies are partially very similar, although
the coordination number of the metal is differefihe ranges of Sc-O bond distances between
the basal scandium atoms and thdridging oxygen atoms is in complé&d: 2.2357(15)-
2.2876(15) A and in complesB: 2.277(7)-2.317(7) A. The same progression iblésvhen
the ranges of Sc-O bond distances between thelamaadium atoms and the-bridging
oxygens compared with 2.1546(15)-2.1764(15) A impex 61, and 2.154(7)-2.179(7) A in
63. Differences in lengths between both compounds reticeable when the Sc-O bond
distances of the basal scandium atoms to tf@eare considered: 2.0910(16)-2.1107(16) A is
the range found %1 wheras the range observed68 is with 2.061(7)-2.095(7) A slightly
shorter. The Sc-O bond distance between the apoeaidium and the oxygen centering the
metal pyramid is with 2.1446(15) A in complés shorter than 2.159(6) A in compl&8.
Contrary to this, the Sc-O bond distances betwkerbasal scandium atoms and the oxygen
in the center of the pyramid are in complek with a range of 2.1941(14)-2.2336(14) A

longer than and 2.165(6)- 2.193(7) A range in cax@3. As expected, the Sc-Sc bond
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distances are due to the bulkysk®4H) ligands in61 with 3.1297(5)-3.1361(6) A (between
apical and basal scandium atoms) and 3.2026(558(81 A (between basal scandium atoms)
are much longer than the observed value§3n3.059(3)-3.078(3) A (between apical and
basal scandium atoms) and 3.183(3)-3.203(3) A (@etvbasal scandium atoms).

The comparison of the metrical parameters of corgad€3 and 64 shows that the
M-O distances increase between 0.1-0.2 A when ngogiown the group from scandium to
yttrium. This progression in the M-O bond distaalso recognizable when complegés

and62 are compared with each other.

Conclusion

The reaction of (Me4H),Sc( *-CsHs), 7, with PANHNHPh afforded under exposure
of oxygen/water a pentametallic scandium hydrokster (GMesH)sSa6s( 5-O)( 3-OH)4( -
OH); [(CgHs)NH]2, 61 This complex features a scandium square-pyrdrom@ which is
“centered” by an oxygen atom and there is aM&H) ligand coordinated at each metal
atom. Furthermore, face/edge of this metal pyramidapped with a hydroxo ligand. This
kind of structural feature has been observed beaforbe yttrium complex (€Mes)sYs( s-
0)( -OMe)( -OMe), 622 The structural core 061 resembles also the core of the
scandium propoxide Sc(ORr Structural comparisons betweéh 62 and63 have shown
that the core 061 resembles in some respects the coré3pfalthough in61 the scandium is
eight-coordinate and 163 six-coordinate. Furthermor@l and62 are very similar in terms of
progression in their distances, when the differenice ligands and metals are taken into

consideration.
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Chapter 12

Summary

In this thesis various new scandium complexes, galanth some yttrium and
lanthanide complexes, have been successfully syizgeeand characterized.

The solid scandium metal cluster complex {g6gSc reacted with K€Hs in THF
under dinitrogen to afford an unprecedented moscutcandium nitride complex
[(CsHs)2ScNSc(GHs)(THF)]2, Fig. 12.1a. The reaction of {C§k;,Sc with KGHs in THF
under argon, however, resulted in the isolation aofscandium propoxide complex,
[(CsHs)2Sch[u-O(CsH7)]2, Fig. 12.1b. The mechanism of both of these r@astremains
unclear. However, the remarkable fact is that gk metathesis reaction of the relatively
inert {CSg}l 12Sc proceeded to completion with K in THF at ambient temperature. This
is promising in respect of further investigatiorisolid state compounds with substrates used

typically in organometallic synthesis.

a b

Figure 12.1. Thermal ellipsoid plots ofa) [(CsHs).ScNSc(GHs)(THF)], and ) [(CsHs),Sch[p-O(CsH7)]2,

drawn at the 50% probability level. Hydrogen atares omitted for clarity.

The first reduced dinitrogen complex of scandiurmaswobtained by use of the
tetramethylcyclopentadienyl ancillary ligand s€é€sMesH),Sch(p- % %N.). The synthesis
of its precursor compounds involves the preparatiotine complexes #Me4H).ScCI(THF),

(CsMesH),Sc( 3-CsHs), and [(GMesH),Sc][(u-Ph)BPHh], Figure 12.2a-c.
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a b C

Figure 12.2. Thermal ellipsoid plots of a) (CsMesH),ScCI(THF), b) (CsMesH),Sc( *CaHs), (0)
[(CsMesH),Sc][(u-Ph)BPHR], drawn at the 50% probability level. Hydrogeoras are omitted for clarity.

The reaction of Sc@lwith 2 equiv of KGMesH afforded (GMe4H),ScCI(THF),
which reacted with allylmagnesiumchloride to giv@NlesH).Sc( >-CsHs). This scandium
allyl complex was further reacted with [HNHEBPh,] to yield [(GMesH),Sc][(u-Ph)BPh],
which is structurally different to the analogoustltenide tetraphenylborate complexes. It
shows only one primary Sc-C(phenyl) agostic inteoacbetween the metallocene cation and
the tetraphenylborate anion. The reduction o§M&H).Sc][(u-Ph)BPh] with KCg under

dinitrogen provided the first scandium dinitrogepmplex [(GMesH)>Sch(p- % %N.),

Figure 12.3a.
HOMO LUMO
.
B
a b (L;S¢), (L35¢),1N, N,

Figure 12.3. (a) Thermal ellipsoid plot of [(@MesH),Sch(u- % *N,), drawn at the 50% probability level.
Hydrogen atoms are omitted for clarityb) ( Simplified molecular orbital scheme of f@e,H),Sch(p- % *
N»).

This dinitrogen complex possesses a(lM % %*N,) coordination mode that was

previously found with larger metals and with sobcghitomplexes. The observed N=N bond

distance of 1.239(3) A is consistent with (N2N8nd in good agreement with the optimized
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calculated value of 1.226 A, as determined by dgrenctional theory calculations. These
also explain how this moiety is stabilized by saandvia polar covalent bonding, Figure
12.3b. The size of the dinitrogen complex is samtb the respective oxide complex so that
they can even cocrystallize in a single crystal, eeemplified by the isolation of
{[(C sMesH)-Sch(p- % %No)[(CsMesH),Sch(u-O)}, Figure 12.4a.  Additionally, the
dissolution of [(GMe4H),Sc][(u-Ph)BPR] in THF afforded [(GMe4H).Sc(THF)][BPh,],
Figure 12.4b, whose main structural feature is Hame as for solvated lanthanide

tetraphenylborate complexes.

a b

Figure 12.4.(a) Thermal ellipsoid plot of {[(@ViesH),Sch(u- % *Ny)[(CsMesH),Sch(p-0)}, drawn at the 50%
probability level. ) Ball-and-stick plot of [(@Me;H),Sc(THF)][BPh,]. In (a) and p) the hydrogen atoms are

omitted for clarity.

Since the isolation of the first scandium dinieagcomplex [(@MesH),Sch(p- % %

N>) succeeded, future work can be directed towandsstigations of its reactivity. Due to the
small size of scandium, it is conceivable thatrémctivity of this complex could be different
as compared to lanthanide dinitrogen complexes.

Tetraphenylborate salts of yttrium and the lantlesihave proven to be excellent
precursors for the activation of dinitrogen. Howewheir syntheses require multiple steps.
For this reason, borohydride complexesMEsR).Y(BH,)(THF) (R = H, Me) were tested to
examine their ability to activate dinitrogen. Hoxge, this did not occur, presumably because

the borohydride ligand is bound too strongly teiyth to be eliminated as a KByproduct in
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the reductive (LnZZ /K) reaction. These yttrium borohydride complexasd their scandium
analogues, were prepared by the reaction of theectise trivalent metal chloride, k@lesH

or NaGMes and NaBH in a one-pot synthesis. Through this procedure,
(CsMesR),Y(BH4)(THF) (R=H, Me) and (€Me4H).Sc(BH,), were secured and their
structures determined, Figure 12.5a-c. In thesmptexes the bridging mode of the

borohydride ligand differs due to differences geind size.

a b C

Figure 12.5. Thermal ellipsoid plots of & (CsMes),Y(BH,)(THF), () (CsMesH),Y(BHL)(THF), (©
(CsMeyH),Sc(BH,), drawn at the 50% probability level. Hydrogeroras except the hydrogens of the

borhydride component are omitted for clarity.

Beside these results of borohydride complexes,l@ide contaminated borohydride
of scandium, with 50% chloride and 50% borohydadeupancy, was obtained in one single

crystal, [(GMes),Sc(BH,)(THF)] [(CsMes),Sc(CI)(THF)], Figure 12.6a-c.

a b c

Figure 12.6. (a) Ball-and-stick plot of [(GMes),Sc(BH,)(THF)] [(CsMes),Sc(Cl)(THF)]. Thermal ellipsoid
plots of the scandium borohydride and chloride congmts of [(GMes),Sc(BHy)(THF)]
[(CsMes),Sc(CN(THF)]: b) (CsMes),Sc(BH)(THF), and €) (CsMes),Sc(Cl)(THF), 26, drawn at the 50%
probability level. Hydrogen atoms except the hgnas of the borhydride component are omitted faritgl.
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In addition, the reactivity of the scandium tetrapylborate complex
[(CsMegH).Sc][(u-Ph)BPh] has been examined by its reaction withsKié4H that afforded
(/P-CsMe4sH),Sc(r*-CsMesH). Structure determination gave evidence that ¢bimplex is the
first example of amr*-coordination mode for a ¢®le;H)” ligand bound to a rare-earth metal,

Figure 12.7.

Figure 12.7. Thermal ellipsoid plot of /-CsMesH),Sc(#*-CsMe,H), drawn at the 50% probability level.
Second independent molecolue ofN@,H),Sc(#*-CsMe,H) and hydrogen atoms except for H1A are omitted

for clarity.

The discovery of A°-CsMesH),Sc(-CsMesH) led us to question whether this
complex might react differently compared to t#&-CsMes)sLn analogues for which a variety
of reaction modes has been found. Even if thetimamode might be the same, the products
might be diverse due to the smaller metal. Prelary results have revealed that this complex
shows sigma bond metathesis reactivity towardseatipldichalcogenides. Future work could
be directed to the reactivity of this complex todsaa range of small molecules, such as CO,

CO,, nitriles, and other unsaturated substrates.

The scandium allyl complex {®lesH),Sc(>-CsHs) emerged to be a valuable
precursor for various reactions. In addition te tarmation of [(GMesH).Sc][(u-Ph)BPh],

reaction with 9-BBN (9-borabicyclo[3.3.1]Jnonanedl I, depending on the ancillary ligand
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(CsMes  vs. GMesH), (GCMes).Sc( -H).BCgHiga, and  (GMesH) Sc( -H)2BCgHug,

respectively, Figure 12.8a-b.

a b

Figure 12.8.Thermal ellipsoid plots ofa) (CsMes),Sc( -H),BCgH14 and b) (CsMezH),Sc( -H),BCgH14, drawn
at the 50% probability level. Hydrogen atoms exdhp brigding hydrogens of the BBN component anitted
for clarity.

Structure determination revealed also thafM&).Sc( -H).BCgH14 shows two types
of 9-BBN conformations, Figure 9a, whereasN€;H),Sc( -H).BCgH14 consists of only
one. Oxygen exposure of @e4H),Sc( -H),.BCgH14 yielded (GMesH),Sc( -O)BCgH14,

Figure 12.9b.

a b

Figure 12.9. Thermal ellipsoid plots ofa) (CsMes),Sc( -H),BCgH14, showing both BBN conformers, and) (
(CsMeyH),Sc( -O)BCgH44, drawn at the 50% probability level. Hydrogenmasoexcept the brigding hydrogens

of the BBN component are omitted for clarity.

Furthermore, (€MesH).Sc(3CsHs) was found to be reactive towards
diphenyldichalogenides. It reacted cleanly viaragoond metathesis (SBM) with PhEEPh (E

=S, Se, Te) in toluene to give H@e4H),ScSPh] and (GMesH),ScEPh (E = Se, Te), Figure
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12.10a-c. These products could also be obtained SBM with ¢7-CsMesH),Sc(r'

CsMe4H), but not as cleanly.

a b c

Figure 12.10. Thermal ellipsoid plots of af [(CsMesH),ScSPh], (b) (CsMeysH),ScSePh and cf
(CsMeyH),ScTePh, drawn at the 50% probability level. Hy@dnogtoms are omitted for clarity.

The same reactions were conducted in a mixtuteloeéne and THF and afforded the

solvated (GMesH),SCEPh(THF) (E = S, Se, Te) complexes, Figure 12clla

a b c
Figure 12.11. Thermal ellipsoid plots ofa) (CsMeyH),ScSPh(THF), If) (CsMesH),ScSePh(THF), d)

(CsMeyH),ScTePh(THF), drawn at the 50% probability levelydkbgen atoms are omitted for clarity.

In addition, the reaction of pySSpy withs{@e;H),Sc( >-CsHs) gave the analogous
(CsMegH).ScSpy  product, Figure 12.12a. A remarkable ligaretlistribution of
(CsMe4H)2ScSePh(THF), with loss of coordinated THF, formaduaprecedented trimetallic

scandium selenium cluster complex, {{&;H)Sck[SePh}, Figure 12.12b.
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a b

Figure 12.12. Thermal ellipsoid plot ofg) (CsMe4H),ScSpy, drawn at the 50% probability level. Baltkan
stick plot of b) [(CsMe4H)Sck[SePh}. Hydrogen atoms are omitted for clarity.

The slightly bulkier ligand (§Mes)” containing (GMes),Sc( >-CsHs) was analogously
obtained from the reaction of {fes),ScCI(THF) and @HsMgCl, Figure 12.13a-b.
Reactivity studies of PhTeTePh with si@es),Sc( >-CsHs) resulted in the isolation of a

scandium tellurium cluster complex, {[{Mes)Scli( s-Tek}, Figure 12.13c.

a b c

Figure 12.13. Thermal ellipsoid plot ofd) (CsMes),ScCI(THF) drawn at the 50% probability level. Baiid-
stick plot of b) (CsMes),ScCI(THF) and €) {[(CsMes)Sc)]( »-Te)}. Hydrogen atoms are omitted for clarity.

(CsMesH),Sc( 3-CsHs) is also a suitable precursor to insesONnto the M-C bond to
give a [(GMesH)-Scu-#: /7-ON=NGC;Hs)]> complex, Figure 12.14a. The extension of this

reaction to (@MesH).Y( 3-CsHs) to afford [(GMesH),Y (p-A/P-ON=NCsHs)]», Figure
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12.14b, and to (Mes) M( %-CsHs) (M = Y, La, Sm) to yield [(GMes),M(p-FH-

ON=NG;H5s)]2, Figure 12.14c-e, was successful.

e

Figure 12.14. Thermal ellipsoid plots ofaj [(CsMesH),Scu-A%-ON=NCsHs)]», (b) [(CsMegH),Y (u-A':H-
ON=NGHq)lo,  (€)  [(CsMes),Y(u-#:/7-ON=NCHs)],,  (d)  [(CsMes),;Smu-A:/*-ON=NCHz)l,,  (€)
[(CsMes),La(u-A": H-ON=NC;Hs)],, drawn at the 50% probability level Hydrogen ascame omitted for clarity.

Another insertion into the Sc-C bond of si@,H),Sc( 3-CsHs) proceeded with
'PrN=C=NPr to afford the scandium amidinate complex

(CsMesH),Sc[(Pr)NC(CHCH=CH,)N('Pr)- >N,N7, Figure 12.15.
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Figure 12.15. Thermal ellipsoid plot of (§1esH),Sc[(Pr)NC(CHCH=CH,)N(Pr)- 2N,N], drawn at the 50%
probability level. Hydrogen atoms are omitted dtarity.

Finally, from the attempt to react £@e;H),Sc( >-CsHs) with diphenylhydrazine, the
desired products could not be isolated. Insteadscandium hydroxo cluster complex,

(CsMeqH)sSas( 5-O)( 3-OH)4( 2-OH)4 [(CsHs)NH],, crystallized, Figure 12.16.

Figure 12.16. Thermal ellipsoid plot of (Me;H)sSc( 5-O)( 3-OH)4( »-OH)4 [(CeHs)NH],, drawn at the 50%
probability level. Hydrogen atoms, except thosah&f hydroxo and hydrazine groups, have been ainite

clarity.

The scandium allyl complex, {®le;H).Sc( 3-CsHs), has proven to be an excellent
precursor for various reactions, for instance m efther deprotonate substrates or it can
undergo insertion or SBM reactions. These progerttan be used in future work to

investigate further reactions.
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Chapter 13

Appendix

13.1. Crystallographic Data for [(GHs)>ScNSc(GHs)(THF)] 2, 2
X-ray Data Collection, Structure Solution and Refirent for2.

An orange crystal of approximate dimensions 0.@810 x 0.21 mm was mounted on a glass
fiber and transferred to a Bruker SMART APEX Ilfdiictometer. The APEX2program
package was used to determine the unit-cell paesand for data collection (60 sec/frame
scan time for a sphere of diffraction data). Tae frame data was processed using SAINT
and SADABS to yield the reflection data file. Subsequentcokitions were carried out
using the SHELXTE program. The diffraction symmetry wasmmand the systematic
absences were consistent with the orthorhombicesgemupPbcnthat was later determined
to be correct.

The structure was solved by direct methods andedfion E by full-matrix least-squares
techniques. The analytical scattering factds neutral atoms were used throughout the
analysis. Hydrogen atoms were included using imgidnodel. The molecule was located
about a two-fold rotation axis. There were two ecoles of THF solvent present per dimeric
formula unit.

Least-squares analysis yielded wR2 = 0.1815 andf &0b.031 for 253 variables refined
against 4500 data (0.80A), R1 = 0.0612 for thosk83fata with | > 2.9(1).
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Table 13.1. Atomic coordinates ( x #pand equivalent isotropic displacement parameiiets 10%)
for 2. U(eq) is defined as one third of the tracehefdrthogonalized Utensor.

X y z U(eq)
Sc(1) -1154(1) 1768(1) 9092(1) 31(1)
Sc(2) 233(1) 2398(1) 8951(1) 26(1)
N(1) -587(2) 2230(2) 7835(3) 29(1)
0(1) 873(1) 1644(1) 9827(3) 33(1)
C(1) -1668(3) 2895(3) 9344(8) 76(2)
C(2) -1700(3) 2587(3) 10528(6) 73(2)
C(3) -2121(3) 2053(3) 10425(5) 56(1)
C(4) -2333(2) 2033(3) 9206(6) 60(2)
C(5) -2064(3) 2539(4) 8547(6) 73(2)
C(6) -1621(2) 683(2) 8415(5) 51(1)
C(7) -1011(2) 703(2) 7881(5) 47(1)
C(8) -563(2) 669(2) 8880(5) 46(1)
C(9) -906(2) 642(2) 10069(5) 47(1)
C(10) -1553(2) 639(2) 9770(5) 50(1)
C(11) 756(2) 3074(2) 10712(4) 44(1)
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C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
0(2)

C(20)
C(21)
C(22)
C(23)

104(2)
-22(2)
536(2)
1031(2)
1565(2)
1837(2)
1402(2)
758(2)
1312(2)
922(4)
1047(5)
1684(4)
1842(3)

3249(2)
3568(2)
3594(2)
3287(2)
1674(2)
1108(2)
1105(2)
1274(2)
4590(2)
5135(3)
5442(4)
5258(6)
4683(3)

10712(4) 45(1)
9548(4) 40(1)
8834(4) 37(1)
9539(4) 39(1)
9607(4) 40(1)

10370(5) 43(1)

11539(4) 48(1)

11011(4) 48(1)
6569(4) 68(1)
6698(7) 86(2)
7937(7) 114(3)
8249(10) 154(5)
7414(8) 79(2)

Table 13.2. Anisotropic displacement parameters2(A0?) for 2.

displacement factor exponent takes the fornp?-B2 a*2Ull + ...

The anisotropic
+2 hka*b* 2]

Ull U22 U33 U23 U13 U12

Sc(1) 37(1) 27(1) 29(1) 2(1) 3(1) -4(1)
Sc(2) 27(1) 22(1) 29(1) 2(1) 6(1) 2(1)
N(1) 36(2) 35(2) 17(1) 0(1) -2(1) -18(1)
o(1) 27(1) 32(1) 40(2) 10(1) 4(1) 3(1)
c(1) 43(3) 32(3) 153(7) 13(4) -1(4) 10(2)
c@2) 53(3) 81(4) 83(4) -49(4) -34(3) 43(3)
c@3) 48(3) 58(3) 61(3) 5(3) 19(3) 21(3)
C(4) 36(3) 59(3) 85(4) -20(3) -8(3) 7(2)
C(5) 70(4) 93(5) 56(3) 18(3) -3(3) 40(4)
C(6) 45(3) 37(2) 71(3) -10(2) 12(2) -15(2)
c(7) 50(3) 36(2) 54(3) -11(2) 10(2) -6(2)
C(8) 42(2) 24(2) 72(3) 5(2) 25(2) 4(2)
C(9) 57(3) 27(2) 56(3) 12(2) 18(2) 42)
C(10) 50(3) 32(2) 68(3) 4(2) 29(2) -8(2)
C(11) 59(3) 35(2) 38(2) -4(2) -17(2) 5(2)
C(12) 54(3) 42(2) 38(2) -14(2) 2(2) 9(2)
C(13) 43(2) 28(2) 48(2) -14(2) -9(2) 8(2)
C(14) 50(3) 20(2) 40(2) 1(2) -10(2) -3(2)
C(15) 35(2) 28(2) 54(3) -6(2) 7(2) -3(2)
C(16) 30(2) 43(2) 47(2) 7(2) -2(2) 0(2)
C(17) 37(2) 37(2) 56(3) 9(2) -3(2) 5(2)
C(18) 54(3) 49(3) 41(2) 12(2) -5(2) 11(2)
C(19) 40(2) 51(3) 53(3) 28(2) 7(2) 8(2)
0(2) 92(3) 50(2) 63(2) -5(2) 6(2) 1(2)
C(20)  121(6) 51(3) 87(5) 11(3) 6(4) 28(4)
C(21)  205(10) 63(4) 75(5) -4(4) 24(6) 57(5)
C(22) 69(5) 262(14) 132(8) -123(9) 47(5) -66(7)
C(23) 48(3) 63(4) 127(6) 7(4) 21(4) -6(3)

Table 13.3. Hydrogen coordinates ( x 49and isotropic displacement parameter(£0 3)

for 2.

X y z U(eq)
H(1A) -1465 3332 9152 91
H(2A) -1520 2767 11346 87
H(3A) -2293 1785 11154 67
H(4A) -2687 1742 8883 72
H(5A) -2187 2674 7659 88
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H(6A) -2032 624 7929 61

H(7A) -910 664 6948 56
H(8A) -88 615 8776 55
H(9A) -715 559 10934 56
H(10A) -1911 555 10390 60
H(11A) 998 2890 11459 53
H(12A) -197 3217 11457 54
H(13A) -430 3804 9332 48
H(14A) 596 3853 8027 44
H(15A) 1499 3290 9322 47
H(16A) 1743 2101 9907 48
H(16B) 1665 1621 8685 48
H(17A) 2291 1190 10610 52
H(17B) 1808 686 9893 52
H(18A) 1398 664 11951 57
H(18B) 1544 1439 12174 57
H(19A) 510 867 10831 57
H(19B) 514 1548 11629 57
H(20A) 465 5001 6640 103
H(20B) 1012 5455 6001 103
H(21A) 1007 5930 7880 137
H(21B) 742 5277 8591 137
H(22A) 1715 5132 9164 185
H(22B) 1984 5629 8084 185
H(23A) 2239 4773 6919 95
H(23B) 1911 4281 7939 95

13.2. Crystallographic Data for [(GHs)2Sch[U-O(CsH7)]2, 3
X-ray Data Collection, Structure Solution and Refirent for3.

A brown crystal of approximate dimensions 0.26 300x 0.31 mm was mounted on a
glass fiber and transferred to a Bruker SMART APHEXdiffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (20
sec/frame scan time for a sphere of diffractioraflaiThe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukitions were carried
out using the SHELXTt program. The diffraction symmetry wasmfmand the systematic
absences were consistent with the tetragonal spacg P4,2;2 that was later determined to
be correct.

The structure was solved by direct methods anchedfion E by full-matrix least-
squares techniques. The analytical scatteringf&dor neutral atoms were used throughout
the analysis. Hydrogen atoms were included usindiag model. The molecule was located
on a two-fold rotation axis. Carbon atoms C(11§1Z}, and C(13) were disordered and
included using multiple components with partiaéssccupancy-factors (approx. 0.85/0.15).

At convergence, wR2 = 0.0856 and Goof = 1.078 &6 Lariables refined against

2956 data (0.75A), R1 = 0.0304 for those 2820 détia | > 2.05(I). The absolute structure
was assigned by refinement of the Flack pararheter
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oukrwnE

Table 13.4. Atomic coordinates ( x #pand equivalent isotropic displacement parameiits 10%)
for sd22. U(eq) is defined as one third of tleeérof the orthogonalizediensor.

X y z U(eq)
Sc(1) -3333(2) 6667(1) -5000 22(1)
Sc(2) -1970(1) 8030(1) -5000 21(1)
0(1) -3034(1) 7729(1) -3898(1) 24(1)
C(1) -4206(1) 7540(1) -6736(3) 33(1)
C(2) -4687(1) 7173(1) -5569(3) 37(1)
C(3) -4704(1) 6389(1) -5933(3) 40(1)
C(4) -4213(1) 6244(1) -7302(3) 42(1)
C(5) -3908(1) 6974(1) -7804(2) 35(1)
C(6) -2726(1) 9064(1) -6522(2) 32(1)
C(7) -2049(1) 9435(1) -5861(2) 33(1)
C(8) -1406(1) 9130(1) -6703(2) 32(1)
C(9) -1662(1) 8567(1) -7833(2) 32(1)
C(10) -2476(1) 8538(1) -7738(2) 30(1)
C(11) -3414(1) 7997(2) -2410(3) 30(1)
C(12) -3700(2) 8828(2) -2573(3) 43(1)
C(13) -4088(2) 9101(3) -942(5) 54(1)
C(11A) -3470(9) 8340(9) -3130(30) 41(4)
C(12A) -3706(12) 8062(9) -1540(20) 46(5)
C(13A) -4119(13) 8731(11) -630(30) 43(5)

Table 13.5. Anisotropic displacement parameters2(A®) for sd22. The anisotropic
displacement factor exponent takes the fornp-B2 a*2U1 + ... + 2 h k a* b* U2]

Ull U22 U33 U23 U13 U12
Sc(1) 22(1) 22(1) 22(1) 0(1) 0(1) 2(1)
Sc(2) 22(1) 22(1) 17(1) 0(1) 0(1) -2(1)
0(1) 24(1) 26(1) 21(1) -4(1) 2(1) -1(1)
C(1) 30(1) 32(1) 38(1) 0(1) -13(1) 1(1)
c2) 22(1) 47(1) 43(1) 0(1) -4(1) 3(1)
C(3) 23(1) 44(1) 52(1) 6(1) -10(1) -9(1)
C(4) 41(1) 34(1) 51(1) -14(1) -22(1) 3(1)
C(5) 32(1) 48(1) 25(1) -1(1) -8(1) 0(1)
C(6) 34(1) 29(1) 34(1) 5(1) 1(1) 4(1)
C(7) 47(1) 21(1) 31(1) 0(1) -3(1) 2(1)
C(8) 35(1) 29(1) 33(1) 8(1) 1(2) -6(1)
C(9) 42(1) 32(1) 24(1) 6(1) 4(1) -3(1)
C(10) 39(1) 29(1) 22(1) 6(1) -6(1) -3(1)
C(11) 32(1) 37(1) 22(1) -4(1) 7(1) -2(1)
C(12) 38(1) 48(2) 42(1) ~15(1) 3(1) 7(1)
C(13) 44(2) 67(2) 52(2) -26(2) 6(1) 5(2)
C(11A)  45(8) 23(7) 56(11) -18(8) 8(7) 14(6)
C(12A)  71(11) 31(7) 36(9) 4(6) 13(9) 0(7)
C(13A)  52(10) 33(9) 43(9) -18(8) -9(7) 22(9)
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Table 13.6. Hydrogen coordinates ( x4@nd isotropic displacement parameter(£0 3)
for 3.

X y z U(eq)
H(1A) -4100 8081 -6791 40
H(2A) -4955 7421 -4683 45
H(3A) -4998 6008 -5354 48
H(4A) -4107 5753 -7794 50
H(5A) -3563 7062 -8706 42
H(6A) -3249 9157 -6196 39
H(7A) -2037 9818 -5010 40
H(8A) -881 9281 -6534 39
H(9A) -1342 8260 -8537 39
H(10A) -2804 8214 -8390 36
H(11A) -3046 7963 -1467 36
H(11B) -3861 7653 -2162 36
H(12A) -4080 8862 -3495 51
H(12B) -3257 9173 -2840 51
H(13A) -4269 9638 -1072 82
H(13B) -3710 9075 -33 82
H(13C) -4532 8764 -687 82
H(11C) -3930 8471 -3817 49
H(11D) -3145 8812 -3015 49
H(12C) -3247 7889 -893 55
H(13D) -4297 8551 465 64
H(13E) -4567 8904 -1281 64
H(13F) -3756 9166 -480 64

13.3. Crystallographic Data for (GMe4H).ScCI(THF), 6
X-ray Data Collection, Structure Solution and Refirent for6.

A colorless crystal of approximate dimensions k1823 x 0.24 mm was mounted on
a glass fiber and transferred to a Bruker SMART XPE diffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (25
sec/frame scan time for a sphere of diffractioraflahe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukdtions were carried
out using the SHELXTL program. The diffraction symmetry wasrRand the systematic
absences were consistent with the monoclinic sgem@p P2;/n that was later determined to
be correct.

The structure was solved by direct methods anidegéfon B by full-matrix least-
squares techniques. The analytical scatteringif&idor neutral atoms were used throughout
the analysis. Hydrogen atoms were included usindiiag model.

At convergence, wR2 = 0.0913 and Goof = 1.034284 variables refined against
4923 data (0.76A), R1 = 0.0333 for those 4367 dattal > 2.0s(l).

202



References

1. APEX2 Version 2.2-0 Bruker AXS, Inc.; Madison, V2D07.

2. SAINT Version 7.46a, Bruker AXS, Inc.; Madison, V2D07.

3. Sheldrick, G. M. SADABS, Version 2008/1, Bruker AXI&c.; Madison, WI 2008.

4. Sheldrick, G. M. SHELXTL, Version 2008/3, Bruker &XInc.; Madison, WI 2008.

5. International Tables for X-Ray Crystallography 1992I. C., Dordrecht: Kluwer Academic Publishers.

Table 13.7. Atomic coordinates (x #pand equivalent isotropic displacement paramé#sts 10°) for 6.
U(eq) is defined as one third of the trace ofdtthogonalized Wtensor.

X y z U(eq)
Sc(1) 1329(1) 1313(1) 2386(1) 14(2)
CI(1) 2464(1) 2813(1) 2468(1) 24(1)
0(1) 3520(1) 843(1) 3160(1) 19(1)
C(1) 2783(2) 889(1) 1230(1) 25(1)
C(2) 1679(2) 1527(1) 898(1) 25(1)
C(3) 187(2) 1141(1) 894(1) 29(1)
C(4) 372(2) 262(1) 1199(1) 31(1)
C(5) 1962(2) 117(1) 1424(1) 28(1)
C(6) 4519(2) 989(2) 1302(1) 60(1)
C(7) 2010(4) 2411(1) 522(1) 57(1)
C(8) -1320(3) 1535(2) 493(1) 72(1)
C(9) -860(3) -458(2) 1148(2) 75(1)
C(10) -310(2) 500(1) 3267(1) 20(1)
C(11) 419(2) 1156(1) 3815(1) 23(1)
C(12) -102(2) 2017(1) 3536(1) 24(1)
C(13) -1158(2) 1906(1) 2814(1) 22(1)
C(14) -1301(2) 972(1) 2657(1) 19(1)
C(15) -174(2) -506(1) 3355(1) 27(1)
C(16) 1457(2) 996(2) 4606(1) 36(1)
C(17) 284(2) 2897(1) 3966(1) 39(1)
C(18) -2036(2) 2652(1) 2344(1) 34(1)
C(19) 4815(2) 1412(1) 3520(1) 22(1)
C(20) 5908(2) 789(1) 4054(1) 24(1)
C(21) 5605(2) -119(1) 3636(1) 23(1)
C(22) 3865(2) -92(1) 3383(1) 26(1)

Table 13.8. Anisotropic displacement parameters2(A) for 6. The anisotropic displacement factor
exponent takes the form: pZ h2 a*2U + ... + 2 hk a* b* 2]

Ull U22 U33 U23 Ul3 U12
Sc(1) 13(1) 14(1) 17(1) 1(1) 1(1) 0(1)
cl() 26(1) 15(1) 32(1) 1(1) 4(1) -4(1)
o(1) 15(1) 15(1) 25(1) 1(1) -3(1) -1(1)
c@) 18(1) 38(1) 18(1) -2(1) 3(1) 2(1)
c(2) 35(1) 23(1) 17(1) 2(1) 4(1) 0(1)
c(@3) 22(1) 46(1) 17(1) -4(1) -1(1) 9(1)
C(4) 35(1) 37(1) 22(1) -13(1) 12(1) -17(2)
C(5) 47(1) 21(1) 18(1) 0(1) 7(1) 10(1)
C(6) 19(1) 132(2) 31(1) -13(1) 6(1) 0(1)
c(7) 114(2) 31(1) 28(1) 8(1) 19(1) -12(1)
C(8) 41(1) 146(3) 25(1) -9(1) -8(1) 48(2)
C(9) 92(2) 90(2) 51(1) -46(1) 42(1) 71(2)
C(10) 16(1) 22(1) 22(1) 2(1) 7(1) -1(1)
C(11) 18(1) 32(1) 19(1) 0(1) 5(1) -3(1)
C(12) 22(1) 25(1) 26(1) -7(1) 8(1) -3(1)
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c(13) 17(2) 21(1) 28(1) 0(1) 7(1) 2(1)

c(14) 13(1) 21(1) 22(1) -1(1) 4(1) -2(1)
C(15) 24(1) 22(1) 36(1) 8(1) 9(1) 1(1)
C(16) 29(1) 58(1) 20(1) 4(1) 2(1) -4(1)
c(17) 39(1) 34(1) 45(1) -19(1) 14(1) -9(1)
C(18) 25(1) 26(1) 50(1) 7(1) 8(1) 7(1)
C(19) 18(1) 21(1) 27(1) -3(1) -2(1) -4(1)
C(20) 20(1) 27(1) 24(1) -2(1) -3(1) 0(1)
C(21) 20(1) 24(1) 26(1) 1(1) -1(1) 4(1)
C(22) 23(1) 17(1) 36(1) 4(1) -6(1) 0(1)

Table 13.9. Hydrogen coordinates ( x 49and isotropic displacement parameterx(£0 3) for 6.

X y z U(eq)

H(5A) 2448 -477 1591 34
H(6A) 5015 532 1678 90
H(6B) 4817 1589 1513 90
H(6C) 4859 912 762 90
H(7A) 3042 2623 759 85
H(7B) 1222 2851 633 85
H(7C) 1984 2338 -70 85
H(8A) -1466 1380 -90 107
H(8B) -1293 2191 555 107
H(8C) -2185 1290 753 107
H(9A) -1105 -659 580 112
H(9B) -1801 -214 1339 112
H(9C) 477 -969 1493 112
H(14A) -2125 689 2256 22
H(15A) 504 -653 3861 41
H(15B) 272 -755 2886 41
H(15C) -1208 -766 3374 41
H(16A) 1467 353 4737 53
H(16B) 1064 1336 5046 53
H(16C) 2516 1195 4550 53
H(17A) 53 3393 3577 58
H(17B) 1392 2907 4182 58
H(17C) -341 2963 4417 58
H(18A) -2746 2934 2686 50
H(18B) -2635 2408 1848 50
H(18C) -1299 3103 2193 50
H(19A) 4434 1899 3853 27
H(19B) 5353 1686 3086 27
H(20A) 5653 775 4622 29
H(20B) 7006 976 4060 29
H(21A) 6173 -177 3154 28
H(21B) 5904 -621 4019 28
H(22A) 3560 -496 2911 31
H(22B) 3303 -278 3842 31
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13.4. Crystallographic Data for [(GMesH)>Sc(THF),;][BPhy], 9

Table 13.10. Atomic coordinates ( x #pand equivalent isotropic displacement parameists 10°)
for 9. U(eq) is defined as one third of the tracehefdrthogonalized Utensor.

X y z U(eq)
Sc(1) 2697(1) 5888(1) -546(1) 32(1)
Sc(2) 2280(1) 584(1) 4061(1) 34(1)
0(1) 3269(4) 7239(4) -346(4) 36(2)
0(2) 1970(4) 5963(4) -1750(4) 34(2)
0®3) 1745(4) 671(4) 2812(4) 38(2)
0(4) 3083(4) 1890(4) 4265(4) 46(2)
C(1) 2239(6) 6172(6) 769(6) 40(2)
C(2) 1571(6) 6395(6) 215(6) 41(2)
C(3) 1087(6) 5684(6) -390(6) 39(2)
C(4) 1407(6) 5017(6) -236(6) 38(2)
C(5) 2128(6) 5324(6) 477(6) 36(2)
C(6) 2815(7) 6688(6) 1573(6) 44(2)
C(7) 1382(7) 7232(7) 325(7) 58(3)
C(8) 220(6) 5593(8) -1007(7) 55(3)
C(9) 1010(6) 4133(6) -696(6) 44(2)
C(10) 4095(6) 5505(6) 51(6) 37(2)
C(11) 3505(6) 4737(6) -439(6) 40(2)
C(12) 3348(6) 4765(6) -1249(6) 35(2)
C(13) 3868(5) 5546(5) -1271(6) 32(2)
C(14) 4314(5) 5978(6) -474(6) 36(2)
C(15) 4492(6) 5701(7) 938(6) 43(2)
C(16) 3259(6) 3987(6) -159(6) 41(2)
C(17) 2913(6) 4028(6) -1941(6) 41(2)
C(18) 4026(6) 5807(6) -2004(6) 41(2)
C(19) 3609(6) 7843(6) 435(6) 44(2)
C(20) 3742(7) 8665(7) 234(7) 57(3)
C(21) 3610(6) 8483(6) -663(6) 44(3)
C(22) 3693(6) 7610(6) -882(6) 41(2)
C(23) 1560(6) 6652(6) -1862(6) 43(2)
C(24) 843(8) 6303(7) -2634(7) 61(3)
C(25) 1113(8) 5621(7) -3103(6) 52(3)
C(26) 1633(6) 5295(6) -2466(6) 39(2)
C(27) 1010(6) 1176(6) 4401(6) 38(2)
C(28) 1641(6) 1286(6) 5154(6) 39(2)
C(29) 1638(6) 501(6) 5271(6) 40(2)
C(30) 1031(6) -100(6) 4604(6) 41(2)
C(31) 689(6) 330(7) 4072(6) 48(3)
C(32) 649(7) 1828(8) 4090(8) 61(3)
C(33) 2077(7) 2074(7) 5792(7) 54(3)
C(34) 2084(8) 343(7) 6047(6) 53(3)
C(35) 711(8) -1008(7) 4537(8) 62(3)
C(36) 2585(6) -805(6) 3653(6) 37(2)
C(37) 3129(6) -336(6) 3287(6) 41(2)
C(38) 3801(5) 295(6) 3901(7) 43(2)
C(39) 3667(6) 190(6) 4645(6) 42(3)
C(40) 2920(6) -500(6) 4496(6) 41(2)
C(41) 1883(6) -1603(6) 3221(7) 45(3)
C(42) 3086(7) -572(7) 2391(7) 55(3)
C(43) 4573(7) 864(7) 3741(7) 56(3)
C(44) 4250(7) 642(7) 5500(7) 57(3)
C(45) 2334(7) 1079(7) 2366(7) 54(3)
C(46) 1897(9) 700(9) 1518(8) 80(4)
C(47) 919(7) 431(10) 1467(7) 75(4)
C(48) 858(6) 226(8) 2253(7) 57(3)
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C(49)
C(50)
C(51)
C(52)
B(1)
B(2)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)
C(66)
C(67)
C(68)
C(69)
C(70)
c(71)
c(72)
C(73)
C(74)
C(75)
C(76)
c(77)
C(78)
C(79)
C(80)
c(81)
C(82)
C(83)
C(84)
C(85)
C(86)
C(87)
C(88)
C(89)
C(90)
C(91)
C(92)
C(93)
C(94)
C(95)
C(96)
C(97)
C(98)
C(99)
C(100)
o(5)
C(101)
C(102)
C(103)
C(104)

3974(6)
4353(7)
3539(8)
2739(6)
2601(7)
2236(6)
3166(6)
3205(6)
3711(7)
4208(6)
4209(6)
3694(6)
1789(6)
1573(6)
813(6)
280(6)
457(6)
1205(6)
3348(5)
3741(6)
4417(6)
4699(6)
4348(6)
3681(6)
2027(6)
1768(6)
1184(6)
914(6)
1169(7)
1724(6)
1914(5)
1513(6)
1277(7)
1387(6)
1767(6)
2000(6)
3098(6)
3805(6)
4531(6)
4573(6)
3890(7)
3166(6)
1382(6)
976(6)
322(6)
100(6)
469(7)
1139(6)
2563(6)
1960(6)
2206(7)
3146(7)
3759(7)
3489(6)
3123(7)
3356(9)
3218(10)
2914(9)
3217(9)

2346(7)
3012(7)
3057(7)
2555(6)
985(7)
5273(7)
1345(6)
2091(6)
2381(6)
1916(7)
1161(7)
879(6)
1438(6)
1660(6)
1987(6)
2102(6)
1872(6)
1538(6)
1098(6)
466(7)
592(7)
1327(7)
1961(7)
1848(6)
11(6)
-323(6)

-1103(7)
-1601(7)
-1284(7)

-504(6)
4427(6)
3652(6)
2961(7)
2978(7)
3739(6)
4433(7)
5927(7)
5665(7)
6227(8)
7046(7)
7340(7)
6770(6)
5726(6)
5936(6)
6398(6)
6686(7)
6500(7)
6039(6)
5014(6)
4601(6)
4298(6)
4412(7)
4825(6)
5125(6)
7332(5)
6946(8)
7441(10)
8181(12)
8158(8)

4843(7)
4481(8)
3825(7)
4018(7)
-949(7)
3734(7)
4(6)
498(6)
1297(6)
1646(7)
1161(6)
358(6)

-1178(6)
-1880(6)
-2078(6)
-1559(6)

-865(8)
-665(6)

-1469(5)
-1748(6)
-2170(6)
-2336(6)
-2042(6)
-1619(6)
-1145(6)

-538(7)
-713(8)

-1472(8)
-2077(8)
-1919(7)

2957(6)
3047(6)
2418(6)
1667(6)
1566(7)
2200(6)
3600(6)
3321(7)
3231(7)
3408(7)
3677(6)
3769(6)
3764(6)
3066(7)
3064(8)
3767(8)
4454(8)
4450(7)
4574(6)
4941(6)
5583(6)
5927(7)
5602(6)
4957(6)
7115(5)
6439(8)
5849(8)

6285(11)

7145(8)

55(3)
57(3)
55(3)
43(2)
34(2)
40(3)
38(2)
38(2)
48(3)
49(3)
47(3)
38(2)
35(2)
38(2)
43(2)
44(3)
50(3)
40(2)
32(2)
43(2)
49(3)
48(3)
49(3)
40(2)
36(2)
44(3)
54(3)
54(3)
57(3)
48(3)
39(2)
40(2)
49(3)
47(3)
43(2)
43(2)
43(2)
51(3)
56(3)
52(3)
51(3)
45(3)
41(2)
48(3)
51(3)
53(3)
57(3)
48(3)
41(2)
42(2)
45(3)
51(3)
45(3)
42(2)
80(3)
70(4)
83(5)

105(6)

70(4)
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Table 13.11. Anisotropic displacement parameters2(A®) for 9. The anisotropic
displacement factor exponent takes the fornp?-B2 a*2U11 + ... + 2 h k a* b* 2]

Ull U22 U33 U23 Ul3 U12

Sc(1) 11(1) 40(1) 42(1) 11(1) 3(1) 9(1)
Sc(2) 11(1) 46(1) 43(1) 9(1) 4(1) 9(1)
o(1) 18(3) 45(4) 46(4) 15(3) 6(3) 8(3)
0(2) 17(3) 45(4) 43(4) 16(3) 5(3) 13(3)
0(3) 15(3) 57(4) 44(4) 21(3) 5(3) 8(3)
o(4) 12(3) 49(4) 74(5) 16(4) 7(3) 7(3)
c@) 26(5) 57(7) 44(6) 17(5) 11(4) 20(4)
c(2) 33(5) 51(6) 52(6) 23(5) 15(5) 22(5)
c@3) 18(4) 63(7) 45(6) 30(5) 7(4) 13(4)
C(4) 15(4) 48(6) 45(6) 15(5) 0(4) 2(4)
C(5) 19(4) 46(6) 39(6) 5(5) 3(4) 9(4)
C(6) 54(6) 43(6) 36(6) 8(5) 15(5) 11(5)
c(7) 35(6) 78(8) 65(8) 10(6) 18(5) 26(5)
C(8) 13(4) 98(9) 65(7) 39(6) 11(4) 19(5)
C(9) 28(5) 57(7) 44(6) 12(5) 4(4) 11(4)
C(10) 22(4) 44(6) 37(5) -1(5) -7(4) 17(4)
c(11) 22(4) 48(6) 52(6) 10(5) 7(4) 23(4)
C(12) 30(5) 42(6) 46(6) 25(5) 15(4) 20(4)
C(13) 12(4) 37(5) 52(6) 20(5) 6(4) 10(4)
C(14) 16(4) 33(5) 55(6) 2(5) 6(4) 8(4)
C(15) 23(5) 58(7) 50(6) 18(5) 2(4) 16(4)
C(16) 31(5) 48(6) 53(6) 17(5) 19(4) 17(4)
C(17) 26(5) 49(6) 48(6) 10(5) 7(4) 15(4)
C(18) 13(4) 49(6) 57(6) 16(5) 3(4) 7(4)
C(19) 25(5) 52(6) 48(6) 7(5) 4(4) 6(4)
C(20) 39(6) 61(7) 66(8) 28(6) -1(5) 5(5)
C(21) 12(4) 51(6) 67(7) 18(5) 3(4) 6(4)
C(22) 29(5) 51(6) 49(6) 28(5) 6(4) 11(4)
C(23) 32(5) 47(6) 54(6) 17(5) 6(4) 21(4)
C(24) 48(7) 70(8) 58(7) 5(6) -6(5) 28(6)
C(25) 52(7) 59(7) 32(6) 2(5) -9(5) 16(5)
C(26) 24(5) 44(6) 49(6) 16(5) 4(4) 11(4)
c(27) 19(4) 55(6) 46(6) 14(5) 6(4) 23(4)
C(28) 29(5) 58(7) 39(6) 24(5) 12(4) 16(4)
C(29) 32(5) 57(7) 49(6) 31(5) 20(5) 23(5)
C(30) 34(5) 50(6) 48(6) 21(5) 23(5) 10(5)
C(31) 16(4) 71(8) 49(6) 4(6) 9(4) 4(4)
C(32) 37(6) 86(9) 79(9) 44(7) 23(6) 29(6)
C(33) 48(6) 55(7) 55(7) 0(6) 18(5) 15(5)
C(34) 61(7) 72(8) 49(7) 38(6) 27(5) 33(6)
C(35) 54(7) 57(7) 87(9) 23(7) 44(7) 10(6)
C(36) 21(4) 41(6) 47(6) 9(5) 8(4) 10(4)
C(37) 26(5) 55(6) 42(6) 10(5) 9(4) 12(4)
C(38) 12(4) 58(7) 60(7) 19(5) 7(4) 13(4)
C(39) 11(4) 53(6) 58(7) 13(5) -3(4) 11(4)
C(40) 26(5) 54(6) 42(6) 6(5) 5(4) 14(4)
c(41) 18(4) 44(6) 65(7) 3(5) 8(4) 1(4)
C(42) 41(6) 60(7) 64(7) 2(6) 14(5) 25(5)
C(43) 31(5) 56(7) 81(8) 10(6) 23(5) 11(5)
C(44) 33(5) 63(7) 62(7) 4(6) -7(5) 18(5)
C(45) 42(6) 66(7) 56(7) 18(6) 20(5) 8(5)
C(46) 66(9) 86(10) 68(9) 10(7) 10(7) -10(7)
c(47) 31(6) 148(13) 51(7) 35(8) 2(5) 34(7)
C(48) 9(4) 96(9) 59(7) 21(6) -3(4) 6(5)
C(49) 20(5) 59(7) 67(7) -3(6) -4(5) 5(5)
C(50) 25(5) 54(7) 89(9) 9(6) 21(5) 8(5)
C(51) 54(7) 43(6) 67(8) 14(6) 25(6) 1(5)
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C(52)
B(1)
B(2)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)
C(66)
C(67)
C(68)
C(69)
C(70)
c(71)
C(72)
C(73)
C(74)
C(75)
C(76)
c(77)
C(78)
C(79)
C(80)
C(81)
C(82)
C(83)
C(84)
C(85)
C(86)
C(87)
C(88)
C(89)
C(90)
C(91)
C(92)
C(93)
C(94)
C(95)
C(96)
C(97)
C(98)
C(99)
C(100)
o(5)
C(101)
C(102)
C(103)
C(104)

32(5)
22(5)
6(4)
15(4)
25(5)
43(6)
16(4)
20(5)
20(4)
19(4)
26(4)
35(5)
20(4)
20(5)
22(4)
19(4)
22(5)
27(5)
18(4)
24(5)
24(4)
16(4)
25(5)
25(5)
16(4)
38(6)
26(5)
7(4)
16(4)
34(5)
23(5)
23(5)
31(5)
14(4)
15(4)
12(4)
22(5)
37(6)
19(4)
19(4)
30(5)
17(4)
20(5)
27(5)
29(5)
22(4)
25(5)
45(6)
42(6)
30(5)
23(5)
123(8)
52(7)
68(9)
36(7)
58(8)

41(6)
40(6)
64(8)
56(6)
40(6)
43(6)
71(8)
72(8)
47(6)
44(6)
50(6)
54(6)
50(6)
53(7)
56(6)
46(6)
55(6)
76(8)
81(8)
58(7)
45(6)
41(6)
41(6)
51(7)
45(6)
43(6)
51(7)
63(7)
53(6)
66(7)
66(7)
59(7)
59(7)
61(7)
68(7)
88(9)
61(8)
56(7)
54(7)
50(6)
57(7)
48(6)
51(7)
69(8)
53(6)
54(6)
54(6)
46(6)
60(7)
57(7)
44(6)
61(6)
69(9)
108(12)
177(18)
78(9)

59(7)
38(6)
55(7)
47(6)
45(6)
49(7)
50(7)
55(7)
49(6)
40(6)
40(6)
41(6)
56(7)
86(9)
54(6)
33(5)
61(7)
58(7)
44(6)
54(7)
55(7)
56(6)
64(7)
92(9)
93(10)
64(8)
58(7)
54(6)
47(6)
51(7)
51(7)
52(6)
46(6)
51(6)
64(7)
60(7)
59(7)
52(7)
48(6)
55(7)
52(7)
77(8)
81(9)
76(8)
54(7)
50(6)
49(6)
45(6)
52(7)
48(6)
54(6)
69(6)
79(9)
61(9)
139(15)
85(10)

14(5)
2(5)
22(6)
20(5)
10(5)
8(5)
20(6)
27(6)
13(5)
5(5)
17(5)
10(5)
7(5)
22(6)
25(5)
5(4)
27(5)
22(6)
15(6)
8(5)
15(5)
19(5)
14(5)
21(7)
12(7)
-10(6)
3(6)
30(5)
19(5)
39(6)
23(6)
23(6)
31(6)
13(5)
13(6)
17(6)
13(6)
18(5)
-1(5)
15(5)
17(5)
19(6)
13(6)
13(6)
9(5)
17(5)
15(5)
7(5)
14(6)
14(5)
9(5)
18(5)
-6(8)
16(9)
108(14)
30(8)

13(5)
11(4)
11(4)
10(4)
6(4)
9(5)
2(4)
11(4)
7(4)
9(4)
44)
1(4)
2(4)
22(5)
16(4)
4(4)
14(4)
22(5)
10(4)
10(5)
16(4)
10(4)
8(5)
26(6)
5(5)
-21(6)
2(5)
7(4)
1(4)
4(5)
5(4)
14(4)
7(4)
6(4)
5(4)
2(4)
-2(5)
-1(9)
1(4)
5(4)
4(5)
-11(5)
4(5)
16(5)
-4(5)
8(4)
10(4)
19(5)
10(5)
9(4)
4(4)
33(6)
23(7)
23(7)
23(8)
17(7)

11(4)
11(4)
12(4)
8(4)
1(4)
-2(5)
-6(5)
9(5)
14(4)
11(4)
15(4)
23(5)
12(4)
15(4)
18(4)
18(4)
12(4)
27(5)
11(5)
-7(5)
10(4)
12(4)
5(4)
9(5)
6(4)
11(5)
8(4)
10(4)
2(4)
-1(5)
5(4)
7(4)
10(5)
(4
7(4)
4(3)
-8(5)
-2(5)
3(4)
10(4)
6(5)
8(4)
11(4)
17(5)
13(4)
13(4)
9(4)
8(5)
18(5)
11(5)
8(4)
39(5)
13(6)
-8(8)
39(9)
33(7)
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Table 13.12. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3)
for 9.

X y z U(eq)

H(5A) 2421 4975 782 43
H(6A) 2805 6364 1971 66
H(6B) 2580 7168 1743 66
H(6C) 3440 6870 1532 66
H(7A) 732 7173 112 87

H(7B) 1729 7548 33 87
H(7C) 1561 7520 902 87
H(8A) -296 5315 -838 82

H(8B) 241 5268 -1534 82
H(8C) 151 6138 -1049 82
H(9A) 1138 3780 -338 66
H(9B) 1281 4004 -1154 66
H(9C) 352 4037 -897 66
H(14A) 4798 6503 -311 43
H(15A) 5033 5488 1039 65
H(15B) 4044 5447 1194 65
H(15C) 4660 6299 1167 65
H(16A) 3684 3646 -255 62
H(16B) 2641 3676 -458 62
H(16C) 3289 4144 421 62
H(17A) 3248 3604 -1902 61
H(17B) 2921 4178 -2450 61
H(17C) 2284 3815 -1927 61
H(18A) 4134 5350 -2386 61
H(18B) 4556 6276 -1846 61
H(18C) 3491 5965 -2263 61
H(19A) 4190 7774 732 53
H(19B) 3165 7791 769 53
H(20A) 3294 8958 404 68
H(20B) 4360 9012 513 68
H(21A) 4083 8857 -810 53
H(21B) 3004 8529 -933 53
H(22A) 3376 7331 -1454 49
H(22B) 4338 7591 -793 49
H(23A) 2019 7121 -1901 52
H(23B) 1294 6840 -1406 52
H(24A) 247 6105 -2525 73
H(24B) 793 6726 -2935 73
H(25A) 1504 5815 -3444 62
H(25B) 575 5193 -3455 62
H(26A) 1228 4828 -2362 47
H(26B) 2140 5104 -2645 47
H(31A) 180 70 3576 58

H(32A) 44 1814 4183 91

H(32B) 610 1727 3509 91
H(32C) 1057 2369 4375 91
H(33A) 1709 2146 6185 80
H(33B) 2122 2533 5540 80
H(33C) 2686 2059 6068 80
H(34A) 1771 517 6464 79
H(34B) 2721 653 6222 79
H(34C) 2050 -246 5961 79
H(35A) 306 -1085 4895 94
H(35B) 1236 -1228 4697 94
H(35C) 383 -1298 3977 94
H(40A) 2746 -780 4909 50
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H(41A)
H(41B)
H(41C)
H(42A)
H(42B)
H(42C)
H(43A)
H(43B)
H(43C)
H(44A)
H(44B)
H(44C)
H(45A)
H(45B)
H(46A)
H(46B)
H(47A)
H(47B)
H(48A)
H(48B)
H(49A)
H(49B)
H(50A)
H(50B)
H(51A)
H(51B)
H(52A)
H(52B)
H(54A)
H(55A)
H(56A)
H(57A)
H(58A)
H(60A)
H(61A)
H(62A)
H(63A)
H(64A)
H(66A)
H(67A)
H(68A)
H(69A)
H(70A)
H(72A)
H(73A)
H(74A)
H(75A)
H(76A)
H(78A)
H(79A)
H(80A)
H(81A)
H(82A)
H(84A)
H(85A)
H(86A)
H(87A)
H(88A)
H(90A)
H(91A)
H(92A)
H(93A)

2122
1330
1741
3306
3467
2457
4848
5029
4343
4882
4216
4025
2380
2952
2135
2006
626
616
359
755
4385
3890
4845
4597
3495
3591
2547
2218
2864
3713
4540
4565
3703
1945
677
-214
72
1316
3550
4684
5130
4561
3444
1997
973
562
956
1902
1405
1026
1213
1866
2234
3789
5005
5078
3911
2695
1151
38
-318
282

-1937
-1485
-1904
-1069
-122
-678
546
1142
1273
831
268
1116
1678
991
223
1098
-57
877
415
-373
1977
2583
2875
3543
3631
2815
2886
2336
2431
2908
2101
832
358
1595
2125
2343
1936
1379
-56
155
1393
2485
2300
-10
-1284
-2150
-1611
-318
3611
2448
2493
3780
4946
5096
6036
7418
7910
6968
5758
6507
7023
6675

210

2825
2941
3616
2259
2254
2079
3364
4250
3502
5481
5851
5715
2498
2503
1314
1193
1004
1396
2451
2189
4898
5383
4235
4899
3873
3274
4461
3536
282
1604
2197
1379
44
-2249
-2579
-1682
-507
-173

-1652

-2344
-2650
-2126
-1426
10
-290
-1584
-2621
-2353
3556
2508
1233
1055
2103
3191
3042
3347
3796
3957
2579
2578
3777
4935

68
68
68
83
83
83
84
84
84
85
85
85
65
65
96
96
90
90
69
69
65
65
68
68
66
66
52
52
46
58
58
57
46
45
52
52
60
49
52
59
57
59
48
53
65
65
68
58
48
59
56
51
52
61
67
63
61
53
58
61
63
68



H(94A) 1427 5948 4944 58

H(96A) 1329 4527 4723 51
H(97A) 1761 4017 5799 54
H(98A) 3344 4203 6375 61
H(99A) 4389 4906 5829 54
H(10A) 3940 5420 4757 50
H(10B) 2966 6379 6211 84
H(10C) 3997 6918 6577 84
H(10D) 2746 7115 5354 100
H(10E) 3790 7629 5696 100
H(10F) 3223 8701 6193 126
H(10G) 2248 8103 6116 126
H(10H) 3857 8471 7382 84
H(101) 2834 8394 7474 84

13.5. Crystallographic Data for [(GMesH)>Sch( - % %N,), 10
X-ray Data Collection, Structure Solution and Refirent forl0.

A red crystal of approximate dimensions 0.09 X90x00.18 mm was mounted on a
glass fiber and transferred to a Bruker SMART APEXdiffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (30
sec/frame scan time for a sphere of diffractioraflahe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukdtions were carried
out using the SHELXTL program. The diffraction symmetry wasrRand the systematic
absences were consistent with the monoclinic sgemap P2;/n that was later determined to
be correct.

The structure was solved by direct methods anidegfon B by full-matrix least-
squares techniques. The analytical scatteringif&idr neutral atoms were used throughout
the analysis. Hydrogen atoms, with the exceptiotha@se associated with C(9), were located
from a difference-Fourier map and refined (x,y,d &h,). Hydrogen atoms H(9A), H(9B)
and H(9C) were included using a riding model.

At convergence, wR2 = 0.0885 and Goof = 1.024204 variables refined against
3476 data (0.78A), R1 = 0.0327 for those 2977 déttal > 2.05(l).
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Table 13.13. Atomic coordinates ( x #pand equivalent isotropic displacement paramé#ts 10%) for 10.
U(eq) is defined as one third of the trace ofdhteogonalized Wtensor.

X y z U(eq)
Sc(1) 5860(1) 8664(1) 5802(1) 12(1)
N(1) 4324(2) 9930(1) 5118(1) 16(1)
C(1) 4486(2) 6570(2) 5484(1) 16(1)
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C(2) 5533(2) 6184(2) 6047(1) 16(1)

c@) 7100(2) 6348(2) 5795(1) 16(1)
c(4) 7024(2) 6849(2) 5079(1) 16(1)
C(5) 5412(2) 6966(2) 4888(1) 16(1)
C(6) 2720(2) 6482(2) 5524(1) 20(1)
c@) 5082(2) 5515(2) 6741(1) 21(1)
c(8) 8554(2) 5860(2) 6177(1) 20(1)
C(9) 8424(2) 7146(2) 4606(1) 22(1)
C(10) 5480(2) 9118(2) 7115(1) 15(1)
C(11) 5535(2) 10389(2) 6791(1) 15(1)
C(12) 7068(2) 10574(2) 6503(1) 16(1)
C(13) 7956(2) 9412(2) 6650(1) 16(1)
C(14) 6984(2) 8536(2) 7040(1) 16(1)
C(15) 4096(2) 8581(2) 7529(1) 20(1)
C(16) 4216(2) 11376(2) 6841(1) 20(1)
C(17) 7735(2) 11796(2) 6158(1) 21(1)
C(18) 9670(2) 9218(2) 6465(1) 22(1)

Table 13.14. Anisotropic displacement parameters2(A®) for 10. The anisotropic displacement factor
exponent takes the form: pZ h2 a*2U1+ ... + 2 hk a* b* 2]

Ull U22 U33 U23 U13 U12
Sc(1) 13(1) 14(1) 11(1) -1(1) 0(1) 0(1)
N(1) 19(1) 14(1) 13(1) -4(1) -1(1) 0(1)
c(1) 16(1) 13(1) 18(1) -2(1) 0(1) -1(1)
c(2) 18(1) 12(1) 16(1) 0(1) 1(1) 0(1)
c(@3) 17(1) 14(1) 17(1) -2(1) 0(1) 3(1)
C(4) 16(1) 16(1) 16(1) -3(1) 2(1) 2(1)
C(5) 19(1) 15(1) 14(1) -2(1) -1(1) 0(1)
C(6) 16(1) 22(1) 23(1) 2(1) 0(1) -2(1)
c(7) 24(1) 18(1) 20(1) 3(1) 3(1) -1(1)
C(8) 18(1) 21(1) 22(1) 1(1) -2(1) 4(1)
C(9) 19(1) 28(1) 19(1) 0(1) 6(1) 2(1)
C(10) 17(1) 18(1) 10(1) -2(1) 0(1) -1(1)
c(11) 16(1) 18(1) 11(1) -3(1) -1(1) -1(1)
C(12) 17(1) 19(1) 12(1) -2(1) -2(1) -3(1)
C(13) 15(1) 21(1) 13(1) -3(1) -3(1) 0(1)
C(14) 20(1) 18(1) 11(1) -2(1) -2(1) 1(1)
C(15) 20(1) 22(1) 18(1) 2(1) 4(1) -1(1)
C(16) 20(1) 20(1) 21(1) 0(1) 2(1) 3(1)
c(17) 20(1) 22(1) 21(1) 2(1) 0(1) -4(1)
C(18) 16(1) 29(1) 22(1) -3(1) 0(1) 1(1)

Table 13.15. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3) for 10.

X y z U(eq)
H(9A) 8711 8081 4656 33
H(9B) 8154 6957 4099 33
H(9C) 9315 6591 4755 33
H(5A) 5040(20) 7275(19) 4450(11) 20(5)
H(6A) 2210(30) 7320(30) 5575(13) 44(7)
H(6B) 2390(30) 5890(30) 5893(14) 44(7)
H(6C) 2270(30) 6140(20) 5086(14) 40(6)
H(7A) 5010(30) 4600(30) 6667(13) 41(6)
H(7B) 4030(30) 5830(20) 6902(12) 35(6)
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H(7C) 5800(30) 5650(20) 7121(12) 30(6)

H(8A) 9460(30) 6320(20) 6049(12) 31(6)
H(8B) 8450(30) 5910(20) 6711(13) 38(6)
H(8C) 8790(30) 4930(20) 6054(12) 36(6)
H(14A) 7330(20) 7690(20) 7217(11) 26(5)
H(15A) 4340(20) 7720(20) 7726(12) 27(5)
H(15B) 3870(30) 9160(20) 7949(13) 36(6)
H(15C) 3180(30) 8510(20) 7217(13) 37(6)
H(16A) 4590(20) 12250(20) 6757(12) 30(6)
H(16B) 3380(30) 11250(20) 6497(13) 33(6)
H(16C) 3720(30) 11320(20) 7298(14) 38(6)
H(17A) 7160(20) 12570(20) 6293(11) 27(5)
H(17B) 8800(30) 11920(20) 6308(12) 31(6)
H(17C) 7670(30) 11770(20) 5630(13) 34(6)
H(18A) 10080(30) 8410(20) 6661(12) 32(6)
H(18B) 10340(30) 9920(20) 6656(13) 43(7)
H(18C) 9860(30) 9210(20) 5931(14) 42(7)

13.6. Crystallographic Data for {[(CsMesH)2Sch(u- % *Ny)[(CsMesH)2Sch(u-0)}, 11
X-ray Data Collection, Structure Solution and Refirent forl1.

A gold crystal of approximate dimensions 0.07 880x 0.17 mm was mounted on a
glass fiber and transferred to a Bruker SMART APHXdiffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (60
sec/frame scan time for a sphere of diffractioraflaiThe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukitions were carried
out using the SHELXTt program. The diffraction symmetry wasrand the systematic
absences were consistent with the monoclinic sggoeps Pn and P2/n. It was later
determined that space groBp was correct.

The structure was solved by direct methods anidegfon B by full-matrix least-
squares techniques. The analytical scatteringf&dor neutral atoms were used throughout
the analysis. Hydrogen atoms were included usiridiag model. There were two different
independent molecules present (Z = 2).

Least-squares analysis yielded wR2 = 0.1647 andf G01.012 for 744 variables
refined against 9526 data (0.90A), R1 = 0.0675tlmse 6548 data with | > ZQ). The
absolute structure was assigned by refinementeftack parameter. The data was weak
making it necessary to limit refinement to a retioluof 0.90A.
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Table 13.16. Atomic coordinates ( x #pand equivalent isotropic displacement paramé#its 10%) for 11.
U(eq) is defined as one third of the trace ofdhtbogonalized Wtensor.

X y z U(eq)
Sc(1) 4819(2) 4296(1) 2326(1) 22(1)
Sc(2) 3056(2) 3029(1) 728(1) 22(1)
N(1) 4597(7) 3641(3) 1372(3) 23(2)
N(2) 3308(7) 3678(3) 1675(3) 19(2)
C(1) 5249(9) 5142(4) 1384(4) 26(2)
C(2) 5931(10) 5376(3) 2073(5) 35(2)
C(3) 4778(9) 5498(4) 2577(5) 30(2)
C(4) 3381(9) 5315(4) 2222(5) 30(2)
C(5) 3672(8) 5112(3) 1503(4) 21(2)
C(6) 6049(10) 5001(4) 671(5) 46(2)
C(7) 7579(10) 5545(4) 2157(6) 52(3)
C(8) 4919(10) 5843(4) 3309(5) 43(2)
C(9) 1845(10) 5389(4) 2561(5) 44(2)
C(10) 6875(9) 3710(4) 3030(4) 27(2)
C(11) 6457(10) 4203(4) 3518(5) 36(2)
C(12) 4924(9) 4093(4) 3716(5) 33(2)
C(13) 4447(9) 3537(4) 3353(4) 27(2)
C(14) 5611(8) 3306(4) 2944(4) 23(2)
C(15) 8421(9) 3625(4) 2703(5) 36(2)
C(16) 7529(11) 4675(4) 3870(5) 50(3)
C(17) 4027(12) 4450(5) 4296(5) 53(3)
C(18) 2884(10) 3225(4) 3478(5) 43(2)
C(19) 3245(9) 3562(4) -509(4) 26(2)
C(20) 2107(9) 3105(4) -626(4) 31(2)
C(21) 844(9) 3268(4) -185(5) 33(2)
C(22) 1253(9) 3824(4) 215(4) 28(2)
C(23) 2703(9) 3997(4) 4(4) 28(2)
C(24) 4761(9) 3588(4) -891(5) 35(2)
C(25) 2154(11) 2617(4) -1253(5) 52(3)
C(26) -684(10) 2974(4) -199(5) 49(3)
C(27) 236(10) 4184(4) 736(5) 42(2)
C(28) 4673(9) 2135(4) 1202(4) 25(2)
C(29) 3996(10) 1908(4) 522(4) 33(2)
C(30) 2418(10) 1862(4) 630(5) 37(2)
C(31) 2123(9) 2078(3) 1372(4) 29(2)
C(32) 3501(9) 2230(3) 1705(4) 23(2)
C(33) 6344(10) 2209(4) 1348(5) 46(2)
C(34) 4841(12) 1682(5) -140(5) 53(3)
C(35) 1257(12) 1541(4) 129(5) 58(3)
C(36) 603(9) 2090(4) 1733(5) 46(3)
Sc(3) 999(2) -702(1) 2057(1) 22(1)
Sc(4) 2094(2) -2022(1) 702(1) 24(1)
0(1) 1437(6) -1363(2) 1365(3) 26(1)
C(37) -214(10) 188(4) 1348(5) 33(2)
C(38) 1072(10) 33(3) 951(4) 29(2)
C(39) 2366(10) 177(4) 1389(5) 35(2)
C(40) 1912(11) 447(4) 2078(5) 36(2)
C(41) 314(10) 444(4) 2049(5) 34(2)
C(42) -1816(10) 172(4) 1077(5) 47(2)
C(43) 1114(11) -211(4) 152(4) 44(2)
C(44) 4004(10) 166(5) 1142(6) 60(3)
C(45) 2945(10) 728(4) 2670(5) 45(3)
C(46) 890(9) -1552(4) 3010(4) 29(2)
C(47) 1611(9) -1055(4) 3389(4) 29(2)
C(48) 516(9) -553(4) 3477(4) 32(2)
C(49) -830(9) -746(4) 3124(4) 27(2)
C(50) -610(9) -1370(4) 2834(4) 32(2)
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C(51) 1530(11) -2208(4) 2853(5) 45(2)

C(52) 3162(10) -1055(5) 3759(5) 45(2)
C(53) 762(10) 20(4) 3962(5) 40(2)
C(54) -2329(9) -403(4) 3138(5) 39(2)
C(55) 4659(8) -1804(4) 1234(4) 26(2)
C(56) 4588(8) -2484(4) 1177(5) 27(2)
C(57) 4551(9) -2633(4) 388(5) 32(2)
C(58) 4530(9) -2068(4) -4(5) 31(2)
C(59) 4580(8) -1566(4) 492(5) 33(2)
C(60) 4873(9) -1438(4) 1954(5) 41(2)
C(61) 4689(10) -2957(4) 1811(5) 45(2)
C(62) 4724(10) -3295(4) 95(5) 45(2)
C(63) 4607(10) -2012(5) -856(4) 46(2)
C(64) 443(10) -2167(4) -438(5) 40(2)
C(65) -552(10) -2055(4) 171(6) 43(2)
C(66) -420(9) -2565(4) 686(5) 37(2)
C(67) 626(10) -2990(4) 396(5) 35(2)
C(68) 1133(11) -2763(4) -282(5) 36(2)
C(69) 549(12) -1761(5) -1114(5) 60(3)
C(70) -1612(10) -1497(5) 254(7) 75(4)
c(71) -1365(10) -2657(5) 1356(6) 56(3)
c(72) 1025(11) -3640(4) 741(5) 40(2)

Table 13.17. Anisotropic displacement parameters2(A®) for 11. The anisotropic displacement factor
exponent takes the form: pZ h2 a*2U + ... + 2 hk a* b* 2]

Ull U22 U33 U23 U13 U12
Sc(1) 22(1) 21(1) 23(1) 0(1) 0(1) 1(1)
Sc(2) 31(1) 17(1) 18(1) 2(1) -3(1) 1(1)
N(1) 26(4) 21(4) 23(4) 5(3) -4(3) 2(3)
N(2) 25(4) 13(4) 19(4) 2(3) -4(3) 2(3)
c(1) 33(5) 22(5) 22(5) 6(4) 11(4) 7(4)
c(2) 34(5) 13(4) 56(6) 13(4) -7(4) -9(4)
c@3) 33(5) 25(5) 32(5) -6(4) -1(4) 6(4)
C(4) 31(5) 20(5) 40(6) 0(4) 6(4) -1(4)
C(5) 28(5) 6(4) 28(5) -6(3) -5(4) 4(3)
C(6) 45(6) 44(6) 49(6) 7(5) 18(5) 19(5)
c(7) 32(5) 43(6) 81(8) 19(5) -18(5) -11(4)
C(8) 55(6) 30(5) 44(6) -11(4) -17(5) 4(4)
C(9) 40(6) 57(7) 37(6) 0(5) 13(5) 19(5)
C(10) 28(5) 38(5) 15(4) 0(4) -6(3) 5(4)
c(11) 40(5) 39(6) 26(5) 2(4) -18(4) -1(4)
C(12) 31(5) 26(5) 43(6) -8(4) 10(4) 15(4)
C(13) 34(5) 28(5) 19(4) 5(4) 4(4) 5(4)
C(14) 31(5) 17(4) 19(4) 3(3) -3(4) 0(4)
C(15) 33(5) 39(5) 36(5) 12(4) -5(4) -4(4)
C(16) 67(7) 28(6) 54(7) -1(5) -32(5) 4(5)
c(17) 80(7) 59(7) 21(5) -2(5) 2(5) 27(6)
C(18) 42(5) 52(6) 35(5) 11(5) 16(4) 6(5)
C(19) 29(5) 30(5) 19(4) 12(4) 2(4) 3(4)
C(20) 46(6) 17(5) 29(5) 5(4) -7(4) 0(4)
C(21) 32(5) 34(5) 32(5) 7(4) -6(4) -4(4)
C(22) 31(5) 34(5) 18(4) 10(4) 2(4) 8(4)
C(23) 39(5) 28(5) 15(4) 2(4) -8(4) 2(4)
C(24) 31(5) 43(6) 31(5) 3(4) 2(4) 6(4)
C(25) 84(8) 46(6) 25(5) -1(4) -19(5) 0(5)
C(26) 47(6) 48(6) 51(6) 22(5) -12(5) -8(5)
c(27) 48(6) 43(6) 37(5) 16(4) 5(4) 16(5)
C(28) 30(5) 19(5) 26(5) 9(4) -4(4) 6(4)
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C(29) 59(6) 12(4) 28(5) -6(4) 3(4) 6(4)

C(30) 50(6) 25(5) 34(5) 1(4) -16(4) -10(4)
C(31) 45(5) 14(4) 29(5) 14(4) 3(4) 0(4)
C(32) 37(5) 13(4) 19(4) 5(3) -1(4) 4(4)
C(33) 49(6) 50(6) 39(6) -2(5) -3(5) 7(5)
C(34) 88(8) 45(6) 27(5) -7(5) 0(5) 23(6)
C(35) 90(8) 30(6) 52(7) 4(5) -29(6) -20(5)
C(36) 40(6) 31(6) 67(7) 15(5) -7(5) -8(4)
Sc(3) 27(1) 21(1) 19(1) 2(1) 4(1) 1(1)
Sc(4) 23(1) 26(1) 23(1) -3(1) 2(1) 1(1)
o(1) 39(3) 16(3) 22(3) -1(2) 8(2) 7(2)
C(37) 42(5) 29(5) 29(5) 4(4) 2(4) -6(4)
C(38) 50(6) 11(4) 24(5) -1(4) 0(4) 5(4)
C(39) 44(5) 19(5) 45(6) 15(4) 16(5) -6(4)
C(40) 52(6) 25(5) 33(5) 7(4) 6(4) -8(4)
c(41) 35(5) 26(5) 42(6) 5(4) 8(4) 3(4)
C(42) 52(6) 38(6) 51(6) 0(5) -14(5) 10(5)
C(43) 74(7) 34(5) 24(5) -1(4) 10(5) -2(5)
C(44) 51(6) 42(6) 88(8) 32(6) 25(6) -6(5)
C(45) 56(6) 33(6) 46(6) 1(5) -11(5) -20(5)
C(46) 37(5) 29(5) 22(5) 2(4) 6(4) 0(4)
C(47) 35(5) 46(6) 8(4) 4(4) 9(4) 0(4)
C(48) 37(5) 34(5) 27(5) 1(4) 8(4) -1(4)
C(49) 33(5) 31(5) 19(4) -1(4) 2(4) -5(4)
C(50) 35(5) 40(6) 23(5) -2(4) 13(4) -18(4)
C(51) 68(7) 25(5) 42(6) 4(4) 4(5) 3(5)
C(52) 44(6) 57(7) 35(6) 3(5) -3(4) -2(5)
C(53) 48(6) 41(6) 32(5) -10(4) 3(4) 2(4)
C(54) 43(6) 44(6) 31(5) -9(4) 15(4) -4(5)
C(55) 12(4) 36(5) 31(5) 2(4) -1(4) 0(4)
C(56) 8(4) 31(5) 41(5) 7(4) -6(4) 1(3)
C(57) 21(4) 38(6) 37(5) 3(4) 5(4) 0(4)
C(58) 23(4) 36(5) 36(5) 1(4) 11(4) 4(4)
C(59) 16(4) 46(6) 36(5) 14(5) 4(4) 0(4)
C(60) 31(5) 49(6) 42(6) -7(5) -11(4) -9(4)
C(61) 30(5) 57(7) 48(6) 18(5) 2(4) 3(5)
C(62) 45(6) 42(6) 49(6) 2(5) 11(5) 13(5)
C(63) 50(6) 60(7) 28(5) 11(5) 17(4) 10(5)
C(64) 38(5) 47(6) 34(5) -6(5) -15(4) -6(4)
C(65) 37(5) 24(5) 67(7) -12(5) -22(5) 0(4)
C(66) 19(5) 37(6) 55(6) -15(5) -3(4) -7(4)
C(67) 34(5) 40(6) 31(5) 5(4) -4(4) -13(5)
C(68) 62(6) 18(5) 29(5) -5(4) 2(4) 7(4)
C(69) 80(8) 52(7) 46(7) 5(5) -24(6) 12(6)
C(70) 21(5) 71(8) 133(11) -43(8) -17(6) 10(5)
C(71) 38(6) 55(7) 77(8) -20(6) 5(5) -4(5)
c(72) 62(6) 15(5) 42(6) -1(4) -6(5) 2(4)

Table 13.18. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3) for 11.

X y z U(eq)
H(5A) 2882 5028 1105 25
H(6A) 5396 5119 243 69
H(6B) 6281 4546 646 69
H(6C) 6992 5245 659 69
H(7A) 7769 5944 1893 79
H(7B) 8193 5206 1943 79
H(7C) 7849 5595 2687 79
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H(8A)

H(8B)

H(8C)

H(9A)

H(9B)

H(9C)

H(14A)
H(15A)
H(15B)
H(15C)
H(16A)
H(16B)
H(16C)
H(17A)
H(17B)
H(17C)
H(18A)
H(18B)
H(18C)
H(23A)
H(24A)
H(24B)
H(24C)
H(25A)
H(25B)
H(25C)
H(26A)
H(26B)
H(26C)
H(27A)
H(27B)
H(27C)
H(32A)
H(33A)
H(33B)
H(33C)
H(34A)
H(34B)
H(34C)
H(35A)
H(35B)
H(35C)
H(36A)
H(36B)
H(36C)
H(41A)
H(42A)
H(42B)
H(42C)
H(43A)
H(43B)
H(43C)
H(44A)
H(44B)
H(44C)
H(45A)
H(45B)
H(45C)
H(50A)
H(51A)
H(51B)
H(51C)

4559
5982
4309
1402
1953
1184
5624
9059
8887
8318
7954
6983
8349
3756
3104
4644
2962
2567
2136
3195
4598
5405
5255
2218
1233
3041
-1455
-816
-790
-42
772
-682
3658
6638
6591
6894
5529
5427
4122
1008
1666
341
162
-70
728
-342
-1988
-2485
-2034
2039
228
1102
4259
4131
4676
3608
3562
2339
-1430
1012
2615
1374

6280
5847
5626
5796
5378
5041
2879
3372
4042
3406
4500
5069
4765
4159
4624
4798
2933
2988
3555
4414
3546
3240
3995
2836
2357
2342
3309
2727
2693
4594
4255
3935
2329
1980
2660
2033
1337
2034
1526
1124
1488
1803
1663
2385
2231
654
510
237
-241
-61
-53
-677
577
-171
85
1043
390
933
-1659
-2524
-2213
-2309

217

3246
3479
3681
2405
3106
2391
2699
3045
2629
2221
4337
3975
3528
4698
4060
4503
3904
3029
3580
127
-1432
-708
-780
-1734
-1250
-1178
-232
258
-634
511
1214
819
2247
1806
1406
927
12
-343
-523
335
-370
96
1720
1461
2253
2422
708
1498
846
-82
-132
154
921
772
1576
2444
2900
3052
2644
3156
2979
2322

65
65
65
67
67
67
27
54
54
54
76
76
76
79
79
79
64
64
64
33
53
53
53
78
78
78
74
74
74
64
64
64
27
69
69
69
80
80
80
87
87
87
69
69
69
41
70
70
70
66
66
66
90
90
90
68
68
68
39
68
68
68



H(52A) 3064 -1054 4303 68

H(52B) 3716 675 3607 68
H(52C) 3716 -1435 3608 68
H(53A) 256 -43 4437 60
H(53B) 341 395 3709 60
H(53C) 1849 81 4058 60
H(54A) -2998 -618 3485 59
H(54B) -2796 -403 2636 59
H(54C) -2163 37 3302 59
H(59A) 4765 -1113 351 39
H(60A) 5935 1311 2015 61
H(60B) 4592 -1708 2375 61
H(60C) 4229 -1059 1940 61
H(61A) 5511 -3258 1723 68
H(61B) 3730 -3189 1840 68
H(61C) 4890 2732 2282 68
H(62A) 5801 -3390 39 67
H(62B) 4197 -3331 -391 67
H(62C) 4287 -3597 446 67
H(63A) 5667 -2013 -1002 68
H(63B) 4123 -1615 -1020 68
H(63C) 4078 -2373 -1090 68
H(68A) 1778 -3006 -633 43
H(69A) -315 -1847 -1452 90
H(69B) 1492 -1856 -1368 90
H(69C) 541 -1313 -967 90
H(70A) -2641 -1653 331 113
H(70B) -1600 -1237 -200 113
H(70C) -1281 -1240 684 113
H(71A) -2321 -2863 1207 84
H(71B) -1576 -2243 1583 84
H(71C) -819 -2926 1720 84
H(72A) 99 -3849 904 60
H(72B) 1717 -3579 1172 60
H(72C) 1515 -3905 368 60

13.7. Crystallographic Data for (GMe4H).Y(BH 4)(THF), 20
X-ray Data Collection, Structure Solution and Refirent for20.

A colorless crystal of approximate dimensions k1112 x 0.28 mm was mounted on
a glass fiber and transferred to a Bruker SMART KPE diffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (30
sec/frame scan time for a sphere of diffractioraflaiThe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukitions were carried
out using the SHELXTE program. There were no systematic absences ryodigraction

symmetry other than the Friedel condition. Thetweymmetric triclinic space groulBi
was assigned and later determined to be correct.

The structure was solved by direct methods anideefon B by full-matrix least-
squares techniques. The analytical scatteringifsidr neutral atoms were used throughout
the analysis. There were two molecules of the tdanunit present (Z = 4). Hydrogen atoms
H(1)-H(8) were located from a difference-Fourierpmand refined (x,y,z and dd. The
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remaining hydrogen atoms were included using angidnodel. Carbon atoms C(42) and
C(43) were disordered and included using multigimponents with partial site-occupancy-
factors.

At convergence, wR2 = 0.0666 and Goof = 1.018 €8 variables refined against 10477 data
(0.75A), R1 = 0.0274 for those 8804 data with 1.6s2l).
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Table 13.19. Atomic coordinates ( x #pand equivalent isotropic displacement paraméiits 10%) for 20.
U(eq) is defined as one third of the trace ofdhtbogonalized Wtensor.

X y z U(eq)
Y(1) 4820(1) 2520(1) 4913(1) 12(1)
0(1) 6627(1) 1798(1) 4220(1) 18(1)
B(1) 2777(2) 1600(1) 4862(1) 19(2)
C(1) 4485(2) 1984(1) 6622(1) 18(1)
C(2) 5552(2) 1288(1) 6548(1) 16(1)
C(3) 6976(2) 1620(1) 6204(1) 17(1)
C(4) 6787(2) 2516(1) 6071(1) 20(1)
C(5) 5254(2) 2737(1) 6332(1) 20(1)
C(6) 2873(2) 1910(1) 7013(1) 26(1)
C(7) 5296(2) 341(1) 6882(1) 22(1)
C(8) 8479(2) 1084(1) 6107(1) 25(1)
C(9) 8052(2) 3100(1) 5792(1) 30(1)
C(10) 3143(2) 4095(1) 4443(1) 17(1)
C(11) 2821(2) 3832(1) 3774(1) 16(1)
C(12) 4221(2) 3789(1) 3301(1) 17(1)
C(13) 5401(2) 4045(1) 3666(1) 18(1)
C(14) 4729(2) 4228(1) 4370(1) 17(1)
C(15) 1971(2) 4272(1) 5066(1) 24(1)
C(16) 1252(2) 3701(2) 3543(1) 24(1)
C(17) 4340(2) 3564(1) 2521(1) 25(1)
C(18) 6965(2) 4274(1) 3282(1) 25(1)
C(19) 6475(2) 949(1) 4198(1) 23(1)
C(20) 7795(2) 787(1) 3628(1) 21(1)
C(21) 9057(2) 1246(1) 3788(1) 23(1)
C(22) 8098(2) 2070(1) 3808(1) 21(1)
Y(2) 1040(1) 7321(1) 192(1) 13(1)
0(2) 2141(2) 8231(1) 700(1) 20(1)
B(2) -1706(3) 8023(2) 421(2) 24(1)
C(23) 573(2) 7359(1) -1362(1) 18(1)
C(24) 185(2) 8250(1) -1489(1) 18(1)
C(25) 1573(2) 8558(1) -1388(1) 18(1)
C(26) 2840(2) 7859(1) -1220(1) 18(1)
C(27) 2208(2) 7123(1) -1202(1) 18(1)
C(28) -545(2) 6793(1) -1446(1) 26(1)
C(29) -1398(2) 8799(1) -1778(1) 24(1)
C(30) 1672(2) 9490(1) -1518(1) 24(1)
C(31) 4562(2) 7920(1) -1234(1) 25(1)
C(32) 372(2) 5739(1) 1199(1) 18(1)
C(33) 885(2) 6031(1) 1807(1) 19(1)
C(34) 2505(2) 6094(1) 1668(1) 20(1)
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C(35) 2996(2) 5850(1) 972(1) 18(1)

C(36) 1672(2) 5627(1) 690(1) 18(1)
C(37) -1257(2) 5549(1) 1135(1) 24(1)
C(38) -46(3) 6149(1) 2542(1) 27(1)
C(39) 3554(2) 6276(1) 2242(1) 26(1)
C(40) 4647(2) 5757(1) 661(1) 25(1)
c(41) 1353(2) 8595(1) 1296(1) 28(1)
C(42) 2466(4) 9199(3) 1356(3) 26(1)
C(43) 4071(4) 8715(3) 1273(2) 25(1)
C(42B) 2507(8) 8878(6) 1667(6) 30(2)
C(43B) 3679(9) 9158(6) 964(5) 35(2)
C(44) 3746(2) 8426(1) 574(1) 26(1)

Table 13.20. Anisotropic displacement parameters2(A®) for 20. The anisotropic displacement factor
exponent takes the form: p h2 a*2U1+ ... + 2 hk a* b* 2]

Ull U22 U33 U23 U13 U12
Y1) 11(1) 13(1) 13(1) 5(1) 0(1) 2(1)
o(1) 18(1) 17(1) 21(1) -11(1) 3(1) -3(1)
B(1) 18(1) 20(1) 20(1) 7(1) -1(1) -8(1)
c(1) 19(1) 22(1) 12(1) -6(1) -1(1) -2(1)
C(2) 16(1) 18(1) 12(1) -4(1) -2(1) -3(1)
c@3) 14(1) 24(1) 13(1) -6(1) -2(1) -3(1)
C(4) 20(1) 24(1) 14(1) -6(1) -4(1) 7(1)
C(5) 26(1) 22(1) 15(1) -11(1) -3(1) -3(1)
C(6) 22(1) 34(1) 20(1) -8(1) 6(1) -3(1)
c(7) 23(1) 20(1) 21(1) -4(1) -2(1) -6(1)
C(8) 17(1) 33(1) 21(1) -8(1) -3(1) 3(1)
C(9) 32(1) 34(1) 24(1) -8(1) -4(1) -17(1)
C(10) 15(1) 14(1) 20(1) -6(1) 1(1) 0(1)
C(11) 15(1) 13(1) 18(1) -3(1) -2(1) 0(1)
C(12) 18(1) 15(1) 14(1) -2(1) 0(1) 0(1)
C(13) 16(1) 13(1) 20(1) -3(1) 2(1) 0(1)
C(14) 17(1) 11(1) 22(1) -6(1) -1(1) -2(1)
C(15) 22(1) 23(1) 28(1) -12(1) 5(1) 1(1)
C(16) 17(1) 24(1) 27(1) 7(1) -6(1) -1(1)
C(17) 32(1) 25(1) 15(1) -6(1) 1(1) -1(1)
C(18) 18(1) 20(1) 31(1) -3(1) 6(1) -3(1)
C(19) 25(1) 18(1) 32(1) -15(1) 5(1) -6(1)
C(20) 25(1) 22(1) 19(1) -11(1) 2(1) -2(1)
C(21) 21(1) 26(1) 24(1) -12(1) 4(1) -3(1)
C(22) 21(1) 23(1) 23(1) -11(1) 8(1) -9(1)
Y(2) 13(1) 15(1) 13(1) -6(1) 0(1) -1(1)
0(2) 18(1) 22(1) 22(1) -14(1) 1(1) -2(1)
B(2) 14(1) 31(1) 25(1) -13(1) 3(1) 2(1)
C(23) 21(1) 22(1) 12(1) -8(1) 0(1) -2(1)
C(24) 18(1) 21(1) 12(1) -5(1) 0(1) 1(1)
C(25) 20(1) 18(1) 13(1) -4(1) 2(1) -2(1)
C(26) 17(1) 23(1) 14(1) -8(1) 3(1) -3(1)
C(27) 20(1) 21(1) 14(1) -9(1) 1(1) 2(1)
C(28) 29(1) 30(1) 25(1) -15(1) -5(1) -5(1)
C(29) 22(1) 25(1) 21(1) -6(1) -4(1) 3(1)
C(30) 29(1) 19(1) 22(1) -6(1) 3(1) -6(1)
C(31) 18(1) 33(1) 26(1) -13(1) 6(1) -4(1)
C(32) 22(1) 15(1) 17(1) -5(1) 1(1) -4(1)
C(33) 26(1) 15(1) 15(1) -4(1) 0(1) -3(1)
C(34) 26(1) 15(1) 16(1) -4(1) -6(1) 0(1)
C(35) 18(1) 13(1) 19(1) -4(1) -4(1) 2(1)
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C(36) 22(1) 14(1) 19(1) 7(1) -1(1) -2(1)

C(37) 24(1) 26(1) 27(1) -12(1) 5(1) -9(1)
C(38) 40(1) 24(1) 17(1) -8(1) 5(1) -6(1)
C(39) 32(1) 21(1) 22(1) 7(1) -10(1) -1(1)
C(40) 19(1) 21(1) 33(1) -10(1) -3(1) 2(1)
C(41) 28(1) 33(1) 30(1) -22(1) 2(1) 0(1)
C(44) 20(1) 34(1) 28(1) 17(1) 1(1) -9(1)

Table 13.21. Hydrogen coordinates ( x 90and isotropic displacement parameter¥(£0 3) for 20.

X y z U(eq)
H(1) 2420(30) 2124(15) 5148(15) 36(6)
H(2) 3220(20) 1964(14) 4166(14) 28(6)
H(3) 3790(30) 1174(15) 5249(15) 37(6)
H(4) 1870(30) 1246(15) 4861(15) 39(7)
H(5A) 4870 3286 6424 23
H(6A) 2967 1641 7648 40
H(6B) 2349 1543 6818 40
H(6C) 2258 2498 6825 40
H(7A) 5633 35 7492 33
H(7B) 5906 58 6536 33
H(7C) 4181 315 6834 33
H(8A) 9055 812 6662 38
H(8B) 9118 1468 5659 38
H(8C) 8243 623 5936 38
H(9A) 8871 2876 6243 45
H(9B) 7599 3701 5706 45
H(9C) 8505 3101 5246 45
H(14A) 5224 4524 4678 21
H(15A) 1263 4818 4753 36
H(15B) 2522 4331 5528 36
H(15C) 1364 3781 5321 36
H(16A) 872 4187 2995 36
H(16B) 509 3690 4006 36
H(16C) 1352 3143 3478 36
H(17A) 3706 4028 2042 38
H(17B) 3957 3002 2669 38
H(17C) 5436 3515 2342 38
H(18A) 6869 4908 2922 38
H(18B) 7315 3948 2921 38
H(18C) 7730 4116 3750 38
H(19A) 5447 975 3948 28
H(19B) 6576 474 4790 28
H(20A) 7470 1051 3008 25
H(20B) 8157 150 3808 25
H(21A) 9614 882 4348 27
H(21B) 9825 1388 3311 27
H(22A) 8646 2304 4150 26
H(22B) 7904 2530 3212 26
H(5) -910(30) 8525(15) 48(15) 36(6)
H(6) -1190(30) 7653(16) 1107(16) 45(7)
H(7) -1610(30) 7540(15) 119(15) 40(7)
H(8) -2860(30) 8330(17) 445(17) 56(8)
H(27A) 2840 6572 -1202 22
H(28A) -739 6945 -2062 39
H(28B) -1535 6893 -1166 39
H(28C) -88 6171 -1163 39
H(29A) -1307 9281 -2347 36
H(29B) -1779 9043 -1353 36
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H(29C) -2135 8430 -1821 36

H(30A) 1160 9900 -2069 36
H(30B) 2774 9570 -1530 36
H(30C) 1147 9607 -1039 36
H(31A) 4951 8072 -1828 38
H(31B) 5130 7353 -846 38
H(31C) 4726 8377 -1039 38
H(36A) 1710 5311 297 22
H(37A) -1373 4960 1570 37
H(37B) -1429 5578 553 37
H(37C) -2028 5987 1241 37
H(38A) 229 5630 3084 41
H(38B) -1166 6221 2419 41
H(38C) 194 6673 2602 41
H(39A) 3793 5747 2780 39
H(39B) 3023 6761 2383 39
H(39C) 4528 6439 1937 39
H(40A) 5243 5212 1073 37
H(40B) 5136 6261 620 37
H(40C) 4638 5738 88 37
H(41A) 1213 8122 1873 34
H(41B) 316 8934 1061 34
H(42A) 2267 9792 878 32
H(42B) 2366 9255 1920 32
H(43A) 4877 9112 1094 30
H(43B) 4407 8206 1823 30
H(42C) 2990 8389 2196 37
H(42D) 2040 9374 1816 37
H(43C) 4711 9146 1201 42
H(43D) 3326 9755 519 42
H(44A) 3856 8900 7 31
H(44B) 4485 7896 623 31

13.8. Crystallographic Data for (GMes),Y(BH4)(THF), 21

X-ray Data Collection, Structure Solution and Refirement for 21

A colorless crystal of approximate dimensions k1823 x 0.27 mm was mounted on
a glass fiber and transferred to a Bruker SMART KPE diffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (25
sec/frame scan time for a sphere of diffractioraflaiThe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukitions were carried
out using the SHELXTE program. There were no systematic absences ryodigraction

symmetry other than the Friedel condition. Thetweymmetric triclinic space groulBi
was assigned and later determined to be correct.

The structure was solved by direct methods andhedfion E by full-matrix least-squares
techniques. The analytical scattering factds neutral atoms were used throughout the
analysis. Hydrogen atoms H(1)-H(8) were locatednfi difference-Fourier map and refined
(x,y,z and Uy). The remaining hydrogen atoms were includedgiainding model.

At convergence, wR2 = 0.0766 and Goof = 1.044589 variables refined against
10240 data, R1 = 0.0324 for those 8393 data watl2.105(1).
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Table 13.22. Atomic coordinates ( x #pand equivalent isotropic displacement paraméiits 108) for 21.
U(eq) is defined as one third of the trace ofdhtbogonalized Wtensor.

X y z U(eq)

Y(1) 6269(1) 7461(1) 4883(1) 14(1)
0(1) 7957(2) 6340(1) 5911(1) 20(1)
B(1) 3805(4) 6510(2) 5500(2) 28(1)
C(1) 5575(3) 8115(2) 5949(2) 27(1)
C(2) 4665(3) 8639(2) 5234(2) 27(1)
C(3) 5699(3) 9132(2) 4585(2) 22(1)
C(4) 7250(3) 8900(2) 4900(2) 21(1)
C(5) 7155(3) 8278(2) 5743(2) 24(1)
C(6) 4952(4) 7592(2) 6816(2) 51(1)
C(7) 2908(3) 8757(2) 5184(3) 56(1)
C(8) 5178(4) 9891(2) 3767(2) 39(1)
C(9) 8730(3) 9324(2) 4477(2) 38(1)
C(10) 8504(4) 7965(2) 6351(2) 46(1)
C(11) 7477(3) 6634(2) 4024(1) 19(1)
C(12) 5899(3) 6882(2) 3755(1) 19(1)
C(13) 5736(3) 7817(2) 3320(1) 18(1)
C(14) 7212(3) 8145(2) 3306(1) 18(1)
C(15) 8292(3) 7412(2) 3760(1) 18(1)
C(16) 8168(3) 5699(2) 4441(2) 28(1)
C(17) 4667(3) 6272(2) 3805(2) 29(1)
C(18) 4262(3) 8345(2) 2878(2) 27(1)
C(19) 7694(3) 9058(2) 2732(2) 30(1)
C(20) 10041(3) 7481(2) 3771(2) 27(1)
C(21) 9670(3) 6278(2) 5891(1) 23(1)
C(22) 10173(3) 5665(2) 6773(2) 30(1)
C(23) 8853(3) 5039(2) 7089(2) 32(1)
C(24) 7420(3) 5646(2) 6696(2) 32(1)
Y(2) 1094(1) 2481(1) 183(1) 13(1)

0(2) 2712(2) 3584(1) -780(1) 19(1)
B(2) -1480(4) 3583(2) -223(2) 25(1)

C(25) -373(3) 1925(2) -746(1) 18(1)
C(26) -235(3) 1199(2) 58(1) 18(1)

C(27) 1371(3) 906(1) 198(1) 18(1)
C(28) 2229(3) 1461(2) -512(1) 19(2)
C(29) 1146(3) 2093(2) -1098(1) 18(1)
C(30) -1873(3) 2363(2) -1203(2) 25(1)
C(31) -1557(3) 757(2) 637(2) 27(1)
C(32) 2026(3) 39(2) 874(2) 26(1)

C(33) 3930(3) 1264(2) -662(2) 27(1)
C(34) 1478(3) 2781(2) -1966(1) 23(1)
C(35) 1405(3) 3050(2) 1322(1) 24(1)
C(36) 555(3) 2280(2) 1708(1) 23(1)
C(37) 1579(3) 1550(2) 1811(1) 20(1)
C(38) 3054(3) 1876(2) 1465(1) 18(1)
C(39) 2943(3) 2800(2) 1171(1) 21(1)
C(40) 849(4) 3949(2) 1223(2) 45(1)
C(41) -1094(3) 2210(2) 2054(2) 43(1)
C(42) 1248(3) 600(2) 2369(2) 34(1)
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C(43) 4564(3) 1347(2) 1502(2) 34(1)

C(44) 4283(4) 3390(2) 880(2) 40(1)
C(45) 4233(3) 3451(2) -1108(2) 26(1)
C(46) 4580(3) 4336(2) -1806(2) 35(1)
C(47) 3834(3) 4962(2) -1503(2) 38(1)
C(48) 2340(3) 4533(2) -1094(2) 25(1)

Table 13.23. Anisotropic displacement parameters?2(A®®) for 21. The anisotropic displacement factor
exponent takes the form: pZ h2 a*2U + ... + 2 hk a* b* 2]

Ull U22 U33 U23 Ul3 U12

Y(1) 13(1) 14(1) 13(1) -5(1) 0(1) 0(1)
o(1) 16(1) 22(1) 16(1) -3(1) 1(1) 1(1)
B(1) 26(2) 31(2) 28(2) -14(1) 10(1) -14(1)
c() 40(2) 22(1) 23(1) -15(1) 8(1) 0(1)
c(2) 21(1) 26(1) 44(2) -26(1) 2(1) 3(1)
c@3) 30(1) 16(1) 23(1) -12(1) -7(1) 4(1)
C(4) 24(1) 20(1) 26(1) -16(1) -1(1) -3(1)
C(5) 30(1) 23(1) 24(1) -15(1) -8(1) 5(1)
C(6) 86(3) 38(2) 32(2) -20(1) 28(2) -10(2)
c(7) 23(2) 56(2) 113(3) -61(2) 3(2) 5(1)
C(8) 61(2) 22(1) 32(2) -12(1) -20(1) 12(1)
C(9) 33(2) 43(2) 53(2) -33(2) 11(1) -16(1)
C(10) 60(2) 45(2) 45(2) -32(2) -33(2) 21(2)
C(11) 23(1) 20(1) 14(1) -9(1) 1(1) 4(1)
C(12) 22(1) 21(1) 17(1) -11(1) 1(1) -2(1)
C(13) 19(1) 21(1) 14(1) -8(1) -2(1) 1(1)
C(14) 23(1) 21(1) 11(1) -7(1) 3(1) -2(1)
C(15) 17(1) 25(1) 13(1) -9(1) 1(1) 0(1)
C(16) 33(1) 23(1) 29(1) -14(1) -5(1) 8(1)
c(17) 28(1) 30(1) 33(1) -19(1) 1(1) -7(1)
C(18) 24(1) 32(1) 25(1) -14(1) -8(1) 6(1)
C(19) 42(2) 26(1) 19(1) -6(1) 5(1) -9(1)
C(20) 18(1) 41(2) 24(1) -16(1) 3(1) -3(1)
C(21) 17(1) 27(1) 19(1) -6(1) 1(1) 1(1)
C(22) 23(1) 37(2) 20(1) -6(1) -2(1) 7(1)
C(23) 35(2) 26(1) 22(1) 0(1) -2(1) 6(1)
C(24) 26(1) 32(2) 18(1) 4(1) 2(1) 0(1)
Y(2) 13(1) 14(1) 12(1) -5(1) -1(1) 0(1)
0(2) 18(1) 16(1) 19(1) -5(1) 3(1) -1(1)
B(2) 23(2) 22(2) 29(2) -10(1) -9(1) 4(1)
C(25) 19(1) 20(1) 18(1) -12(1) -2(1) -1(1)
C(26) 20(1) 19(1) 20(1) -11(1) -1(1) -6(1)
c(27) 23(1) 15(1) 18(1) -8(1) -4(1) -1(1)
C(28) 19(1) 19(1) 21(1) -13(1) -1(1) 0(1)
C(29) 22(1) 19(1) 16(1) -10(1) 0(1) -1(1)
C(30) 24(1) 29(1) 23(1) -13(1) -7(1) 1(1)
C(31) 27(1) 30(1) 23(1) -11(1) 2(1) -12(1)
C(32) 36(1) 18(1) 25(1) -10(1) -7(1) 2(1)
C(33) 24(1) 27(1) 33(1) -16(1) 2(1) 1(1)
C(34) 28(1) 27(1) 15(1) -10(1) 2(1) -2(1)
C(35) 35(1) 23(1) 16(1) -13(1) -9(1) 8(1)
C(36) 19(1) 36(1) 14(1) -13(1) -1(1) 1(1)
C(37) 23(1) 22(1) 13(1) -6(1) -3(1) -4(1)
C(38) 17(1) 24(1) 13(1) -8(1) -6(1) 4(1)
C(39) 26(1) 24(1) 11(1) -6(1) -4(1) -7(1)
C(40) 76(2) 31(2) 31(2) -20(1) -17(2) 20(2)
c(41) 23(1) 82(2) 23(1) -24(2) 1(1) 8(1)
C(42) 50(2) 30(2) 18(1) -6(1) -2(1) -14(1)
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C(43) 25(1) 48(2) 28(1) -19(1) -11(1) 14(1)

C(44) 48(2) 45(2) 23(1) -10(1) -3(1) -27(1)
C(45) 18(1) 27(1) 30(1) -12(1) 6(1) -3(1)
C(46) 29(2) 39(2) 28(1) 7(1) 9(1) -9(1)
C(47) 41(2) 24(1) 39(2) -3(1) 0(1) -11(1)
C(48) 33(1) 13(1) 24(1) -4(1) -1(1) 1(1)

Table 13.24. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3) for 21.

X y z U(eq)

H(1) 3690(30) 7254(16) 4923(15) 20(6)
H(2) 4950(40) 6180(20) 5461(18) 45(9)
H(3) 3680(40) 6610(20) 6030(20) 70(11)
H(4) 2990(40) 6110(20) 5475(18) 46(9)
H(6A) 4763 7980 7076 76
H(6B) 5723 7112 7142 76
H(6C) 3967 7344 6791 76
H(7A) 2554 9264 5275 83
H(7B) 2455 8224 5609 83
H(7C) 2567 8862 4635 83
H(8A) 4549 10335 3868 58
H(8B) 4544 9674 3468 58
H(8C) 6101 10158 3435 58
H(9A) 9269 9514 4828 57
H(9B) 8464 9836 3945 57
H(9C) 9418 8896 4381 57
H(10A) 8488 8325 6643 70
H(10B) 9499 8021 6052 70
H(10C) 8400 7345 6753 70
H(16A) 7821 5380 4152 42
H(16B) 7817 5410 5019 42
H(16C) 9316 5699 4423 42
H(17A) 4585 6272 3268 43
H(17B) 3654 6473 3947 43
H(17C) 4962 5672 4232 43
H(18A) 3924 8134 2494 40
H(18B) 4476 8970 2568 40
H(18C) 3431 8273 3285 40
H(19A) 8238 9054 2251 45
H(19B) 8399 9249 3024 45
H(19C) 6760 9466 2547 45
H(20A) 10431 7783 3201 41
H(20B) 10560 6888 4053 41
H(20C) 10269 7816 4066 41
H(21A) 10086 6867 5700 28
H(21B) 10054 6035 5513 28
H(22A) 10250 5992 7099 36
H(22B) 11194 5345 6791 36
H(23A) 8993 4576 6905 39
H(23B) 8786 4756 7701 39
H(24A) 6599 5322 6602 38
H(24B) 6985 5901 7057 38
H(5) -1530(30) 2820(17) 211(16) 28(7)
H(6) -560(50) 3710(30) -540(30) 89(14)
H(7) -2460(40) 3830(20) -630(20) 64(10)
H(8) -1530(50) 3900(30) 130(30) 117(17)
H(30A) -2168 2071 -1528 37
H(30B) -1723 2986 -1574 37
H(30C) -2708 2317 -805 37
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H(31A) -1546 139 745 40

H(31B) -2560 1062 382 40
H(31C) -1428 781 1159 40
H(32A) 2232 -384 652 39
H(32B) 1266 -193 1328 39
H(32C) 3007 129 1082 39
H(33A) 4082 650 564 41
H(33B) 4600 1354 -284 41
H(33C) 4211 1659 -1236 41
H(34A) 666 2793 -2340 35
H(34B) 2506 2636 -2143 35
H(34C) 1477 3360 -1981 35
H(40A) 1309 4044 1660 67
H(40B) -298 3986 1264 67
H(40C) 1175 4402 680 67
H(41A) -1051 2079 2638 65
H(41B) -1594 1736 2008 65
H(41C) -1704 2771 1741 65
H(42A) 1152 504 2943 51
H(42B) 2111 213 2328 51
H(42C) 267 467 2198 51
H(43A) 5291 1388 1886 51
H(43B) 5037 1580 949 51
H(43C) 4346 728 1694 51
H(44A) 4755 3411 1354 60
H(44B) 3899 3986 481 60
H(44C) 5073 3160 614 60
H(45A) 4189 3008 -1313 31
H(45B) 5052 3246 -675 31
H(46A) 4096 4430 -2330 42
H(46B) 5724 4399 -1888 42
H(47A) 3603 5556 -1970 46
H(47B) 4521 5013 -1101 46
H(48A) 2034 4672 -636 30
H(48B) 1471 4738 -1500 30

13.9. Crystallographic Data for (GMe4H),Sc(BH,) 24

X-ray Data Collection, Structure Solution and Refirent for24.

A colorless crystal of approximate dimensions &Z¥29 x 0.36 mm was mounted on
a glass fiber and transferred to a Bruker SMART KPE diffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (20
sec/frame scan time for a sphere of diffractioraflaiThe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukitions were carried
out using the SHELXTt program. The diffraction symmetry wasrand the systematic
absences were consistent with the monoclinic sgemap P2;/n that was later determined to
be correct.

The structure was solved by direct methods anidegfon B by full-matrix least-
squares techniques. The analytical scatteringf&dor neutral atoms were used throughout
the analysis. Hydrogen atoms were located fronifarence-Fourier map and refined (x,y,z
and Uso).
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At convergence, wR2 = 0.0765 and Goof = 1.0293@t variables refined against
4209 data (0.75A), R1 = 0.0272 for those 3940 détta| > 2.0s(1).
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Table 13.25. Atomic coordinates ( x #pand equivalent isotropic displacement paraméits 10%) for 24.
U(eq) is defined as one third of the trace ofdhtbogonalized Wtensor.

X y z U(eq)
Sc(1) 7754(1) 8066(1) 284(1) 12(1)
B(1) 9118(1) 8791(1) 1969(1) 20(1)
C(1) 6408(1) 9630(1) -393(1) 15(1)
C(2) 6569(1) 9665(1) 761(1) 15(2)
C(3) 6194(1) 8566(1) 1109(1) 15(1)
C(4) 5794(1) 7852(1) 171(1) 15(1)
C(5) 5926(1) 8516(1) -751(1) 15(1)
C(6) 6660(1) 10621(1) -1099(1) 21(1)
C(7) 6949(1) 10735(1) 1453(1) 19(1)
C(8) 6172(1) 8234(1) 2260(1) 19(1)
C(9) 5213(1) 6679(1) 137(1) 21(1)
C(10) 8072(1) 6042(1) -316(1) 16(1)
C(11) 9123(1) 6491(1) 201(2) 15(1)
C(12) 9366(1) 7464(1) -430(1) 16(1)
C(13) 8464(1) 7622(1) -1333(1) 17(1)
C(14) 7677(1) 6737(1) -1262(1) 17(1)
C(15) 7531(1) 4961(1) 29(1) 22(1)
C(16) 9874(1) 5951(1) 1180(1) 19(1)
C(17) 10426(1) 8139(1) -231(1) 22(1)
C(18) 8390(1) 8514(1) -2240(1) 24(1)

Table 13.26. Anisotropic displacement parameters2(A®) for 24. The anisotropic displacement factor
exponent takes the form: pg h2 a*2U1+ ... + 2 hk a* b* #2]

Ull U22 U33 U23 Ul3 U12
Sc(1) 12(1) 14(1) 11(1) -1(1) 3(1) 0(1)
B(1) 18(1) 23(1) 17(1) -4(1) 0(1) 2(1)
C(1) 12(1) 18(1) 16(1) 2(1) 4(1) 2(1)
c2) 12(1) 16(1) 17(1) -1(1) 4(1) 2(1)
C(3) 13(1) 17(1) 15(1) -1(1) 5(1) 1(2)
C(4) 12(1) 18(1) 16(1) -1(1) 5(1) 0(1)
C(5) 12(1) 20(1) 14(1) 0(1) 2(1) 1(2)
C(6) 20(1) 21(1) 22(1) 6(1) 6(1) 1(1)
C(7) 17(1) 17(1) 22(1) -4(1) 5(1) 0(1)
C(8) 20(1) 22(1) 16(1) 0(1) 8(1) 0(1)
C(9) 19(1) 20(1) 24(1) -2(1) 6(1) -4(1)
C(10) 18(1) 15(1) 16(1) -3(1) 6(1) 1(1)
C(11) 16(1) 16(1) 14(1) -1(1) 6(1) 3(1)
C(12) 16(1) 18(1) 16(1) -1(1) 8(1) 1(1)
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c(13) 19(1) 19(1) 14(1) 0(1) 7(1) 3(2)

C(14) 17(1) 19(1) 14(1) -4(1) 4(1) 2(1)
C(15) 25(1) 17(1) 26(1) -2(1) 10(1) -3(1)
C(16) 21(1) 21(1) 16(1) 0(1) 4(1) 6(1)
c(17) 17(1) 24(1) 26(1) -1(1) 10(1) -2(1)
C(18) 30(1) 26(1) 18(1) 6(1) 11(1) 6(1)

Table 13.27. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3) for 24.

X y z U(eq)
H(1) 8559(13) 7941(13) 1902(12) 30(4)
H(2) 8858(12) 9255(14) 1108(12) 32(4)
H(3) 8941(12) 9390(14) 2592(13) 35(4)
H(4) 9968(13) 8503(14) 2142(13) 33(4)
H(5A) 5691(12) 8261(13) -1502(12) 26(4)
H(6A) 7431(14) 10856(15) -884(13) 37(4)
H(6B) 6234(13) 11329(15) -1002(13) 36(4)
H(6C) 6505(12) 10397(13) -1854(13) 33(4)
H(7A) 7255(13) 10515(14) 2205(13) 33(4)
H(7B) 7478(13) 11172(14) 1205(12) 32(4)
H(7C) 6360(14) 11271(16) 1441(13) 41(4)
H(8A) 6826(12) 8486(13) 2766(12) 28(4)
H(8B) 6095(12) 7409(15) 2332(12) 29(4)
H(8C) 5552(13) 8568(14) 2474(13) 33(4)
H(9A) 5218(12) 6245(13) -530(12) 27(3)
H(9B) 5555(12) 6154(14) 730(12) 30(4)
H(9C) 4469(14) 6822(13) 160(13) 34(4)
H(14A) 7009(12) 6628(12) -1758(11) 21(3)
H(15A) 7407(12) 5020(14) 764(13) 34(4)
H(15B) 6818(13) 4846(14) -457(13) 35(4)
H(15C) 7998(13) 4259(15) 8(13) 34(4)
H(16A) 9501(12) 5739(14) 1756(13) 35(4)
H(16B) 10440(13) 6480(15) 1497(13) 35(4)
H(16C) 10183(13) 5223(15) 999(13) 37(4)
H(17A) 10694(15) 8242(15) 508(16) 43(5)
H(17B) 10961(13) 7714(15) -468(13) 36(4)
H(17C) 10337(14) 8886(16) -568(14) 43(4)
H(18A) 7655(14) 8610(14) -2645(14) 36(4)
H(18B) 8661(13) 9313(15) -1981(13) 39(4)
H(18C) 8837(15) 8241(15) -2740(14) 41(4)

13.10. Crystallographic Data for (GMes).ScCI(THF), 26
X-ray Data Collection, Structure Solution and Refirent for26.

A colorless crystal of approximate dimensions k@10 x 0.27 mm was mounted on
a glass fiber and transferred to a Bruker SMART XPE diffractometer. The APEX2
program package and the CELL_NOWere used to determine the unit-cell parameters.
Data was collected using a 30 sec/frame scan tone fsphere of diffraction data. The
structure was twinned. The raw frame data wasgssed using SAINTand TWINABS to
yield the reflection data file (HKLF5 formét) Subsequent calculations were carried out
using the SHELXTP program. There were no systematic absences nordiinaction
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symmetry other than the Friedel condition. Thetweymmetric triclinic space groulBi
was assigned and later determined to be correct.

The structure was solved by direct methods anidegfon B by full-matrix least-
squares techniques. The analytical scatteringf@dor neutral atoms were used throughout
the analysis. Hydrogen atoms were located fronifarence-Fourier map and refined (x,y,z
and Usy). Hydrogen atoms were included using a riding ehod here were two molecules of
the formula unit present.

Least-squares analysis yielded wR2 = 0.2111 andf G01.038 for 507 variables
refined against 9086 data (0.80A), R1 = 0.077#tiose 7178 with | > 2€)1).
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Table 13.28. Atomic coordinates ( x #pand equivalent isotropic displacement paramé#its 10%) for 26.
U(eq) is defined as one third of the trace ofdtthogonalized Wtensor.

X y z U(eq)
Sc(1) 8702(1) 2662(1) 4887(1) 13(1)
CI(1) 10924(1) 2989(1) 5560(1) 23(1)
0(1) 7058(3) 2753(2) 5838(2) 20(1)
C(1) 9557(6) 1017(3) 5946(3) 22(1)
C(2) 10375(5) 1241(3) 5198(3) 22(1)
C(3) 9281(5) 1345(3) 4571(3) 18(1)
C(4) 7751(5) 1217(3) 4921(3) 20(1)
C(5) 7926(6) 997(3) 5767(3) 22(1)
C(6) 10307(7) 718(4) 6781(3) 37(1)
C(7) 12165(5) 1251(4) 5105(4) 36(1)
C(8) 9759(6) 1358(3) 3766(3) 29(1)
C(9) 6216(6) 1154(3) 4521(3) 29(1)
C(10) 6648(7) 638(3) 6420(3) 36(1)
C(11) 7612(5) 4330(3) 4072(2) 16(1)
C(12) 9196(5) 4348(3) 3823(2) 16(1)
C(13) 9359(5) 3826(3) 3402(2) 16(1)
C(14) 7842(5) 3506(3) 3353(3) 18(1)
C(15) 6763(5) 3812(3) 3786(3) 19(1)
C(16) 6927(6) 4878(3) 4469(3) 24(1)
C(17) 10465(5) 4929(3) 3883(3) 25(1)
C(18) 10846(6) 3743(3) 2977(3) 23(1)
C(19) 7339(6) 3190(3) 2750(3) 26(1)
C(20) 4972(5) 3753(3) 3737(3) 25(1)
C(21) 7584(5) 2677(3) 6638(3) 23(1)
C(22) 6125(5) 2897(4) 7003(3) 26(1)
C(23) 4783(5) 2549(4) 6675(3) 26(1)
C(24) 5316(5) 2812(3) 5789(3) 24(1)
Sc(2) 3673(1) 2348(1) 188(1) 13(2)
Cl(2) 5972(1) 1720(1) -232(1) 24(1)
0(2) 2138(3) 2189(2) -736(2) 18(1)
C(25) 5184(5) 3790(3) -724(3) 17(1)
C(26) 5068(5) 3704(3) 86(3) 18(1)
C(27) 3451(5) 3871(3) 214(3) 17(2)
C(28) 2577(5) 4015(3) -508(3) 18(1)
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C(29) 3648(5) 3970(3) -1089(2) 17(1)

C(30) 6689(5) 3816(3) -1183(3) 22(1)
C(31) 6435(5) 3567(3) 671(3) 23(1)
C(32) 2826(6) 4099(3) 864(3) 22(1)
C(33) 884(5) 4391(3) -678(3) 25(1)
C(34) 3296(6) 4157(3) -1966(3) 24(1)
C(35) 3523(6) 643(3) 1252(3) 21(1)
C(36) 4369(5) 1069(3) 1637(2) 20(1)
C(37) 3299(5) 1672(3) 1757(2) 17(1)
C(38) 1791(5) 1646(3) 1414(2) 17(1)
C(39) 1941(6) 1000(3) 1122(3) 21(1)
C(40) 4151(7) -135(3) 1119(3) 35(1)
c(41) 6056(6) 826(4) 1969(3) 33(1)
C(42) 3606(6) 2061(3) 2340(3) 25(1)
C(43) 253(5) 2090(3) 1476(3) 25(1)
C(44) 617(6) 622(4) 848(3) 31(1)
C(45) 2605(6) 1692(3) -1193(3) 26(1)
C(46) 1291(6) 1918(4) -1834(3) 33(1)
C(47) -161(6) 2057(4) -1406(3) 30(1)
C(48) 501(5) 2548(3) -970(3) 25(1)

Table 13.29. Anisotropic displacement parameters2(A®) for 26. The anisotropic displacement factor
exponent takes the form: pZ h2 a*2U + ... + 2 hk a* b* 2]

Ull U22 U33 U23 Ul3 U12

Sc(1) 11(1) 14(1) 13(1) -6(1) 0(1) 0(1)
cl() 17(1) 26(1) 26(1) -14(1) -6(1) -1(1)
o(1) 18(2) 25(2) 18(2) -12(1) 0(1) 2(1)

c() 33(3) 16(2) 18(2) -9(2) -4(2) 1(2)

c(2) 20(2) 15(2) 27(2) -8(2) -3(2) 2(2)

c(@3) 20(2) 16(2) 17(2) -6(2) 4(2) -2(2)
C(4) 25(2) 14(2) 20(2) -8(2) 2(2) -2(2)
C(5) 28(3) 13(2) 19(2) -4(2) 6(2) -1(2)
C(6) 54(4) 25(3) 24(3) -7(2) -14(2) 10(2)
c(7) 15(2) 38(3) 59(4) -28(3) -1(2) 4(2)

C(8) 39(3) 26(2) 27(2) -17(2) 10(2) -5(2)
C(9) 24(3) 25(2) 40(3) -16(2) -3(2) -4(2)
C(10) 45(3) 19(2) 36(3) -7(2) 21(2) -7(2)
C(11) 17(2) 15(2) 11(2) -3(2) 0(2) 1(2)

C(12) 19(2) 13(2) 12(2) -2(2) -1(2) 0(2)

C(13) 18(2) 14(2) 15(2) -7(2) 2(2) -4(2)
C(14) 19(2) 19(2) 13(2) -6(2) -1(2) 1(2)

C(15) 17(2) 19(2) 15(2) -5(2) -4(2) 3(2)

C(16) 27(3) 19(2) 26(2) -12(2) 2(2) 1(2)
c(17) 27(3) 18(2) 27(2) -8(2) -1(2) -8(2)
C(18) 21(2) 26(2) 23(2) -12(2) 10(2) -6(2)
C(19) 31(3) 29(3) 21(2) -14(2) -2(2) -4(2)
C(20) 11(2) 30(3) 27(2) -9(2) -4(2) -1(2)
C(21) 22(2) 39(3) 16(2) -18(2) -1(2) -2(2)
C(22) 22(2) 37(3) 21(2) -17(2) 2(2) 0(2)
C(23) 21(2) 34(3) 19(2) -11(2) 5(2) -2(2)
C(24) 15(2) 34(3) 26(2) -16(2) 2(2) 0(2)
Sc(2) 13(1) 14(1) 13(1) -6(1) 1(1) 0(1)
cl2) 21(1) 22(1) 28(1) -12(1) 7(1) 2(1)

0(2) 20(2) 19(2) 20(2) -12(1) -1(1) -1(1)
C(25) 19(2) 16(2) 15(2) -6(2) 3(2) -4(2)
C(26) 21(2) 15(2) 19(2) -9(2) 1(2) -4(2)
c(27) 20(2) 14(2) 18(2) -8(2) 3(2) -2(2)
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C(28) 20(2) 11(2) 19(2) -4(2) 2(2) 1(2)

C(29) 21(2) 15(2) 14(2) -5(2) 0(2) -5(2)
C(30) 20(2) 26(2) 21(2) -11(2) 6(2) -7(2)
C(31) 17(2) 28(2) 21(2) -9(2) 0(2) -6(2)
C(32) 28(2) 19(2) 23(2) -13(2) 4(2) -2(2)
C(33) 21(2) 22(2) 31(2) -12(2) -2(2) 3(2)
C(34) 28(3) 23(2) 18(2) -7(2) -1(2) -2(2)
C(35) 32(3) 8(2) 18(2) -3(2) 6(2) 0(2)
C(36) 20(2) 18(2) 10(2) 1(2) 2(2) -1(2)
C(37) 19(2) 18(2) 12(2) -5(2) 2(2) 0(2)
C(38) 23(2) 18(2) 10(2) -5(2) 3(2) -5(2)
C(39) 24(2) 20(2) 16(2) -7(2) 3(2) -7(2)
C(40) 54(4) 18(2) 29(3) -9(2) 12(2) 1(2)
c(41) 22(3) 37(3) 20(2) 1(2) -2(2) 6(2)
C(42) 34(3) 25(2) 15(2) -9(2) 1(2) -8(2)
C(43) 19(2) 33(3) 23(2) -12(2) 5(2) 1(2)
C(44) 38(3) 35(3) 23(2) -14(2) 7(2) -19(2)
C(45) 30(3) 31(3) 31(2) -25(2) 5(2) -5(2)
C(46) 31(3) 50(3) 31(3) -29(3) 7(2) -12(2)
C(47) 26(3) 44(3) 27(3) -21(2) 0(2) -7(2)
C(48) 21(2) 28(2) 25(2) -13(2) -3(2) 0(2)

Table 13.30. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3) for 26.

X y z U(eq)
H(6A) 10770 91 7001 55
H(6B) 9504 728 7167 55
H(6C) 11143 1137 6724 55
H(7A) 12555 677 5123 54
H(7B) 12658 1307 5564 54
H(7C) 12438 1776 4567 54
H(8A) 10442 812 3895 43
H(8B) 10339 1915 3420 43
H(8C) 8808 1356 3459 43
H(9A) 5609 648 4939 44
H(9B) 6460 1039 4052 44
H(9C) 5588 1735 4315 44
H(10A) 6775 -34 6750 54
H(10B) 5603 808 6141 54
H(10C) 6739 909 6791 54
H(16A) 7429 5473 4233 36
H(16B) 7125 4537 5076 36
H(16C) 5781 4980 4355 36
H(17A) 10579 5476 3335 38
H(17B) 11475 4569 4053 38
H(17C) 10167 5119 4300 38
H(18A) 11284 4352 2649 35
H(18B) 10592 3493 2602 35
H(18C) 11629 3329 3401 35
H(19A) 6733 3690 2283 39
H(19B) 6675 2657 3038 39
H(19C) 8281 3015 2532 39
H(20A) 4641 3986 3151 37
H(20B) 4440 4126 3958 37
H(20C) 4682 3110 4069 37
H(21A) 8416 3120 6545 28
H(21B) 8016 2047 7020 28
H(22A) 5985 3568 6800 31
H(22B) 6179 2569 7624 31
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H(23A) 4697 1874 7019 31

H(23B) 3751 2858 6668 31
H(24A) 4915 2380 5609 29
H(24B) 4925 3445 5387 29
H(30A) 6951 4458 -1551 34
H(30B) 6537 3509 -1520 34
H(30C) 7558 3498 776 34
H(31A) 6470 4100 765 35
H(31B) 7430 3503 420 35
H(31C) 6294 3008 1207 35
H(32A) 2502 4755 599 34
H(32B) 3656 3964 1288 34
H(32C) 1909 3728 1133 34
H(33A) 815 4984 -680 37
H(33B) 205 3956 -240 37
H(33C) 531 4479 -1226 37
H(34A) 4094 4558 -2345 36
H(34B) 2241 4462 -2144 36
H(34C) 3324 3575 -1983 36
H(40A) 3939 723 1614 52
H(40B) 5297 -87 1030 52
H(40C) 3626 -104 626 52
H(41A) 6080 268 2518 50
H(41B) 6474 1335 2028 50
H(41C) 6711 716 1577 50
H(42A) 3786 1554 2913 37
H(42B) 2685 2446 2329 37
H(42C) 4546 2434 2157 37
H(43A) -323 1649 1965 38
H(43B) -388 2279 966 38
H(43C) 464 2632 1537 38
H(44A) 310 36 1319 47
H(44B) 974 519 385 47
H(44C) -296 1062 660 47
H(45A) 2704 1020 -807 32
H(45B) 3632 1901 -1472 32
H(46A) 1163 1405 -1958 40
H(46B) 1501 2486 -2362 40
H(47A) -1001 2440 -1820 37
H(47B) -593 1461 -1000 37
H(48A) 471 3221 -1350 30
H(48B) -119 2421 -465 30

13.11. Crystallographic Data for (GMes).Sc(BHs)o5(Cl)os(THF), 27
X-ray Data Collection, Structure Solution and Refirent for sd3.

A colorless crystal of approximate dimensions &Z130 x 0.36 mm was mounted on
a glass fiber and transferred to a Bruker SMART KPE diffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (25
sec/frame scan time for a sphere of diffractioraflaiThe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukitions were carried
out using the SHELXTE program. There were no systematic absences ryodigraction
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symmetry other than the Friedel condition. Thetweymmetric triclinic space groulBi
was assigned and later determined to be correct.

The structure was solved by direct methods anchedfion E by full-matrix least-
squares techniques. The analytical scatteringf&dor neutral atoms were used throughout
the analysis. Hydrogen atom associated with the Bi&nds were initially located from a
difference-Fourier map and refined (X,y,z angh)uvith fixed boron-hydrogen distances. The
remaining hydrogen atoms were included using agidnodel. There were two molecules of
the formula unit present. In both molecules the,Bidd chloride ligands were disordered
resulting in a refinement with each group assigs#d-occupancy-factors of 0.50. The
refinement is consistent with a composition of @ua number of the BHand chloride
complexes.

At convergence, wR2 = 0.1053 and Goof = 1.012 f80 Hariables refined against
10304 data (0.75A), R1 = 0.0399 for those 9494 détal > 2.05(l).
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Table 13.31. Atomic coordinates ( x #pand equivalent isotropic displacement parameists 10°)
for 27. U(eq) is defined as one third of the tracehefdrthogonalized Utensor.

X y z U(eq)
Sc(1) 6292(1) 7482(1) 4856(1) 14(2)
Cl(1) 4061(1) 6485(1) 5529(1) 26(1)
B(1) 3709(5) 6669(3) 5405(3) 16(1)
0(1) 7903(1) 6410(1) 5830(1) 20(1)
C(1) 5845(2) 6842(1) 3811(1) 18(1)
C(2) 7424(2) 6614(1) 4060(1) 18(1)
C(3) 8260(2) 7420(1) 3772(1) 18(1)
C(4) 7188(2) 8146(1) 3326(1) 18(1)
C(5) 5687(2) 7790(1) 3370(1) 18(1)
C(6) 4614(2) 6202(1) 3858(1) 27(1)
C(7) 8095(2) 5671(1) 4461(1) 27(1)
C(8) 10026(2) 7510(1) 3726(1) 26(1)
C(9) 7698(2) 9061(1) 2715(1) 28(1)
C(10) 4214(2) 8296(1) 2939(1) 26(1)
C(11) 5511(2) 8083(1) 5912(1) 25(1)
C(12) 4681(2) 8620(1) 5170(1) 23(1)
C(13) 5787(2) 9112(1) 4537(1) 20(1)
C(14) 7318(2) 8868(1) 4884(1) 21(1)
C(15) 7130(2) 8247(1) 5735(1) 23(1)
C(16) 4785(3) 7561(1) 6768(1) 42(1)
C(17) 2930(2) 8755(2) 5086(2) 42(1)
C(18) 5345(2) 9900(1) 3730(1) 30(1)
C(19) 8842(2) 9308(1) 4484(1) 32(1)
C(20) 8390(3) 7942(1) 6382(1) 39(1)
C(21) 7364(2) 5690(1) 6624(1) 28(1)
C(22) 8812(2) 5096(1) 6994(1) 32(1)
C(23) 10143(2) 5756(1) 6674(1) 30(1)
C(24) 9625(2) 6384(1) 5793(1) 24(1)
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Sc(2) 1274(1) 2467(1) 210(1) 14(1)

0(2) 2800(1) 3574(1) -738(1) 20(1)
cl2) -1050(2) 3496(1) -199(1) 34(1)
B(2) -1330(6) 3382(3) -40(3) 22(1)
C(25) 1350(2) 2146(1) -1081(1) 18(1)
C(26) -179(2) 1952(1) -720(1) 18(1)
c(27) -58(2) 1214(1) 89(1) 18(1)
C(28) 1552(2) 935(1) 213(1) 18(1)
C(29) 2429(2) 1520(1) -503(1) 19(1)
C(30) 1694(2) 2836(1) -1962(1) 25(1)
C(31) -1674(2) 2360(1) -1178(1) 25(1)
C(32) -1409(2) 749(1) 669(1) 25(1)
C(33) 2185(2) 49(1) 857(1) 25(1)
C(34) 4120(2) 1330(1) -674(1) 28(1)
C(35) 622(2) 2261(1) 1682(1) 20(1)
C(36) 1427(2) 3080(1) 1294(1) 22(1)
C(37) 2998(2) 2883(1) 1130(1) 20(1)
C(38) 3182(2) 1944(1) 1406(1) 18(1)
C(39) 1709(2) 1558(1) 1766(1) 18(1)
C(40) -1024(2) 2136(1) 2050(1) 33(1)
c(41) 808(3) 3980(1) 1197(1) 37(1)
C(42) 4292(2) 3547(1) 850(1) 31(1)
C(43) 4734(2) 1455(1) 1444(1) 26(1)
C(44) 1443(2) 587(1) 2347(1) 26(1)
C(45) 2316(2) 4518(1) -1191(1) 30(1)
C(46) 3623(3) 4945(1) -1839(1) 43(1)
c(47) 5072(2) 4389(1) -1408(1) 38(1)
C(48) 4431(2) 3455(1) -968(1) 26(1)

Table 13.32. Anisotropic displacement parameters2(A®) for sd3. The anisotropic
displacement factor exponent takes the fornp?-B2 a*2U11 + ... + 2 h k a* b* 2]

Ull U22 U33 U23 Ul3 U12
Sc(1) 13(1) 15(1) 13(1) -6(1) 1(1) -1(1)
o(1) 20(1) 20(1) 16(1) -4(1) 0(1) 2(1)
c() 19(1) 20(1) 16(1) -10(1) 1(1) -2(1)
c(2) 21(1) 20(1) 15(1) -9(1) 0(1) 2(1)
c(@3) 16(1) 24(1) 14(1) -9(1) 2(1) -1(1)
C(4) 20(1) 20(1) 13(1) -6(1) 2(1) -2(1)
C(5) 19(1) 20(1) 14(1) -8(1) -1(1) 0(1)
C(6) 28(1) 27(1) 30(1) -15(1) 0(1) -8(1)
c(7) 32(1) 23(1) 27(1) -13(1) -5(1) 8(1)
C(8) 16(1) 40(1) 24(1) -15(1) 2(1) -3(1)
C(9) 34(1) 25(1) 21(1) -5(1) 5(1) -8(1)
C(10) 23(1) 29(1) 24(1) -10(1) -7(1) 4(1)
c(11) 34(1) 22(1) 20(1) -12(1) 4(1) 4(1)
C(12) 21(1) 23(1) 30(1) -15(1) 1(1) 5(1)
C(13) 23(1) 16(1) 22(1) -9(1) -3(1) 2(1)
C(14) 22(1) 20(1) 25(1) -14(1) -3(1) -1(1)
C(15) 30(1) 22(1) 22(1) -14(1) -8(1) 5(1)
C(16) 62(1) 36(1) 25(1) -13(1) 15(1) 3(1)
C(17) 22(1) 46(1) 59(1) -24(1) 3(1) 9(1)
C(18) 40(1) 19(1) 28(1) -8(1) -9(1) 5(1)
C(19) 25(1) 34(1) 45(1) -24(1) 2(1) -9(1)
C(20) 50(1) 39(1) 37(1) -26(1) -24(1) 14(1)
C(21) 29(1) 25(1) 20(1) 0(1) 1(1) 1(1)
C(22) 38(1) 26(1) 23(1) -2(1) -3(1) 9(1)
C(23) 28(1) 37(1) 21(1) -9(1) -5(1) 10(1)
C(24) 20(1) 31(1) 19(1) -9(1) -2(1) 3(1)
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Sc(2) 14(1) 14(1) 13(1) -6(1)

0(2) 21(1) 16(1) 20(1) -5(1)
C(25) 22(1) 20(1) 16(1) -10(1)
C(26) 20(1) 20(1) 16(1) -9(1)
c(27) 19(1) 18(1) 18(1) -8(1)
C(28) 21(1) 16(1) 20(1) -10(1)
C(29) 19(1) 20(1) 21(1) -13(1)
C(30) 30(1) 30(1) 15(1) -9(1)
C(31) 23(1) 27(1) 24(1) -10(1)
C(32) 23(1) 28(1) 21(1) -8(1)
C(33) 32(1) 18(1) 26(1) -10(1)
C(34) 22(1) 30(1) 35(1) -18(1)
C(35) 20(1) 27(1) 14(1) -10(1)
C(36) 30(1) 22(1) 18(1) -11(1)
C(37) 25(1) 20(1) 15(1) -8(1)
C(38) 18(1) 21(1) 15(1) -7(1)
C(39) 20(1) 20(1) 14(1) -6(1)
C(40) 22(1) 50(1) 26(1) -17(2)
c(41) 56(1) 26(1) 32(1) -17(2)
C(42) 40(1) 29(1) 24(1) -10(1)
C(43) 20(1) 31(1) 25(1) -10(1)
C(44) 33(1) 22(1) 19(1) -6(1)
C(45) 36(1) 16(1) 30(1) -4(1)
C(46) 43(1) 30(1) 36(1) 5(1)
c(47) 34(1) 34(1) 33(1) -2(1)
C(48) 20(1) 28(1) 27(1) -9(1)

-1(1)
0(1)
0(1)

-3(1)
-1(1)

-2(1)
0(1)
2(1)
-8(1)
1(1)
-8(1)
4(1)
-1(1)
-5(1)

-3(1)
-3(1)
-2(1)

3(1)
-6(1)
-4(1)
-4(1)
0(1)

-8(1)
-6(1)

2(1)
4(1)

1(1)
0(1)
-1(1)
-1(1)
-3(1)
1(1)
1(1)
-5(1)
1(1)
-8(1)
5(1)
3(1)
3(1)
5(1)
-3(1)
0(1)
0(1)
4(1)
12(1)
-14(1)
4(1)
-5(1)
2(1)
-12(1)
-13(1)
-4(1)

Table 13.33. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3)

for sd3.
X y z U(eq)

H(1A) 4870(16) 6347(15) 5670(15) 24(3)
H(1B) 3900(30) 7311(9) 4839(10) 24(3)
H(1C) 3020(30) 6801(17) 5886(12) 24(3)
H(1D) 3060(30) 6210(14) 5237(15) 24(3)
H(6A) 4626 6148 3331 41
H(6B) 3574 6428 3949 41
H(6C) 4840 5613 4324 41
H(7A) 7646 5323 4203 40
H(7B) 7835 5395 5063 40
H(7C) 9243 5678 4378 40
H(8A) 10366 7857 3140 40
H(8B) 10540 6912 3951 40
H(8C) 10318 7818 4057 40
H(9A) 8295 9022 2249 42
H(9B) 8364 9303 2998 42
H(9C) 6767 9458 2499 42
H(10A) 3772 8000 2630 39
H(10B) 4471 8912 2548 39
H(10C) 3440 8305 3360 39
H(16A) 4317 7976 6976 62
H(16B) 5599 7181 7153 62
H(16C) 3965 7184 6735 62
H(17A) 2602 9312 5118 64
H(17B) 2411 8249 5541 64
H(17C) 2630 8793 4545 64
H(18A) 4715 10338 3852 45
H(18B) 4729 9698 3395 45
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H(18C)
H(19A)
H(19B)
H(19C)
H(20A)
H(20B)
H(20C)
H(21A)
H(21B)
H(22A)
H(22B)
H(23A)
H(23B)
H(24A)
H(24B)
H(2A)

H(2B)

H(2C)

H(2D)

H(30A)
H(30B)
H(30C)
H(31A)
H(31B)
H(31C)
H(32A)
H(32B)
H(32C)
H(33A)
H(33B)
H(33C)
H(34A)
H(34B)
H(34C)
H(40A)
H(40B)
H(40C)
H(41A)
H(41B)
H(41C)
H(42A)
H(42B)
H(42C)
H(43A)
H(43B)
H(43C)
H(44A)
H(44B)
H(44C)
H(45A)
H(45B)
H(46A)
H(46B)
H(47A)
H(47B)
H(48A)
H(48B)

6304
9405
8615
9496
8320
9428
8243
6540
6926
8954
8746
10230
11166
10031
10019
-114(14)
-1270(30)
-2080(30)
-1820(30)
930
2761
1617
-1940
-1527
-2531
-1409
-2404
-1293
2480
1374
3114
4228
4791
4441
-1009
-1438
-1700
1283
-340
1076
4579
3926
5215
5264
5398
4550
1277
2367
512
2202
1298
3431
3728
5920
5479
4481
5044

10179
9442
9866
8902
8311
8003
7313
5347
5937
4631
4803
6080
5449
6990
6156
3631(16)
2648(5)
3567(16)
3713(15)
2797
2726
3435
2052
2997
2299
124
1053
768
-339
-237
145
725
1372
1768
2092
1586
2650
4120
3967
4439
3666
4107
3301
1346
1820
882
516
223
391
4801
4583
4902
5582
4425
4582
3163
3081

3415
4882
3981
4328
6686
6105
6778
6527
7005
6791
7615
7021
6666
5617
5389
-265(15)
338(13)
-595(10)
345(13)
-2341
-2134
-1984
-1513
-1549
772
761
418
1207
587
1292
1113
-638
-259
-1238
2618
2074
1699
1616
1280
634
1319
385
664
1962
959
1438
2922
2324
2174
-804
-1467
-2365
-1966
-1819
-1001
-1348
-462

45
48
48
48
58
58
58
34
34
39
39
36
36
29
29
24(3)
24(3)
24(3)
24(3)
38
38
38
37
37
37
37
37
37
38
38
38
42
42
42
49
49
49
55
55
55
47
47
47
39
39
39
39
39
39
35
35
51
51
45
45
32
32
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13.12. Crystallographic Data for (GMes),Sc( -H),BCgH 14, 29
X-ray Data Collection, Structure Solution and Refirent for29.

A yellow crystal of approximate dimensions 0.10.¥®Mx 0.31 mm was mounted on a
glass fiber and transferred to a Bruker SMART APHXdiffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (40
sec/frame scan time for a sphere of diffractioraflaiThe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukitions were carried
out using the SHELXTE program. There were no systematic absences ryodigraction

symmetry other than the Friedel condition. Thetweymmetric triclinic space groulBi
was assigned and later determined to be correct.

The structure was solved by direct methods anchedfion E by full-matrix least-
squares techniques. The analytical scatteringf&dor neutral atoms were used throughout
the analysis. Hydrogen atoms H(1a), H(1b), H(2a) ld{2b) were located from a difference-
Fourier map and refined (x,y,z andsdJ It was necessary to fix the hydrogen-hydrogen
distances during refinement to maintain a reasengbbmetry about the boron atoms The
remaining hydrogen atoms were included using agidnodel.

At convergence, wR2 = 0.1225 and Goof = 1.030 for Sariables refined against
11549 data (0.74A), R1 = 0.0463 for those 9163 dttal > 2.05(1).
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Table 13.34. Atomic coordinates ( x #pand equivalent isotropic displacement paraméiits 10%)
for 29. U(eq) is defined as one third of the tracehefdrthogonalized Utensor.

X y z U(eq)
Sc(1) 1824(1) 355(1) 2034(1) 16(1)
C(1) -730(2) -270(1) 2818(1) 19(1)
C(2) -574(2) -467(1) 2162(1) 20(1)
C(3) -528(2) 402(1) 1573(1) 21(1)
C(4) -543(2) 1141(1) 1857(1) 23(1)
C(5) -688(2) 727(1) 2627(1) 21(1)
C(6) -1135(2) -1022(2) 3563(1) 27(1)
C(7) -674(2) -1435(1) 2122(1) 27(1)
C(8) -823(2) 480(2) 845(1) 32(1)
C(9) -604(2) 2184(1) 1444(1) 35(1)
C(10) -945(2) 1272(2) 3141(1) 32(1)
C(11) 4374(2) 20(1) 1459(1) 20(1)
C(12) 3425(2) 41(1) 980(1) 21(1)
C(13) 2981(2) 986(1) 681(1) 22(1)
C(14) 3580(2) 1533(1) 1008(1) 22(1)
C(15) 4487(2) 946(1) 1469(1) 21(1)
C(16) 5233(2) -827(1) 1809(1) 28(1)
C(17) 3157(2) -769(2) 743(1) 30(1)
C(18) 2361(2) 1398(2) 6(1) 30(1)
C(19) 3493(2) 2587(1) 814(1) 31(1)
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C(20) 5545(2) 1339(2) 1774(1) 28(1)
B(1) 2670(2) -114(2) 3283(1) 19(1)
C(21) 4339(2) -322(1) 3431(1) 22(1)
C(22) 4347(2) -1363(2) 3938(1) 30(1)
C(23) 3237(2) -1621(2) 4674(1) 32(1)
C(24) 1673(2) -1245(2) 4617(1) 28(1)
C(25) 1604(2) -234(1) 4069(1) 21(1)
C(26) 2063(2) 539(2) 4324(1) 28(1)
C(27) 3682(2) 504(2) 4405(1) 29(1)
C(28) 4803(2) 381(2) 3754(1) 27(1)
Sc(2) 2932(1) 4991(1) 2946(1) 17(2)
C(29) 226(2) 5196(1) 3438(1) 22(1)
C(30) 1073(2) 5557(1) 3804(1) 20(1)
C(31) 1763(2) 4795(1) 4255(1) 21(1)
C(32) 1442(2) 3969(1) 4126(1) 23(1)
C(33) 469(2) 4222(1) 3624(1) 23(1)
C(34) -907(2) 5779(2) 3044(1) 30(1)
C(35) 1025(2) 6550(1) 3807(1) 29(1)
C(36) 2398(2) 4857(2) 4867(1) 29(1)
C(37) 1863(3) 2976(1) 4512(1) 34(1)
C(38) -250(2) 3525(2) 3402(1) 33(1)
C(39) 5396(2) 5770(1) 2281(1) 20(1)
C(40) 5243(2) 5644(1) 3034(1) 20(1)
C(41) 5276(2) 4660(1) 3429(1) 20(1)
C(42) 5368(2) 4184(1) 2925(1) 20(1)
C(43) 5493(2) 4870(1) 2214(1) 20(1)
C(44) 5595(2) 6715(1) 1671(1) 30(1)
C(45) 5249(2) 6444(1) 3317(1) 28(1)
C(46) 5546(2) 4201(2) 4188(1) 29(1)
C(47) 5524(2) 3137(2) 3092(1) 30(1)
C(48) 5905(2) 4626(2) 1530(1) 31(1)
B(2) 2096(2) 5462(2) 1685(1) 21(1)
C(49) 3112(2) 5950(1) 868(1) 26(1)
C(50) 2462(2) 6913(1) 479(1) 29(1)
C(51) 929(3) 7090(2) 913(1) 33(1)
C(52) -191(2) 6276(2) 1163(1) 32(1)
C(53) 448(2) 5309(2) 1586(1) 27(1)
C(54) 576(3) 4632(2) 1155(1) 32(1)
C(55) 1609(3) 5009(2) 399(1) 33(1)
C(56) 3133(2) 5284(2) 428(1) 31(1)
Table 13.35. Anisotropic displacement parameters2(A®) for 29. The anisotropic
displacement factor exponent takes the fornp?-B2 a*2U11 + ... + 2 h k a* b* 2]

Ull U22 U33 U23 Ul3 U12
Sc(1) 15(1) 16(1) 17(1) -5(1) -3(1) 0(1)
C(1) 12(1) 24(1) 20(1) -8(1) -3(2) 0(1)
C(2) 16(1) 21(1) 21(1) -7(2) -4(1) -2(1)
C(3) 17(2) 23(1) 23(1) -5(1) -6(1) -2(1)
C(4) 16(1) 19(2) 33(1) -6(1) -9(2) 1(1)
C(5) 14(1) 23(1) 30(1) -13(1) -6(1) 3(1)
C(6) 22(1) 35(1) 20(1) -6(1) -2(2) -6(1)
C(7) 28(1) 22(1) 32(1) -12(1) -7(1) -1(1)
C(8) 29(1) 42(1) 23(1) -4(1) -9(1) -9(1)
C(9) 27(1) 19(1) 56(2) -4(1) -17(1) 0(1)
C(10) 24(1) 37(1) 47(1) -28(1) -11(1) 10(1)
C(11) 16(1) 21(1) 20(1) -6(1) 2(1) 1(1)
C(12) 22(1) 21(1) 18(1) -7(1) 2(1) -3(1)
C(13) 20(1) 24(1) 17(2) -3(1) 0(1) -2(1)
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C(14)
C(15)
C(16)
c@av)
C(18)
C(19)
C(20)
B(1)

Cc(21)
c(22)
c(23)
C(24)
C(25)
C(26)
C(27)
C(28)
Sc(2)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C@37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
B(2)

C(49)
C(50)
c(51)
c(52)
C(53)
C(54)
C(55)
C(56)

20(1)
16(1)
27(1)
34(1)
31(1)
30(1)
22(1)
20(1)
19(1)
25(1)
32(1)
25(1)
16(1)
28(1)
30(1)
21(1)
14(1)
14(1)
16(1)
18(1)
20(1)
19(1)
21(1)
29(1)
26(1)
33(1)
31(1)
11(1)
14(1)
16(1)
16(1)
14(1)
25(1)
23(1)
25(1)
32(1)
28(1)
22(1)
26(1)
34(1)
43(1)
26(1)
25(1)
35(1)
44(1)
36(1)

20(1)
23(1)
27(1)
30(1)
32(1)
19(1)
32(1)
19(1)
25(1)
28(1)
26(1)
32(1)
27(1)
34(1)
33(1)
32(1)
18(1)
30(1)
24(1)
26(1)
22(1)
26(1)
44(1)
28(1)
41(1)
23(1)
33(1)
22(1)
21(1)
22(1)
20(1)
24(1)
25(1)
27(1)
35(1)
22(1)
41(1)
18(1)
29(1)
25(1)
30(1)
47(1)
31(1)
33(1)
33(1)
36(1)

22(1)
20(1)
26(1)
28(1)
21(1)
37(1)
28(1)
19(1)
22(1)
36(1)
32(1)
21(1)
20(1)
26(1)
28(1)
28(1)
18(1)
19(1)
20(1)
18(1)
22(1)
23(1)
25(1)
35(1)
20(1)
35(1)
34(1)
25(1)
27(1)
22(1)
24(1)
23(1)
32(1)
40(1)
25(1)
37(1)
25(1)
22(1)
22(1)
25(1)
27(1)
26(1)
25(1)
33(1)
29(1)
22(1)

-5(1)
-6(1)
-8(1)

-15(1)

-2(1)
-4(1)
-9(1)

-7(1)

-8(1)
-9(1)
-1(1)
-3(1)
-9(1)

-17(1)
-14(1)

-9(1)
-8(1)

-11(2)
-10(1)

-8(1)
-6(1)

-11(1)
-13(1)
-18(1)
-11(1)

-4(1)

-15(1)

-5(1)

-10(1)

-8(1)
-8(1)
-9(1)
-2(1)

-17(2)

-9(1)

-12(1)
-15(1)
-9(1)

-10(1)

-4(1)

-10(1)
-16(1)
-10(1)
-14(1)
-18(1)
-14(1)

1(1)
1(1)

-2(1)

-2(1)

-4(1)
-3(1)
-3(1)
-6(1)
-3(1)
-9(1)
-10(1)
-4(1)
-5(1)

-9(1)

-11(1)
-9(1)

-1(1)
1(1)
0(1)
1(1)
4(1)
4(1)
-4(1)
-4(1)
-3(1)
0(1)
1(1)

-3(1)

-3(1)

-4(1)
-4(1)
-2(1)
-7(1)

-7(1)

-8(1)

-8(1)
-4(1)

-1(1)

-4(1)

-9(1)
-12(1)
-10(1)

-4(1)

-10(1)
-10(1)

-3(1)

-4(1)
-3(1)
7(1)
-2(1)
-4(1)
-4(1)
-8(1)
1(1)
1(1)
9(1)
2(1)
-2(1)
3(1)
7(1)
1(1)
-3(1)
0(1)
0(1)
2(1)
0(1)
-3(1)
-6(1)
4(1)
5(1)
1(1)
-3(1)
-12(1)
-1(2)
1(1)
2(1)
4(1)
2(1)
-1(1)
0(1)
7(1)
7(1)
10(1)
2(1)
1(1)
0(1)
11(1)
11(1)
1(1)
-3(1)
6(1)
6(1)

Table 13.36. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3)

for 29.
X y z U(eq)

H(6A) -1951 -1426 3578 41
H(6B) -1455 -725 3934 41
H(6C) -265 -1405 3664 41
H(7A) -1673 -1716 2377 40
H(7B) 76 -1834 2356 40
H(7C) -491 -1385 1608 40
H(8A) -1869 301 909 48
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H(8B)

H(8C)

H(9A)

H(9B)

H(9C)

H(10A)
H(10B)
H(10C)
H(16A)
H(16B)
H(16C)
H(17A)
H(17B)
H(17C)
H(18A)
H(18B)
H(18C)
H(19A)
H(19B)
H(19C)
H(20A)
H(20B)
H(20C)
H(21A)
H(22A)
H(22B)
H(23A)
H(23B)
H(24A)
H(24B)
H(25A)
H(26A)
H(26B)
H(27A)
H(27B)
H(28A)
H(28B)
H(34A)
H(34B)
H(34C)
H(35A)
H(35B)
H(35C)
H(36A)
H(36B)
H(36C)
H(37A)
H(37B)
H(37C)
H(38A)
H(38B)
H(38C)
H(44A)
H(44B)
H(44C)
H(45A)
H(45B)
H(45C)
H(46A)
H(46B)
H(46C)
H(47A)

-170
-625
-1609
-367
123
-1648

-1358
5720
4547
5993
3976
2212
3108
3175
1636
1868
4426
3337
2658
6178
6173
4975
5051
4129
5363
3626
3159
1129
1134
554
1905
1398
3772
3942
5752
5003
-1548
-1519
-391

1315
1718
1600
3165
2843
958
2507
2400
-658
500
-1056
6261
4623
6032
6154
5230
4367
6593
4898
5324
6520

58
1133
2402
2303
2526
1773
1552

844
-1099
-1300

-633
-782
-686
-1365
1693
1876
897
2892
2741
2815
1841
835
1599
-238
-1773
-1503
-1368
-2317
-1263
-1680
-127
1164
480
-27
1095
173
1006
6076
5372
6270
6677
6995
6624
4992
5365
4256
2591
2982
2709
2979
3314
3828
7124
7007
6631
6841
6186
6824
4025
3635
4645
3015
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647
505
1586
916
1562
2992
3126
3641
1440
2205
2009
338
581
1157
-418
69
-73
481
1261
573
1376
2011
2136
2953
3678
4030
4996
4908
5109
4478
4004
3969
4803
4857
4464
3908
3358
3362
2921
2594
4027
3302
4093
5231
4670
5099
4797
4841
4149
3838
3062
3162
1764
1649
1204
3057
3843
3235
4158
4449
4453
2847

48
48
53
53
53
48
48
48
42
42
42
45
45
45
46
46
46
46
46
46
42
42
42
26
36
36
38
38
33
33
25
33
33
34
34
32
32
45
45
45
44
44
44
43
43
43
50
50
50
49
49
49
44
44
44
42
42
42
43
43
43
45



H(47B) 4766 2902 2916 45

H(47C) 5387 2814 3623 45
H(48A) 6862 4308 1515 46
H(48B) 5994 5205 1099 46
H(48C) 5129 4205 1530 46
H(49A) 4154 6055 903 31
H(50A) 3176 7426 404 34
H(50B) 2356 6938 -9 34
H(51A) 1077 7214 134 40
H(51B) 512 7664 601 40
H(52A) -490 6229 730 38
H(52B) -1095 6405 1487 38
H(53A) -228 5016 2078 32
H(54A) 950 4022 1442 39
H(54B) -431 4509 1100 39
H(55A) 1704 4519 171 40
H(55B) 1160 5566 86 40
H(56A) 3709 5601 -79 37
H(56B) 3658 4704 653 37
H(1A) 2260(20) -627(11) 2969(12) 29(6)
H(1B) 2510(20) 656(11) 2832(12) 28(6)
H(2A) 2180(30) 5913(12) 2109(12) 33(6)
H(2B) 2580(30) 4702(12) 2065(12) 34(6)

13.13. Crystallographic Data for (GMe4H),Sc( -H),BCgH 14, 30
X-ray Data Collection, Structure Solution and Refirent for30.

A colorless crystal of approximate dimensions k1721 x 0.23 mm was mounted on
a glass fiber and transferred to a Bruker SMART XPE diffractometer. The APEX2
program package was used to determine the unipeetimeters and for data collection (20
sec/frame scan time for a sphere of diffractioraflahe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukdtions were carried
out using the SHELXTt program. There were no systematic absences nodiéfraction

symmetry other than the Friedel condition. Thetmeymmetric triclinic space groupl
was assigned and later determined to be correct.

The structure was solved by direct methods anideefon B by full-matrix least-
squares techniques. The analytical scatteringf&dor neutral atoms were used throughout
the analysis. Hydrogen atoms H(1)-H(4) were locdtedh a difference-Fourier map and
refined (x,y,z and |&). The remaining hydrogen atoms were includedgusimiding model.
There were two molecules of the formula unit présen One of the
tetramethylcyclopentadienyl ligands on each of ittdependent molecules was disordered.
The disordered ligands were included using multqg@enponents and partial site-occupancy-
factors.

At convergence, wR2 = 0.1210 and Goof = 1.0376fbr variables refined against
10393 data (0.78A), R1 = 0.0468 for those 8670 dttal > 2.05(1).
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Table 13.37. Atomic coordinates ( x #pand equivalent isotropic displacement paramé#its 10%) for 30.
U(eq) is defined as one third of the trace ofdhteogonalized Wtensor.

X y z U(eq)
Sc(1) 7659(1) 7035(1) 9462(1) 16(1)
B(1) 6818(2) 8154(2) 10548(1) 19(1)
C(1) 7767(2) 7508(2) 8202(1) 24(1)
C(2) 6718(2) 7865(1) 8450(1) 18(1)
C(3) 5690(2) 6970(1) 8442(1) 18(1)
C(4) 6108(2) 6063(2) 8187(1) 24(1)
C(5) 7377(2) 6403(2) 8032(1) 26(1)
C(6) 9008(2) 8207(2) 8081(2) 37(1)
C(7) 6683(2) 8984(2) 8591(1) 23(1)
C(8) 4342(2) 6950(2) 8592(1) 24(1)
C(9) 5295(2) 4943(2) 8055(1) 35(1)
C(10) 9922(5) 7211(4) 10087(4) 31(1)
C(11) 9580(5) 6317(5) 9430(3) 27(1)
C(12) 8544(5) 5532(3) 9550(3) 17(1)
C(13) 8252(4) 5928(3) 10289(3) 14(1)
C(14) 9112(5) 6969(4) 10620(3) 21(1)
C(15) 10954(7) 8284(6) 10295(5) 68(2)
C(16) 10375(7) 6244(6) 8805(4) 64(2)
C(17) 8089(5) 4433(4) 9011(3) 38(1)
C(18) 7241(5) 5310(4) 10633(3) 33(1)
C(10B) 9840(4) 7295(3) 10321(3) 12(1)
C(11B) 9846(4) 6650(4) 9577(3) 14(1)
C(12B) 8874(5) 5669(4) 9427(3) 20(1)
C(13B) 8251(5) 5715(4) 10074(3) 25(1)
C(14B) 8859(5) 6716(4) 10638(3) 19(1)
C(15B) 10794(4) 8381(3) 10674(3) 23(1)
C(16B) 10794(5) 6805(4) 9042(3) 30(1)
C(17B) 8602(5) 4644(4) 8802(3) 37(1)
C(18B) 7132(6) 4896(5) 10229(4) 47(1)
C(19) 5839(2) 8854(1) 10403(1) 19(1)
C(20) 4593(2) 8496(2) 10724(1) 29(1)
C(21) 4848(2) 8430(2) 11589(1) 35(1)
C(22) 5933(3) 7927(2) 11788(1) 37(1)
C(23) 7203(2) 8329(2) 11503(1) 28(1)
C(24) 7962(2) 9499(2) 11908(1) 29(1)
C(25) 7278(2) 10292(2) 11689(1) 25(1)
C(26) 6637(2) 10020(1) 10797(1) 23(1)
Sc(2) 3052(1) 7342(1) 5294(1) 17(1)
B(2) 1424(2) 7569(2) 4141(1) 19(1)
C(27) 4187(2) 8848(2) 6449(1) 38(1)
C(28) 2982(2) 9046(2) 6168(1) 28(1)
C(29) 1934(2) 8252(1) 6268(1) 18(1)
C(30) 2492(2) 7560(2) 6605(1) 22(1)
C(31) 3884(2) 7944(2) 6724(1) 35(1)
C(32) 5541(3) 9550(3) 6483(2) 73(1)
C(33) 2893(3) 10008(2) 5911(2) 45(1)
C(34) 496(2) 8195(2) 6154(1) 22(1)
C(35) 1725(2) 6659(2) 6853(1) 33(1)
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C(36) 2992(7) 5536(5) 4631(6) 15(1)

C(37) 3810(8) 5720(5) 5391(4) 15(1)
C(38) 4976(6) 6523(5) 5461(4) 16(1)
C(39) 4890(6) 6843(4) 4757(6) 16(1)
C(40) 3663(9) 6232(7) 4238(3) 16(1)
c(41) 1684(4) 4698(3) 4258(3) 31(1)
C(42) 3571(5) 5088(3) 5986(3) 29(1)
C(43) 6199(4) 6842(3) 6130(3) 28(1)
C(44) 5920(4) 7648(4) 4550(3) 33(1)
C(36B) 3104(7) 5540(6) 4953(5) 17(1)
C(37B) 4331(9) 6129(6) 5486(3) 16(1)
C(38B) 5054(6) 6838(4) 5120(6) 16(1)
C(39B) 4294(9) 6671(5) 4343(4) 16(1)
C(40B) 3093(7) 5870(5) 4243(3) 16(1)
C(41B) 2039(4) 4687(3) 5080(3) 27(1)
C(42B) 4840(4) 5902(3) 6252(2) 26(1)
C(43B) 6452(4) 7532(3) 5444(3) 28(1)
C(44B) 4720(4) 7215(3) 3727(2) 23(1)
C(45) 518(2) 8349(2) 4205(1) 25(1)
C(46) -944(2) 7689(2) 3930(2) 37(1)
C(47) -1336(2) 6903(2) 3102(2) 38(1)
C(48) -347(2) 6288(2) 2935(1) 33(1)
C(49) 1124(2) 6947(2) 3207(1) 23(1)
C(50) 1529(2) 7746(2) 2728(1) 26(1)
C(51) 922(2) 8658(2) 2850(1) 28(1)
C(52) 931(3) 9143(2) 3726(1) 33(1)

Table 13.38. Anisotropic displacement parameters2(A®) for 30. The anisotropic displacement factor
exponent takes the form: pZ h2 a*2U + ... + 2 hk a* b* 2]

Ull U22 U33 U23 Ul3 U12
Sc(1) 16(1) 15(1) 15(1) 5(1) 1(1) 5(1)
B(1) 25(1) 16(1) 14(1) 4(1) 1(1) 7(1)
c(@) 24(1) 32(1) 18(1) 11(1) 5(1) 10(1)
c(2) 20(1) 20(1) 13(1) 7(1) 1(1) 5(1)
c(@3) 20(1) 20(1) 13(1) 5(1) -2(1) 3(1)
C(4) 32(1) 20(1) 15(1) 4(1) -2(1) 7(1)
C(5) 37(1) 32(1) 15(1) 7(1) 5(1) 18(1)
C(6) 31(1) 53(2) 40(1) 26(1) 18(1) 14(1)
c(7) 26(1) 21(1) 20(1) 9(1) 2(1) 5(1)
C(8) 18(1) 28(1) 20(1) 8(1) -1(1) 1(1)
C(9) 45(1) 20(1) 31(1) 4(1) -9(1) 4(1)
C(19) 22(1) 20(1) 15(1) 5(1) 3(1) 7(1)
C(20) 28(1) 29(1) 28(1) 3(1) 10(1) 6(1)
c(21) 45(1) 27(1) 29(1) 3(1) 20(1) -1(1)
C(22) 69(2) 24(1) 18(1) 9(1) 13(1) 7(1)
C(23) 45(1) 25(1) 16(1) 6(1) 1(1) 17(1)
C(24) 32(1) 31(1) 17(1) 2(1) -2(1) 8(1)
C(25) 30(1) 19(1) 22(1) 1(1) 6(1) 3(1)
C(26) 30(1) 18(1) 23(1) 6(1) 6(1) 10(1)
Sc(2) 14(1) 15(1) 17(1) -1(1) 3(1) 3(1)
B(2) 16(1) 17(1) 23(1) 4(1) 4(1) 4(1)
c@27) 19(1) 38(1) 35(1) -23(1) 7(1) -4(1)
C(28) 28(1) 18(1) 29(1) -8(1) 14(1) 0(1)
C(29) 19(1) 16(1) 16(1) 0(1) 5(1) 5(1)
C(30) 25(1) 26(1) 14(1) -1(1) 1(1) 12(1)
C(31) 24(1) 50(1) 19(1) -15(1) -7(1) 18(1)
C(32) 26(1) 74(2) 68(2) -48(2) 21(1) -21(1)
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C(33) 69(2) 14(1) 47(1) -1(1) 37(1) 0(1)

C(34) 20(1) 26(1) 22(1) 9(1) 8(1) 10(1)
C(35) 54(1) 35(1) 23(1) 14(1) 13(1) 25(1)
C(36) 14(2) 12(2) 19(3) 6(3) 2(3) 3(2)
C(37) 18(3) 13(3) 18(3) 7(2) 6(3) 8(2)
C(38) 15(3) 15(2) 20(3) 6(2) 5(2) 5(2)
C(39) 14(3) 17(2) 17(3) 4(3) 2(3) 5(2)
C(40) 20(3) 18(3) 12(2) 5(3) 3(3) 10(2)
C(41) 23(2) 19(2) 40(2) -1(2) 0(2) 1(2)
C(42) 46(3) 23(2) 30(2) 16(2) 18(2) 20(2)
C(43) 23(2) 29(2) 29(2) 1(2) -2(2) 14(2)
C(44) 26(2) 33(2) 47(3) 19(2) 20(2) 10(2)
C(36B)  27(4) 14(2) 16(3) 10(3) 7(4) 11(2)
C(37B)  20(3) 15(3) 15(2) 7(3) 4(3) 7(2)
C(38B)  15(2) 16(2) 15(3) 2(3) 1(3) 6(2)
C(39B)  17(3) 11(2) 19(3) 2(2) 6(3) 5(2)
C(40B)  18(3) 10(2) 15(3) 0(2) 2(2) 3(2)
C(41B)  35(2) 16(2) 30(2) 7(2) 11(2) 5(2)
C(42B)  34(2) 31(2) 20(2) 9(2) 2(2) 20(2)
C(43B)  17(2) 31(2) 33(2) 0(2) 2(2) 8(2)
C(44B)  27(2) 22(2) 25(2) 11(2) 13(2) 10(2)
C(45) 34(1) 23(1) 28(1) 13(1) 15(1) 15(1)
C(46) 27(1) 59(2) 50(1) 40(1) 20(1) 27(1)
c(47) 14(1) 53(1) 51(1) 37(1) 1(1) 3(1)
C(48) 28(1) 22(1) 37(1) 12(1) -12(1) -3(1)
C(49) 20(1) 21(1) 25(1) 1(1) -3(1) 8(1)
C(50) 22(1) 32(1) 20(1) 0(1) 5(1) 4(1)
C(51) 37(1) 22(1) 25(1) 9(1) 11(1) 2(1)
C(52) 57(2) 20(1) 30(1) 10(1) 20(1) 15(1)

Table 13.39. Hydrogen coordinates ( x 90and isotropic displacement parameter¥(£0 3) for 30.

X y z U(eq)
H(1) 7760(20) 8387(18) 10236(14) 31(6)
H(2) 6360(20) 7217(17) 10158(13) 25(6)
H(5A) 7849 5931 7760 32
H(6A) 8773 8558 7675 56
H(6B) 9575 7779 7902 56
H(6C) 9484 8737 8585 56
H(7A) 7074 9292 8200 34
H(7B) 7188 9390 9132 34
H(7C) 5765 9002 8533 34
H(8A) 3683 6316 8230 36
H(8B) 4125 7575 8496 36
H(8C) 4338 6945 9146 36
H(9A) 4458 4798 7672 53
H(9B) 5114 4838 8564 53
H(9C) 5783 4465 7844 53
H(14A) 9231 7410 11176 25
H(15A) 11745 8287 10662 102
H(15B) 10591 8831 10551 102
H(15C) 11189 8423 9806 102
H(16A) 11094 5956 8967 96
H(16B) 10747 6946 8743 96
H(16C) 9805 5781 8295 96
H(17A) 8731 4061 9143 58
H(17B) 8011 4455 8454 58
H(17C) 7226 4063 9083 58
H(18A) 7590 4800 10842 50
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10215 50
H(18B) 6436 4936

8 11067 50
iag) 573923 gggs 11194 23
i 150) 11660 8328 10906 35
i) 10465 8780 11092 35
et 10877 8741 10254 35
reres 11551 6563 9217 45
1ee) 11104 7554 9069 45
1er) 10347 6400 8491 45
ek 9203 4258 8974 55
et 8741 4784 8295 55
el 7686 4222 8730 55
10D 7338 4225 10153 70
iioE) 6304 4803 9855 70
i 1om) 7038 5136 10778 70
lon 5559 8751 9815 23
2o 4063 8990 10682 35
o08) 4053 7794 10374 35
oan) 5095 9149 11954 42
o18) 4018 8017 11687 42
oo 5575 7157 11546 45
o28) 6170 8050 12374 45
oo 7804 7897 11615 34
oan) 8122 9614 12494 34
ot 8835 9648 11767 34
e 7937 10996 11849 30
oon) 6590 10332 11999 30
oo 7340 10213 10509 28
oot 6040 10459 10729 28
ey 1260(20) 6985(18) 4576(13) 26(6)
oo 2630(20) 8031(18) 4431(14) 27(6)
i 4541 7691 7035 42
azn) 5685 10245 6849 109
aot) 5597 9623 5947 109
a20) 6217 9238 6673 109
oo 3435 10639 6333 67
oot 1971 10017 5812 67
o) 3216 9996 5420 67
o) 221 8188 6658 32
oot 31 7551 5740 32
oo 360 8808 5990 32
oaen) 1450 6928 7343 50
et 2280 6207 6950 50
aeo) 940 6251 6427 50
oaon 3409 6182 3657 19
atn) 1842 4039 4000 46
a18) 1163 4924 3859 46
10 1199 4587 4674 46
a2n) 4006 4533 5901 43
aob) 2618 4770 5912 43
20 3933 5553 6530 43
e 6573 6252 6107 42
aa) 5961 7034 6646 42
a0 6855 7447 6070 42
aan 6557 7320 4340 49
aa) 6381 8227 5030 49
aac) 5492 7921 4144 49
405) 2408 5531 3733 19
a10) 2335 4059 5058 40
ate) 1237 4515 4662 40
HM%E) 1848 4928 5604 48
Egsz)) 5147 5277 6133 4
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H(42E) 4129 5775 6539 40

H(42F) 5576 6505 6586 40
H(43D) 7061 7138 5283 43
H(43E) 6628 7766 6028 43
H(43F) 6579 8146 5231 43
H(44D) 5476 7012 3567 34
H(44E) 4974 7979 3957 34
H(44F) 3985 7005 3259 34
H(45A) 684 8749 4779 30
H(46A) -1157 7297 4325 45
H(46B) -1495 8175 3933 45
H(47A) -1435 7288 2693 45
H(47B) -2208 6397 3045 45
H(48A) -543 5950 2354 39
H(48B) -484 5720 3206 39
H(49A) 1678 6455 3146 28
H(50A) 2504 8042 2876 32
H(50B) 1278 7365 2153 32
H(51A) -2 8402 2535 34
H(51B) 1416 9213 2640 34
H(52A) 329 9589 3740 40
H(52B) 1833 9608 3998 40

13.14. Crystallographic Data for (GMesH),Sc( -O)BCgH14, 31
X-ray Data Collection, Structure Solution and Refirent for31.

A colorless crystal of approximate dimensions k1016 x 0.25 mm was mounted on
a glass fiber and transferred to a Bruker SMART XPE diffractometer. The APEX2
program package was used to determine the unipeetimeters and for data collection (25
sec/frame scan time for a sphere of diffractioraflahe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukdtions were carried
out using the SHELXTL program. The diffraction symmetry wasrRand the systematic
absences were consistent with the monoclinic sgemep P2,/c that was later determined to
be correct.

The structure was solved by direct methods anidegfon B by full-matrix least-
squares techniques. The analytical scatteringif&idr neutral atoms were used throughout
the analysis. Hydrogen atoms, with the exceptibrthose associated with C(16), were
located from a difference-Fourier map and refineg,z and o). The hydrogen atoms
attached to C(16) were included using a riding nhode

At convergence, wR2 = 0.0974 and Goof = 1.0284fbt variables refined against
5346 data (0.78A), R1 = 0.0355 for those 4386 déttal > 2.05(l).
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Table 13.40. Atomic coordinates ( x #pand equivalent isotropic displacement paramé#its 10%) for 31.
U(eq) is defined as one third of the trace ofdhteogonalized Wtensor.

X y z U(eq)
Sc(1) 2877(1) 744(1) 1848(1) 17(1)
0(1) 2430(1) -97(1) 2723(1) 26(1)
B(1) 2127(1) -690(1) 3272(2) 23(1)
C(1) 4291(1) 358(1) 1001(2) 23(1)
C(2) 3583(1) -235(1) 686(2) 22(1)
C(3) 2688(1) 31(1) -258(2) 22(1)
C(4) 2848(1) 789(1) -547(2) 22(1)
C(5) 3838(1) 982(1) 226(2) 23(1)
C(6) 5334(1) 324(1) 1981(2) 33(1)
C(7) 3765(2) -1018(1) 1198(2) 35(1)
C(8) 1746(2) -415(1) -873(2) 34(1)
C(9) 2127(2) 1278(1) -1558(2) 33(1)
C(10) 3552(1) 1935(1) 2899(2) 26(1)
C(11) 3186(1) 1551(1) 3868(2) 26(1)
C(12) 2118(1) 1490(1) 3354(2) 25(1)
C(13) 1828(1) 1821(1) 2052(2) 24(1)
C(14) 2715(1) 2100(12) 1789(2) 25(1)
C(15) 4632(2) 2177(1) 3076(3) 42(1)
C(16) 3815(2) 1242(1) 5207(2) 43(1)
C(17) 1416(2) 1155(1) 4073(2) 42(1)
C(18) 767(1) 1886(1) 1133(2) 39(1)
C(19) 2804(1) -1143(1) 4532(2) 27(1)
C(20) 2314(1) -1035(1) 5696(2) 33(1)
C(21) 1186(1) -1251(1) 5353(2) 34(1)
C(22) 536(1) -970(1) 3976(2) 31(1)
C(23) 1020(1) -1041(1) 2791(2) 26(1)
C(24) 1125(1) -1852(1) 2350(2) 31(1)
C(25) 1848(1) -2342(1) 3419(2) 34(1)
C(26) 2864(1) -1968(1) 4129(2) 33(1)

Table 13.41. Anisotropic displacement parameters2(A®) for 31. The anisotropic displacement factor
exponent takes the form: pg h2 a*2U11+ ... + 2 hk a* b* 2]

Ull U22 U33 U23 U13 U12
Sc(1) 18(1) 15(1) 18(1) -1(1) 7(1) 0(1)
0(1) 33(1) 20(1) 29(1) 0(1) 16(1) -2(1)
B(1) 26(1) 20(1) 25(1) -2(1) 11(1) -1(1)
C(1) 21(1) 30(1) 20(1) -2(1) 9(1) 5(1)
c2) 28(1) 22(1) 21(1) 0(1) 12(1) 7(1)
C(3) 25(1) 23(1) 20(1) -4(1) 9(1) 0(1)
C(4) 24(1) 25(1) 19(1) 1(1) 9(1) 3(1)
C(5) 24(1) 24(1) 23(1) 0(1) 12(1) -2(1)
C(6) 24(1) 48(1) 25(1) -4(1) 5(1) 8(1)
C(7) 49(1) 22(1) 37(1) 2(1) 18(1) 11(1)
C(8) 36(1) 34(1) 31(1) -10(1) 8(1) -10(1)
C(9) 36(1) 36(1) 24(1) 9(1) 6(1) 8(1)
C(10) 24(1) 17(1) 36(1) -8(1) 6(1) 0(1)
C(11) 31(1) 21(1) 24(1) -8(1) 2(1) 4(1)
C(12) 29(1) 21(1) 26(1) -6(1) 12(1) 3(1)
C(13) 23(1) 19(1) 28(1) -5(1) 6(1) 4(1)
C(14) 29(1) 16(1) 30(1) -1(1) 9(1) 3(1)
C(15) 28(1) 30(1) 66(1) -16(1) 10(1) -10(1)
C(16) 56(1) 39(1) 26(1) -8(1) -3(1) 16(1)
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C(17) 52(1) 37(1) 49(1) -7(1) 35(1) -1(1)

C(18) 25(1) 42(1) 45(1) -8(1) 2(1) 11(1)
C(19) 22(1) 28(1) 29(1) 3(1) 4(1) -7(1)
C(20) 28(1) 44(1) 23(1) 2(1) 1(1) -11(1)
C(21) 28(1) 50(1) 24(1) 2(1) 7(1) -11(1)
C(22) 23(1) 40(1) 30(1) 3(1) 7(1) -5(1)
C(23) 26(1) 29(1) 21(1) 6(1) 4(1) -2(1)
C(24) 34(1) 31(1) 24(1) 1(1) 4(1) -9(1)
C(25) 40(1) 23(1) 36(1) 3(1) 5(1) -4(1)
C(26) 31(1) 26(1) 41(1) 8(1) 6(1) 1(1)

Table 13.42. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3) for 31.

X y z U(eq)
H(16A) 4535 1330 5299 65
H(16B) 3691 705 5243 65
H(16C) 3625 1492 5948 65
H(5A) 4170(13) 1465(10) 248(17) 25(4)
H(6A) 5721(17) -87(14) 1760(20) 57(7)
H(6B) 5321(16) 228(13) 2900(20) 54(6)
H(6C) 5680(20) 774(15) 1990(30) 67(8)
H(7A) 4010(19) -1316(14) 590(30) 66(7)
H(7B) 3150(20) -1240(15) 1280(30) 65(8)
H(7C) 4209(19) -1015(14) 2070(30) 58(7)
H(8A) 1890(20) -789(16) -1480(30) 74(8)
H(8B) 1200(20) -112(17) -1450(30) 85(9)
H(8C) 1490(20) -699(16) -210(30) 83(9)
H(9A) 2119(16) 1152(12) -2440(20) 47(6)
H(9B) 2339(16) 1774(14) -1430(20) 46(6)
H(9C) 1416(17) 1258(12) -1510(20) 46(6)
H(14A) 2731(14) 2340(10) 950(19) 29(5)
H(15A) 4800(20) 2608(16) 3600(30) 73(8)
H(15B) 4760(20) 2299(15) 2260(30) 68(8)
H(15C) 5100(20) 1777(16) 3460(30) 68(8)
H(17A) 1157(19) 1499(15) 4560(30) 62(7)
H(17B) 1720(20) 768(16) 4690(30) 72(8)
H(17C) 830(20) 925(15) 3460(30) 70(8)
H(18A) 360(20) 2230(17) 1450(30) 83(9)
H(18B) 440(20) 1456(19) 1040(30) 92(11)
H(18C) 770(20) 2065(16) 230(30) 81(9)
H(19A) 3521(14) -936(10) 4824(18) 29(5)
H(20A) 2681(16) -1325(12) 6470(20) 42(6)
H(20B) 2392(15) -498(12) 5950(20) 38(5)
H(21A) 1133(14) -1817(12) 5383(19) 32(5)
H(21B) 889(16) -1039(12) 6050(20) 44(6)
H(22A) 367(15) -432(12) 4090(20) 40(5)
H(22B) -120(15) -1241(10) 3742(19) 32(5)
H(23A) 535(14) -775(10) 1981(19) 28(5)
H(24A) 434(15) -2099(11) 2052(19) 36(5)
H(24B) 1364(14) -1840(11) 1527(19) 33(5)
H(25A) 1980(16) -2805(13) 3000(20) 47(6)
H(25B) 1468(14) -2496(11) 4110(19) 35(5)
H(26A) 3291(16) -1994(12) 3530(20) 41(6)
H(26B) 3204(16) -2265(12) 4920(20) 47(6)
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13.15. Crystallographic Data for (GMes),Sc( 3-C3Hs), 32

Table 13.43. Atomic coordinates ( x #pand equivalent isotropic displacement paraméiits 10°)
for 32. U(eq) is defined as one third of the tracehefdrthogonalized Utensor.

X y z U(eq)

Sc(1) 0 1468(1) 3647(1) 17(2)
C(1) 450(5) 2288(7) 2877(2) 43(2)
C(2) 771(4) 3270(7) 3169(2) 46(2)
C(3) 0 4010(9) 3371(3) 65(4)
C(4) 1095(5) 1439(8) 2562(2) 49(2)
C(5) 1766(5) 3744(9) 3257(3) 61(2)
C(6) 0 5380(13) 3611(4) 90(5)
C(7) 0 155(9) 4382(2) 86(6)
C(8) 778(5) 1096(10) 4376(2) 57(2)
C(9) 455(4) 2510(7) 4382(2) 40(1)
C(10) 0 -1416(13) 4460(4) 250(20)
C(11) 1760(8) 620(20) 4401(3) 153(8)
C(12) 1089(7) 3825(11) 4461(3) 80(3)
C(13) 0 -853(10) 3242(5) 62(3)
C(14) 853(5) -700(6) 3406(2) 45(2)

Table 13.44. Anisotropic displacement parameters2(A®) for 32. The anisotropic
displacement factor exponent takes the fornp-B2 a*2U1 + ... + 2 h k a* b* U2]

Ull U22 U33 U23 U13 U12
Sc(1) 16(1) 17(1) 18(1) -1(2) 0 0
c(@) 64(4) 36(3) 29(3) 11(2) 12(3) 10(3)
C(2) 23(3) 55(4) 60(4) 39(3) -8(2) -12(3)
c@3) 163(13) 13(3) 21(4) 1(3) 0 0
C(4) 51(4) 54(4) 41(3) 6(3) 11(3) 5(3)
C(5) 43(4) 78(5) 63(4) 14(4) -8(3) -26(4)
C(6) 174(17) 37(6) 57(7) 1(5) 0 0
c(7) 234(18) 16(4) 9(4) 2(3) 0 0
C(8) 50(4) 100(6) 21(3) 0(3) -6(2) 40(4)
C(9) 46(3) 50(3) 24(2) 7(2) -6(2) -9(3)
C(10)  690(70) 26(6) 30(6) 5(5) 0 0
C(11) 88(7) 320(20) 49(5) -43(9) -26(5) 126(11)
C(12) 96(7) 90(6) 54(4) -8(4) -10(4) -64(6)
C(13) 55(6) 22(4) 109(9) -20(5) 0 0
C(14) 58(4) 28(3) 50(4) -11(2) 1(3) 14(3)

13.16. Crystallographic Data for ¢P-CsMe4H).Sc(r'-CsMe4H), 35
X-ray Data Collection, Structure Solution and Refirent for35.

A yellow crystal of approximate dimensions 0.16.%7 x 0.31 mm was mounted on a
glass fiber and transferred to a Bruker SMART APEXdiffractometer. The APEX2
program package was used to determine the unipeetimeters and for data collection (25
sec/frame scan time for a sphere of diffractioraflahe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukdtions were carried
out using the SHELXTL program. The diffraction symmetry wasrRand the systematic
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absences were consistent with the monoclinic sgemep P2;/c that was later determined to
be correct.

The structure was solved by direct methods anidegfon B by full-matrix least-
squares techniques. The analytical scatteringf&dor neutral atoms were used throughout
the analysis. Hydrogen atoms were located frornifarence-Fourier map and refined (x,y,z
and Usg). There were two molecules of the formula unggent (Z = 8).

At convergence, wR2 = 0.1025 and Goof = 1.0178fbr variables refined against
10523 data (0.77A), R1 = 0.0368 for those 8144 dittal > 2.05(1).
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Table 13.45. Atomic coordinates ( x #pand equivalent isotropic displacement paramé#its 107) for 35.
U(eq) is defined as one third of the trace ofdtthogonalized Wtensor.

X y z U(eq)
Sc(1) 89(1) 3891(1) 7495(1) 17(2)
C(1) 26(1) 2529(1) 7263(1) 23(1)
C(2) 719(2) 2307(1) 8036(1) 24(1)
C(3) 1368(1) 2006(1) 7822(1) 23(1)
C(4) 1093(1) 2013(1) 6925(1) 23(1)
C(5) 278(1) 2318(1) 6579(1) 23(1)
C(6) 716(1) 2406(1) 8904(1) 37(1)
C(7) 2246(1) 1762(1) 8408(1) 37(1)
C(8) 1644(1) 1757(1) 6465(1) 36(1)
C(9) -288(1) 2374(1) 5656(1) 35(1)
C(10) -1303(1) 4529(1) 6707(1) 22(1)
C(11) -1533(1) 3772(2) 6861(1) 21(1)
C(12) -1276(1) 3677(1) 7746(1) 21(1)
C(13) -879(1) 4377(1) 8142(1) 21(1)
C(14) -909(1) 4905(1) 7497(1) 22(1)
C(15) -1526(1) 4892(1) 5852(1) 34(1)
C(16) -2052(1) 3204(1) 6197(1) 31(1)
C(17) -1490(1) 2991(1) 8168(1) 29(1)
C(18) -527(1) 4550(1) 9071(1) 31(1)
C(19) 1586(1) 4253(1) 8368(1) 25(1)
C(20) 1159(1) 4971(1) 8095(1) 25(1)
C(21) 880(1) 5012(1) 7205(1) 25(1)
C(22) 1133(1) 4315(1) 6922(1) 25(1)
C(23) 1567(1) 3854(1) 7640(1) 24(1)
C(24) 2045(1) 4008(1) 9271(1) 34(1)
C(25) 1129(1) 5624(1) 8666(1) 33(1)
C(26) 496(1) 5711(1) 6673(1) 34(1)
C(27) 1001(1) 4119(2) 6030(1) 35(1)
Sc(2) 4943(1) 3764(1) 7497(1) 16(1)
C(28) 4875(1) 5140(1) 7398(1) 21(1)
C(29) 4704(1) 5310(1) 8141(1) 22(1)
C(30) 3892(1) 5627(1) 7877(1) 23(1)
C(31) 3546(1) 5685(1) 6976(1) 23(1)
C(32) 4143(1) 5401(1) 6680(1) 22(1)
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C(33) 5323(1) 5183(1) 9032(1) 32(1)

C(34) 3400(1) 5843(1) 8412(1) 36(1)
C(35) 2666(1) 5983(1) 6460(1) 35(1)
C(36) 4081(1) 5396(1) 5784(1) 31(1)
C(37) 5879(1) 3199(1) 6843(1) 24(1)
C(38) 6238(1) 3943(1) 7117(1) 22(1)
C(39) 6548(1) 3961(1) 8008(1) 22(1)
C(40) 6385(1) 3229(1) 8297(1) 24(1)
c(41) 5980(1) 2761(1) 7575(1) 23(1)
C(42) 5515(1) 2914(1) 5945(1) 35(1)
C(43) 6367(1) 4568(1) 6568(1) 33(1)
C(44) 7066(1) 4611(1) 8549(1) 34(1)
C(45) 6677(1) 2972(1) 9201(1) 38(1)
C(46) 3929(1) 3370(1) 8127(1) 22(1)
c(47) 4193(1) 2664(1) 7877(1) 21(1)
C(48) 3904(1) 2660(1) 6986(1) 22(1)
C(49) 3462(1) 3367(1) 6680(1) 23(1)
C(50) 3479(1) 3801(1) 7386(1) 22(1)
C(51) 4048(1) 3590(1) 9009(1) 31(1)
C(52) 4602(1) 1996(1) 8453(1) 30(1)
C(53) 3938(1) 1981(1) 6453(1) 30(1)
C(54) 3011(1) 3586(1) 5771(1) 34(1)

Table 13.46. Anisotropic displacement parameters2(A®) for 35. The anisotropic displacement factor
exponent takes the form: pZ h2 a*2U + ... + 2 hk a* b* 2]

Ull U22 U33 U23 Ul3 U12
Sc(1) 17(1) 15(1) 20(1) -2(1) 8(1) -1(1)
c@) 23(1) 17(1) 34(1) -1(1) 15(1) -1(1)
c(2) 30(1) 18(1) 27(1) -2(1) 15(1) -3(1)
c@3) 24(1) 17(1) 28(1) 1(1) 11(1) 0(1)
C(4) 28(1) 16(1) 30(1) -2(1) 17(1) -2(1)
C(5) 28(1) 17(1) 26(1) 1(1) 11(1) -4(1)
C(6) 42(1) 43(1) 33(1) -12(1) 22(1) -12(1)
c(7) 30(1) 36(1) 41(1) 6(1) 10(1) 6(1)
C(8) 41(1) 33(1) 46(1) -7(1) 29(1) -1(1)
C(9) 39(1) 35(1) 29(1) 4(1) 10(1) -6(1)
C(10) 20(1) 22(1) 22(1) 2(1) 7(1) 3(1)
C(11) 15(1) 21(1) 25(1) -1(1) 6(1) 2(1)
C(12) 16(1) 22(1) 26(1) 1(1) 10(1) 3(1)
C(13) 17(1) 25(1) 23(1) -2(1) 9(1) 4(1)
C(14) 19(1) 19(1) 28(1) -2(1) 9(1) 2(1)
C(15) 36(1) 35(1) 27(1) 8(1) 8(1) 2(1)
C(16) 20(1) 30(1) 34(1) -9(1) 2(1) -1(1)
c(17) 26(1) 28(1) 39(1) 8(1) 19(1) 3(1)
C(18) 28(1) 43(1) 23(1) -6(1) 9(1) 5(1)
C(19) 17(1) 24(1) 34(1) -5(1) 10(1) -5(1)
C(20) 20(1) 20(1) 37(1) -8(1) 14(1) -5(1)
C(21) 24(1) 18(1) 37(1) -2(1) 16(1) -5(1)
C(22) 26(1) 20(1) 37(1) -4(1) 20(1) -6(1)
C(23) 19(1) 18(1) 38(1) -4(1) 16(1) -2(1)
C(24) 24(1) 37(1) 36(1) -4(1) 4(1) -2(1)
C(25) 30(1) 27(1) 43(1) -15(1) 16(1) -6(1)
C(26) 36(1) 21(1) 49(1) 5(1) 23(1) -2(1)
c(27) 48(1) 30(1) 38(1) -4(1) 29(1) -7(1)
Sc(2) 16(1) 14(1) 19(1) 0(1) 8(1) 0(1)
C(28) 22(1) 15(1) 28(1) 0(1) 12(1) 0(1)
C(29) 28(1) 16(1) 24(1) 0(1) 11(1) -5(1)
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C(30) 27(1) 15(1) 31(1) -5(1) 16(1) -5(1)

C(31) 23(1) 14(1) 31(1) -1(1) 10(1) -2(1)
C(32) 26(1) 15(1) 25(1) -1(1) 11(1) -4(1)
C(33) 35(1) 33(1) 27(1) 6(1) 10(1) -7(1)
C(34) 39(1) 31(1) 48(1) -8(1) 29(1) -4(1)
C(35) 24(1) 28(1) 48(1) -1(1) 9(1) 1(1)
C(36) 39(1) 30(1) 26(1) -4(1) 13(1) -8(1)
C(37) 22(1) 24(1) 27(1) -3(1) 13(1) 3(1)
C(38) 18(1) 23(1) 29(1) 2(1) 13(1) 2(1)
C(39) 15(1) 22(1) 29(1) -1(1) 8(1) 2(1)
C(40) 19(1) 26(1) 28(1) 4(1) 9(1) 7(1)
c(41) 22(1) 18(1) 33(1) 1(1) 14(1) 4(1)
C(42) 32(1) 47(1) 31(1) -13(1) 16(1) -2(1)
C(43) 35(1) 31(1) 42(1) 10(1) 27(1) 5(1)
C(44) 21(1) 31(1) 45(1) -10(1) 7(1) -2(1)
C(45) 36(1) 47(1) 29(1) 12(1) 10(1) 12(1)
C(46) 22(1) 17(1) 29(1) -2(1) 14(1) -4(1)
C(47) 22(1) 16(1) 28(1) 1(1) 12(1) -2(1)
C(48) 21(1) 17(1) 30(1) -4(1) 12(1) -4(1)
C(49) 18(1) 20(1) 29(1) -1(1) 7(1) -4(1)
C(50) 18(1) 17(1) 32(1) -1(1) 11(1) -1(1)
C(51) 40(1) 28(1) 31(1) -4(1) 22(1) -5(1)
C(52) 33(1) 21(1) 41(1) 8(1) 19(1) 3(1)
C(53) 31(1) 23(1) 40(1) -11(1) 17(1) -6(1)
C(54) 26(1) 37(1) 29(1) 2(1) 2(1) -5(1)

Table 13.47. Hydrogen coordinates ( x 90and isotropic displacement parameterd(#£0 3) for 35.

X y z U(eq)

H(1A) -553(12) 2479(10) 7201(11) 34(5)

H(6A) 616(15) 2920(15) 9034(15) 67(7)

H(6B) 1232(15) 2296(13) 9323(14) 55(7)
H(6C) 284(13) 2118(12) 8973(12) 44(6)
H(7A) 2694(15) 2088(13) 8336(14) 60(7)
H(7B) 2363(15) 1247(14) 8327(14) 59(7)
H(7C) 2337(15) 1800(13) 8997(15) 66(7)
H(8A) 2138(15) 2071(14) 6597(14) 62(7)
H(8B) 1825(15) 1235(14) 6581(14) 61(7)
H(8C) 1351(14) 1797(13) 5841(15) 63(7)
H(9A) -528(17) 2883(16) 5497(16) 81(8)

H(9B) -7(17) 2292(15) 5299(16) 80(8)

H(9C) -844(15) 2062(13) 5501(14) 62(7)
H(14A) -712(10) 5455(10) 7590(10) 25(4)
H(15A) -1261(14) 4640(13) 5501(14) 58(6)
H(15B) -1308(13) 5413(13) 5881(12) 50(6)
H(15C) -2170(14) 4890(12) 5525(13) 54(6)
H(16A) -1998(17) 3261(15) 5702(17) 79(9)
H(16B) -1920(15) 2684(15) 6347(14) 66(7)
H(16C) -2598(17) 3268(14) 6079(15) 69(8)
H(17A) -2053(14) 2999(12) 8053(13) 51(6)
H(17B) -1168(13) 3008(11) 8772(13) 43(6)
H(17C) -1365(14) 2491(14) 7952(13) 59(7)
H(18A) -417(15) 5083(15) 9165(14) 65(7)
H(18B) 12(16) 4287(14) 9361(15) 67(7)
H(18C) -883(18) 4413(16) 9315(17) 91(9)
H(23A) 1785(10) 3355(10) 7611(10) 25(4)
H(24A) 2572(13) 4331(11) 9530(12) 43(5)
H(24B) 1702(14) 4067(13) 9638(14) 56(6)
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H(24C) 2188(13) 3458(13) 9295(12) 48(6)

H(25A) 1597(15) 5939(13) 8777(14) 62(7)
H(25B) 623(14) 5937(12) 8412(13) 52(6)
H(25C) 1127(13) 5415(12) 9218(14) 53(6)
H(26A) 82(12) 5972(11) 6856(12) 39(5)
H(26B) 188(12) 5576(11) 6069(13) 41(5)
H(26C) 928(14) 6066(12) 6695(12) 48(6)
H(27A) 410(13) 4201(11) 5639(12) 40(5)
H(27B) 1133(12) 3581(12) 5984(12) 43(6)
H(27C) 1358(14) 4439(13) 5824(14) 62(7)
H(28A) 5442(11) 5215(9) 7398(10) 22(4)
H(33A) 5523(13) 4631(13) 9133(13) 52(6)
H(33B) 5080(14) 5307(13) 9438(14) 58(7)
H(33C) 5838(13) 5486(11) 9161(12) 42(5)
H(34A) 3747(13) 5798(12) 9016(14) 48(6)
H(34B) 3220(14) 6373(13) 8306(13) 53(6)
H(34C) 2910(14) 5508(13) 8319(13) 56(6)
H(35A) 2560(14) 6020(13) 5821(15) 58(7)
H(35B) 2573(13) 6499(13) 6623(13) 54(6)
H(35C) 2234(14) 5656(13) 6483(13) 56(6)
H(36A) 4006(16) 4921(16) 5530(16) 80(8)
H(36B) 3640(20) 5704(18) 5412(19) 108(11)
H(36C) 4605(16) 5571(14) 5746(14) 64(7)
H(41A) 5792(11) 2219(10) 7572(10) 28(4)
H(42A) 4983(15) 3192(13) 5596(14) 62(7)
H(42B) 5922(17) 2903(14) 5717(15) 76(8)
H(42C) 5344(15) 2359(15) 5923(14) 68(7)
H(43A) 5972(15) 4540(13) 6018(15) 58(7)
H(43B) 6335(14) 5084(14) 6768(13) 58(6)
H(43C) 6909(16) 4542(13) 6564(14) 66(7)
H(44A) 6805(12) 5115(12) 8398(11) 41(5)
H(44B) 7587(16) 4664(13) 8498(14) 66(7)
H(44C) 7169(13) 4533(12) 9134(13) 45(6)
H(45A) 6493(18) 3305(17) 9536(17) 95(10)
H(45B) 6448(16) 2430(16) 9258(15) 76(8)
H(45C) 7317(15) 2957(12) 9477(13) 53(6)
H(50A) 3244(10) 4304(10) 7386(10) 22(4)
H(51A) 4633(14) 3533(12) 9392(13) 46(6)
H(51B) 3898(12) 4139(12) 9030(12) 37(5)
H(51C) 3664(13) 3278(12) 9201(13) 51(6)
H(52A) 4149(14) 1654(13) 8491(13) 58(6)
H(52B) 4935(12) 2163(11) 9022(13) 41(6)
H(52C) 4953(12) 1711(11) 8239(11) 37(5)
H(53A) 3497(13) 1654(12) 6390(12) 46(6)
H(53B) 4471(13) 1713(11) 6696(12) 38(5)
H(53C) 3889(13) 2148(12) 5894(13) 43(6)
H(54A) 2482(14) 3244(13) 5495(13) 55(6)
H(54B) 3389(14) 3544(12) 5438(13) 56(6)
H(54C) 2834(13) 4134(12) 5726(12) 42(5)

13.17. Crystallographic Data for [(GMe,H).ScSPh}, 36
X-ray Data Collection, Structure Solution and Refirent for36.

A yellow crystal of approximate dimensions 0.28.23 x 0.24 mm was mounted on a

glass fiber and transferred to a Bruker SMART APHXdiffractometer. The APEX2
program package was used to determine the unipeelimeters and for data collection (20
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sec/frame scan time for a sphere of diffractioraflahe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukdtions were carried
out using the SHELXTL program. The diffraction symmetry wasrRand the systematic
absences were consistent with the monoclinic sgemap P2;/n that was later determined to
be correct.

The structure was solved by direct methods anidegfon B by full-matrix least-
squares techniques. The analytical scatteringif&idr neutral atoms were used throughout
the analysis. The molecule was located about aersion center. Hydrogen atoms were
located from a difference-Fourier map and refineg, £ and U,). There was one molecule
of toluene solvent present. The solvent was deyedl about an inversion center and refined
with anisotropic thermal parameters and the FLATnomnd. The hydrogen atoms
associated with the disordered solvent were neattéztor included in the refinement.

At convergence, wR2 = 0.0963 and Goof = 1.059f04 #ariables refined against
5424 data (0.76A), R1 = 0.0346 for those 4871 déttal > 2.05(l).
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Table 13.48. Atomic coordinates ( x #pand equivalent isotropic displacement paraméits 10%) for 36.
U(eq) is defined as one third of the trace ofdhtbogonalized Wtensor.

X y z U(eq)
Sc(1) 9483(1) 102(1) 1304(1) 14(1)
S(1) 10175(2) -952(1) 108(1) 18(1)
C(1) 11209(2) -430(1) 2542(1) 18(1)
C(2) 12174(2) -178(1) 1990(1) 18(1)
C(3) 12036(2) 724(1) 1872(1) 18(1)
C(4) 10982(2) 1033(1) 2350(1) 18(1)
C(5) 10496(2) 318(1) 2767(1) 18(1)
C(6) 11114(2) -1298(1) 2934(1) 25(1)
C(7) 13314(2) -728(1) 1679(1) 23(1)
C(8) 13019(2) 1257(1) 1422(1) 22(1)
C(9) 10604(2) 1953(1) 2500(1) 25(1)
C(10) 6952(2) 729(1) 1060(1) 20(1)
C(11) 7202(2) 535(1) 1911(1) 20(1)
C(12) 7323(2) -372(1) 1998(1) 20(1)
C(13) 7140(2) -740(1) 1203(1) 19(1)
C(14) 6918(2) -58(1) 627(1) 19(1)
C(15) 6650(2) 1606(1) 692(1) 26(1)
C(16) 7074(2) 1163(1) 2590(1) 29(1)
C(17) 7346(2) -864(1) 2787(1) 28(1)
C(18) 7021(2) -1684(1) 1018(1) 25(1)
C(19) 10236(2) -2082(1) 243(1) 18(1)
C(20) 10819(2) -2441(1) 1001(1) 24(1)
C(21) 10828(2) -3322(1) 1124(1) 27(1)
C(22) 10267(3) -3865(1) 493(1) 39(1)
C(23) 9702(3) -3519(1) -270(1) 53(1)
C(24) 9690(2) -2637(1) -392(1) 35(1)
C(25) 4716(5) 5377(3) 4(2) 38(1)
C(26) 3680(3) 4890(2) -120(1) 58(1)
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C(27) 3726(5) 3938(3) -238(2) 39(1)
C(28) 5286(5) 3644(2) -137(2) 72(1)
C(29) 6303(5) 4125(4) -3(2) 51(1)

Table 13.49. Anisotropic displacement parameters2(A®) for 36. The anisotropic displacement factor
exponent takes the form: p h2 a*2U1+ ... + 2 hk a* b* 2]

Ull U22 U33 U23 U13 U12
Sc(1) 13(1) 15(1) 13(1) 0(1) 2(1) 0(1)
S(1) 23(1) 15(1) 16(1) 0(1) 5(1) 0(1)
c@) 18(1) 21(1) 15(1) 0(1) -1(1) 0(1)
c(2) 15(1) 22(1) 16(1) -2(1) -2(1) 0(1)
c@3) 16(1) 20(1) 15(1) -2(1) -1(1) -3(1)
C(4) 18(1) 20(1) 15(1) -3(1) -1(1) -2(1)
C(5) 18(1) 23(1) 13(1) -1(1) 1(1) -1(1)
C(6) 30(1) 23(1) 22(1) 5(1) 4(1) 1(1)
c(7) 17(1) 26(1) 25(1) -2(1) 3(1) 3(1)
C(8) 20(1) 25(1) 22(1) -2(1) 4(1) -6(1)
C(9) 30(1) 20(1) 24(1) -4(1) 4(1) 0(1)
C(10) 13(1) 25(1) 22(1) 1(1) 5(1) 2(1)
c(11) 15(1) 26(1) 21(1) -2(1) 6(1) 1(1)
C(12) 14(1) 27(1) 18(1) 3(1) 4(1) -2(1)
C(13) 13(1) 24(1) 20(1) 1(1) 4(1) -3(1)
C(14) 14(1) 25(1) 18(1) 1(1) 2(1) -1(1)
C(15) 23(1) 25(1) 32(1) 5(1) 9(1) 6(1)
C(16) 25(1) 37(1) 25(1) -9(1) 8(1) 4(1)
C(17) 25(1) 39(1) 19(1) 6(1) 5(1) -5(1)
C(18) 25(1) 23(1) 28(1) 1(1) 7(1) -6(1)
C(19) 18(1) 16(1) 21(1) 1(1) 6(1) 1(1)
C(20) 28(1) 24(1) 21(1) 2(1) 0(1) -4(1)
C(21) 30(1) 25(1) 25(1) 8(1) 3(1) 1(1)
C(22) 63(1) 17(1) 36(1) 4(1) 1(1) 4(1)
Cc(23) 1022 20(1) 31(1) -7(1) -14(1) 3(1)
C(24) 62(1) 21(1) 20(1) 0(1) -4(1) 4(1)
C(25) 67(3) 32(2) 17(2) 1(1) 11(2) -1(2)
C(26) 70(2) 82(2) 24(1) 13(1) 17(1) 27(1)
c(27) 55(2) 41(2) 21(2) 4(1) 8(2) -7(2)
C(28)  146(3) 40(1) 32(1) 6(1) 24(2) 24(2)
C(29) 46(2) 83(4) 23(2) 6(2) 6(2) 30(2)

Table 13.50. Hydrogen coordinates ( x 40and isotropic displacement parameterd(£0 3) for 36.

X y z U(eq)
H(5A) 9860(20) 329(12) 3159(11) 21(4)
H(6A) 12110(30) -1587(14) 3014(14) 43(6)
H(6B) 10350(30) -1676(15) 2628(14) 45(6)
H(6C) 10820(20) -1250(15) 3457(15) 44(6)
H(7A) 14160(20) -403(15) 1636(13) 36(5)
H(7B) 12990(20) -952(14) 1136(14) 40(6)
H(7C) 13600(30) -1208(15) 2042(15) 47(6)
H(8A) 13960(30) 997(14) 1417(14) 41(6)
H(8B) 13170(30) 1789(16) 1662(14) 47(6)
H(8C) 12660(20) 1331(14) 842(14) 40(6)
H(9A) 11430(30) 2337(15) 2410(14) 48(6)
H(9B) 10400(20) 2027(15) 3059(14) 45(6)
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H(9C) 9720(20) 2160(14) 2154(13) 38(6)

H(14A) 6750(20) -118(12) 42(13) 28(5)
H(15A) 5730(30) 1793(16) 786(16) 56(7)
H(15B) 6690(20) 1604(15) 114(15) 45(6)
H(15C) 7330(30) 2054(17) 969(16) 56(7)
H(16A) 6110(30) 1161(17) 2750(17) 63(8)
H(16B) 7250(30) 1740(20) 2427(19) 83(10)
H(16C) 7710(30) 1107(17) 3060(17) 59(8)
H(17A) 6370(30) -933(15) 2938(15) 51(7)
H(17B) 7940(30) -635(16) 3227(16) 51(7)
H(17C) 7690(30) -1450(17) 2769(15) 49(7)
H(18A) 6080(30) -1879(14) 1132(13) 42(6)
H(18B) 7810(20) -2018(14) 1367(13) 37(6)
H(18C) 7050(20) -1808(14) 429(14) 39(6)
H(20A) 11240(20) -2081(13) 1443(13) 32(5)
H(21A) 11270(20) -3538(13) 1646(13) 35(5)
H(22A) 10270(30) -4447(17) 585(15) 52(7)
H(23A) 9350(30) -3880(19) -729(19) 73(9)
H(24A) 9290(30) -2397(15) -905(15) 49(6)

13.18. Crystallographic Data for (GMe4H),ScSePh, 37
X-ray Data Collection, Structure Solution and Refirent for37.

A colorless crystal of approximate dimensions k3133 x 0.45 mm was mounted on a glass
fiber and transferred to a Bruker SMART APEX Ilfdictometer. The APEX2program
package was used to determine the unit-cell paemsand for data collection (15 sec/frame
scan time for a sphere of diffraction data). Tae frame data was processed using SAINT
and SADABS to yield the reflection data file. Subsequentcokitions were carried out
using the SHELXTE program. The diffraction symmetry wasmmand the systematic
absences were consistent with the orthorhombicesgemupsPnmaandPna2;. It was later
determined that the molecule is best describedyugpace groupnmaalthough the structure
could also be solved and refined with similar ressulsing the alternate noncentrosymmetric
space group.

The structure was solved by direct methods andhedfion E by full-matrix least-squares
techniques. The analytical scattering factds neutral atoms were used throughout the
analysis. Hydrogen atoms were included usingiagichodel. The molecule was located on
a mirror plane. There was one molecule of tolusnleent present. The solvent was also
located on a mirror plane and was disordered. Jdteent was included using multiple
components, partial site-occupancy factors, egentaisotropic thermal parameters and
geometrical constraints.

Least squares analysis yielded wR2 = 0.1570 and €dh119 for 132 variables refined
against 3069 data (0.78A), R1 = 0.0469 for thos¥62fata with | > 2.9(1).
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Table 13.51. Atomic coordinates ( x #pand equivalent isotropic displacement paramé#its 108) for 37.
U(eq) is defined as one third of the trace ofdhteogonalized Wtensor.

X y z U(eq)
Sc(1) 4616(1) 2500 6147(1) 16(1)
Se(1) 3564(1) 2500 4974(1) 20(1)
C(1) 2650(5) 2500 6619(3) 22(1)
C(2) 3214(4) 3479(4) 6878(2) 22(1)
C(3) 4131(4) 3107(4) 7309(2) 21(1)
C(4) 2894(4) 4693(4) 6729(2) 29(1)
C(5) 4856(4) 3848(5) 7764(2) 30(1)
C(6) 6343(3) 3103(4) 5448(2) 18(1)
C(7) 6538(3) 3481(4) 6114(2) 20(1)
C(8) 6665(5) 2500 6519(3) 20(1)
C(9) 6327(4) 3838(4) 4834(2) 23(1)
C(10) 6684(5) 4696(4) 6332(3) 29(1)
C(11) 1877(6) 2500 5077(3) 20(1)
C(12) 1253(4) 3519(4) 5138(3) 28(1)
C(13) 45(4) 3515(5) 5280(3) 33(1)
C(14) -569(6) 2500 5347(4) 36(2)
C(15) 9320(6) 7500 7044(4) 142(5)
C(16) 10290(6) 7500 6615(4) 142(5)
C(17) 11432(6) 7500 6875(4) 142(5)
C(18) 11605(6) 7500 7564(4) 142(5)
C(19) 10635(6) 7500 7992(4) 142(5)
C(20) 9492(6) 7500 7733(4) 142(5)
C(21) 8101(6) 7500 6799(4) 142(5)
C(22) 10263(6) 7500 7708(4) 142(5)
C(23) 10111(6) 7500 7018(4) 142(5)
C(24) 11094(6) 7500 6599(4) 142(5)
C(25) 12228(6) 7500 6870(4) 142(5)
C(26) 12381(6) 7500 7560(4) 142(5)
C(27) 11398(6) 7500 7979(4) 142(5)
C(28) 9200(6) 7500 8184(4) 142(5)

Table 13.52. Anisotropic displacement parameters2(A®) for 37. The anisotropic displacement factor
exponent takes the form: pg h2 a*2U1+ ... + 2 hk a* b* 2]

Ull U22 U33 U23 Ul3 U12
Sc(1) 12(1) 23(1) 14(1) 0 1(1) 0
Se(1) 13(1) 32(1) 16(1) 0 0(1) 0
c@) 14(3) 38(3) 14(3) 0 4(2) 0
c(2) 19(2) 29(2) 17(2) 0(2) 6(2) 1(2)
c(@3) 21(2) 28(2) 16(2) 0(2) 3(2) -2(2)
C(4) 29(2) 30(2) 28(2) 4(2) 6(2) 4(2)
C(5) 29(2) 40(3) 20(2) 7(2) -1(2) -4(2)
C(6) 11(2) 25(2) 19(2) 1(2) 2(1) -1(2)
c(7) 13(2) 25(2) 21(2) -2(2) 0(1) -2(2)
C(8) 14(3) 29(3) 18(3) 0 -2(2) 0
C(9) 20(2) 28(2) 22(2) 6(2) 2(2) -2(2)
C(10) 30(2) 27(2) 30(2) -4(2) -1(2) -5(2)
c(11) 14(3) 27(3) 18(3) 0 -2(2) 0
C(12) 22(2) 27(2) 34(2) 8(2) -1(2) 0(2)
C(13) 24(2) 34(3) 42(3) 7(2) 0(2) 9(2)
C(14) 15(3) 46(4) 46(4) 0 1(3) 0
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Table 13.53. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3) for 37.

X y z U(eq)
H(1) 1997 2500 6320 27
H(4A) 3612 5120 6615 43
H(4B) 2519 5034 7123 43
H(4C) 2341 4717 6351 43
H(5A) 5685 3598 7754 44
H(5B) 4551 3788 8222 44
H(5C) 4805 4639 7614 44
H(8) 6811 2500 6987 25
H(9A) 5751 3534 4513 35
H(9B) 7117 3843 4629 35
H(9C) 6103 4615 4957 35
H(10A) 6109 5175 6096 44
H(10B) 7489 4954 6228 44
H(10C) 6549 4752 6816 44
H(12) 1656 4221 5082 33
H(13) -364 4216 5332 40
H(14) -1395 2500 5437 43
H(16) 10172 7500 6145 170
H(17) 12095 7500 6582 170
H(18) 12386 7500 7741 170
H(19) 10753 7500 8463 170
H(20) 8830 7500 8026 170
H(21A) 7553 7500 7179 213
H(21B) 7965 6820 6526 213
H(21C) 7965 8180 6526 213
H(23) 9335 7500 6833 170
H(24) 10990 7500 6127 170
H(25) 12900 7500 6583 170
H(26) 13156 7500 7745 170
H(27) 11502 7500 8451 170
H(28A) 8464 7500 7923 213
H(28B) 9227 8180 8467 213
H(28C) 9227 6820 8467 213

13.19. Crystallographic Data for (GMe4H),ScTePh, 38
X-ray Data Collection, Structure Solution and Refirent for38.

A yellow crystal of approximate dimensions 0.20.29 x 0.32 mm was mounted on a
glass fiber and transferred to a Bruker SMART APHXdiffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (20
sec/frame scan time for a sphere of diffractioraflaiThe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukitions were carried
out using the SHELXTf.program. The diffraction symmetry wasnmand the systematic
absences were consistent with the orthorhombicesgemupsnmaandPna2;. Although the
structure could be solved and refined using botcepgroups, the refinement was better
(geometric and thermal considerations) using tiérasymmetric space grolgnma

The structure was solved by direct methods anidegéfon B by full-matrix least-
squares techniques. The analytical scatteringif&idr neutral atoms were used throughout
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the analysis. Hydrogen atoms were included usindiag model. The molecule was located
on a mirror plane. There was one molecule of tdusolvent present which was also located
on a mirror plane. Unrestrained refinement of sblvent molecule resulted in high thermal
parameters and poorly defined geometric paramefEngs was possibly due to the solvent’s
location on the mirror plane. It was necessargpply geometric (DFIX) restraints to the
solvent molecule during refinement. Thermal pananmsewere set equal withid)fixed at
0.1500.

At convergence, wR2 = 0.1340 and Goof = 1.131145 variables (18 restraints)
refined against 3471 data (0.75A), R1 = 0.0406lose 3135 data with | > Z().
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Table 13.54. Atomic coordinates ( x #pand equivalent isotropic displacement paramé#its 10%) for 38.
U(eq) is defined as one third of the trace ofdtthogonalized Wtensor.

X y z U(eq)
Sc(1) -4745(1) 2500 6176(1) 18(1)
Te(1) -3633(1) 2500 4922(1) 22(1)
C(1) -6455(3) 3100(3) 5499(2) 20(1)
C(2) -6627(3) 3475(3) 6158(2) 22(1)
C(3) -6738(4) 2500 6561(3) 23(1)
C(4) -6461(3) 3838(4) 4895(2) 27(1)
C(5) -6771(4) 4686(3) 6375(2) 32(1)
C(6) -4224(3) 3106(3) 7319(2) 25(1)
C(7) -3341(3) 3468(3) 6880(2) 24(1)
C(8) -2793(4) 2500 6617(2) 24(1)
C(9) -4929(4) 3842(4) 7772(2) 34(1)
C(10) -3030(4) 4679(4) 6724(2) 35(1)
C(11) -1817(5) 2500 5082(2) 23(1)
C(12) -1214(3) 1487(4) 5165(2) 30(1)
C(13) -34(4) 1488(4) 5328(2) 37(1)
C(14) 542(5) 2500 5411(4) 41(2)
C(15) 377(7) 2500 3122(4) 150
C(16) 658(7) 2500 2453(4) 150
C(17) -219(9) 2500 1980(4) 150
C(18) -1377(8) 2500 2176(5) 150
C(19) -1657(6) 2500 2845(5) 150
C(20) -780(8) 2500 3318(4) 150
C(21) 1349(10) 2500 3645(6) 150

Table 13.55. Anisotropic displacement parameters2(A®) for 38. The anisotropic displacement factor
exponent takes the form: p h2 a*2U1+ ... + 2 hk a* b* 2]

yLL U22 Us3 uU23 y13 U2
Sc(1) 14(1) 24(1) 16(1) 0 0(1) 0
Te(1) 16(1) 32(1) 18(1) 0 0(1) 0
C(1) 12(1) 24(2) 24(2) 1(1) -1(1) 2(1)
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C(2) 16(1) 26(2) 24(2) -2(1) 0(1) 2(1)

c@3) 16(2) 29(3) 23(2) 0 3(2) 0
C(4) 25(2) 30(2) 25(2) 5(2) -2(1) 4(2)
C(5) 34(2) 27(2) 33(2) -4(2) 2(2) 7(2)
C(6) 23(2) 32(2) 20(2) -2(1) -3(1) 0(2)
c(7) 22(2) 33(2) 19(2) -1(1) -5(1) -4(2)
C(8) 18(2) 38(3) 18(2) 0 -4(2) 0
C(9) 34(2) 45(2) 24(2) -8(2) 2(2) 42)
C(10) 37(2) 36(2) 33(2) 42) -8(2) -8(2)
C(11) 16(2) 32(3) 21(2) 0 2(2) 0
C(12) 22(2) 30(2) 37(2) -5(2) 3(2) 2(2)
C(13) 24(2) 39(2) 47(2) -5(2) 1(2) 9(2)
C(14) 16(2) 57(4) 51(4) 0 2(2) 0

Table 13.56. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3) for 38.

X y z U(eq)
H(3) -6864 2500 7026 27
H(4A) -5934 3522 4562 40
H(4B) -6204 4599 5015 40
H(4C) -7250 3873 4714 40
H(5A) -6784 4722 6859 47
H(5B) -7501 4986 6199 47
H(5C) -6120 5136 6207 47
H(8) -2162 2500 6314 29
H(9A) -5723 3548 7801 51
H(9B) -4946 4614 7599 51
H(9C) -4577 3843 8214 51
H(10A) -3718 5075 6559 53
H(10B) -2419 4695 6386 53
H(10C) -2750 5052 7126 53
H(12) -1610 789 5110 36
H(13) 370 794 5381 44
H(14) 1342 2500 5527 50
H(16) 1449 2500 2319 180
H(17) -28 2500 1523 180
H(18) -1976 2500 1853 180
H(19) -2448 2500 2979 180
H(20) -971 2500 3775 180
H(21A) 1905 1896 3546 225
H(21B) 1011 2374 4084 225
H(21C) 1750 3230 3639 225

13.20. Crystallographic Data for (GMe4H),ScSPh(THF), 39
X-ray Data Collection, Structure Solution and Refirent for39.

A colorless crystal of approximate dimensions k2122 x 0.34 mm was mounted on
a glass fiber and transferred to a Bruker SMART XPE diffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (20
sec/frame scan time for a sphere of diffractioraflahe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukdtions were carried
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out using the SHELXTt program. There were no systematic absences nodiéfraction

symmetry other than the Friedel condition. Thetmeymmetric triclinic space groupl
was assigned and later determined to be correct.

The structure was solved by direct methods anideefon B by full-matrix least-
squares techniques. The analytical scatteringifsidor neutral atoms were used throughout
the analysis. Hydrogen atoms were located fronifarence-Fourier map and refined (x,y,z
and Usy). At convergence, wR2 = 0.0817 and Goof = 1.0544B6 variables refined against
5563 data (0.76A), R1 = 0.0302 for those 5060 détta | > 2.05(l).
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Table 13.57. Atomic coordinates ( x #pand equivalent isotropic displacement paramé#its 10%) for 39.
U(eq) is defined as one third of the trace ofdtthogonalized Wtensor.

X y z U(eq)
Sc(1) 7015(1) 7135(1) 2729(1) 14(1)
S(1) 4929(1) 8473(1) 1834(1) 22(1)
0(1) 8508(1) 8705(1) 2166(1) 20(1)
C(1) 4484(2) 7653(2) 3937(1) 20(1)
C(2) 4806(2) 9057(1) 3741(1) 20(1)
C(3) 6289(2) 8904(1) 3973(1) 18(1)
C(4) 6924(2) 7393(1) 4288(1) 18(1)
C(5) 5790(2) 6634(1) 4268(1) 19(2)
C(6) 2951(2) 7360(2) 3882(1) 28(1)
C(7) 3658(2) 10520(2) 3477(1) 28(1)
C(8) 6910(2) 10193(2) 3998(1) 24(1)
C(9) 8379(2) 6778(2) 4693(1) 22(1)
C(10) 9231(2) 5472(1) 1644(1) 21(1)
C(11) 9653(2) 4934(1) 2462(1) 19(1)
C(12) 8426(2) 4330(1) 2988(1) 19(1)
C(13) 7212(2) 4537(1) 2514(1) 21(1)
C(14) 7732(2) 5224(1) 1684(1) 21(1)
C(15) 10240(2) 6075(2) 858(1) 27(1)
C(16) 11260(2) 4743(2) 2679(1) 25(1)
C(17) 8562(2) 3400(2) 3831(1) 24(1)
C(18) 5690(2) 4066(2) 2803(1) 27(1)
C(19) 5185(2) 7936(1) 782(1) 20(1)
C(20) 4112(2) 7285(2) 621(1) 36(1)
C(21) 4230(2) 6909(3) -205(1) 47(1)
C(22) 5431(2) 7167(2) -883(1) 32(1)
C(23) 6509(2) 7808(2) -738(1) 34(1)
C(24) 6387(2) 8200(2) 83(1) 34(1)
C(25) 8077(2) 10039(2) 1572(1) 30(1)
C(26) 9581(2) 10572(2) 1303(1) 38(1)
C(27) 10304(2) 10129(2) 2104(1) 32(1)
C(28) 9994(2) 8634(2) 2422(1) 24(1)
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Table 13.58. Anisotropic displacement parameters2(A®) for 39. The anisotropic displacement factor
exponent takes the form: pZ h2 a*2U + ... + 2 hk a* b* 2]

Ull U22 U33 U23 Ul3 U12
Sc(1) 14(1) 15(1) 14(1) -1(1) -4(1) -4(1)
S(1) 18(1) 28(1) 17(1) -3(1) -6(1) -1(1)
o(1) 18(1) 20(1) 22(1) 1(1) -4(1) -7(1)
c@) 17(1) 27(1) 15(1) -3(1) -1(1) -7(1)
c(2) 19(1) 22(1) 15(1) -4(1) -2(1) -2(1)
c@3) 20(1) 19(1) 15(1) -4(1) -2(1) -4(1)
C(4) 19(1) 20(1) 14(1) -2(1) -4(1) -5(1)
C(5) 21(1) 21(1) 15(1) 0(1) -2(1) -8(1)
C(6) 20(1) 43(1) 23(1) 0(1) -4(1) -14(1)
c(7) 26(1) 25(1) 25(1) -5(1) -8(1) 4(1)
C(8) 29(1) 20(1) 22(1) -5(1) -4(1) -8(1)
C(9) 23(1) 24(1) 21(1) -2(1) -9(1) -4(1)
C(10) 22(1) 19(1) 20(1) -6(1) -4(1) -1(1)
C(11) 18(1) 17(1) 21(1) -5(1) -5(1) 0(1)
C(12) 22(1) 14(1) 22(1) -3(1) -8(1) -2(1)
C(13) 24(1) 15(1) 25(1) -4(1) -10(1) -4(1)
c(14) 25(1) 18(1) 21(1) -6(1) -9(1) -2(1)
C(15) 27(1) 29(1) 21(1) -4(1) -1(1) -4(1)
C(16) 18(1) 26(1) 29(1) -3(1) -7(1) -2(1)
c(17) 28(1) 19(1) 25(1) 1(1) -11(1) -5(1)
C(18) 30(1) 23(1) 35(1) 0(1) -15(1) -12(1)
C(19) 19(1) 20(1) 18(1) 0(1) -7(1) -2(1)
C(20) 26(1) 56(1) 31(1) -16(1) 2(1) -20(1)
c(21) 29(1) 78(1) 45(1) -32(1) -4(1) -21(1)
C(22) 34(1) 38(1) 22(1) -9(1) -12(1) 1(1)
C(23) 47(1) 35(1) 20(1) 1(1) 0(1) -18(1)
C(24) 41(1) 44(1) 24(1) -4(1) 0(1) -27(1)
C(25) 38(1) 28(1) 30(1) 11(1) -16(1) -17(1)
C(26) 43(1) 37(1) 38(1) 10(1) -9(1) -23(1)
c(27) 26(1) 30(1) 43(1) -1(1) -7(1) -14(1)
C(28) 16(1) 26(1) 31(1) -2(1) -5(1) -6(1)

Table 13.59. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3) for 39.

X y z U(eq)
H(5A) 5859(19) 5605(19) 4469(11) 25(4)
H(6A) 2020(20) 7960(20) 4275(12) 37(5)
H(6B) 3000(20) 6320(20) 4028(12) 42(5)
H(6C) 2750(20) 7610(20) 3314(14) 44(5)
H(7A) 3320(30) 11200(30) 3888(19) 86(9)
H(7B) 2740(40) 10370(30) 3406(19) 102(10)
H(7C) 4140(30) 11010(30) 2953(17) 73(8)
H(8A) 6180(20) 10850(20) 4408(13) 41(5)
H(8B) 7020(20) 10780(20) 3441(12) 35(5)
H(8C) 7910(20) 9860(20) 4186(12) 37(5)
H(9A) 8130(30) 6260(30) 5211(17) 69(7)
H(9B) 8680(30) 7600(30) 4846(15) 65(7)
H(9C) 9330(30) 6160(30) 4351(15) 63(7)
H(14A) 7156(19) 5465(18) 1227(11) 23(4)
H(15A) 11320(30) 5400(30) 695(15) 59(6)
H(15B) 10390(30) 7020(30) 924(14) 52(6)
H(15C) 9700(30) 6290(20) 399(14) 52(6)
H(16A) 11830(20) 3720(20) 2787(12) 40(5)
H(16B) 11180(20) 5300(20) 3158(13) 41(5)
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H(16C) 11930(20) 5110(20) 2237(12) 34(5)

H(17A) 9380(20) 2460(20) 3727(12) 41(5)
H(17B) 7550(20) 3210(20) 4148(11) 33(4)
H(17C) 8840(20) 3843(19) 4234(11) 30(4)
H(18A) 5840(20) 3110(20) 2572(12) 39(5)
H(18B) 4800(20) 4790(20) 2574(12) 40(5)
H(18C) 5330(20) 3990(20) 3432(13) 34(5)
H(20A) 3310(30) 7080(20) 1084(14) 55(6)
H(21A) 3520(30) 6480(30) -287(15) 65(7)
H(22A) 5510(20) 6890(20) -1421(13) 38(5)
H(23A) 7300(30) 8000(20) -1195(14) 52(6)
H(24A) 7120(30) 8700(20) 173(14) 55(6)
H(25A) 7090(20) 10830(20) 1902(13) 45(5)
H(25B) 7820(20) 9720(20) 1107(12) 38(5)
H(26A) 9290(30) 11600(30) 1149(14) 56(6)
H(26B) 10370(30) 9990(20) 797(13) 46(5)
H(27A) 11440(30) 10040(20) 2012(13) 43(5)
H(27B) 9700(20) 10880(20) 2529(12) 38(5)
H(28A) 10850(20) 7825(18) 2152(10) 24(4)
H(28B) 9820(20) 8438(18) 3043(11) 28(4)

13.21. Crystallographic Data for (GMe4H),ScSePh(THF), 40
X-ray Data Collection, Structure Solution and Refirent for40.

A colorless crystal of approximate dimensions k2425 x 0.34 mm was mounted on
a glass fiber and transferred to a Bruker SMART KPE diffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (20
sec/frame scan time for a sphere of diffractioraflaiThe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukitions were carried
out using the SHELXTE program. There were no systematic absences ryodigraction

symmetry other than the Friedel condition. Thetmeymmetric triclinic space groupl
was assigned and later determined to be correct.

The structure was solved by direct methods anideefon B by full-matrix least-
squares techniques. The analytical scatteringifsidor neutral atoms were used throughout
the analysis. Hydrogen atoms were located incluggdg a riding model. Carbon atoms
C(26) and C(27) were disordered (70:30) and inaduasing multiple components and partial
site-occupancy-factors. At convergence, wR2 = &10é8nd Goof = 1.044 for 306 variables
refined against 5837 data (0.75A), R1 = 0.0248liose 5452 data with | > Z().
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Table 13.60. Atomic coordinates ( x #pand equivalent isotropic displacement paramé#its 10%) for 40.
U(eq) is defined as one third of the trace ofdhtbogonalized Wtensor.

X y z U(eq)

Sc(1) 7405(1) 7928(1) 2315(1) 16(1)
Se(1) 4598(1) 6336(1) 1953(1) 22(1)
0(1) 8628(1) 6170(1) 1954(1) 20(1)
C(1) 5836(2) 9404(2) 1270(1) 21(1)
C(2) 6033(2) 8288(2) 676(1) 21(1)
C(3) 7645(2) 8354(2) 705(1) 21(1)
C(4) 8468(2) 9499(2) 1329(1) 22(1)
C(5) 7332(2) 10141(2) 1670(1) 22(1)
C(6) 4292(2) 9808(2) 1359(1) 29(1)
C(7) 4757(2) 7354(2) 2(1) 28(1)

C(8) 8284(2) 7461(2) 73(1) 30(1)

C(9) 10182(2) 10058(2) 1491(1) 31(1)
C(10) 8834(2) 7410(2) 3851(1) 22(1)
C(11) 9664(2) 8672(2) 3720(1) 22(1)
C(12) 8651(2) 9695(2) 3699(1) 22(1)
C(13) 7180(2) 9040(2) 3780(1) 25(1)
C(14) 7311(2) 7628(2) 3874(1) 25(1)
C(15) 9488(2) 6086(2) 4045(1) 36(1)
C(16) 11397(2) 8975(2) 3788(1) 31(1)
C(17) 9177(2) 11223(2) 3755(1) 33(1)
C(18) 5768(2) 9714(2) 3820(1) 40(1)
C(19) 4188(2) 5110(2) 2813(1) 21(1)
C(20) 3744(2) 5573(2) 3595(1) 24(1)
C(21) 3301(2) 4638(2) 4160(1) 28(1)
C(22) 3268(2) 3230(2) 3954(1) 31(1)
C(23) 3692(2) 2759(2) 3178(1) 31(1)
C(24) 4163(2) 3687(2) 2617(1) 26(1)
C(25) 7884(2) 4732(2) 1798(2) 41(1)
C(26) 9226(3) 3890(2) 1780(2) 28(1)
C(27) 10279(4) 4864(3) 1357(2) 27(1)
C(26B) 8877(7) 3985(6) 1185(5) 32(1)
C(27B) 10437(9) 4623(8) 1755(6) 33(2)
C(28) 10245(2) 6221(2) 1878(1) 26(1)

Table 13.61. Anisotropic displacement parameters2(A®) for 40. The anisotropic displacement factor
exponent takes the form: pZ h2 a*2U + ... + 2 hk a* b* 2]

Ull U22 U33 U23 Ul3 U12
Sc(1) 15(1) 17(1) 16(1) 5(1) 4(1) 2(1)
Se(1) 18(1) 25(1) 22(1) 10(1) 3(1) -1(1)
o(1) 18(1) 18(1) 25(1) 4(1) 6(1) 2(1)
c@) 22(1) 22(1) 21(1) 10(1) 6(1) 6(1)
c(2) 25(1) 22(1) 16(1) 9(1) 4(1) 2(1)
c@3) 26(1) 22(1) 19(1) 9(1) 8(1) 6(1)
C(4) 22(1) 22(1) 22(1) 10(1) 8(1) 2(1)
C(5) 26(1) 18(1) 22(1) 7(1) 6(1) 3(1)
C(6) 27(1) 32(1) 34(1) 16(1) 11(1) 13(1)
c(7) 31(1) 30(1) 20(1) 8(1) 0(1) -3(1)
C(8) 40(1) 33(1) 24(1) 9(1) 15(1) 13(1)
C(9) 24(1) 33(1) 36(1) 13(1) 10(1) -2(1)
C(10) 26(1) 26(1) 13(1) 5(1) 1(1) 4(1)
c(11) 20(1) 27(1) 16(1) 2(1) 2(1) 2(1)
C(12) 24(1) 24(1) 16(1) 1(1) 3(1) 3(1)
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c(13) 22(1) 36(1) 16(1) 1(1) 5(1) 5(1)

C(14) 25(1) 34(1) 15(1) 6(1) 4(1) -3(1)
C(15) 52(1) 31(1) 25(1) 10(1) 2(1) 12(1)
C(16) 21(1) 40(1) 29(1) -1(1) 3(1) 1(1)
c(17) 43(1) 24(1) 27(1) 0(1) 3(1) 2(1)
C(18) 28(1) 63(1) 28(1) -4(1) 7(1) 16(1)
C(19) 16(1) 24(1) 22(1) 9(1) 5(1) 1(1)
C(20) 20(1) 26(1) 27(1) 4(1) 7(1) 3(1)
c(21) 24(1) 39(1) 24(1) 6(1) 10(1) 1(1)
C(22) 32(1) 35(1) 28(1) 14(1) 8(1) -3(1)
C(23) 37(1) 23(1) 35(1) 8(1) 10(1) 1(1)
C(24) 29(1) 25(1) 26(1) 5(1) 9(1) 3(1)
C(25) 29(1) 19(1) 79(2) 0(1) 23(1) -1(1)
C(26) 29(1) 20(1) 36(1) 3(1) 6(1) 5(1)
c(27) 24(1) 26(1) 31(2) 3(1) 9(1) 8(1)
C(26B)  27(3) 24(3) 45(4) 0(3) 10(3) 8(2)
Cc(27B)  28(3) 26(3) 47(5) 0(3) 10(4) 10(2)
C(28) 18(1) 25(1) 34(1) 2(1) 7(1) 3(1)

Table 13.62. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3) for 40.

X y z U(eq)
H(5A) 7537 11074 2028 26
H(6A) 3720 10029 777 44
H(6B) 4472 10622 1807 44
H(6C) 3678 9036 1553 44
H(7A) 4556 7756 -569 43
H(7B) 3802 7252 228 43
H(7C) 5080 6441 -92 43
H(8A) 7834 7613 -549 45
H(8B) 8012 6483 151 45
H(8C) 9424 7702 205 45
H(9A) 10425 10283 922 46
H(9B) 10806 9358 1735 46
H(9C) 10428 10898 1922 46
H(14A) 6526 6955 4058 30
H(15A) 10046 6167 4679 54
H(15B) 10212 5924 3661 54
H(15C) 8631 5308 3921 54
H(16A) 11898 9590 4340 47
H(16B) 11582 9425 3265 47
H(16C) 11839 8105 3802 47
H(17A) 9808 11562 4362 49
H(17B) 8262 11704 3626 49
H(17C) 9807 11402 3315 49
H(18A) 5574 9706 4425 59
H(18B) 4858 9204 3378 59
H(18C) 5946 10674 3684 59
H(20A) 3744 6536 3740 29
H(21A) 3019 4970 4693 34
H(22A) 2958 2593 4340 38
H(23A) 3659 1792 3027 38
H(24A) 4471 3349 2094 31
H(25A) 7093 4552 1219 50
H(25B) 7369 4498 2289 50
H(25C) 6809 4655 1480 50
H(25D) 7932 4340 2356 50
H(26A) 9764 3731 2393 34
H(26B) 8855 2988 1403 34
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H(27A) 11350 4622 1454 32

H(27B) 9839 4865 705 32
H(26C) 8701 2962 1163 38
H(26D) 8690 4260 567 38
H(27C) 11284 4479 1447 40
H(27D) 10655 4243 2341 40
H(28A) 10967 6321 2480 31
H(28B) 10546 7007 1553 31
H(28C) 10959 6695 2413 31
H(28D) 10413 6676 1369 31

13.22. Crystallographic Data for (GMe4H),ScTePh(THF), 41
X-ray Data Collection, Structure Solution and Refirent for 41.

A colorless crystal of approximate dimensions 1021 x 0.38 mm was mounted on a glass
fiber and transferred to a Bruker SMART APEX Il fdictometer. The APEX2program
package was used to determine the unit-cell passand for data collection (20 sec/frame
scan time for a sphere of diffraction data). Tae frame data was processed using SAINT
and SADABS to yield the reflection data file. Subsequentcokitions were carried out
using the SHELXTE program. There were no systematic absences nprdiinaction

symmetry other than the Friedel condition. Thetmeymmetric triclinic space groupl
was assigned and later determined to be correct.

The structure was solved by direct methodsd refined on £by full-matrix least-squares
techniques. The analytical scattering fa&dts neutral atoms were used throughout the
analysis. Hydrogen atoms were included usingiagidhodel. There were two molecules of
the formula unit present (Z = 4).

At convergence, WR2 = 0.0549 and Goof = 1.039 #& Bariables refined against 12449 data
(0.74A), R1 = 0.0217 for those 11172 data with2.6s(l).
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Table 13.63. Atomic coordinates ( x #pand equivalent isotropic displacement paramé#its 108) for 41.
U(eq) is defined as one third of the trace ofdtthogonalized Wtensor.

X y z U(eq)
Te) 51(1) 3002(1) 7630(1) 19(1)
Sc(1) 3025(1) 2434(1) 7072(1) 15(1)
o) 4000(1) 2965(1) 7770(1) 19(1)
c() 2050(3) 3248(1) 5749(1) 31(1)
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C(2)

C(3)

C(4)

C(5)

C(6)

C(7)

C(8)

C(9)

C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)
Te(2)
Sc(2)
0(2)

C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)

2204(2)
3715(2)
4519(2)
3475(3)

649(3)
1016(2)
4352(2)
6170(3)
3877(2)
4906(2)
4127(2)
2622(2)
2482(2)
4185(2)
6565(2)
4851(2)
1430(2)
-768(2)
-948(2)

-1547(2)
-1947(2)
-1756(2)
-1184(2)

3112(2)
4210(2)
5575(2)
5564(2)

-1026(1)

1957(1)
2968(1)

682(2)

802(2)
2321(2)
3160(2)
2134(2)
-739(2)
-451(2)
2898(2)
4813(2)
3100(2)
4054(2)
3236(2)
1774(2)
1708(2)
3489(2)
5710(2)
3908(2)

556(2)

-1349(2)
-2114(2)
-2272(2)
-1672(2)

-931(2)
777(2)
2111(2)
3222(2)
4638(2)
4544(2)

3930(1)
3879(1)
3151(1)
2777(1)
3114(2)
4694(1)
4555(1)
2920(2)
1048(1)
1009(1)

934(1)

948(1)
1021(1)
1033(1)

880(1)

710(1)

823(1)
2096(1)
2298(1)
1753(1)

986(1)

774(1)
1323(1)
3532(1)
3892(1)
3172(1)
2882(1)
3279(1)
2927(1)
3453(1)
3790(1)
4438(1)
4451(1)
3801(1)
3406(1)
3629(1)
5101(1)
5126(1)
3651(1)
1509(1)
1573(1)
1518(1)
1439(1)
1429(1)
1459(1)
1500(1)
1376(1)
1309(1)
2157(1)
1554(1)

796(1)

624(1)
1223(2)
1983(1)
3926(1)
4287(1)
3625(1)
3412(1)

5979(1)
6015(1)
5816(1)
5648(1)
5559(1)
6020(1)
6128(1)
5677(2)
8201(1)
7541(1)
6987(1)
7288(1)
8038(1)
8975(1)
7486(1)
6280(1)
6921(1)
8738(1)
9415(1)
10132(1)
10186(1)
9520(1)
8801(1)
8184(1)
8428(1)
8519(1)
7842(1)
2873(1)
2086(1)
2787(1)
848(1)
1138(1)
1104(1)
810(1)
644(1)
705(1)
1311(1)
1254(1)
607(1)
3081(1)
2374(1)
1826(1)
2182(1)
2957(1)
3855(1)
2263(1)
1072(1)
1833(1)
3888(1)
3866(1)
4511(1)
5194(1)
5228(1)
4582(1)
3294(1)
3527(1)
3508(1)
2798(1)

22(1)
23(1)
32(1)
35(1)
50(1)
33(1)
34(1)
52(1)
19(1)
20(1)
20(1)
20(1)
19(1)
26(1)
27(1)
29(1)
28(1)
20(1)
24(1)
29(1)
32(1)
32(1)
26(1)
24(1)
26(1)
27(1)
24(1)
21(1)
14(1)
18(1)
19(1)
18(1)
18(1)
19(1)
20(1)
26(1)
23(1)
22(1)
25(1)
19(1)
17(1)
17(1)
19(1)
20(1)
24(1)
23(1)
23(1)
27(1)
19(1)
29(1)
35(1)
32(1)
36(1)
29(1)
24(1)
26(1)
24(1)
21(1)
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Table 13.64. Anisotropic displacement parameters2(A®) for 41. The anisotropic displacement factor
exponent takes the form: pZ h2 a*2U + ... + 2 hk a* b* 2]

Ull U22 U33 U23 Ul3 U12
Te(1) 15(1) 19(1) 21(1) -8(1) -3(1) 1(1)
Sc(1) 18(1) 11(1) 14(1) -5(1) 0(1) 0(1)
o(1) 14(1) 18(1) 25(1) -12(1) -1(1) 1(1)
c@) 58(1) 19(1) 15(1) -2(1) -10(1) -10(1)
c(2) 34(1) 14(1) 16(1) -2(1) -4(1) -2(1)
c@3) 31(1) 15(1) 18(1) -2(1) 1(1) -4(1)
C(4) 40(1) 18(1) 20(1) 1(1) 12(1) 1(1)
C(5) 73(2) 14(1) 14(1) -5(1) 4(1) -5(1)
C(6) 90(2) 39(1) 30(1) 1(1) -31(1) -28(1)
c(7) 36(1) 21(1) 31(1) -1(1) -6(1) 5(1)
C(8) 43(1) 22(1) 33(1) -2(1) -6(1) -13(1)
C(9) 47(1) 30(1) 45(1) 4(1) 25(1) 4(1)
C(10) 22(1) 12(1) 18(1) -3(1) -3(1) 1(1)
C(11) 19(1) 11(1) 25(1) -4(1) 0(1) 1(1)
C(12) 26(1) 9(1) 20(1) -4(1) 2(1) -1(1)
C(13) 24(1) 12(1) 21(1) -4(1) -2(1) -2(1)
c(14) 19(1) 12(1) 19(1) -2(1) 1(1) -1(1)
C(15) 32(1) 21(1) 22(1) -4(1) -6(1) -1(1)
C(16) 18(1) 18(1) 40(1) -9(1) -1(1) 1(1)
c(17) 42(1) 15(1) 25(1) -9(1) 6(1) 0(1)
C(18) 32(1) 20(1) 34(1) -8(1) -9(1) -6(1)
C(19) 12(1) 21(1) 24(1) -8(1) -3(1) 0(1)
C(20) 22(1) 24(1) 27(1) -10(1) -5(1) -2(1)
c(21) 26(1) 35(1) 23(1) -8(1) -3(1) -3(1)
C(22) 22(1) 31(1) 32(1) -2(1) 1(1) -3(1)
C(23) 21(1) 26(1) 47(1) -11(1) 2(1) -7(1)
C(24) 17(1) 31(1) 35(1) -18(1) 2(1) -5(1)
C(25) 16(1) 29(1) 32(1) -22(1) -1(1) 1(1)
C(26) 20(1) 27(1) 36(1) -19(1) -7(1) 0(1)
c(27) 19(1) 26(1) 40(1) -16(1) -9(1) 1(1)
C(28) 14(1) 23(1) 35(1) -14(1) -2(1) 0(1)
Te(2) 15(1) 19(1) 24(1) -5(1) 4(1) -2(1)
Sc(2) 14(1) 12(1) 14(1) -4(1) 1(1) -1(1)
0(2) 16(1) 19(1) 20(1) -10(1) 2(1) -3(1)
C(29) 23(1) 15(1) 15(1) -2(1) -2(1) -2(1)
C(30) 20(1) 12(1) 16(1) -2(1) 0(1) -1(1)
C(31) 22(1) 13(1) 15(1) -2(1) 1(1) -2(1)
C(32) 21(1) 15(1) 15(1) -2(1) 3(1) -1(1)
C(33) 26(1) 14(1) 15(1) -4(1) 0(1) -1(1)
C(34) 28(1) 24(1) 24(1) -5(1) -7(1) -5(1)
C(35) 22(1) 16(1) 25(1) -4(1) 0(1) 2(1)
C(36) 24(1) 17(1) 23(1) -4(1) 1(1) -5(1)
C(37) 23(1) 22(1) 22(1) -5(1) 7(1) -3(1)
C(38) 23(1) 12(1) 17(1) -3(1) -1(1) 2(1)
C(39) 17(1) 11(1) 19(1) -5(1) 0(1) 1(1)
C(40) 20(1) 10(1) 20(1) -5(1) -2(1) 1(1)
c(41) 20(1) 10(1) 25(1) -4(1) -3(1) -1(1)
C(42) 21(1) 11(1) 21(1) -2(1) 2(1) -1(1)
C(43) 33(1) 18(1) 18(1) -6(1) -4(1) 0(1)
C(44) 17(1) 21(1) 29(1) -11(1) -2(1) 1(1)
C(45) 28(1) 18(1) 22(1) -10(1) -2(1) 0(1)
C(46) 25(1) 20(1) 35(1) -8(1) -6(1) -5(1)
c(47) 13(1) 22(1) 20(1) -8(1) 4(1) -4(1)
C(48) 27(1) 35(1) 25(1) -6(1) -5(1) -15(1)
C(49) 35(1) 30(1) 39(1) -6(1) 1(1) -17(1)
C(50) 23(1) 30(1) 27(1) 2(1) 5(1) 0(1)
C(51) 30(1) 54(1) 18(1) -7(1) -4(1) -8(1)
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C(52) 30(1) 40(1) 24(1) -15(1) 0(1) “14(1)

C(53) 21(1) 28(1) 29(1) -18(1) 6(1) -6(1)
C(54) 24(1) 28(1) 30(1) -18(1) 3(1) 7(1)
C(55) 22(1) 27(1) 24(1) -11(1) -1(1) -6(1)
C(56) 15(1) 24(1) 22(1) -9(1) 1(1) -4(1)

Table 13.65. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3) for 41.

X y z U(eq)
H(5A) 3704 2283 5492 42
H(6A) 476 3491 5015 76
H(6B) -184 3263 5919 76
H(6C) 742 2500 5619 76
H(7A) 1090 5193 5523 50
H(7B) 1143 4857 6455 50
H(7C) 43 4530 6108 50
H(8A) 4217 5101 5670 50
H(8B) 5409 4345 6185 50
H(8C) 3847 4663 6603 50
H(9A) 6516 3307 5154 79
H(9B) 6450 2311 5708 79
H(9C) 6624 2993 6079 79
H(14A) 1588 1047 8375 23
H(15A) 4261 434 9361 39
H(15B) 3379 1418 9164 39
H(15C) 5117 1238 8904 39
H(16A) 7006 368 7340 40
H(16B) 6863 788 7997 40
H(16C) 6906 1401 7085 40
H(17A) 5385 104 6452 44
H(17B) 5547 1105 5976 44
H(17C) 4095 774 5949 44
H(18A) 1366 200 7122 42
H(18B) 1665 1028 6348 42
H(18C) 482 1158 7055 42
H(20A) -657 2813 9387 29
H(21A) -1684 1906 10586 35
H(22A) -2347 612 10676 38
H(23A) -2018 248 9554 39
H(24A) -1073 1173 8347 32
H(25A) 2511 3193 8652 28
H(25B) 2442 4014 7832 28
H(26A) 3842 3984 8932 31
H(26B) 4421 4451 8019 31
H(27A) 6485 3403 8467 32
H(27B) 5490 2686 9032 32
H(28A) 6055 3260 7350 28
H(28B) 6079 2268 7957 28
H(33A) 2385 2955 430 24
H(34A) -1242 4166 327 38
H(34B) -1378 3459 1203 38
H(34C) -522 3159 493 38
H(35A) -642 5605 824 35
H(35B) -189 5294 1697 35
H(35C) -1340 4837 1524 35
H(36A) 2659 5696 836 33
H(36B) 3972 4959 1263 33
H(36C) 2439 5163 1763 33
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H(37A) 5089 4156 157 37

H(37B) 5126 3123 473 37
H(37C) 5299 3576 1061 37
H(42A) 859 1376 3332 24
H(43A) 3522 859 4237 36
H(43B) 2740 1859 4056 36
H(43C) 4458 1625 3776 36
H(44A) 6164 1036 2054 34
H(44B) 6069 1359 2770 34
H(44C) 5972 2058 1892 34
H(45A) 4502 787 1194 34
H(45B) 4539 1811 769 34
H(45C) 3119 1440 761 34
H(46A) 629 684 1945 40
H(46B) 650 1624 1262 40
H(46C) -404 1536 2065 40
H(48A) -2536 1663 3400 34
H(49A) 2798 392 4482 42
H(50A) -1769 101 5634 39
H(51A) 521 1114 5697 43
H(52A) -269 2391 4618 35
H(53A) 1610 3525 3766 29
H(53B) 1354 4407 3005 29
H(54A) 2927 4312 4060 31
H(54B) 3336 4879 3146 31
H(55A) 5523 3884 3439 28
H(55B) 4659 3098 3995 28
H(56A) 4944 3843 2309 25
H(56B) 5107 2820 2849 25

13.23. Crystallographic Data for (GMe4H),ScSpy, 42
X-ray Data Collection, Structure Solution and Refirent for42.

A colorless crystal of approximate dimensions &ZB30 x 0.34 mm was mounted on
a glass fiber and transferred to a Bruker SMART KPE diffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (15
sec/frame scan time for a sphere of diffractioraflaiThe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukitions were carried
out using the SHELXTt program. The diffraction symmetry wasrand the systematic
absences were consistent with the monoclinic sgemep P2;/c that was later determined to
be correct.

The structure was solved by direct methods anidegfon B by full-matrix least-
squares techniques. The analytical scatteringf&dor neutral atoms were used throughout
the analysis. Hydrogen atoms associated with @& included using a riding model. The
remaining hydrogen atoms were located from a diffee-Fourier map and refined (x,y,z and
Uiso)-

At convergence, wR2 = 0.0841 and Goof = 1.0293i4 variables refined against
5195 data (0.74A), R1 = 0.0304 for those 4859 détta | > 2.05(1).
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Table 13.66. Atomic coordinates ( x #pand equivalent isotropic displacement paramé#its 108) for 42.
U(eq) is defined as one third of the trace ofdhteogonalized Wtensor.

X y z U(eq)
Sc(1) 2706(1) 917(1) 3211(1) 14(1)
S(1) 1692(1) -605(1) 1857(1) 27(1)
N(1) 1981(1) 2446(1) 2067(1) 23(1)
C(1) 2065(1) 2522(1) 4144(1) 19(1)
C(2) 1413(1) 1438(2) 3700(1) 19(1)
C(3) 1699(1) -102(1) 4008(1) 17(1)
C(4) 2526(1) 26(1) 4637(1) 16(1)
C(5) 2747(1) 1644(1) 4717(1) 17(2)
C(6) 2021(1) 4289(2) 4077(2) 29(1)
C(7) 549(1) 1841(2) 3066(1) 28(1)
C(8) 1187(1) -1599(2) 3780(1) 26(1)
C(9) 3021(1) -1300(2) 5193(1) 24(1)
C(10) 4233(1) 1804(1) 3751(1) 16(1)
C(11) 3990(1) 2002(1) 2822(1) 16(1)
C(12) 3809(1) 492(1) 2419(1) 16(1)
C(13) 3939(1) -651(1) 3100(1) 17(1)
C(14) 4200(1) 161(1) 3920(1) 17(1)
C(15) 4563(1) 3082(2) 4429(1) 22(1)
C(16) 3984(1) 3528(1) 2343(1) 21(1)
C(17) 3595(1) 180(2) 1446(1) 22(1)
C(18) 3834(1) -2403(1) 2978(1) 23(1)
C(19) 1521(1) 1346(2) 1504(1) 26(1)
C(20) 931(1) 1816(2) 686(1) 36(1)
C(21) 830(1) 3386(2) 478(1) 41(1)
C(22) 1300(1) 4511(2) 1063(1) 37(1)
C(23) 1871(1) 3993(2) 1851(1) 28(1)

Table 13.67. Anisotropic displacement parameters2(A®) for 42. The anisotropic displacement factor
exponent takes the form: p h2 a*2U1+ ... + 2 hk a* b* 2]

Ull U22 U33 U23 U13 U12
Sc(1) 13(1) 14(1) 13(1) 0(1) 2(1) 0(1)
S(1) 22(1) 35(1) 21(1) -8(1) 3(1) -8(1)
N(1) 17(1) 32(1) 19(1) 7(1) 6(1) 4(1)
C(1) 23(1) 16(1) 19(1) 1(1) 9(1) 3(1)
c2) 16(1) 23(1) 18(1) 3(1) 6(1) 4(1)
C(3) 17(1) 18(1) 17(1) 0(1) 6(1) 0(1)
C(4) 17(1) 17(1) 15(1) 2(1) 5(1) 2(1)
C(5) 19(1) 18(1) 15(1) 2(1) 5(1) -1(1)
C(6) 40(1) 16(1) 33(1) 1(1) 16(1) 6(1)
C(7) 18(1) 41(1) 25(1) 7(1) 5(1) 9(1)
C(8) 25(1) 25(1) 29(1) 2(1) 8(1) -8(1)
C(9) 24(1) 23(1) 23(1) 8(1) 7(1) 6(1)
C(10) 13(1) 16(1) 20(1) -2(1) 3(1) -1(1)
C(11) 14(1) 14(1) 20(1) -1(1) 6(1) 0(1)
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c(12) 16(1) 15(1) 19(1) -1(1) 6(1) 0(1)

C(13) 16(1) 13(1) 21(1) 0(1) 5(1) 1(1)
c(14) 13(1) 17(1) 19(1) 1(1) 2(1) 1(1)
C(15) 20(1) 21(1) 22(1) -7(1) 4(1) -4(1)
C(16) 23(1) 15(1) 27(1) 2(1) 10(1) 0(1)
c(17) 27(1) 21(1) 19(1) -3(1) 10(1) -1(1)
C(18) 25(1) 13(1) 30(1) -1(1) 7(1) 0(1)
C(19) 15(1) 47(1) 17(1) 2(1) 5(1) 2(1)
C(20) 18(1) 71(1) 18(1) 2(1) 4(1) 6(1)
C(21) 23(1) 79(1) 23(1) 22(1) 10(1) 21(1)
C(22) 26(1) 55(1) 35(1) 26(1) 17(1) 19(1)
C(23) 21(1) 37(1) 30(1) 15(1) 12(1) 10(1)

Table 13.68. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3) for 42.

X y z U(eq)

H(8A) 1535 -2413 3615 39
H(8B) 668 -1405 3282 39
H(8C) 1025 -1955 4293 39
H(5A) 3283(11) 2060(20) 5110(11) 25(4)
H(6A) 2579(13) 4770(20) 4099(13) 44(5)
H(6B) 1600(13) 4630(20) 3551(13) 39(5)
H(6C) 1876(13) 4740(30) 4560(14) 49(6)
H(7A) 367(16) 1090(30) 2635(17) 61(7)
H(7B) 556(14) 2830(30) 2774(15) 56(6)
H(7C) 134(14) 1990(30) 3349(14) 51(6)
H(9A) 3574(13) -920(20) 5568(13) 34(5)
H(9B) 3103(11) -2200(20) 4856(12) 33(5)
H(9C) 2718(12) -1730(20) 5613(12) 37(5)
H(14A) 4320(9) -317(19) 4497(10) 18(4)
H(15A) 4622(10) 2720(20) 5006(11) 25(4)
H(15B) 4165(12) 4000(20) 4331(12) 34(5)
H(15C) 5129(12) 3420(20) 4429(12) 34(5)
H(16A) 3587(12) 3560(20) 1776(13) 32(4)
H(16B) 3836(12) 4370(20) 2655(12) 34(5)
H(16C) 4518(14) 3770(20) 2258(13) 43(5)
H(17A) 4096(13) 460(20) 1236(13) 41(5)
H(17B) 3109(13) 760(20) 1096(13) 38(5)
H(17C) 3479(12) -900(20) 1317(13) 36(5)
H(18A) 3784(14) -2900(30) 3498(15) 55(6)
H(18B) 4281(14) -2860(30) 2839(14) 52(6)
H(18C) 3287(14) -2670(20) 2524(14) 50(6)
H(20A) 642(12) 990(20) 338(12) 29(4)
H(21A) 438(13) 3730(20) -62(14) 42(5)
H(22A) 1224(13) 5620(20) 922(14) 42(5)
H(23A) 2233(11) 4730(20) 2306(11) 28(4)
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13.24. Crystallographic Data for [(GMe4H)Scls[SePh}, 43
X-ray Data Collection, Structure Solution and Refirent for43.

A yellow crystal of approximate dimensions 0.32.87 x 0.41 mm was mounted on a
glass fiber and transferred to a Bruker SMART APEXdiffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (20
sec/frame scan time for a sphere of diffractioraflahe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukdtions were carried
out using the SHELXTL program. The diffraction symmetry wasrRand the systematic
absences were consistent with the monoclinic sgemep P2,/c that was later determined to
be correct.

The structure was solved by direct methods anidegfon B by full-matrix least-
squares techniques. The analytical scatteringif&idr neutral atoms were used throughout
the analysis. Hydrogen atoms were included usimgling model. Carbon atoms C(19)-
C(27) and C(46)-C(51) were disordered and incluggdg multiple components, partial site-
occupancy-factors and isotropic thermal parameters.

At convergence, wR2 = 0.1113 and Goof = 1.025640 variables refined against
14236 data (0.74A), R1 = 0.0434 for those 11118 daih | > 2.6 (1).
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Table 13.69. Atomic coordinates ( x #pand equivalent isotropic displacement parameits 10%) for 43.
U(eq) is defined as one third of the trace ofdhtogonalized Wtensor.

X y z U(eq)
Sc(1) 4367(1) 4672(1) 2316(1) 39(1)
Sc(2) 1897(1) 3537(2) 2460(1) 34(1)
Sc(3) 1914(1) 5142(1) 3322(1) 38(1)
Se(1) 4037(1) 3506(1) 2632(1) 39(1)
Se(2) 2751(1) 4198(1) 1511(1) 38(1)
Se(3) 2064(1) 3901(1) 3704(1) 32(1)
Se(4) 591(1) 4491(1) 2560(1) 38(1)
Se(5) 4042(1) 4919(1) 3558(1) 40(1)
Se(6) 2946(1) 5601(1) 2317(1) 34(1)
C(1) 6278(3) 4636(3) 2513(2) 58(1)
C(2) 6082(3) 4379(3) 1906(2) 61(2)
C(3) 5632(4) 4842(3) 1502(2) 61(2)
C(4) 5572(4) 5381(3) 1854(3) 59(1)
C(5) 5974(3) 5251(3) 2478(2) 58(1)
C(6) 6795(4) 4324(3) 3086(3) 69(2)
C(7) 6446(4) 3770(3) 1718(3) 79(2)
C(8) 5408(4) 4780(3) 795(2) 74(2)
C(9) 5297(4) 5999(3) 1605(3) 73(2)
C(10) 1940(4) 2436(2) 2349(3) 57(1)
C(11) 1085(4) 2562(2) 2702(3) 57(1)
C(12) 307(4) 2890(2) 2322(3) 59(1)
C(13) 706(5) 2953(2) 1746(3) 61(2)
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C(14)
C(15)
C(16)
c(17)
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
C(26)
c(27)
C(19B)
C(20B)
C(21B)
C(22B)
C(23B)
C(24B)
C(25B)
C(26B)
C(27B)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
c(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(46B)
C(47B)
C(48B)
C(49B)
C(50B)
C(51B)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)

1716(5)
2861(5)
951(5)
-785(4)
154(6)
1847(6)
1635(7)
631(7)
238(7)
933(6)
2651(7)
2307(9)
-16(9)
-863(10)
1862(11)
970(10)
676(11)
1518(11)
2293(11)
2336(12)
312(12)
-361(11)
1731(11)
4868(3)
5519(4)
6211(4)
6252(4)
5601(4)
4896(4)
3168(5)
4067(5)
4371(6)
3757(7)
2782(7)
2487(6)
891(3)
1132(4)
336(5)
-677(4)
-911(4)
-125(3)
-173(3)

-1229(3)
-1814(11)
-1447(8)

-474(9)
231(4)
-197(4)

-1213(4)
-1797(8)
-1348(15)

-248(12)
279(9)
4860(4)
5548(4)
6189(4)
6141(5)
5448(5)
4805(5)
2342(3)
1594(4)
1226(6)

2673(2)
2049(3)
2317(3)
3054(3)
3235(3)
5643(4)
6098(4)
5961(4)
5477(4)
5269(4)
5612(4)
6648(5)
6256(5)
5270(7)
6247(7)
6063(5)
5561(6)
5498(6)
5918(6)
6796(7)
6409(7)
5274(6)
5101(6)
3152(2)
2676(3)
2437(3)
2675(3)
3137(3)
3378(2)
3678(2)
3338(3)
3027(3)
3029(3)
3328(3)
3658(3)
3646(2)
3386(2)
3160(3)
3185(2)
3452(3)
3693(2)
4785(2)
4884(2)
5123(7)
5256(5)
5122(6)
4919(3)
4945(3)
5120(3)
5411(5)
5553(10)
5382(8)
5063(7)
5613(2)
5522(2)
5990(3)
6543(3)
6638(3)
6172(2)
5897(2)
6340(3)
6584(4)
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1758(3)
2589(4)
3340(3)
2468(4)
1167(3)
4336(3)
3850(4)
3507(3)
3793(4)
4278(4)
4841(4)
3752(5)
3035(5)
3619(6)
3673(7)
3552(5)
4004(6)
4366(5)
4158(6)
3356(7)
3035(7)
4078(7)
4949(6)
3332(2)
3194(3)
3664(4)
4262(3)
4404(3)
3942(2)
844(2)
884(2)
358(3)
-199(3)
-226(3)
296(2)
4170(2)
4749(2)
5104(2)
4877(3)
4312(3)
3953(2)
1806(2)
1870(2)
1328(7)
845(5)
777(6)
1249(3)
1916(3)
2013(3)
1545(5)
985(10)
852(7)
1331(6)
3840(2)
4360(2)
4586(2)
4295(3)
3779(2)
3551(2)
1519(2)
1511(2)
933(3)

71(2)
83(2)
76(2)
90(2)
95(3)
30(2)
44(2)
32(2)
41(2)
42(2)
60(2)
68(3)
56(3)
89(4)
58(3)
37(3)
56(3)
44(3)
59(3)
70(4)
56(3)
65(4)
65(4)
48(1)
64(1)
80(2)
77(2)
64(2)
50(1)
56(1)
63(1)
82(2)
107(3)
105(3)
79(2)
36(1)
54(1)
68(2)
61(1)
68(2)
57(1)
34(2)
66(3)
84(4)
59(3)
68(3)
54(3)
26(2)
40(3)
44(3)
95(6)
66(4)
48(3)
45(1)
51(1)
62(1)
67(2)
67(2)
61(2)
42(1)
66(2)
102(3)



C(61) 1599(6) 6395(4) 381(3) 96(2)
C(62) 2327(5) 5956(3) 390(2) 68(2)
C(63) 2708(4) 5703(2) 954(2) 48(1)

Table 13.70. Anisotropic displacement parameters2(A®) for 43. The anisotropic displacement factor
exponent takes the form: p h2 a*2U1+ ... + 2 hk a* b* 2]

Ull U22 U33 U23 U13 U12
Sc(1) 33(1) 50(1) 33(1) 9(1) 2(1) -2(1)
Sc(2) 39(1) 33(1) 29(1) -3(1) -7(1) -3(1)
Sc(3) 55(1) 36(1) 22(1) -1(1) 2(1) 7(1)
Se(1) 39(1) 45(1) 34(1) 4(1) 4(1) 5(1)
Se(2) 51(1) 40(1) 24(1) -4(1) 4(1) 9(1)
Se(3) 35(1) 36(1) 25(1) 3(1) 1(1) -2(1)
Se(4) 37(1) 43(1) 33(1) 8(1) 1(1) 1(1)
Se(5) 47(1) 41(1) 30(1) 7(1) -9(1) -14(1)
Se(6) 41(1) 36(1) 25(1) 3(1) -4(1) -6(1)
c@) 31(2) 89(4) 54(3) 29(3) -1(2) -4(2)
c(2) 30(2) 99(4) 54(3) 22(3) 12(2) 14(2)
c@3) 33(2) 105(5) 45(3) 29(3) 14(2) 10(3)
C(4) 35(2) 85(4) 58(3) 30(3) 5(2) -8(2)
C(5) 34(2) 85(4) 55(3) 18(3) 2(2) -17(2)
C(6) 35(2) 110(5) 60(3) 35(3) -5(2) -7(3)
c(7) 44(3) 125(6) 70(4) 19(4) 15(3) 30(3)
C(8) 52(3) 126(6) 45(3) 26(3) 16(2) 15(3)
C(9) 44(3) 86(4) 90(4) 43(3) 1(3) -20(3)
C(10) 60(3) 38(2) 71(3) -14(2) -16(3) -3(2)
C(11) 67(3) 36(2) 64(3) 6(2) -26(3) -17(2)
C(12) 53(3) 43(3) 76(4) 3(2) -26(3) -16(2)
C(13) 76(4) 36(2) 67(3) -11(2) -37(3) -2(2)
C(14) 92(4) 53(3) 65(3) -31(3) -18(3) -2(3)
C(15) 69(4) 45(3) 130(6) -17(3) -27(4) 11(3)
C(16) 85(4) 52(3) 91(5) 7(3) 7(4) -8(3)
c(17) 50(3) 69(4) 148(7) -3(4) -17(4) -20(3)
C(18)  135(6) 71(4) 72(4) -3(3) -62(4) -10(4)
C(28) 36(2) 52(3) 53(3) 17(2) -4(2) -3(2)
C(29) 52(3) 61(3) 78(4) 11(3) -4(3) 10(2)
C(30) 49(3) 73(4) 114(6) 22(4) -11(3) 12(3)
C(31) 49(3) 87(5) 92(5) 42(4) -26(3) -12(3)
C(32) 52(3) 76(4) 62(3) 32(3) -14(2) -23(3)
C(33) 44(2) 57(3) 50(3) 20(2) -3(2) -11(2)
C(34) 95(4) 48(3) 27(2) -4(2) 13(2) 24(3)
C(35) 78(4) 70(3) 42(3) -14(2) 15(2) 18(3)
Cc(36)  116(5) 80(4) 52(3) -8(3) 29(3) 39(4)
C(37)  200(9) 89(5) 33(3) -2(3) 22(4) 76(6)
C(38)  190(8) 91(5) 31(3) 7(3) -8(4) 61(5)
C(39)  128(6) 73(4) 34(2) -4(2) -5(3) 45(4)
C(40) 44(2) 31(2) 32(2) 1(2) 12(2) -4(2)
c(41) 65(3) 62(3) 33(2) 6(2) -3(2) -21(2)
C(42) 96(4) 76(4) 32(2) 7(2) 14(3) -29(3)
C(43) 69(3) 51(3) 67(3) 5(3) 35(3) -10(3)
C(44) 47(3) 65(3) 96(4) 34(3) 24(3) 6(2)
C(45) 45(3) 61(3) 66(3) 29(3) 12(2) 5(2)
C(52) 52(3) 51(3) 29(2) 3(2) -8(2) -24(2)
C(53) 58(3) 61(3) 32(2) 5(2) -11(2) -17(2)
C(54) 64(3) 77(4) 43(3) -3(3) -19(2) -21(3)
C(55) 70(4) 70(4) 57(3) -3(3) -17(3) -33(3)
C(56) 91(4) 60(3) 48(3) 8(2) -18(3) -42(3)
C(57) 83(4) 63(3) 36(2) 14(2) -21(2) -34(3)
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C(58)
C(59)
C(60)
C(61)
C(62)
C(63)

41(2) 56(3)
61(3) 96(4)
99(5) 146(7)
105(5) 137(7)
82(4) 95(4)
49(3) 63(3)

27(2)
42(3)
60(4)
43(3)
28(2)
33(2)

8(2)
10(3)
26(4)
29(4)
15(3)
7(2)

-5(2)
3(2)
-6(4)
-14(3)
3(2)
5(2)

-4(2)
26(3)
66(5)
34(5)
4(3)
-3(2)

Table 13.71. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3)

for 43,
X y z U(eq)

H(5A) 6028 5531 2818 70
H(6A) 7544 4283 3032 103
H(6B) 6486 3923 3131 103
H(6C) 6690 4565 3464 103
H(7A) 7210 3765 1731 118
H(7B) 6164 3678 1288 118
H(7C) 6203 3465 2010 118
H(8A) 6064 4801 584 110
H(8B) 4946 5109 642 110
H(8C) 5069 4390 701 110
H(9A) 5905 6178 1421 110
H(9B) 5084 6255 1951 110
H(9C) 4721 5967 1280 110
H(14A) 2155 2655 1415 85
H(15A) 2668 1621 2560 124
H(15B) 3055 2153 3031 124
H(15C) 3453 2126 2332 124
H(16A) 759 1888 3308 114
H(16B) 400 2542 3536 114
H(16C) 1607 2358 3600 114
H(17A) -1282 2820 2195 135
H(17B) -899 3487 2392 135
H(17C) -888 2961 2912 135
H(18A) -422 2973 1011 143
H(18B) 648 3284 837 143
H(18C) -121 3633 1277 143
H(23) 816 4926 4534 50
H(24A) 2540 5931 5150 89
H(24B) 3334 5666 4668 89
H(24C) 2626 5216 5048 89
H(25A) 2951 6619 4025 102
H(25B) 1926 7015 3859 102
H(25C) 2480 6668 3309 102
H(26A) -191 5974 2687 84
H(26B) 355 6606 2874 84
H(26C) -657 6393 3217 84
H(27A) -1358 5554 3790 134
H(27B) -968 4866 3795 134
H(27C) -979 5255 3158 134
H(23B) 2989 5955 4334 71
H(24D) 2232 6756 2896 104
H(24E) 3085 6816 3477 104
H(24F) 1996 7166 3492 104
H(25D) -180 6676 3233 84
H(25E) -74 6119 2759 84
H(25F) 773 6651 2784 84
H(26D) -267 4900 4324 97
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H(26E) 692 5179 3660 97

H(26F) -805 5553 4298 97
H(27D) 1498 5311 5322 98
H(27E) 2480 5018 5009 98
H(27F) 1350 4718 4892 98
H(29A) 5495 2513 2779 77
H(30A) 6654 2109 3569 95
H(31A) 6734 2517 4578 93
H(32A) 5629 3296 4821 77
H(33A) 4437 3695 4045 60
H(35A) 4479 3316 1272 76
H(36A) 5010 2810 382 98
H(37A) 3987 2832 563 128
H(38A) 2329 3303 597 125
H(39A) 1838 3866 280 94
H(41A) 1839 3359 4909 64
H(42A) 505 2088 5508 81
H(43A) -1213 3017 5111 73
H(44A) -1619 3478 4154 82
H(45A) -304 3888 3562 68
H(47A) -1546 4798 2252 80
H(48A) -2543 5179 1355 101
H(49A) -1855 5454 518 71
H(50A) 227 5168 367 82
H(51A) 954 4877 1188 65
H(47B) -1502 5038 2406 48
H(48B) -2502 5515 1601 53
H(49B) -1755 5770 671 114
H(50B) 56 5485 470 79
H(51B) 963 4918 1275 58
H(53A) 5582 5138 4564 61
H(54A) 6663 5926 4943 75
H(55A) 6585 6862 4447 80
H(56A) 5411 7023 3580 81
H(57A) 4329 6238 3196 74
H(59A) 1332 6479 1894 79
H(60A) 703 6889 925 122
H(61A) 1348 6572 -9 115
H(62A) 2581 5818 4 82
H(63A) 3224 5396 955 58

13.25. Crystallographic Data for {[(GMes)Sc)]( s-Te)s}, 51

Table 13.72. Atomic coordinates ( x #pand equivalent isotropic displacement parameists 10°)
for 51. U(eq) is defined as one third of the tracehefdrthogonalized Utensor.

X y z U(eq)
Sc(1) 8215(3) 4525(3) 2508(2) 17(2)
Sc(2) 9529(3) 6763(3) 2334(2) 25(1)
Sc(3) 6899(3) 7314(3) 3499(2) 16(1)
Sc(4) 6624(3) 7470(3) 1683(2) 32(1)
Te(1) 9300(2) 5335(2) 3575(1) 52(1)
Te(2) 8888(2) 5589(2) 1222(1) 64(1)
Te(3) 5636(1) 6151(2) 2722(1) 49(1)
Te(4) 7368(3) 8963(2) 2425(2) 86(1)
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c() 8642(8) 2452(9) 3091(5) 30(4)

c(2) 7630(9) 2702(10) 2641(5) 29(4)
c@3) 8100(8) 2722(9) 1931(5) 32(4)
C(4) 9403(8) 2483(9) 1942(4) 31(4)
C(5) 9738(8) 2316(8) 2659(4) 27(4)
C(6) 8566(13) 2348(16) 3888(7) 63(7)
c(7) 6289(13) 2911(16) 2877(7) 76(9)
C(8) 7348(13) 2955(15) 1279(7) 52(6)
C(9) 10278(12) 2419(15) 1304(7) 53(6)
C(10) 11031(12) 2043(14) 2916(7) 41(5)
C(11) 10645(13) 8095(11) 1840(6) 61(7)
C(12) 11225(12) 6947(10) 1498(6) 52(6)
C(13) 11868(10) 6015(9) 2014(5) 32(4)
C(14) 11686(10) 6587(9) 2676(5) 29(4)
C(15) 10930(11) 7872(10) 2568(6) 51(6)
C(16) 9860(20) 9334(16) 1491(9) 86(10)
c(17) 11167(19) 6752(15) 722(9) 99(12)
C(18) 12614(15) 4656(13) 1884(7) 42(5)
C(19) 12205(16) 5942(13) 3371(7) 50(6)
C(20) 10505(18) 8833(15) 3128(8) 80(9)
C(21) 5027(12) 8042(11) 4329(7) 52(6)
C(22) 6003(12) 7172(12) 4727(7) 62(7)
C(23) 6935(12) 7653(12) 4782(7) 61(7)
C(24) 6534(12) 8819(12) 4418(7) 45(6)
C(25) 5355(11) 9060(11) 4137(6) 46(6)
C(26) 3847(18) 7908(18) 4141(11) 93(11)
c(27) 6042(19) 5951(18) 5038(11) 76(9)
C(28) 8139(19) 7032(19) 5162(12) 125(16)
C(29) 7239(18) 9657(18) 4342(11) 88(10)
C(30) 4586(18) 10199(18) 3711(11) 86(10)
C(31) 6084(13) 7795(12) 433(7) 56(7)
C(32) 5020(13) 7682(12) 806(7) 60(7)
C(33) 4450(13) 8716(13) 1244(7) 62(7)
C(34) 5160(13) 9467(13) 1142(7) 49(6)
C(35) 6171(13) 8898(13) 641(7) 63(7)
C(36) 6970(20) 6900(19) -92(12) 95(12)
C(37) 4570(20) 6646(19) 747(11) 93(11)
C(38) 3290(20) 8970(20) 1733(11) 93(11)
C(39) 4890(20) 10660(20) 1503(12) 140(20)
C(40) 7160(20) 9380(20) 376(11) 90(11)

Table 13.73. Anisotropic displacement parameters>(A®®) for 51. The anisotropic
displacement factor exponent takes the fornp?-B2 a*2U11 + ... + 2 h k a* b* 2]

Ull U22 U33 U23 Ul3 U12
Sc(1) 13(2) 17(2) 22(2) -4(1) 7(1) -6(1)
Sc(2) 22(2) 9(2) 42(2) -13(1) -11(2) 0(1)
Sc(3) 15(2) 15(2) 20(2) -2(1) 0(1) -8(1)
Sc(4) 23(2) 21(2) 54(2) -28(2) 28(2) -13(2)
Te(1) 30(1) 37(1) 86(1) -17(2) -4(1) -8(1)
Te(2) 58(1) 55(1) 76(1) -20(1) 12(1) -20(1)
Te(3) 26(1) 54(1) 68(1) -23(1) 6(1) -15(1)
Te(4) 86(2) 66(2) 100(2) -18(1) 11(1) -24(1)
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13.26. Crystallographic Data for [(GMesH),Sc-#: #~-ON=NCzH5s)]2, 53

Table 13.74. Atomic coordinates ( x #pand equivalent isotropic displacement paramé#its 10%) for 53.
U(eq) is defined as one third of the trace ofdtthogonalized Wtensor.

X y z U(eq)
Sc(1) 10079(1) 7554(1) 6624(1) 25(1)
0(1) 8997(2) 7373(2) 6992(1) 32(1)
N(1) 10857(2) 7418(3) 7495(1) 28(1)
N(2) 11487(2) 7374(3) 7291(1) 33(1)
C(1) 10624(3) 6308(4) 6062(2) 36(1)
C(2) 10515(3) 5687(3) 6484(2) 36(1)
C(3) 9622(3) 5659(4) 6452(2) 37(1)
C(4) 9156(3) 6257(4) 6010(2) 38(1)
C(5) 9786(3) 6639(4) 5770(2) 36(1)
C(6) 11484(4) 6488(5) 5926(2) 53(1)
C(7) 11236(4) 5067(4) 6861(2) 54(1)
C(8) 9203(4) 5013(5) 6794(2) 55(1)
C(9) 8175(3) 6386(5) 5823(2) 58(2)
C(10) 9332(3) 9301(4) 6484(2) 37(1)
C(11) 9418(3) 9035(3) 5982(2) 35(1)
C(12) 10326(3) 9014(3) 6007(2) 34(1)
C(13) 10808(3) 9256(4) 6532(2) 38(1)
C(14) 10192(3) 9421(3) 6826(2) 37(1)
C(15) 8484(4) 9511(5) 6610(2) 51(1)
C(16) 8671(3) 8973(5) 5479(2) 50(1)
C(17) 10703(4) 8954(4) 5537(2) 50(1)
C(18) 11779(4) 9425(5) 6722(2) 59(2)
C(19) 12392(3) 7298(5) 7652(2) 47(1)
C(20) 13004(6) 6905(9) 7337(4) 34(2)
C(21) 13787(9) 7368(11) 7408(5) 57(3)
C(20B) 13078(7) 7380(10) 7354(4) 44(2)
C(21B) 13781(9) 6896(12) 7453(6) 61(3)
C(22) 9057(5) 13184(7) 5634(5) 89(1)
C(23) 9786(6) 13710(7) 5568(6) 89(1)
C(24) 10613(5) 13246(8) 5715(5) 89(1)
C(25) 10710(5) 12254(9) 5928(6) 89(1)
C(26) 9981(7) 11728(7) 5994(6) 89(1)
C(27) 9155(6) 12192(7) 5847(5) 89(1)
C(28) 8142(6) 13699(10) 5471(6) 89(1)
C(29) 9374(5) 12704(7) 5763(5) 89(1)
C(30) 9651(6) 13629(7) 5592(6) 89(1)
C(31) 10528(6) 13757(7) 5600(6) 89(1)
C(32) 11129(5) 12961(9) 5779(5) 89(1)
C(33) 10852(6) 12036(8) 5950(6) 89(1)
C(34) 9975(6) 11908(7) 5942(6) 89(1)
C(35) 8393(5) 12541(10) 5727(7) 89(1)

Table 13.75. Anisotropic displacement parameters2(A®®) for 53. The anisotropic
displacement factor exponent takes the fornp?-B2 a*2U11 + ... + 2 h k a* b* 2]

Ull U22 U33 U23 Ul3 U12
Sc(1) 22(1) 31(1) 21(1) 0(1) 6(1) 2(1)
o(1) 25(1) 48(2) 21(1) -4(1) 5(1) -3(1)
N(1) 25(2) 33(2) 27(2) 3(1) 6(1) 3(1)
N(2) 26(2) 47(2) 27(2) 2(2) 8(1) 4(2)
c(1) 45(3) 37(2) 30(2) -3(2) 15(2) 7(2)
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C(2) 49(3) 34(2) 28(2) 1(2) 14(2) 10(2)

C(3) 47(3) 35(2) 31(2) 5(2) 12(2) -6(2)
C(4) 43(3) 41(2) 28(2) -10(2) 6(2) -8(2)
C(5) 48(3) 40(2) 19(2) -6(2) 9(2) 1(2)

C(6) 51(3) 72(4) 45(3) 9(3) 27(2) 22(3)
C(7) 73(4) 53(3) 39(3) 9(2) 20(3) 30(3)
C(8) 69(4) 57(3) 41(3) 5(2) 18(3) -16(3)
C(9) 43(3) 87(4) 34(3) -3(3) 2(2) -19(3)
C(10) 38(2) 37(2) 36(2) 8(2) 12(2) 11(2)
C(11) 40(2) 35(2) 28(2) 9(2) 7(2) 8(2)

C(12) 41(2) 35(2) 30(2) 7(2) 14(2) 0(2)

C(13) 37(2) 36(2) 42(2) 3(2) 11(2) -9(2)
C(14) 47(3) 33(2) 32(2) -2(2) 14(2) -2(2)
C(15) 52(3) 61(3) 43(3) 10(2) 16(2) 28(3)
C(16) 48(3) 66(3) 32(2) 10(2) 2(2) 14(3)
c(17) 64(3) 55(3) 39(3) 9(2) 27(2) -2(3)
C(18) 48(3) 70(4) 58(3) 0(3) 16(3) -27(3)
C(19) 25(2) 79(4) 38(2) 3(2) 9(2) 11(2)

Table 13.76. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3) for 53.

X y z U(eq)
H(5) 9661 7055 5459 43
H(6A) 11364 6831 5580 80
H(6B) 11773 5822 5911 80
H(6C) 11871 6925 6199 80
H(7A) 11114 5017 7207 81
H(7B) 11805 5412 6905 81
H(7C) 11257 4372 6717 81
H(8A) 9063 4326 6635 83
H(8B) 8660 5348 6820 83
H(8C) 9613 4944 7150 83
H(9A) 8011 6726 5475 86
H(9B) 7980 6811 6079 86
H(9C) 7892 5706 5794 86
H(14) 10335 9586 7193 44
H(15A) 8297 10223 6509 77
H(15B) 8566 9420 6992 77
H(15C) 8032 9029 6412 77
H(16A) 8153 8670 5558 76
H(16B) 8847 8539 5220 76
H(16C) 8527 9669 5332 76
H(17A) 10673 9638 5372 75
H(17B) 10360 8459 5277 75
H(17C) 11318 8727 5658 75
H(18A) 12080 8901 6565 88
H(18B) 11976 9369 7110 88
H(18C) 11920 10115 6614 88
H(19A) 12402 6817 7947 57
H(19B) 12592 7986 7805 57
H(19C) 12477 7827 7918 57
H(19D) 12463 6639 7827 57
H(20A) 12834 6345 7096 41
H(21A) 13950 7928 7650 68
H(21B) 14180 7136 7216 68
H(20B) 12960 7847 7063 53
H(21C) 13928 6421 7741 73
H(21D) 14174 7001 7242 73
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H(23A) 9720 14388 5422 106

H(24A) 11111 13605 5669 106
H(25A) 11275 11937 6028 106
H(26A) 10047 11050 6140 106
H(27A) 8656 11832 5892 106
H(28A) 8190 14389 5328 133
H(28B) 7918 13759 5783 133
H(28C) 7736 13277 5200 133
H(30A) 9240 14174 5470 106
H(31A) 10717 14389 5483 106
H(32A) 11728 13048 5784 106
H(33A) 11262 11491 6072 106
H(34A) 9786 11276 6059 106
H(35A) 8063 13174 5594 133
H(35B) 8333 12377 6080 133
H(35C) 8159 11969 5483 133

13.27. Crystallographic Data for [(GMeH)2Y (u-A: -ON=NC3Hs)],, 54
X-ray Data Collection, Structure Solution and Refirent for54

A colorless crystal of approximate dimensions k1619 x 0.22 mm was mounted on
a glass fiber and transferred to a Bruker SMART XPE diffractometer. The APEX2
program package was used to determine the unipeetimeters and for data collection (30
sec/frame scan time for a sphere of diffractioraflahe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukdtions were carried
out using the SHELXTL program. The diffraction symmetry wasrand the systematic
absences were consistent with the monoclinic sgpoeps Cc and C2/c. It was later
determined that space groG@/c was correct.

The structure was solved by direct methods anchedfion E by full-matrix least-
squares techniques. The analytical scatteringif&idr neutral atoms were used throughout
the analysis. Hydrogen atoms were included usindirag model. The molecule was located
about a two-fold rotation axis. There were two @coles of toluene solvent (related by two-
fold rotation) present per formula unit. Carboonas C(20), C(21) and the solvent were
disordered and included using multiple componeritis partial site-occupancy-factors (0.50)

At convergence, wR2 = 0.0915 and Goof = 1.051 fid¥ Bariables refined against
6227 data (0.76A), R1 = 0.0383 for those 5155 déttal > 2.05(1).
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Table 13.77. Atomic coordinates ( x #pand equivalent isotropic displacement paraméiits 10°)
for 54. U(eq) is defined as one third of the tracehefdrthogonalized Utensor.

X y z U(eq)
Y(1) 114(1) 2444(1) 1609(1) 15(1)
0(1) -1084(1) 2249(2) 1965(1) 33(1)
N(1) 917(1) 2306(2) 2526(1) 21(1)
N(2) 1546(1) 2288(2) 2309(1) 25(1)
C(1) 688(2) 1146(2) 1031(1) 28(1)
C(2) 574(2) 550(2) 1455(1) 33(1)
C(3) -344(2) 506(2) 1416(1) 39(1)
C(4) -810(2) 1071(2) 971(1) 39(1)
C(5) -166(2) 1457(2) 733(1) 27(1)
C(6) 1555(2) 1346(3) 901(1) 47(1)
C(7) 1295(3) -13(3) 1846(1) 59(1)
C(8) -758(3) -111(3) 1766(1) 68(1)
C(9) -1805(2) 1196(4) 780(1) 79(2)
C(10) -658(3) 4238(2) 1464(1) 51(1)
C(11) -567(2) 3973(2) 961(1) 42(1)
C(12) 348(2) 3967(2) 987(1) 34(1)
C(13) 837(3) 4221(2) 1508(1) 43(1)
C(14) 205(3) 4381(2) 1799(1) 49(1)
C(15) -1530(3) 4411(4) 1592(1) 92(2)
C(16) -1329(2) 3873(3) 469(1) 60(1)
C(17) 740(2) 3884(2) 526(1) 43(1)
C(18) 1823(3) 4385(3) 1696(1) 77(2)
C(19) 2468(2) 2218(3) 2651(1) 50(1)
C(20) 3084(3) 1806(5) 2305(2) 25(1)
C(20B) 3131(3) 2417(5) 2346(2) 28(1)
C(21) 3800(5) 2331(6) 2310(3) 37(2)
C(21B) 3827(5) 1855(6) 2426(3) 38(2)
C(22) 369(4) 8028(4) 711(2) 28(1)
C(23) -441(4) 8517(4) 532(2) 24(1)
C(24) -1227(4) 8063(4) 540(2) 31(1)
C(25) -1218(4) 7093(5) 740(2) 38(1)
C(26) -390(4) 6608(5) 935(2) 38(1)
C(27) 426(5) 7054(5) 926(2) 35(1)
C(28) 1227(4) 8516(5) 695(3) 41(1)
C(29) -794(4) 8074(4) 688(2) 28(1)
C(30) -627(5) 7110(5) 904(3) 42(1)
C(31) 202(5) 6737(6) 1012(3) 41(2)
C(32) 939(5) 7277(5) 921(2) 41(1)
C(33) 753(4) 8220(4) 706(2) 29(1)
C(34) -92(4) 8613(4) 589(2) 23(1)
C(35) -1728(4) 8498(5) 554(3) 44(2)

Table 13.78. Anisotropic displacement parameters2(A®®) for 54. The anisotropic
displacement factor exponent takes the fornp-B2 a*2U1 + ... + 2 h k a* b* U2]

Ull U22 U33 U23 U13 U12
Y(1) 14(1) 21(1) 12(1) 0(1) 3(1) 3(1)
o(1) 16(1) 71(1) 12(1) -6(1) 3(1) 2(1)
N(L) 15(1) 32(1) 14(1) 3(2) 3(1) -1(1)
N(2) 13(2) 46(1) 16(1) 4(2) 4(2) 1(1)
c(1) 48(2) 22(1) 20(1) 2(2) 19(1) 13(1)
c(2) 65(2) 18(1) 20(1) 2(2) 20(1) 9(1)
c(3) 67(2) 36(2) 15(1) -8(1) 13(1) 27(2)
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C(4) 46(2) 51(2) 16(1) -9(1) 5(1) -27(1)

C(5) 42(2) 26(1) 13(1) -4(1) 8(1) -4(1)
C(6) 55(2) 63(2) 35(2) 22(2) 31(2) 37(2)
c(7) 116(3) 44(2) 29(2) 19(1) 39(2) 49(2)
C(8) 89(3) 87(3) 21(1) 5(2) 3(2) -66(2)
C(9) 48(2) 156(5) 24(2) -1(2) -6(2) -58(3)
C(10) 92(3) 46(2) 19(1) 12(1) 20(2) 49(2)
C(11) 67(2) 39(2) 18(1) 8(1) 12(1) 35(2)
C(12) 63(2) 20(1) 20(1) 4(1) 14(1) 4(1)
C(13) 84(2) 22(1) 24(1) 1(1) 15(2) -14(1)
C(14)  110(3) 18(1) 18(1) 1(1) 17(2) 13(2)
C(15)  125(4) 127(4) 34(2) 30(2) 37(2) 112(3)
C(16) 66(2) 90(3) 20(1) 14(2) 8(2) 53(2)
c(17) 73(2) 34(2) 28(1) 4(1) 23(2) -6(2)
c(18)  112(4) 80(3) 37(2) -4(2) 16(2) -76(3)
C(19) 13(1) 117(3) 21(1) 13(2) 3(1) 0(2)
C(20) 18(3) 29(3) 26(3) 7(2) 5(2) 4(2)
C(20B)  19(3) 41(3) 26(3) 5(3) 7(2) 1(3)
C(21) 22(3) 47(4) 48(4) 4(3) 18(3) 3(3)
C(21B)  23(3) 48(4) 46(4) 1(3) 15(3) 1(3)

Table 13.79. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3)
for 54.

X y z U(eq)

H(5A) -304 1770 376 32

H(6A) 1784 714 796 71

H(6B) 1991 1622 1211 71
H(6C) 1455 1834 612 71
H(7A) 1244 -736 1765 89

H(7B) 1232 97 2201 89

H(7C) 1880 232 1829 89
H(8A) -893 -790 1618 102

H(8B) -1311 215 1791 102
H(8C) -340 -159 2118 102
H(9A) -2083 539 668 118

H(9B) -1953 1666 482 118
H(9C) -2030 1464 1065 118
H(14A) 343 4692 2157 59
H(15A) -1760 5083 1469 138
H(15B) -1436 4367 1973 138
H(15C) -1963 3897 1417 138
H(16A) -1506 4545 321 90

H(16B) -1837 3548 554 90
H(16C) -1139 3462 211 90
H(17A) 716 4544 355 65

H(17B) 397 3392 273 65

H(17C) 1363 3661 651 65
H(18A) 1972 5040 1568 116
H(18B) 2130 3847 1560 116
H(18C) 2013 4377 2081 116
H(19A) 2492 1753 2947 61
H(19B) 2678 2891 2796 61
H(19C) 2570 1553 2800 61
H(19D) 2548 2696 2933 61
H(20A) 2939 1205 2103 30
H(20B) 3039 2953 2098 34
H(21A) 3932 2930 2514 45
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H(21B) 4186 2112 2109 45

H(21C) 3916 1321 2675 46
H(21D) 4254 1973 2235 46
H(23A) -453 9185 399 28
H(24A) 1777 8410 409 38
H(25A) -1758 6765 746 45
H(26A) -381 5950 1080 45
H(27A) 981 6717 1057 42
H(28A) 1138 9247 650 62
H(28B) 1420 8242 400 62
H(28C) 1685 8380 1025 62
H(30A) -1096 6723 975 50
H(31A) 305 6077 1157 49
H(32A) 1523 6999 1004 49
H(33A) 1220 8610 636 35
H(34A) -201 9267 437 28
H(35A) -1957 8461 864 66
H(35B) 2115 8103 267 66
H(35C) -1719 9203 443 66

13.28. Crystallographic Data for [(GMes),Y (u-# #-ON=NCsHs)],, 55

X-ray Data Collection, Structure Solution and Refirent fors5.

A colorless crystal of approximate dimensions k3131 x 0.43 mm was mounted on
a glass fiber and transferred to a Bruker SMART XPE diffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (20
sec/frame scan time for a sphere of diffractioraflahe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukdtions were carried
out using the SHELXTL program. The diffraction symmetry wasrRand the systematic
absences were consistent with the monoclinic sgemap P2;/n that was later determined to
be correct.

The structure was solved by direct methods anchedfion E by full-matrix least-
squares techniques. The analytical scatteringif&idr neutral atoms were used throughout
the analysis. Hydrogen atoms were included usindirg model. There were two molecules
of toluene solvent present. Carbon atoms C(4435Cand C(46) were disordered and
included using multiple components and partial-siteupancy-factors (0.50:0.50). One of
the toluene molecules was also disordered (0.950ahd included as above but with
isotropic thermal parameters.

At convergence, wR2 = 0.0961 and Goof = 1.034 {6 @ariables refined against
12296 data (0.78A), R1 = 0.0361 for those 10126 daih | > 2.6 (1).
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Table 13.80. Atomic coordinates ( x #pand equivalent isotropic displacement paraméiits 10°)
for 55. U(eq) is defined as one third of the tracehefdrthogonalized Utensor.

X y z U(eq)
Y(1) 640(1) 7258(1) 1523(1) 24(1)
Y(2) -573(1) 7421(1) 3368(1) 23(1)
0(2) 778(1) 7519(1) 3000(1) 28(1)
0(1) -716(1) 7217(1) 1884(1) 30(1)
N(1) 883(1) 7362(1) 2496(1) 25(1)
N(2) 1618(1) 7280(1) 2318(1) 27(1)
N(3) -818(1) 7317(1) 2392(1) 26(1)
N(4) -1549(1) 7409(2) 2572(1) 31(1)
C(1) 1010(2) 5377(2) 1512(1) 33(1)
C(2) 1591(1) 5820(2) 1170(1) 34(1)
C(3) 1151(2) 6139(2) 713(1) 35(1)
C(4) 283(1) 5941(2) 779(1) 33(1)
C(5) 197(1) 5455(2) 1266(1) 31(1)
C(6) 1269(2) 4803(2) 1988(1) 47(1)
C(7) 2536(2) 5795(2) 1245(1) 54(1)
C(8) 1576(2) 6388(2) 206(1) 50(1)
C(9) -419(2) 6096(2) 375(1) 47(1)
C(10) -612(2) 4989(2) 1427(1) 44(1)
C(11) 1164(2) 9066(2) 1553(1) 33(1)
C(12) 1440(2) 8722(2) 1057(1) 34(1)
C(13) 715(2) 8576(2) 725(1) 36(1)
C(14) -8(2) 8782(2) 1025(1) 35(1)
C(15) 272(2) 9096(2) 1534(1) 34(1)
C(16) 1728(2) 9469(2) 1982(1) 43(1)
C(17) 2346(2) 8656(2) 896(1) 44(1)
C(18) 701(2) 8478(2) 132(1) 48(1)
C(19) -905(2) 8768(2) 820(1) 47(1)
C(20) -290(2) 9467(2) 1954(1) 42(1)
C(21) 68(2) 5720(2) 3603(1) 42(1)
C(22) -234(2) 6030(2) 4089(1) 43(1)
C(23) -1124(2) 6050(2) 4054(1) 42(1)
C(24) -1369(2) 5762(2) 3538(1) 41(1)
C(25) -628(2) 5556(2) 3262(1) 41(1)
C(26) 973(2) 5494(2) 3477(1) 64(1)
C(27) 324(2) 6156(2) 4580(1) 62(1)
C(28) -1722(2) 6110(3) 4512(1) 63(1)
C(29) -2271(2) 5585(3) 3361(1) 67(1)
C(30) -615(2) 5147(2) 2713(1) 59(1)
C(31) -245(1) 9293(2) 3524(1) 30(1)
C(32) -86(1) 8838(2) 4018(1) 30(1)
C(33) -864(1) 8531(2) 4220(1) 32(1)
C(34) -1502(1) 8740(2) 3836(1) 33(1)
C(35) -1124(2) 9236(2) 3410(1) 33(1)
C(36) 409(2) 9856(2) 3240(1) 41(1)
C(37) 754(2) 8833(2) 4306(1) 42(1)
C(38) -1001(2) 8275(2) 4790(1) 45(1)
C(39) -2436(2) 8583(2) 3894(1) 50(1)
C(40) -1611(2) 9729(2) 2972(1) 46(1)
C(41) 2343(1) 7377(2) 2687(1) 38(1)
C(42) 3144(2) 7382(2) 2383(1) 53(1)
C(43) 3834(2) 7050(3) 2520(2) 67(1)
C(44) -2272(10) 7238(7) 2218(6) 33(2)
C(45) -3090(5) 7341(5) 2504(3) 34(2)
C(46) -3789(5) 7364(8) 2324(3) 53(2)
C(44B) -2266(10) 7571(7) 2173(6) 29(2)
C(45B) -3061(4) 7797(5) 2447(3) 33(1)
C(46B) -3729(1) 7770(2) 2333(1) 57(3)
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C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)
C(66)
C(67)

552(1)
1012(1)
1816(2)
2179(2)
1721(2)
918(2)
-329(2)
-1447(2)
-653(2)
-13(2)
-167(2)
-961(3)
-1602(2)
-2125(4)
-470(2)
-1049(3)
-1866(3)
-2104(3)
-1524(3)
-707(3)

367(5)

2086(2)
1290(2)
1390(2)
2277(3)
3073(3)
2976(2)
1981(3)
11899(3)
11552(2)
12185(3)
13165(2)
13512(2)
12879(3)
11192(5)
12587(3)
13317(3)
13097(4)
12147(4)
11417(3)
11637(3)
12858(6)

1026(1)
885(1)
693(2)
640(2)
783(1)
971(1)

1228(1)

4211(2)

4089(2)

3959(2)

3952(2)

4075(2)

4204(2)

4351(3)

4028(2)

4109(3)

4256(3)

4324(3)

4244(2)

4096(2)

3877(4)

48(1)
53(1)
65(1)
66(1)
67(1)
56(1)
78(1)
43(1)
49(3)
49(1)
57(1)
69(2)
56(1)
71(2)
48(2)
54(2)
99(3)
80(2)
64(2)
49(4)
76(2)

Table 13.81. Anisotropic displacement parameters2(A®) for 55. The anisotropic
displacement factor exponent takes the fornp?-g2 a*2U11 + ... + 2 h k a* b* 2]

Ull U22 U33 U23 Ul3 U12
Y(1) 20(1) 31(1) 21(1) -3(1) 2(1) -1(1)
Y(2) 18(1) 32(1) 20(1) -1(1) 1(1) 1(1)
0(2) 22(1) 38(1) 23(1) -3(1) 2(1) 0(1)
o(1) 23(1) 43(1) 23(1) -4(1) 2(1) 0(1)
N(1) 22(1) 29(1) 24(1) -1(1) 2(1) -1(1)
N(2) 19(1) 35(1) 27(1) -2(1) 2(1) -2(1)
N(3) 22(1) 33(1) 23(1) -1(1) 1(1) 0(1)
N(4) 19(1) 49(1) 25(1) -5(1) -1(1) 0(1)
c(1) 31(1) 30(1) 37(1) -9(1) 0(1) 2(1)
c(2) 24(1) 37(1) 41(1) -12(1) 4(1) 3(1)
c(@3) 31(1) 41(1) 32(1) -11(1) 9(1) -2(1)
C(4) 28(1) 41(1) 28(1) -11(1) 0(1) -2(1)
C(5) 28(1) 33(1) 34(1) -12(1) 4(1) -4(1)
C(6) 53(2) 43(2) 44(2) -2(1) -2(1) 13(1)
c(7) 25(1) 60(2) 76(2) -18(2) 3(1) 5(1)
C(8) 54(2) 57(2) 42(2) -9(1) 22(1) -3(1)
C(9) 39(2) 64(2) 39(2) -11(1) -9(1) -1(1)
C(10) 36(1) 48(2) 49(2) -14(1) 11(1) -12(1)
c(11) 40(1) 29(1) 31(1) 0(1) 6(1) -5(1)
C(12) 38(1) 34(1) 31(1) 3(1) 7(1) -7(1)
C(13) 42(1) 38(1) 28(1) 4(1) 5(1) -1(1)
C(14) 38(1) 38(1) 28(1) 6(1) 1(1) 3(1)
C(15) 42(1) 29(1) 30(1) 3(1) 6(1) 2(1)
C(16) 49(2) 42(2) 39(1) -6(1) 4(1) -14(1)
c(17) 40(2) 52(2) 41(2) -2(1) 11(1) -12(1)
C(18) 57(2) 59(2) 28(1) 4(1) 4(1) 3(1)
C(19) 41(2) 60(2) 40(2) 7(1) -4(1) 12(1)
C(20) 49(2) 40(2) 37(1) -1(1) 10(1) 8(1)
C(21) 38(1) 37(1) 52(2) 15(1) 8(1) 4(1)
C(22) 52(2) 40(2) 36(1) 10(1) -8(1) -8(1)
C(23) 52(2) 39(1) 35(1) 3(1) 17(1) -8(1)
C(24) 38(1) 39(2) 46(2) 2(1) 1(1) -11(1)
C(25) 57(2) 32(1) 34(1) 2(1) 11(1) -3(1)
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C(26)
C(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(44B)
C(45B)
C(46B)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)

50(2)
74(2)
74(2)
49(2)
93(2)
32(1)
28(1)
31(1)
27(1)
33(1)
46(2)
34(1)
48(2)
26(1)
45(2)
21(1)
25(1)
30(2)
23(3)
27(3)
27(4)
20(3)
22(3)
30(5)
58(2)
62(2)
59(2)
46(2)
79(2)
74(2)
70(2)

58(2)
64(2)
67(2)
80(2)
42(2)
31(1)
35(1)
40(1)
44(1)
38(1)
38(1)
54(2)
58(2)
85(2)
54(2)
61(2)
93(2)
94(3)
49(6)
41(4)
91(7)
41(6)
42(4)
103(9)
56(2)
40(2)
54(2)
76(2)
50(2)
47(2)
122(3)

84(2)
46(2)
51(2)
72(2)
43(2)
28(1)
28(1)
25(1)
28(1)
27(1)
38(1)
37(1)
29(1)
41(2)
38(1)
32(1)
43(2)
77(2)
27(4)
33(3)
42(4)
26(3)
34(3)
38(4)
29(1)
57(2)
82(2)
75(2)
71(2)
48(2)
41(2)

23(2)
15(2)
-3(2)
-1(2)
-7(1)
-5(1)
-7(1)
-7(1)
-7(1)
-5(1)
-4(1)
-5(1)
-5(1)
-2(1)
1(1)

-5(1)
-9(2)

-23(2)

-4(5)
-1(3)
12(3)
2(4)

-8(3)

-10(4)

5(1)
8(1)

-10(2)

1(2)
1(2)

-12(1)

6(2)

14(2)

-19(2)

33(2)
-4(2)
19(2)
3(1)
0(1)
4(1)
3(1)
1(1)
6(1)
-8(1)
6(1)
6(1)
-1(1)
-1(1)
1(1)
0(2)
-1(3)
2(2)
-2(3)
-5(2)
-4(2)
-1(3)
-8(1)

-13(2)
-16(2)

-8(2)

-16(2)
-14(2)

11(2)

17(2)
-2(2)
-16(2)
-28(2)
-4(2)
2(1)
2(1)
3(1)
9(1)
11(1)
-6(1)
-4(1)
-2(1)
12(1)
23(1)
-3(1)
-5(1)
0(2)
6(5)
1(3)
-6(3)
4(5)
4(3)
17(4)
0(1)
0(1)
16(2)
-5(2)
-15(2)
11(2)
2(2)

Table 13.82. Hydrogen coordinates ( x 90and isotropic displacement parameter(£0 3)

for 55.
X y z U(eq)

H(6A) 1696 4331 1889 70
H(6B) 776 4471 2126 70
H(6C) 1507 5230 2261 70
H(7A) 2760 5227 1069 81
H(7B) 2681 5770 1624 81
H(7C) 2780 6372 1090 81
H(8A) 1900 5835 85 76
H(8B) 1957 6932 267 76
H(8C) 1148 6560 -64 76
H(9A) -640 5475 256 71
H(9B) -200 6447 71 71
H(9C) -872 6468 534 71
H(10A) -861 4642 1124 66
H(10B) -1008 5481 1544 66
H(10C) -497 4539 1718 66
H(16A) 1830 10149 1914 65
H(16B) 2266 9123 1990 65
H(16C) 1456 9397 2325 65
H(17A) 2575 9302 851 66
H(17B) 2378 8304 561 66
H(17C) 2675 8319 1171 66
H(18A) 529 9088 -29 72
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H(18B)
H(18C)
H(19A)
H(19B)
H(19C)
H(20A)
H(20B)
H(20C)
H(26A)
H(26B)
H(26C)
H(27A)
H(27B)
H(27C)
H(28A)
H(28B)
H(28C)
H(29A)
H(29B)
H(29C)
H(30A)
H(30B)
H(30C)
H(36A)
H(36B)
H(36C)
H(37A)
H(37B)
H(37C)
H(38A)
H(38B)
H(38C)
H(39A)
H(39B)
H(39C)
H(40A)
H(40B)
H(40C)
H(41A)
H(41B)
H(42A)
H(43A)
H(43B)
H(44A)
H(44B)
H(45A)
H(46A)
H(46B)
H(44C)
H(44D)
H(45B)
H(46C)
H(46D)
H(48A)
H(49A)
H(50A)
H(51A)
H(52A)
H(53A)
H(53B)
H(53C)
H(55A)

299
1266
-1103
-1262
-936
-171
-188
-882
1101
1349
1056
610
-23
747
-1986
-2160
-1407
-2452
-2311
-2634
-433
-220
-1182
705
136
815
889
1191
730
-937
-586
-1572
-2683
-2529
-2704
-2073
-1844
-1235
2351
2294
3115
3903
4299
-2234
-2261
-3040
-3884
-4253
-2120
-2347
-2967
-3896
-4144
773
2123
2733
1962
610
-570
-679
-311
-548

7977
8306
9427
8448
8422
10146
9106
9391
4832
5931
5573
5550
6347
6653
5483
6587
6298
4956
5601
6083
4476
5514
5183
10280
10240
9416
9483
8613
8401
8849
7793
8015
9138
8007
8502
10100
9249
10159
6836
7980
7678
6746
7098
6584
7700
7396
7313
7433
8107
6989
8013
7563
7952
669
835
2341
3692
3532
1373
2513
1990
10882
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26
14
766
1077
483
2017
2282
1839
3580
3674
3097
4664
4878
4515
4566
4432
4834
3487
2973
3506
2730
2499
2551
3492
2960
3083
4428
4066
4611
5010
4904
4826
4070
4106
3543
3122
2726
2783
2941
2890
2044
2854
2290
2069
1921
2878
1953
2552
1935
1954
2800
1988
2579
919
597
508
752
1065
1104
1097
1616
4094

72
72
71
71
71
63
63
63
95
95
95
93
93
93
95
95
95
100
100
100
89
89
89
61
61
61
62
62
62
67
67
67
76
76
76
68
68
68
46
46
64
80
80
40
40
40
64
64
35
35
40
69
69
64
78
79
80
68
116
116
116
58



H(56A) 530 11948 3876 59

H(57A) 270 13598 3864 69
H(58A) -1067 14182 4070 83
H(59A) -2144 13116 4288 67
H(60A) -1865 10575 4442 106
H(60B) -2514 11110 4047 106
H(60C) -2435 11432 4654 106
H(62A) -887 13966 4063 65
H(63A) 2263 13596 4311 118
H(64A) 2662 11997 4425 96
H(65A) -1687 10768 4290 76
H(66A) -311 11138 4041 59
H(67D) 330 13294 3573 114
H(67A) 685 12285 3780 114
H(67B) 656 13181 4175 114

13.29. Crystallographic Data for [(GMes),Sm(u-#": /~-ON=NC3H5s)],, 56
X-ray Data Collection, Structure Solution and Refirent fors6.

An orange crystal of approximate dimensions 0.17420 x 0.39 mm was mounted on
a glass fiber and transferred to a Bruker SMART XPE diffractometer. The APEX2
program package was used to determine the unipeetimeters and for data collection (20
sec/frame scan time for a sphere of diffractioraflahe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukdtions were carried
out using the SHELXTL program. The diffraction symmetry wasrand the systematic
absences were consistent with the monoclinic sgemap P2;/n that was later determined to
be correct.

The structure was solved by direct methods anchedfion E by full-matrix least-
squares techniques. The analytical scatteringif&idr neutral atoms were used throughout
the analysis. Hydrogen atoms were included usindirg model. There were two molecules
of toluene solvent present. The pentamethylcycitgubenyl ring defined be atoms C(11)-
C(20) was disordered and included using multipleponents, partial site-occupancy-factors
(0.60/0.40) and isotropic thermal parameters.

At convergence, wR2 = 0.0847 and Goof = 1.027 80 Hariables refined against
13488 data (0.76A), R1 = 0.0308 for those 11156 dath | > 2.6 (1).
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Table 13.83. Atomic coordinates ( x #pand equivalent isotropic displacement paramé#its 10%) for 56.
U(eq) is defined as one third of the trace ofdhteogonalized Wtensor.

X y z U(eq)
Sm(1) 4841(1) 7209(1) 2016(1) 27(1)
Sm(2) 2651(1) 7541(1) 469(1) 27(1)
N(1) 3223(2) 7362(2) 1647(1) 30(1)
N(2) 3126(2) 7161(2) 2089(1) 34(1)
N(3) 4268(2) 7394(2) 838(1) 30(1)
N(4) 4364(2) 7528(2) 388(1) 32(1)
0(1) 4972(1) 7264(2) 1139(1) 34(1)
0(2) 2514(2) 7511(2) 1349(1) 34(1)
C(1) 4701(2) 5299(2) 2221(1) 37(1)
C(2) 5345(2) 5363(2) 1857(1) 37(1)
C(3) 6123(2) 5819(2) 2069(1) 37(1)
C(4) 5983(2) 6010(2) 2565(1) 38(1)
C(5) 5097(2) 5720(2) 2655(1) 39(1)
C(6) 3832(3) 4756(3) 2195(2) 53(1)
C(7) 5297(3) 4930(3) 1353(1) 52(1)
C(8) 6977(3) 5989(3) 1811(2) 58(1)
C(9) 6697(3) 6244(3) 2962(2) 59(1)
C(10) 4690(2) 5731(1) 3143(1) 59(1)
C(11) 4523(1) 9001(1) 2357(1) 38(1)
C(12) 5185(1) 8674(1) 2714(1) 44(2)
C(13) 6014(1) 8583(1) 2485(1) 42(1)
C(14) 5864(1) 8854(1) 1986(1) 36(1)
C(15) 4942(1) 9113(1) 1907(1) 34(1)
C(16) 3545(1) 9197(1) 2441(1) 57(2)
C(17) 5034(1) 8460(1) 3244(1) 55(2)
C(18) 6901(1) 8256(2) 2729(1) 75(2)
C(19) 6562(1) 8865(1) 1607(1) 49(1)
C(20) 4489(1) 9448(1) 1429(1) 50(1)
C(11B) 4532(1) 8893(1) 2505(1) 46(2)
C(12B) 5390(1) 8598(1) 2721(1) 42(2)
C(13B) 6030(1) 8640(1) 2350(1) 46(2)
C(14B) 5568(1) 8960(1) 1906(1) 44(2)
C(15B) 4642(1) 9117(1) 2002(1) 49(2)
C(16B) 3658(1) 8957(1) 2766(1) 82(4)
C(17B) 5587(1) 8293(2) 3250(1) 89(4)
C(18B) 7028(1) 8387(2) 2417(1) 102(5)
C(19B) 5987(1) 9109(1) 1417(1) 93(4)
C(20B) 3905(1) 9463(2) 1633(1) 96(4)
C(21) 2522(2) 5653(2) 606(1) 36(1)
C(22) 1609(2) 5957(2) 525(1) 36(1)
C(23) 1471(2) 6217(2) 28(1) 36(1)
C(24) 2302(2) 6098(2) -198(1) 37(1)
C(25) 2945(2) 5737(2) 160(1) 37(1)
C(26) 2924(3) 5255(3) 1076(1) 48(1)
C(27) 893(2) 5941(3) 892(1) 51(1)
C(28) 561(2) 6369(3) -234(1) 54(1)
C(29) 2459(3) 6219(3) -732(1) 53(1)
C(30) 3881(2) 5397(3) 66(1) 51(1)
C(31) 2530(2) 9019(2) -187(1) 42(1)
C(32) 1623(2) 8743(2) -147(1) 44(1)
C(33) 1393(2) 8952(2) 334(1) 42(1)
C(34) 2140(2) 9394(2) 582(1) 38(1)
C(35) 2849(2) 9439(2) 263(1) 38(1)
C(36) 3021(3) 8997(3) -654(1) 66(1)
C(37) 977(3) 8516(3) -578(2) 70(1)
C(38) 473(3) 8828(3) 535(2) 71(1)
C(39) 2101(3) 9843(3) 1080(1) 58(1)
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C(40) 3727(3) 9963(3) 331(2) 58(1)

c(41) 2201(2) 7078(3) 2256(1) 51(1)
C(42) 2235(3) 6837(4) 2789(1) 74(2)
C(43) 1721(3) 7054(4) 3095(2) 68(1)
C(44) 5291(2) 7542(3) 222(1) 45(1)
C(45) 5265(3) 7592(4) -326(1) 63(1)
C(46) 5811(3) 7243(4) -600(2) 63(1)
C(47) 5455(4) 12316(5) 3244(2) 96(2)
C(48) 5467(4) 11445(4) 3011(2) 81(2)
C(49) 5610(3) 11299(3) 2530(2) 66(1)
C(50) 5731(3) 12137(4) 2246(2) 72(1)
C(51) 5710(3) 13016(3) 2461(2) 69(1)
C(52) 5567(4) 13062(5) 2965(3) 99(2)
C(53) 5863(4) 12060(6) 1739(2) 127(3)
C(54) -2019(3) 8308(4) 428(2) 80(2)
C(55) -1848(3) 8214(3) -65(2) 67(1)
C(56) -1758(3) 7314(3) -263(2) 59(1)
C(57) -1828(3) 6524(3) 35(2) 62(1)
C(58) -1991(4) 6648(4) 520(2) 80(2)
C(59) -2092(4) 7528(4) 719(2) 86(2)
C(60) -1578(4) 7192(5) -788(2) 95(2)

Table 13.84. Anisotropic displacement parameters2(A®) for 56. The anisotropic displacement factor
exponent takes the form: pZ h2 a*2U + ... + 2 hk a* b* 2]

Ull U22 U33 U23 Ul3 U12
sm@1)  27(0) 34(1) 22(1) 1(1) 3(1) -1(1)
sm@2)  27(1) 31(1) 22(1) 1(1) 3(1) 2(1)
N(1) 29(1) 35(1) 25(1) 0(1) 4(1) 0(1)
N(2) 31(1) 45(2) 27(1) 2(1) 6(1) 0(1)
N(3) 29(1) 37(1) 25(1) 1(1) 4(1) -1(1)
N(4) 29(1) 41(2) 27(1) 1(1) 6(1) 2(1)
o(1) 32(1) 46(1) 25(1) 2(1) 3(1) 2(1)
0(2) 31(1) 45(1) 25(1) 0(1) 3(1) 3(1)
c@) 38(2) 36(2) 38(2) 10(1) 2(1) -1(1)
c(2) 43(2) 34(2) 35(2) 2(1) 2(1) 5(1)
c(@3) 33(2) 40(2) 40(2) 4(1) 8(1) 8(1)
C(4) 34(2) 46(2) 34(2) 5(1) -2(1) 4(1)
C(5) 40(2) 46(2) 30(2) 10(1) 3(1) 1(1)
C(6) 49(2) 53(2) 57(2) 18(2) -2(2) -14(2)
c(7) 66(2) 49(2) 42(2) -9(2) 1(2) 13(2)
C(8) 43(2) 65(3) 70(3) 5(2) 22(2) 10(2)
C(9) 55(2) 62(3) 58(2) -2(2) -20(2) 6(2)
C(10) 65(3) 79(3) 34(2) 12(2) 14(2) 2(2)
C(21) 44(2) 28(2) 36(2) 0(1) -1(1) -1(1)
C(22) 38(2) 36(2) 36(2) -3(1) 6(1) -6(1)
C(23) 35(2) 37(2) 34(2) -4(1) 0(1) -2(1)
C(24) 41(2) 36(2) 32(2) -6(1) 1(1) 0(1)
C(25) 40(2) 35(2) 37(2) -7(1) 2(1) 4(1)
C(26) 59(2) 43(2) 42(2) 4(2) -6(2) 2(2)
c(27) 46(2) 60(2) 47(2) -2(2) 12(2) -12(2)
C(28) 41(2) 64(3) 57(2) 1(2) -10(2) -5(2)
C(29) 63(2) 64(2) 33(2) -6(2) 6(2) 6(2)
C(30) 47(2) 52(2) 55(2) -10(2) 3(2) 15(2)
C(31) 58(2) 39(2) 29(2) 10(1) 9(1) 10(2)
C(32) 52(2) 38(2) 40(2) 6(1) -9(2) 8(2)
C(33) 38(2) 39(2) 50(2) 5(1) 6(2) 9(1)
C(34) 50(2) 30(2) 34(2) 1(1) 7(1) 8(1)
C(35) 41(2) 35(2) 38(2) 8(1) 4(1) 3(1)
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C(36) 95(3) 67(3) 40(2) 11(2) 23(2) 8(2)

C(37) 85(3) 61(3) 60(3) 7(2) -31(2) 6(2)
C(38) 44(2) 66(3) 104(4) 1(3) 23(2) 11(2)
C(39) 86(3) 49(2) 40(2) -4(2) 13(2) 16(2)
C(40) 57(2) 49(2) 67(3) 11(2) 3(2) -11(2)
c(41) 33(2) 88(3) 33(2) 8(2) 9(1) 0(2)
C(42) 41(2) 144(5) 39(2) 27(3) 12(2) 13(3)
C(43) 64(3) 96(4) 45(2) 15(2) 17(2) 12(2)
C(44) 32(2) 74(3) 30(2) 2(2) 10(1) 1(2)
C(45) 42(2) 114(4) 34(2) 12(2) 9(2) 11(2)
C(46) 51(2) 97(4) 42(2) -5(2) 13(2) 5(2)
C(47) 85(4) 127(6) 79(4) -11(4) 28(3) -9(4)
C(48) 64(3) 82(4) 98(4) -1(3) 14(3) -7(3)
C(49) 51(2) 61(3) 85(3) 4(2) -4(2) -10(2)
C(50) 39(2) 107(4) 69(3) 4(3) -8(2) 8(2)
C(51) 50(2) 50(2) 109(4) 11(3) 8(2) 7(2)
C(52) 73(4) 91(4) 135(6) 24(4) 19(4) 3(3)
C(53) 70(4) 222(9) 86(4) 25(5) -10(3) 11(5)
C(54) 62(3) 69(3) 109(4) -7(3) 9(3) 5(2)
C(55) 56(3) 48(2) 94(4) 12(2) -9(2) 9(2)
C(56) 35(2) 73(3) 68(3) 3(2) -5(2) 2(2)
C(57) 49(2) 49(2) 88(3) 2(2) 9(2) -2(2)
C(58) 73(3) 77(4) 93(4) 12(3) 24(3) -1(3)
C(59) 78(4) 103(5) 79(4) -3(3) 29(3) 8(3)
C(60) 70(4) 144(6) 68(3) 6(3) -11(3) 3(3)

Table 13.85. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3) for 56.

X y z U(eq)
H(6A) 3834 4301 2467 80
H(6B) 3766 4411 1883 80
H(6C) 3326 5200 2218 80
H(7A) 5302 5438 1107 78
H(7B) 4739 4559 1304 78
H(7C) 5819 4512 1320 78
H(8A) 7365 6434 2003 88
H(8B) 6826 6259 1485 88
H(8C) 7296 5384 1776 88
H(9A) 6842 5672 3156 89
H(9B) 6474 6742 3174 89
H(9C) 7242 6471 2812 89
H(10A) 5052 5332 3374 88
H(10B) 4072 5482 3107 88
H(10C) 4679 6385 3267 88
H(16A) 3282 8643 2597 85
H(16B) 3215 9322 2126 85
H(16C) 3503 9754 2654 85
H(17A) 5256 8993 3449 83
H(17B) 5362 7879 3344 83
H(17C) 4388 8369 3283 83
H(18A) 7090 7664 2575 112
H(18B) 6827 8143 3078 112
H(18C) 7361 8747 2692 112
H(19A) 6305 8582 1302 73
H(19B) 7091 8497 1728 73
H(19C) 6742 9524 1546 73
H(20A) 4347 10128 1453 75
H(20B) 3930 9087 1360 75
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H(20C)
H(16D)
H(16E)
H(16F)
H(17D)
H(17E)
H(17F)
H(18D)
H(18E)
H(18F)
H(19D)
H(19E)
H(19F)
H(20D)
H(20E)
H(20F)
H(26A)
H(26B)
H(26C)
H(27A)
H(27B)
H(27C)
H(28A)
H(28B)
H(28C)
H(29A)
H(29B)
H(29C)
H(30A)
H(30B)
H(30C)
H(36A)
H(36B)
H(36C)
H(37A)
H(37B)
H(37C)
H(38A)
H(38B)
H(38C)
H(39A)
H(39B)
H(39C)
H(40A)
H(40B)
H(40C)
H(41A)
H(41B)
H(42A)
H(43A)
H(43B)
H(44A)
H(44B)
H(45A)
H(46A)
H(46B)
H(47A)
H(48A)
H(49A)
H(51A)
H(52A)
H(53A)

4895
3692
3151
3568
5556
6193
5141
7106
7255
7365
6443
5516
6272
3998
3315
3929
3108
2475
3452

334
1096

781

221

639

229
3082
2040
2359
4244
4164
3846
2687
3068
3628

424
1259

826

545

125

153
2075
1561
2641
3766
3760
4228
1869
1877
2734
1206
1830
5615
5621
4773
6317
5724
5372
5366
5628
5789
5551
6092

9347
8533
8767
9614
8849
8014
7820
7703
8550
8746
9614
9293
8516
10140
9375
9097
4594
5275
5634
6217
6313
5281
5770
6580
6856
6429
6696
5609
5358
5845
4766
9375
8337
9264
8237
8061
9101
8608
8358
9439
9344
10245
10235
10271
10448
9514
6576
7688
6457
7434
6846
6959
8100
7931
6896
7322
12373
10897
10679
13579
13674
12666
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1164
3052
2541
2875
3465
3288
3340
2362
2751
2180
1451
1168
1317
1565
1769
1329
1025
1325
1187
743
1181
989
-240
-570
-61
-768
-876
-902
377
-153
-87
-906
-767
-592
-461
-794
-761
875
337
522
1329
1086
1149
654
75
310
2065
2199
2904
3007
3424
336
363
-482
-466
-945
3585
3204
2392
2276
3113
1619

75
123
123
123
133
133
133
152
152
152
140
140
140
144
144
144

72

72

72

76
76
76
81
81
81
80

80

80

77

77

77

99

99

99
105
105
105
106
106
106

87

87

87

86

86

86

61

61

89

81

81

54

54

76

75

75
115

97

79

83
119
190



H(53B) 5288 11906 1561 190

H(53C) 6302 11553 1686 190
H(54A) -2086 8926 563 96
H(55A) -1794 8763 -264 80
H(57A) -1763 5901 -95 74
H(58A) -2035 6103 723 96
H(59A) -2210 7597 1055 103
H(60A) -1229 7736 -897 142
H(60B) -2152 7153 -984 142
H(60C) -1234 6604 -829 142

13.30. Crystallographic Data for [(GMes),La(p-#: ##-ON=NC3Hs)],, 57

X-ray Data Collection, Structure Solution and Refirent for57.

A colorless crystal of approximate dimensions k1122 x 0.23 mm was mounted on
a glass fiber and transferred to a Bruker SMART KPE diffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (25
sec/frame scan time for a sphere of diffractioraflaiThe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukdtions were carried
out using the SHELXTt program. The diffraction symmetry wasrand the systematic
absences were consistent with the monoclinic sgemap P2;/n that was later determined to
be correct.

The structure was solved by direct methods anchedfion E by full-matrix least-
squares techniques. The analytical scatteringf&dor neutral atoms were used throughout
the analysis. Hydrogen atoms were included usindilag model. Carbon atoms C(1)-C(10)
were disordered and included using multiple conepbg with partial site-occupancy-factors
(0.60/0.40) and isotropic thermal parameters. d@hegre two molecules of toluene solvent
present.

At convergence, WR2 = 0.0641 and Goof = 1.025 8&f) Bariables refined against 13509 data
(0.74A), R1 = 0.0261 for those 11445 data with2.6s(1).

References

1. APEX2 Version 2.2-0, Bruker AXS, Inc.; Madison, V2D07.

2. SAINT Version 7.46a, Bruker AXS, Inc.; Madison, V2D07.

3. Sheldrick, G. M. SADABS, Version 2008/1, Bruker AXI&c.; Madison, WI 2008.

4, Sheldrick, G. M. SHELXTL, Version 2008/3, Bruker &XInc.; Madison, WI 2008.

5. International Tables for X-Ray Crystallography 1992l. C., Dordrecht: Kluwer Academic Publishers.

Table 13.86. Atomic coordinates ( x #pand equivalent isotropic displacement paraméiits 10°)
for 57. U(eq) is defined as one third of the tracehefdrthogonalized Utensor.

X y z U(eq)
La(l) 9862(1) 7820(1) 2022(1) 20(1)
La(2) 7600(1) 7438(1) 465(1) 19(1)
0@2) 7441(1) 7484(1) 1367(1) 26(1)
o(1) 10012(1) 7745(1) 1124(1) 27(1)
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N(1)
N(2)
N(3)
N(4)
c(1)
C(2)
c@3)
C(4)
C(5)
C(6)
c(7)
C(8)
C(9)
C(10)
C(1B)
C(2B)
C(3B)
C(4B)
C(5B)
C(6B)
C(7B)
C(8B)
C(9B)
C(10B)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)

8164(1)
8074(1)
9295(1)
9393(1)
9491(3)
10152(4)
11008(3)
10865(3)
9933(3)
8530(3)
10018(3)
11950(3)
11569(3)
9473(3)
9543(5)
10403(6)
11031(5)
10588(5)
9665(5)
8658(5)
10509(6)
12051(5)
11092(6)
8985(6)
9766(2)
10144(2)
11036(2)
11201(2)
10422(2)
8872(2)
9705(2)
11738(2)
12064(2)
10376(2)
7066(2)
6306(2)
6543(2)
7460(2)
7784(2)
7043(2)
5380(2)
5895(2)
7959(2)
8686(2)
7501(1)
6577(1)
6432(1)
7276(2)
7932(1)
7926(2)
5858(2)
5508(2)
7436(2)
8888(2)
7142(2)
7193(2)
6737(2)
10326(2)
10294(2)
10786(2)
6807(2)
6922(2)

7644(1)
7881(1)
7601(1)
7444(1)
6021(3)
6372(3)
6431(3)
6151(3)
5893(3)
5767(3)
6544(3)
6555(3)
6069(3)
5503(3)
6101(5)
6368(5)
6323(5)
6008(5)
5857(5)
5932(6)
6540(6)
6448(6)
5811(7)
5451(6)
9774(2)
9367(2)
9059(2)
9239(2)
9696(2)
10301(2)
9356(2)
8781(2)
9036(2)
10099(2)
5541(2)
5982(2)
6205(2)
5929(2)
5508(2)
5099(2)
6113(2)
6472(2)
5979(2)
5013(2)
9376(2)
9100(2)
8834(2)
8934(2)
9275(2)
9747(2)
9123(2)
8669(2)
8791(2)
9578(2)
7984(2)
8286(2)
7967(2)
7427(2)
7352(2)
7860(2)
2266(2)
3157(2)
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1656(1)
2093(1)
830(1)
384(1)
2368(2)
2723(2)
2497(2)
2003(2)
1920(2)
2470(2)
3249(2)
2735(2)
1629(2)
1462(1)
2505(3)
2714(3)
2358(3)
1930(2)
2015(3)
2750(3)
3258(3)
2459(3)
1470(3)
1635(3)
2224(1)
2657(1)
2575(1)
2083(1)
1864(1)
2182(1)
3139(1)
2971(1)
1829(1)
1356(1)
558(1)
313(1)
-164(1)
-209(1)
235(1)
1056(1)
518(1)
-587(1)
-670(1)
312(1)
596(1)
516(1)
20(1)
-204(1)
150(1)
1066(1)
885(1)
-232(1)
-736(1)
53(1)
2262(1)
2787(1)
3120(1)
215(1)
-330(1)
-610(1)
241(1)
50(1)

22(1)
26(1)
23(1)
23(1)
26(1)
24(1)
25(1)
25(1)
24(1)
38(1)
39(1)
37(1)
37(1)
33(1)
30(2)
28(2)
31(2)
28(2)
32(2)
57(2)
51(2)
59(2)
63(2)
60(2)
26(1)
28(1)
28(1)
27(1)
26(1)
37(1)
42(1)
43(1)
39(1)
35(1)
27(1)
29(1)
30(1)
29(1)
27(1)
40(1)
46(1)
46(1)
44(1)
38(1)
24(1)
26(1)
26(1)
27(1)
25(1)
30(1)
34(1)
36(1)
36(1)
33(1)
35(1)
45(1)
48(1)
28(1)
32(1)
38(1)
36(1)
42(1)



C(49) 7081(2) 3282(2) -436(1) 48(1)

C(50) 7119(2) 2518(2) -741(1) 50(1)
C(51) 7005(2) 1627(2) -554(1) 50(1)
C(52) 6853(2) 1502(2) -70(1) 41(1)
C(53) 6640(2) 2126(2) 772(1) 54(1)
C(54) 9310(2) 7087(2) -2249(1) 47(1)
C(55) 9302(2) 7963(2) -2464(1) 49(1)
C(56) 9429(2) 8050(2) -2958(1) 62(1)
C(57) 9560(2) 7282(3) -3244(1) 56(1)
C(58) 9576(2) 6414(2) -3025(1) 47(1)
C(59) 9448(2) 6296(2) -2538(1) 41(1)
C(60) 9183(2) 6990(3) -1721(1) 80(1)

Table 13.87. Anisotropic displacement parameters2(A®) for 57. The anisotropic
displacement factor exponent takes the fornp-B2 a*2U1 + ... + 2 h k a* b* 2]

Ull U22 U33 U23 U13 U12
La(1) 20(1) 24(1) 16(1) -1(1) 2(1) 1(1)
La(2) 19(1) 22(1) 17(1) -1(1) 2(1) -1(1)
0(2) 23(1) 34(1) 20(1) 0(1) 2(1) -2(1)
o(1) 24(1) 37(1) 19(1) -2(1) 1(1) -2(1)
N(1) 21(1) 26(1) 20(1) 1(1) 2(1) 1(1)
N(2) 25(1) 34(1) 20(1) -2(1) 4(1) 2(1)
N(3) 22(1) 26(1) 20(1) 0(1) 2(1) 0(1)
N(4) 22(1) 26(1) 21(1) -1(1) 3(1) 0(1)
C(11) 26(1) 25(1) 28(1) -7(1) 0(1) 0(1)
C(12) 28(1) 34(1) 22(1) -8(1) 2(1) -3(1)
C(13) 27(1) 33(1) 24(1) -4(1) -3(1) -3(1)
C(14) 25(1) 29(1) 27(1) -4(1) 3(1) -5(1)
C(15) 29(1) 24(1) 25(1) -2(1) 1(1) -4(1)
C(16) 33(1) 38(1) 40(1) -12(1) -1(1) 10(1)
c(17) 43(2) 58(2) 27(1) -9(1) 10(1) -4(1)
C(18) 38(1) 51(2) 38(1) 1(1) -13(1) -4(1)
C(19) 29(1) 47(2) 43(1) -4(1) 11(1) -4(1)
C(20) 41(1) 35(1) 29(1) 4(1) 1(1) -6(1)
c(21) 34(1) 22(1) 26(1) -1(1) 5(1) -5(1)
C(22) 28(1) 26(1) 33(1) -2(1) 4(1) -7(1)
C(23) 34(1) 26(1) 28(1) -3(1) -3(1) -5(1)
C(24) 38(1) 27(1) 22(1) -7(1) 5(1) -6(1)
C(25) 30(1) 24(1) 26(1) -7(1) 4(1) -3(1)
C(26) 57(2) 33(1) 29(1) 3(1) 10(1) -5(1)
c(27) 32(1) 42(2) 63(2) -1(1) 16(1) -6(1)
C(28) 54(2) 42(2) 39(1) -2(1) -19(1) -6(1)
C(29) 61(2) 45(2) 27(1) -9(1) 16(1) -8(1)
C(30) 38(1) 32(1) 43(1) -9(1) 2(1) 5(1)
C(31) 28(1) 20(1) 25(1) 0(1) 2(1) 1(1)
C(32) 26(1) 26(1) 25(1) 3(1) 4(1) 4(1)
C(33) 26(1) 26(1) 25(1) 4(1) -1(1) 0(1)
C(34) 30(1) 25(1) 25(1) 4(1) 2(1) 0(1)
C(35) 27(1) 22(1) 27(1) 3(1) 3(1) -1(1)
C(36) 35(1) 27(1) 29(1) -4(1) -1(1) 0(1)
C(37) 29(1) 41(1) 33(1) 2(1) 8(1) 6(1)
C(38) 31(1) 41(1) 36(1) 1(1) -6(1) 2(1)
C(39) 44(1) 41(1) 23(1) 1(1) 7(1) -6(1)
C(40) 30(1) 30(1) 38(1) 1(1) 5(1) -7(1)
c(41) 26(1) 55(2) 24(1) -4(1) 6(1) 1(1)
C(42) 35(1) 68(2) 34(1) -15(1) 9(1) -5(1)
C(43) 48(2) 67(2) 31(1) -11(1) 10(1) -8(1)
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C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)

24(1)
28(1)
36(1)
22(1)
32(1)
38(1)
45(2)
49(2)
33(1)
44(2)
28(1)
34(1)
48(2)
48(2)
36(1)
33(1)
49(2)

39(1)
44(1)
52(2)
43(2)
34(1)
39(2)
59(2)
42(2)
30(1)
71(2)
66(2)
38(2)
46(2)
71(2)
47(2)
41(2)
139(4)

22(1)
25(1)
28(1)
42(1)
59(2)
67(2)
48(2)
61(2)
60(2)
46(2)
46(2)
76(2)
94(3)
51(2)
58(2)
50(2)
50(2)

-2(1)
-6(1)
1(1)
-1(1)
-13(1)
8(1)
1(1)
-15(1)
0(1)
-1(1)
-6(1)
-14(1)
4(2)
11(2)
-4(1)
2(1)
-19(2)

6(1)
4(1)
10(1)
-5(1)
-3(1)
7(1)
16(1)
18(1)
6(1)
-8(1)
-5(1)
9(1)
17(2)
15(1)
9(1)
0(1)
-2(2)

2(1)
2(1)
3(1)
0(1)
-4(1)
-5(1)
-6(1)
-5(1)
2(1)
0(1)
-2(1)
-6(1)
0(2)
4(2)
2(1)
5(1)
-10(2)

Table 13.88. Hydrogen coordinates ( x 9tand isotropic displacement parameter(£0 3)

for 57.
X y z U(eq)

H(6A) 8521 5143 2622 57
H(6B) 8152 5757 2164 57
H(6C) 8286 6234 2691 57
H(7A) 9401 6791 3286 59
H(7B) 10470 7002 3377 59
H(7C) 10093 5951 3429 59
H(8A) 12267 5947 2746 56
H(8B) 11903 6794 3067 56
H(8C) 12293 7004 2546 56
H(9A) 12109 6441 1734 56
H(9B) 11315 6306 1315 56
H(9C) 11744 5407 1595 56
H(10A) 9890 5544 1197 50
H(10B) 8919 5867 1377 50
H(10C) 9310 4843 1514 50
H(6B1) 8678 5313 2908 86
H(6B2) 8145 5954 2506 86
H(6B3) 8578 6421 2996 86
H(7B1) 11115 6806 3341 77
H(7B2) 10442 5943 3432 77
H(7B3) 10038 6983 3353 77
H(8B1) 12355 5835 2439 89
H(8B2) 12170 6712 2786 89
H(8B3) 12289 6876 2217 89
H(9B1) 11407 6383 1372 94
H(9B2) 10653 5614 1207 94
H(9B3) 11541 5308 1536 94
H(10D) 9007 5811 1332 90
H(10E) 8368 5487 1755 90
H(10F) 9139 4791 1574 90
H(16A) 8855 10759 2449 56
H(16B) 8366 9856 2203 56
H(16C) 8816 10632 1869 56
H(17A) 10078 9723 3378 63
H(17B) 9657 8705 3254 63
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H(17C)
H(18A)
H(18B)
H(18C)
H(19A)
H(19B)
H(19C)
H(20A)
H(20B)
H(20C)
H(26A)
H(26B)
H(26C)
H(27A)
H(27B)
H(27C)
H(28A)
H(28B)
H(28C)
H(29A)
H(29B)
H(29C)
H(30A)
H(30B)
H(30C)
H(36A)
H(36B)
H(36C)
H(37A)
H(37B)
H(37C)
H(38A)
H(38B)
H(38C)
H(39A)
H(39B)
H(39C)
H(40A)
H(40B)
H(40C)
H(41A)
H(41B)
H(42A)
H(43A)
H(43B)
H(44A)
H(44B)
H(45A)
H(46A)
H(46B)
H(48A)
H(49A)
H(50A)
H(51A)
H(52A)
H(53A)
H(53B)
H(53C)
H(55A)
H(56A)
H(57A)
H(58A)

9093
11927
12271
11473
12406
11907
12440
10884

9795
10419

6524

6978

7613

4993

5093

5453

5760

6176

5326

7601

8556

8045

8759

8706

9182

8077

8484

7494

5758

6062

5286

5149

5190

5583

7386

6979

8049

8872

9154

9262

6813

6800

7617

6303

6824
10664
10651

9888
11198
10732

6890

7166

7222

7033

6778

6279

7226

6305

9210

9423

9638

9680

9634
9339
8507
8317
9622
8766
8587
10539
10433
9587
4664
5592
4752
5568
6685
6171
5916
6959
6715
5657
5672
6640
4563
4677
5477
10414
9391
9678
9776
8747
8863
9252
8172
8476
9396
8353
8530
10207
9130
9594
7376
8459
8772
7480
8210
6884
8010
6904
8314
7776
3691
3898
2602
1094
883
2654
2098
1536
8509
8659
7346
5873
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3100
3161
2824
3186
1792
1506
2023
1323
1295
1119
1061
1301
1129
433
381
874
-790
-782
-464
-933
-620
-760
47
625
316
1027
1154
1323
986
1170
740
-229
-62
-570
-907
-879
-769
-94
-171
361
2228
2061
2875
3052
3442
362
320
-481
-470
-953
257
-560
-1077
-762
53
887
961
813
-2273
-3101
-3583
-3218

63
65
65
65
59
59
59
53
53
53
59
59
59
68
68
68
69
69
69
66
66
66
57

57
57
46
46
46
51
51
51
54
54
54
54
54
54
49
49
49
42
42
54
58
58
34
34
38
46
46
50
57
61
60
49

81
81
81
59
75
67
56



H(59A) 9452 5683 -2399 50

H(60A) 8878 7553 -1604 120
H(60B) 9780 6919 -1546 120
H(60C) 8807 6434 -1665 120

13.31. Crystallographic Data for (GMeH),Sc[(Pr)NC(CH ,CH=CH»)N(‘Pr)- 2N,N'], 59
X-ray Data Collection, Structure Solution and Refirent fors9.

A colorless crystal of approximate dimensions &kZB32 x 0.38 mm was mounted on
a glass fiber and transferred to a Bruker SMART XPE diffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (20
sec/frame scan time for a sphere of diffractioraflahe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukdtions were carried
out using the SHELXTt program. There were no systematic absences nodiéfraction

symmetry other than the Friedel condition. Thetmeymmetric triclinic space groupl
was assigned and later determined to be correct.

The structure was solved by direct methods anideefon B by full-matrix least-
squares techniques. The analytical scatteringifsidor neutral atoms were used throughout
the analysis. Hydrogen atoms were located fronifarence-Fourier map and refined (x,y,z
and Us).

At convergence, wR2 = 0.0815 and Goof = 1.0364#60 variables refined against
5872 data (0.76A), R1 = 0.0298 for those 5582 détta | > 2.05 (I).
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Table 13.89. Atomic coordinates ( x #pand equivalent isotropic displacement paramé#its 108) for 59.
U(eq) is defined as one third of the trace ofdtthogonalized Wtensor.

X y z U(eq)
Sc(1) 2185(1) 2312(1) 2544(1) 12(1)
N(1) 2799(1) 4410(1) 3168(1) 16(1)
N(2) 3074(1) 3930(1) 1692(1) 15(1)
C(1) -266(1) 1379(1) 3070(1) 17(1)
C(2) -183(1) 899(1) 2153(1) 17(1)
C(3) -181(1) 2108(1) 1649(1) 17(2)
C(4) -271(1) 3337(2) 2249(1) 17(2)
C(5) -308(1) 2877(1) 3122(1) 18(1)
C(6) -518(1) 462(1) 3824(1) 23(1)
C(7) -366(1) -612(1) 1774(1) 24(1)
C(8) -300(1) 2032(1) 652(1) 23(1)
C(9) -427(1) 4841(1) 2015(1) 24(1)
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C(10) 3707(1) 237(1) 2030(1) 18(1)

c(11) 4775(1) 1284(1) 2310(1) 18(1)
C(12) 4641(1) 1592(1) 3245(1) 18(1)
C(13) 3499(1) 731(1) 3553(1) 18(1)
C(14) 2933(1) -100(1) 2800(1) 18(1)
C(15) 3521(2) -487(1) 1108(1) 26(1)
C(16) 6003(1) 1835(1) 1768(1) 24(1)
C(17) 5671(1) 2548(1) 3800(1) 24(1)
C(18) 3082(1) 596(1) 4508(1) 24(1)
C(19) 3298(1) 4850(1) 2405(1) 15(1)
C(20) 4115(1) 6262(1) 2359(1) 20(1)
C(21) 5663(1) 6241(1) 2688(1) 27(1)
C(22) 6321(2) 7322(2) 3138(1) 38(1)
C(23) 2796(1) 5340(1) 3997(1) 19(1)
C(24) 2651(1) 4442(1) 4791(1) 24(1)
C(25) 1542(1) 6396(1) 4018(1) 26(1)
C(26) 3525(1) 4284(1) 799(1) 18(1)
c(27) 3587(1) 2943(1) 163(1) 24(1)
C(28) 2492(1) 5329(1) 402(1) 23(1)

Table 13.90. Anisotropic displacement parameters2(A®) for 59. The anisotropic displacement factor
exponent takes the form: pZ h2 a*2U + ... + 2 hk a* b* 2]

Ull U22 U33 U23 Ul3 U12
Sc(1) 11(1) 11(1) 13(1) 1(1) 1(1) 0(1)
N(1) 16(1) 14(1) 16(1) 0(1) 0(1) 0(1)
N(2) 16(1) 14(1) 16(1) 2(1) 2(1) 0(1)
c(1) 12(1) 22(1) 18(1) 1(1) 2(1) -2(1)
c(2) 13(1) 19(1) 18(1) 1(1) 0(1) -3(1)
c@3) 11(1) 21(1) 18(1) 2(1) -1(1) -1(1)
C(4) 10(1) 20(1) 21(1) 2(1) 0(1) 1(1)
C(5) 12(1) 21(1) 19(1) -2(1) 2(1) 1(1)
C(6) 24(1) 26(1) 20(1) 5(1) 5(1) -3(1)
c(7) 25(1) 21(1) 24(1) -2(1) -2(1) -5(1)
C(8) 22(1) 29(1) 18(1) 3(1) -3(1) -3(1)
C(9) 20(1) 21(1) 30(1) 4(1) -2(1) 5(1)
C(10) 18(1) 14(1) 22(1) 0(1) 2(1) 5(1)
C(11) 13(1) 17(1) 23(1) 3(1) 2(1) 4(1)
C(12) 14(1) 18(1) 22(1) 4(1) -1(1) 3(1)
C(13) 17(1) 17(1) 20(1) 5(1) 0(1) 4(1)
C(14) 18(1) 12(1) 23(1) 3(1) 1(1) 2(1)
C(15) 33(1) 20(1) 24(1) -4(1) 4(1) 1(1)
C(16) 15(1) 30(1) 29(1) 5(1) 5(1) 2(1)
c(17) 17(1) 27(1) 28(1) 2(1) -6(1) -1(1)
C(18) 26(1) 27(1) 20(1) 8(1) 0(1) 1(1)
C(19) 12(1) 13(1) 21(1) 3(1) 0(1) 1(1)
C(20) 21(1) 14(1) 24(1) 3(1) 1(1) -3(1)
c(21) 20(1) 22(1) 38(1) 6(1) 2(1) -3(1)
C(22) 29(1) 42(1) 43(1) 0(1) -4(1) -12(1)
C(23) 22(1) 17(1) 19(1) -3(1) 1(1) -2(1)
C(24) 28(1) 26(1) 17(1) -1(1) 0(1) -1(1)
C(25) 30(1) 18(1) 28(1) -3(1) 6(1) 3(1)
C(26) 19(1) 18(1) 18(1) 5(1) 3(1) -1(1)
c(27) 28(1) 23(1) 19(1) 2(1) 6(1) 1(1)
C(28) 26(1) 23(1) 22(1) 8(1) -1(1) 0(1)
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Table 13.90. Hydrogen coordinates ( x 90and isotropic displacement parameterd(£0 3) for 59.

X y z U(eq)

H(5A) -378(16) 3477(16) 3665(10) 23(3)
H(6A) -338(17) 951(16) 4391(11) 28(4)

H(6B) 87(18) -340(18) 3806(11) 34(4)

H(6C) -1518(19) 164(18) 3832(11) 38(4)
H(7A) -176(19) -1283(19) 2192(12) 41(5)
H(7B) -1360(20) -796(19) 1565(12) 46(5)
H(7C) 304(18) -847(17) 1279(11) 34(4)
H(8A) -15(17) 2891(18) 420(11) 32(4)

H(8B) -1284(18) 1787(17) 452(11) 32(4)
H(8C) 325(18) 1319(18) 376(11) 35(4)
H(9A) -940(20) 5370(20) 2427(14) 56(6)

H(9B) 450(20) 5330(20) 2003(13) 52(5)
H(9C) -930(30) 4930(30) 1496(16) 75(7)
H(14A) 2135(16) -817(16) 2829(10) 24(3)
H(15A) 2980(20) -1330(20) 1103(13) 53(5)
H(15B) 2990(20) 40(20) 709(14) 55(5)

H(15C) 4410(30) -800(30) 874(17) 82(7)
H(16A) 5919(18) 2829(19) 1672(11) 34(4)
H(16B) 6061(18) 1325(17) 1200(11) 33(4)
H(16C) 6900(20) 1728(18) 2055(11) 39(4)
H(17A) 5550(19) 2444(18) 4413(12) 39(4)
H(17B) 5517(19) 3534(19) 3731(11) 39(4)
H(17C) 6670(20) 2393(18) 3644(12) 41(4)
H(18A) 3890(20) 760(20) 4893(14) 60(6)
H(18B) 2750(20) -350(20) 4590(13) 54(5)
H(18C) 2290(20) 1210(20) 4708(12) 43(5)
H(20A) 3635(17) 7004(17) 2698(10) 29(4)
H(20B) 4133(16) 6495(16) 1746(10) 27(4)
H(21A) 6170(20) 5370(20) 2511(12) 45(5)
H(22A) 5810(20) 8150(20) 3305(14) 56(6)
H(22B) 7350(20) 7235(19) 3320(12) 44(5)
H(23A) 3740(16) 5867(15) 4067(10) 23(3)
H(24A) 1747(17) 3845(17) 4729(10) 29(4)
H(24B) 3497(17) 3835(17) 4850(10) 30(4)
H(24C) 2590(17) 5028(17) 5327(11) 30(4)
H(25A) 609(18) 5881(17) 4025(10) 32(4)

H(25B) 1566(17) 6959(17) 3504(11) 33(4)
H(25C) 1612(18) 7018(18) 4546(11) 36(4)
H(26A) 4541(15) 4694(15) 819(9) 19(3)

H(27A) 3849(17) 3170(17) -429(11) 31(4)

H(27B) 2644(19) 2459(17) 119(11) 35(4)
H(27C) 4297(19) 2302(19) 361(11) 40(4)
H(28A) 1561(18) 4875(17) 280(10) 31(4)

H(28B) 2335(17) 6168(17) 777(10) 27(4)
H(28C) 2890(19) 5632(18) -147(12) 38(4)
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13.32. Crystallographic Data for (GMe4H)sS6( 5-O)( 3-OH)a( 2-OH)4 [(CeHs)NH] 2, 61
X-ray Data Collection, Structure Solution and Refirent for61.

A colorless crystal of approximate dimensions k@23 x 0.34 mm was mounted on
a glass fiber and transferred to a Bruker SMART XPE diffractometer. The APEX2
program package was used to determine the unipeeimeters and for data collection (40
sec/frame scan time for a sphere of diffractioraflahe raw frame data was processed using
SAINT? and SADABS to yield the reflection data file. Subsequentukdtions were carried
out using the SHELXTL program. The diffraction symmetry wasrRand the systematic
absences were consistent with the monoclinic sgemep P2,/c that was later determined to
be correct.

The structure was solved by direct methods anidegfon B by full-matrix least-
squares techniques. The analytical scatteringif&idr neutral atoms were used throughout
the analysis. Hydrogen atoms H(1)-H(8) were latdtem a difference-Fourier map and
refined (x,y,z and ). The remaining hydrogen atoms were included uaimgling model.
There was one-half molecule of benzene solventeptgser formula unit. The solvent was
located about an inversion center and was disaddefae nitrogen atoms and carbons C(37)-
C(45) were also disordered. All disordered atoresewncluded using multiple components,
partial site-occupancy-factors and isotropic thénpa@ameters.

At convergence, wR2 = 0.1103 and Goof = 1.028728 variables refined against
12960 data (0.78A), R1 = 0.0422 for those 10592 déth | > 2.6 (1).
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Table 13.91. Atomic coordinates ( x #pand equivalent isotropic displacement paraméits 10%) for 61.
U(eq) is defined as one third of the trace ofdhtbogonalized Wtensor.

X y z U(eq)
Sc(1) 1372(1) 5058(1) 1590(1) 10(1)
Sc(2) 2474(1) 5360(1) 2853(1) 11(1)
Sc(3) 2424(1) 3281(1) 2068(1) 11(1)
Sc(4) 2465(1) 4618(1) 871(1) 11(1)
Sc(5) 2495(1) 6697(1) 1657(1) 12(1)
0(1) 1753(1) 6369(1) 2190(1) 13(2)
0(2) 1695(1) 4170(2) 2456(1) 14(1)
0®3) 1719(1) 3691(1) 1175(1) 13(2)
0(4) 1763(1) 5885(1) 902(1) 12(2)
0(5) 2997(1) 3975(1) 2879(1) 14(1)
0(6) 3084(1) 6393(1) 2549(1) 15(1)
o) 3041(1) 3522(1) 1475(1) 17(1)
0(8) 3055(1) 5932(1) 1132(1) 16(1)
0(9) 2377(1) 4996(1) 1848(1) 12(1)
N(1) 4242(2) 4557(3) 2528(2) 35(1)
N(2) 4272(2) 5373(3) 2105(1) 32(1)
N(1B) 4320(5) 4259(10) 2641(5) 20(3)
N(2B) 4096(5) 4811(9) 2078(5) 24(3)
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C(1)
c2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
c(21)
C(22)
C(23)
C(24)
C(25)
C(26)
c(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(37B)
C(38B)
C(39B)
C(40B)
C(41B)
C(42B)
C(43B)
C(44B)
C(45B)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)

381(1)
299(1)
257(1)
317(1)
390(1)
412(1)
193(1)
97(1)
261(1)
3004(1)
2818(1)
2152(1)
1926(1)
2452(1)
3666(1)
3245(1)
1760(1)
1254(1)
2485(1)
2952(1)
2648(1)
1994(1)
1898(1)
2587(2)
3651(1)
2968(1)
1486(1)
2987(1)
2742(1)
2077(1)
1913(1)
2474(1)
3666(1)
3122(2)
1621(2)
1262(1)
2471(3)
3049(2)
2892(2)
2244(2)
1979(2)
2402(2)
3706(2)
3361(2)
1891(2)
2101(3)
2745(3)
3072(3)
2612(3)
2031(2)
1566(3)
3013(3)
3781(3)
2788(3)
4617(1)
4610(2)
4957(2)
5315(2)
5354(2)
4981(2)
4615(1)
4656(2)

5899(2)
5904(2)
4842(2)
4180(2)
4837(2)
6862(2)
6884(2)
4461(2)
3000(2)
6105(2)
5079(2)
5040(2)
6045(2)
6695(2)
6513(2)
4226(2)
4124(2)
6395(2)
1387(2)
1499(2)
1664(2)
1681(2)
1520(2)
1071(2)
1414(2)
1664(2)
1701(2)
3951(2)
4942(2)
4876(2)
3842(2)
3279(2)
3639(2)
5853(2)
5706(3)
3391(2)
8590(3)
8470(4)
8288(3)
8281(3)
8453(3)
8912(4)
8568(4)
8275(4)
8230(4)
8564(4)
8579(4)
8406(5)
8295(4)
8367(4)
8819(6)
8863(5)
8406(6)
8255(6)
4717(3)
3914(3)
4001(4)
4870(3)
5669(4)
5603(3)
5135(3)
5944(4)
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963(1)
1587(1)
1779(1)
1273(1)

772(1)

568(1)
1935(1)
2376(1)
1257(1)
3935(1)
4064(1)
3896(1)
3672(1)
3693(1)
4071(1)
4395(1)
4009(1)
3498(1)
1725(1)
2294(1)
2790(1)
2526(1)
1868(1)
1094(1)
2367(1)
3480(1)
2886(1)

37(1)
-197(1)
-345(1)
-207(1)

30(1)

222(1)
-338(1)
-671(1)
-352(1)
1978(2)
1791(3)
1125(2)

907(2)
1428(2)
2613(2)
2188(2)

710(2)

218(2)
1815(3)
2086(2)
1611(3)
1031(3)
1156(3)
2111(3)
2777(3)
1760(3)

414(3)
3151(1)
3594(2)
4191(2)
4359(2)
3957(2)
3299(2)
1673(1)
1257(2)

16(1)
19(1)
20(1)
18(1)
15(1)
21(1)
29(1)
32(1)
28(1)
17(1)
17(1)
16(1)
16(1)
18(1)
24(1)
22(1)
22(1)
25(1)
20(1)
19(1)
19(1)
20(1)
22(1)
29(1)
28(1)
28(1)
31(1)
15(1)
19(1)
20(1)
18(1)
15(1)
25(1)
31(1)
42(1)
32(1)
14(1)
15(1)
13(1)
13(1)
11(1)
25(1)
30(1)
29(1)
26(1)
15(1)
14(1)
16(1)
17(1)
16(1)
37(2)
35(2)
38(2)
40(2)
34(1)
53(1)
65(1)
54(1)
66(1)
54(1)
44(1)
61(1)



C(54) 5014(2) 5854(5) 836(2) 81(2)

C(55) 5341(2) 4960(5) 811(2) 74(2)
C(56) 5316(2) 4133(4) 1214(2) 67(1)
C(57) 4950(1) 4206(3) 1658(2) 49(1)
C(58) -622(3) 9738(7) -130(4) 62(2)
C(59) -272(4) 9732(7) 481(3) 62(2)
C(60) 360(4) 9987(5) 625(3) 53(2)
C(58B) -565(4) 10189(8) 124(5) 43(3)
C(59B) -57(6) 10211(10) 618(6) 57(3)
C(60B) 552(6) 10012(9) 469(6) 49(3)

Table 13.92. Anisotropic displacement parameters2(A®) for 61. The anisotropic displacement factor
exponent takes the form: pZ h2 a*2U + ... + 2 hk a* b* 2]

Ull U22 U33 U23 Ul3 U12
Sc(1) 12(1) 10(1) 10(1) 0(1) 3(1) 0(1)
Sc(2) 14(1) 9(1) 9(1) -1(1) 3(1) 0(1)
Sc(3) 15(1) 8(1) 10(1) 0(1) 4(1) 0(1)
Sc(4) 13(1) 9(1) 10(1) 1(1) 5(1) 1(1)
Sc(5) 14(1) 8(1) 13(1) 1(1) 3(1) -1(1)
o(1) 17(1) 11(1) 13(1) -2(1) 5(1) 1(1)
0(2) 17(1) 13(1) 13(1) 0(1) 5(1) 0(1)
0(3) 16(1) 10(1) 12(1) -2(1) 4(1) -3(1)
o(4) 15(1) 12(1) 11(1) 2(1) 3(1) 0(1)
o(5) 19(1) 13(1) 10(1) 1(1) 2(1) 2(1)
0(6) 18(1) 13(1) 14(1) 0(1) 2(1) -2(1)
o(7) 27(1) 13(1) 12(1) 3(1) 8(1) 0(1)
0(8) 19(1) 14(1) 15(1) 3(1) 7(1) 0(1)
0(9) 14(1) 11(1) 10(1) 0(1) 4(1) 0(1)
c@) 10(1) 19(1) 18(1) 0(1) 1(1) 0(1)
c(2) 12(1) 25(1) 19(1) -2(1) 3(1) 3(1)
c@3) 11(1) 31(1) 19(1) 2(1) 5(1) -1(1)
C(4) 11(1) 20(1) 22(1) 2(1) 1(1) -3(1)
C(5) 12(1) 16(1) 15(1) 0(1) 1(1) 0(1)
C(6) 16(1) 17(1) 28(1) 4(1) 2(1) 1(1)
c(7) 23(1) 34(2) 27(1) -10(1) 3(1) 10(1)
C(8) 22(1) 50(2) 26(1) 7(1) 12(1) -3(1)
C(9) 22(1) 22(1) 37(2) 4(1) 2(1) -8(1)
C(10) 24(1) 17(1) 10(1) -4(1) 4(1) -2(1)
c(11) 22(1) 18(1) 9(1) -2(1) 2(1) 2(1)
C(12) 23(1) 16(1) 9(1) -1(1) 5(1) 0(1)
C(13) 21(1) 18(1) 11(1) -2(1) 6(1) 3(1)
C(14) 27(1) 15(1) 11(1) -3(1) 6(1) 1(1)
C(15) 23(1) 27(1) 19(1) -5(1) 2(1) -6(1)
C(16) 27(1) 24(1) 15(1) 1(1) 3(1) 7(1)
c(17) 28(1) 22(1) 19(1) 2(1) 9(1) -2(1)
C(18) 24(1) 32(1) 22(1) 2(1) 8(1) 10(1)
C(19) 38(1) 6(1) 18(1) 0(1) 10(1) -1(1)
C(20) 27(1) 8(1) 22(1) 3(1) 8(1) 2(1)
c(21) 33(1) 8(1) 17(1) 2(1) 7(1) 0(1)
C(22) 31(1) 8(1) 25(1) 2(1) 13(1) -3(1)
C(23) 29(1) 9(1) 24(1) 3(1) 2(1) -5(1)
C(24) 59(2) 12(1) 18(1) -1(1) 14(1) -1(1)
C(25) 28(1) 19(1) 37(2) 4(1) 9(1) 7(1)
C(26) 50(2) 16(1) 17(1) 3(1) 5(1) 1(1)
c(27) 39(2) 20(1) 42(2) 5(1) 24(1) -3(1)
C(28) 19(1) 16(1) 13(1) -2(1) 7(1) 2(1)
C(29) 30(1) 16(1) 14(1) 0(1) 12(1) 0(1)
C(30) 29(1) 24(1) 10(1) 2(1) 7(1) 11(1)
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C(31) 20(1) 26(1) 9(1) -5(1) 4(2) 1(1)

C(32) 21(1) 15(1) 11(1) -2(1) 6(1) -1(1)
C(33) 20(1) 36(1) 20(1) -5(1) 7(1) 3(1)
C(34) 57(2) 21(1) 22(1) -1(1) 24(1) -10(1)
C(35) 61(2) 46(2) 18(1) 10(1) 12(1) 35(2)
C(36) 20(1) 55(2) 20(1) ~14(1) 6(1) -5(1)
C(46) 23(1) 51(2) 30(1) -8(1) 12(1) 5(1)
C(47) 45(2) 70(2) 50(2) 2(2) 24(2) 13(2)
C(48) 43(2) 94(3) 60(2) -1(2) 16(2) 11(2)
C(49) 44(2) 83(3) 37(2) -12(2) 13(2) -4(2)
C(50) 28(2) 91(3) 82(3) -23(3) 18(2) -13(2)
C(51) 32(2) 72(3) 64(2) -33(2) 25(2) -16(2)
C(52) 25(1) 75(2) 26(2) -9(2) -2(1) 10(2)
C(53) 44(2) 73(3) 55(2) -3(2) 7(2) -8(2)
C(54) 42(2) 121(5) 75(3) 15(3) 5(2) -25(3)
C(55) 31(2) 152(5) 41(2) 2(3) 9(2) -8(3)
C(56) 29(2) 117(4) 49(2) -21(2) 2(2) 27(2)
C(57) 31(2) 80(3) 34(2) -4(2) 1(1) 20(2)

Table 13.93. Hydrogen coordinates ( x 90and isotropic displacement parameter¥(£0 3) for 61.

X y z U(eq)

H(1A) 4010 3991 2417 42
H(2A) 4086 5985 2114 38
H(1BA) 4256 3574 2646 24
H(2BA) 3697 4978 1944 29
H(5A) 362 4596 329 18

H(6A) 6 7224 476 31

H(6B) 511 6651 170 31
H(6C) 739 7338 800 31
H(7A) -212 7197 1725 43
H(7B) 530 7390 1934 43
H(7C) 191 6703 2372 43
H(8A) -329 4170 2273 47
H(8B) 120 5052 2670 47
H(8C) 396 3913 2572 47
H(9A) -177 2800 1225 42
H(9B) 527 2704 1646 42
H(9C) 396 2726 890 42
H(14A) 2436 7476 3628 21
H(15A) 3823 6622 4528 35
H(15B) 3674 7184 3850 35
H(15C) 3933 6000 3924 35
H(16A) 3344 4348 4853 33
H(16B) 3634 4230 4249 33
H(16C) 3037 3541 4300 33
H(17A) 1708 4154 4443 34
H(17B) 1969 3464 3947 34
H(17C) 1347 4157 3711 34
H(18A) 1087 6397 3877 38
H(18B) 1008 5911 3184 38
H(18C) 1228 7108 3320 38
H(23A) 1482 1385 1569 26
H(24A) 2670 312 1093 44
H(24B) 2947 1458 1014 44
H(24C) 2211 1237 761 44
H(25A) 3833 968 2733 42
H(25B) 3839 2118 2432 42
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H(25C)
H(26A)
H(26B)
H(26C)
H(27A)
H(27B)
H(27C)
H(32A)
H(33A)
H(33B)
H(33C)
H(34A)
H(34B)
H(34C)
H(35A)
H(35B)
H(35C)
H(36A)
H(36B)
H(36C)
H(41A)
H(42A)
H(42B)
H(42C)
H(43A)
H(43B)
H(43C)
H(44A)
H(44B)
H(44C)
H(45A)
H(45B)
H(45C)
H(41B)
H(42D)
H(42E)
H(42F)
H(43D)
H(43E)
H(43F)
H(44D)
H(44E)
H(44F)
H(45D)
H(45E)
H(45F)
H(47A)
H(48A)
H(49A)
H(50A)
H(51A)
H(53A)
H(54A)
H(55A)
H(56A)
H(57A)
H(58A)
H(59A)
H(60A)
H(58B)
H(59B)
H(60B)

3735
3053
2695
3364
1394
1106
1628
2502
3813
3714
3913
3199
3524
2893
1535
1802
1228
1142

968
1252
1525
2380
2764
2017
3927
3925
3695
3514
3155
3715
1923
1449
2074
1627
1532
1644
1175
2907
3470
2835
3939
3920
3944
2839
2457
3184
4357
4952
5552
5617
4992
4427
5036
5590
5550
4930

-1053

-466
604
-962
-91
930

1101
936
2002
2053
979
2020
2116
2500
3489
3008
4217
5765
5879
6512
5607
6406
5643
3169
3927
2781
8598
9682
8660
8605
9118
7895
8755
8992
8006
7817
8911
8068
7679
8421
9585
8498
8540
9596
8781
8395
9097
8261
7861
8974
7895
7870
3306
3459
4924
6259
6138
6575
6421
4901
3510
3641
9550
9549
9973
10330
10346
10027
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1984
3627
3719
3547
2996
2621
3274
98
-160
489
457
-760
-22
-324

-1131

-561
-534
-796
-276
-78
1399
2633
2937
2689
2012
2190
2623
672
289
903
16
190

826
2148
2532
1844
2849
2880
3046
1928
1373
2075

270

102

464
3471
4491
4785
4097
2996
1269

557

512
1191
1939
-217

812
1050

209
1037

794

42
43

43
43
a7

47
47
18

38

38
38
46
46
46
62
62
62
47
47
47
13
38
38
38
45
45
45
43
43
43
39

39
39
19
56
56
56
52
52
52
57
57
57
59
59
59
63
78
65
80
64
73
97
89
80
59
75
75
64
52
68
59



H(1)
H(2)
H(3)
H(4)
H(5)
H(6)
H(7)
H(8)

1547(11)
1455(11)
1497(11)
1545(11)
3140(12)
3321(11)
3368(8)

3257(12)

6852(16)
3880(20)
3243(17)
6210(20)
3660(20)
6837(17)
3220(20)
6240(20)

2314(13)
2654(12)
929(11)
586(9)
3221(8)
2773(11)
1466(13)
904(11)

25(3)
25(3)
25(3)
25(3)
25(3)
25(3)
25(3)
25(3)
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List of Abbreviations

BMIM

°C

Ch.

DMA

EA

Et

Ln

Me

MeCN

min

NMR

PNP

Py

rt

THF

TMSCN

1-butyl-1-methylimidazolium
degree Celsius

chapter

dimethylacetamide
elemental analysis

ethyl

hour

infrared

lanthanide (La-Lu)

methyl

acetonitrile

minute

nuclear magnetic resonance
isopropyl
bis(triphenylphosphineiminium)
pyridyl

room temperature
tetrahydrofurane

trimethylsilylcyanide
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List of Complexes

Compound

{CSce}l 1,Sc”

[(CsHs)2SENSC(GHs)(THF)];
[(CsHs)2Schl-O(CeH7)l2

SeN@Ge

[(CsHs)2Til[4-O(CHs)]2 *
(CsMesH);ScCI(THF)

(CsMesH),Sc( 3-CsHs)

[(CsMeqH),Sc][( -Ph)BPHh]
[(CsMesH),Sc(THF)][BPhy]

[((CsMeqH)Sch( - % *Np)

{[(CsMesH)2Sch(k- % *No)[(CsMesH) Sch(i-0)}
(CsMe,H)(CsH4CH,CH,NMe,)ScCl”
(CsMes),YCI(THF) *

rac-Me;Si[ °-CsH,-2,4-(CHMe),],Sc( >-CsHs) *
(CsMegH),Y( -CaHs) *

[(CsMeqH)Lu][(u- % -PhpBPh] *
[(CsMes),Sc][(u- * *-Ph)BPh] *

{[(Me 5SilNI2(THF) Y} 2(p- % *N2) *
[(CsMeqH)LU(THF)]a(u- % %Njp) *
(CsMegH),Y (BH.4)(THF)

(CsMes)Y (BH4)(THF)
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Number

10

11

12

13

14

15

16

17

18

19

20

21



[(CsMeqH),Y][(p-PhyBPhy] *
[(CsMes)2Y][(u-PhEBPh] *
(CsMeyH),Sc(BHy)
(CsMes),Sc(BH:)(THF)
(CsMes).Sc(BH)
(CsMes),ScCI(THF)

(CsMes)2Sc(BHy)o.5(Cl)o.s(THF)

[{C sH3(SiMes)} 2Sc][(u-H)2BH] *

(CsMes)2Sc( -H)2BCgH14
(CsMeyH)2Sc( -H)2BCgH14
(CsMeyH)2Sc( -O)BCgH14
(CsMes)2Sc( *-CgHs)
(CsMes)2Y( -H)2BCgH1s”
[(CsHs)2Zr(H)O(BCsH14)]2
(/P-CsMe4H),Sc(r'-CsMesH)
[(CsMesH),ScSPh]
(CsMe4H)2ScSePh
(CsMe4H),ScTePh
(CsMeaH),ScSPh(THF)
(CsMeaH),ScSePh(THF)
(CsMeaH),ScTePh(THF)
(CsMe4H).ScSpy
[(CsMesH)ScE[SePh}
[(CsMes).Y (SPh)L *

[(CsMes),Sm(SPh)}*
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22

23

24

25

25a

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45



(CsMes),SmSPh(THF) 46

(CsMes),ScSmPh(THF) 47
(CsMes),SmTePh(THF) 48
[(CsHs):Mo(2-Spy)][PF] * 49
(CsMes),[ PrNC(Me)NPr- °N,N'JU(Spy)* 50
{[(CsMes)Sc)]( s-Tek} 51
{[(CsMes)Co)]( s-Tek} * 52
[(CsMesH),Scu- A H-ON=NC;zHs)]- 53
[(CsMesH),Y (p-#: *-ON=NGC;Hs)]» 54
[(CsMes),Y (u- A H-ON=NCzHs)]» 55
[(CsMes),Smu-#: #-ON=NC;Hs)] » 56
[(CsMes) La(u-A" A~-ON=NCsHs)]» 57
[(CsMes),Smu-#: #*-ON=NCH,Ph)}L * 58
(CsMegH),Sc[(Pr)NC(CHCH=CH,)N('Pr)- °N,N] 59
(CsMes),Sc[(H)NC(Me)N(NMe)- °N,N7 * 60
(CsMegH)sSas( 5-0)( 3-OH)a( 2-OH)a [(CeHs)NH], 61
(CsMes)sYs( 5-0)( 3-OMe)( -OMe), * 62
(O'PrESay( 5-0)( 3-O'Pri( -O'Pr), * 63
(OPrEYs( 5-0)( 3-OPru( -OPr)* 64

* References for the literature compounds are giivéine corresponding chapters.
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