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Abstract

The i ntegration of phot oswitches i nto sur f
properties and thus also the areas of applic
the synthesis and i nvestuigpatrifactahtphotSyswiht
to three different basic structures of sur

phot oswdrtechdevelAowedle variety of indole and
were synthesized, which could be condensed t
finalpoaonots were investigahedphotrodhemirc eplhyp

using surf ace-vtiesn smeoars uarnrednelhM s .

Furthermore, synthesis routes to novel fluor
carbosil ane cihedTrhss uwed raenthdieativgee & I nvestigat ed
surface tension meashuscernpetnitesn asndvefllluocarsescen

Kurzzusammenfassung

Di e |l ntegration von Photkotstehal eewai t e€nn
Grundeigenschaften und somit auch di ®i Anwenc
vorl i egende Arbeit bef asst sich mi t der :
phot osc h aZutcbkaenrgtind e n . Synt heserout,eunm wlurredie n
ver scheiGedendstrukturen von Tensiden-EZzwmheriltal t
als Photoschalter enthalten-unks Ohurodreemn bvaeursst ce
synthetisiert, die zu den gew¢gnschten Zielst
final en \Werr wviumdllemg mi ttel s Obedf-W¥T hMenspamapern
auf i hr eumpd ypsh &ktooc he mi s c hfeinnnEiegesnusdhaft en
Des Weiteren wurden SyntheserownmZeokeutneeasadte
mit Siudnodk a®ar bosil anketten entwickelt. Di e e
Oberfl 2chenspannungsmessung-enundsowkleuorAllszemnm

spektroskopie untersucht.
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1 I ntroducti o

1 I ntroducti on

Surfactants are among the most versatile pro:
their areas of sappldkpanidend havé dauaentt oy & ares
continuously growing range of applications a

the devel opment and research of innovative a

A usr factant comprise a hydrophilsan amghhptr bj
char d%Btyde combinati on af phwnfozetn®h itadvmentlen i t
specifically control lierad o astomacdael |-peeds fhoitgeha b g e |
surfactants d¢caug e for med (

hydrophilic

photosensitive unit
head group

hydrophobic tail

Fi garSehematiruoctur e ofivea spuhroftaocsteannsti.t

Due to the properties gained, the range of
making these compoundsB of great interest tod
Light can be used as an analytical t ool f o
I maging, as wel | as for i nfluencialg c he
transf ofMBltTihobensuse of |l i ght radi atiLdmghtas
sti mulcatni one specifically varied by <changin
radiation range, making the use of | ight qui
start, accelerate, or redirect cchreond c@atl s po

ot her Rmastten. s,lipgihrspaased as anledeagyosouoanee:
mol ecul es, enabling them floThev el ®oasex-oesnter gy

effective initi atddri tarnvde entoa laydsdtis ia@omealnecessa

Li gshethsi tive surfactants can change their p
embedded phot osenisn titvheei rgr caunpshi. phtirlucct ursalr
i somerzagoloamr i pr cphhogeshemPcalsut eacihi emang
their physical and chemical properties such

aggregati omhreefharvanourlt. hief i c at iaonnd, wdeitstp enrgs iporno p
of their solutions cahobespgpddiccitd Vribp!| c@at ir

shown gr eaitn porreamsnssdchonansent ally reimede®h moiho g

1



1 I ntroducti on

medi B¥famed i ndust rli¥alansoynngt Deetssifiest € t he great in
are currentpluyb loincbagt ipohnbse wsensi t i Vielhseymntf meds iant
of deriawahveesi gaitpi hoynssa nodf pthhoetnoi cal propertie
ncompl ete and unexplored in many areas.



2 General theoretical backg

2Genehalbretical background

2. Qur factant s

Sur f acguwadftesi tveg @t)s are mol ecul es which combine
l yophilicity and | yophobicitydtalsn hwaltr @tpyr otbh ec
and hydirtRg lgia)ddec

hydrophilic
head group
—
N
hydrophobic tail

Fi g@r eSchematic structure of a surfactant.

he gener adf sa rsuuwrtsfuaboatsaendt on a pol ar head gro
ide ¢hmaiandi ti on to this agemena&lctautrresctauree a
ch as bola or gemini sour fheecatda mytr v,u pisn awlei «clo

pac@bse ttheir amphipbBurfacsanttsetona accumul e

o uw v u 4
c

r interfaces of two insoluble Iiquids. This

=]

terfacial tensi on. slprh eacdl duastiti eornsnj ctehbellylbecda n |
further aggregates of the monomer s. Therefo
solvents ladh¥dd water.

Due t o their uni c structure and physicoch
applications in a wide variety of chemi st
pharmaceutical? fodemélflgemboaschndd amgd emul si fi
systlkdms

The hydrophobic tail oft enrdFdoaounosriisntast eadf claornbgo r
are also sometimes used to optimize the phy
surfactants mor e resistant . However, t hes
bi odegradabl e. Mol ecul es containing sil oxa

physi cocphreonp exatlmpeasrtabbhloesfel wdr i nated surfactant
no-hoxic and bPbdegradabl e.



2 General theoretical background | Surfactants

Depending on the structuurfeacafant se ch@eadegrdow

mai n cl asses which arieoncihca,r acdteira reiea, aan inoonni

(Fi g@r e

/

ionic < —

‘ )

Fi gBreClassification -ob6mndr fiwaanti &antssurifratcda amars based on th

o

Cationic surfactants are often formed by he
compourddisn.i oni c surfactants usual ly contain
Exampl es for t he group of Zzwitterionic s u
ami noX¥itNe#s onic suafectachadgeétheir solubilidt)
therefore based on the formation of hydroger

by pol-aopicwofhuncti onal groups. As single hyd
usually not sufficient,catrrgy swervfea atl amtf heaed
groupsGood exampdaexe @fol ydl ycoet her s, pol yal

der i v.&3idile s

21 .QAQarbohydrate surfactants

Sugar compaoouen dust icltalhnee podsar head oqicupurdfacn @

Due to the | arge number of hydroxyl groups v
carbohydrates easily participate i n hydr og:
Carbohydrates are major building blocks 1in
seveirmportant bi ol ogi cal processes. I n addi 1

energy and can be obtained from various n é
surfacthnowny cacsl dagpd disher ef ore considered as r
the starting subsednoemsregenkee A¥BFlaui cswluirpiedss

4



2 General theoretical backg

are usually hydroxy f atvtiag laycd atsoi ndaitd Sopddrtod i
and rhamnolipids are well knowRaerdiadg!| &y pr
Pseudon®®nas

Since the growing enysug@lnanseendt ad u rhfasacet ealnet €6

commer aitallliged aind marey udkiefdf erent areas, suc
bi ol iogmunod mdyeyt er grehretref or e, the i nterest 1in
produce surfactants in | d@2der quantities is

I n recemntheyeahsas been a focus on three cl ass
pol yol derived from sugar paby kil ¢ 2 Ihlkeyld g
gucami(Beandugar (Epfieg &)r e

0] OH OH /\/\M/\)J\
W OH m (0]
m

NWK/ 0. OEt
LL) OH OH c
HO™ “'OH

Fi gdr eExampl es safgadi f Aetant s

Al pwllywobki AP&4A)are currently attracting the ¢
synt hesi zed -bygt aliyzed rmeadti on of glucose (o0
alcohol s. A |l arge excess of al cohol IS USE
Transacetalizations of short chain aéobkyl gl
enzymatic synthesis acsitmdyeglt at s ## KkE@avnarse

stable at high pH and sensitive at l ow pH t
bi odegradation and aB%ldw aguwadttiicont axi ci b g
applications, they are also interesting for
dermat ol ogical propertties due to their mildn
Al kyl guc @aMha ldtesWNifhet hyl gl ucami nes, are sol d i
the detergedtprsedcdmirnant | ydiusshewda si hni .lAga sadgesrst s
their |l ow toxicity and mini mal environment al

when combined withTheyhear sumbattgntsynt hesi z

5



2 General theoretical background | Surfactants

sucrose, glucose or sorbitol, AmR&tshy It haemi e na

synthesized from natur aP8fnexpensive raw mat

A third major class of car boh@)dSucreo ssey re satce ra
or similar polryes acyimtalme sliezse d primarily by |
hydr oxyl group of the nonreducing glucose ma
Al stoheondensoaft ifoamtty awoidhchBlueriodes in pyridi
Monos arciccditean| d@®e st ereinfziyendaltliyd ng a | i Pad4Be cat a
obt ahe correct selectivity after esterificat
the wuse of protecting groups, el snp eacd duil tl iyo na c
compounds that aviegahenlpy i ematrer iofxiyegdete r isfi impd e
even gemini surfactants <can also be produc

appli&&tion.

21 . Qurface tem€i on and

Due to their surface actto vigdycesutrfeacs amft &c
| i quaindosng ot h.dhet progerty of a | iquid to opp
area with a force is the surface tension.
i nteractions bet ween Inholseucrulaecst ainnt st hae ep hhadsdee.
i ni taicaclulmyolna ttehee sUo f aicntherrfeactenNey di srupt t he
interactions of the | iq(liids sloo Wehgaétd btohwes saunr f a
aqgueosussl uti on wi t h di fferent concentrations

concentration is omohven s uwnr fdeege ntdeemsciyo n .



2 General theoretical backg

[mN/m]

-

eme ‘&

air / air air

Fi gbreConcedepandemt representation of the surface tensio
behavior of an aqueous surfactant solution. Plotted is t
concentration

I n surfactant solutions, there is a constan
surface and iDi stshoel vsanlguta osnur f act ant requir e
hydrophobic part of the surfactant into the
greater than the energy achieved KBy ediads dli viy
to dissolve a surfactant in water is theref
hydrophilic and hydrophobic units and their
tranrsfof the hydrophobic component into the
rich interface bet ween t he hydrophobic cor

(hydrophoBPTco enifreicmi)ze,t hkesenéngyants starts
at the surface with the polar htadhgreups$at
concentration is increased until the surf ac

mi cestladebddhef oech to continuous!| yMime enlilme £ earndres @h

aggregations in which the polar head groups
hydrophobic part towards the inside of the
which micelles begincabt Bdmrinmt iicnala nsiocleultlieo nc c
(cmcAbove this value, the surfame ftiemnitdry mR®C

mi ni mum surface t(esndsai @rldafs trheeachoenccentrati on

further a@amoveael tthrenati ve and more hi gh®y orde



2 General theoretical background | Surfactants

Di fferent met hods to measure the surface ten
I n this work, the vertiWialheé&d? nmyt aBieg@é)he d acco

FigéreSi mplified representation of surf@ipé at ensneamomeasur
Her@a, roughened platinumepbbhutei o ©Woppedekat
wetting of the plate results in the | amell ar
This Wisl hdlemhc ewhi ch correl ates wift ht hteh,es osluurtfi
the wettkeand etnlgd hc odiad aacd r ctnqodadt:ioon 1

0
v AR T A (1)
DAIl-©
The fForrecgeui r ed tatidnolidt st hoer ipgli nal position an
the surface force isBP¥measured using a scale.

To deter mimgtehe he®ur f ace i éaogsatiends t the | ogarit

concenthRiag draoen (

80 1 Area 1 Area 2 Area 3

o (H0) = . :
72.4 mN/m |70 - 4l o

60 -

50 -

40 ~

30 A

20 A

Surfactant tension o [MN/m]

10 1 cmce

0 T T T T T )
1E-08 0,0000001 0,000001 0,00001 0,0001 0,001 0,01

Surfactant concentration [mol/L]

FigdireExampl e pl ot d)agsaurmfsacd hteecsoincren(t rati on of the aquecd
senriogarithic plot.

The -honear part is thenoadeuspe(ldylowalNhg! &i s ea
part i's descri bed (brye d3gTdlmicnaenarb ee qdienittigtadvmei n e d

i ntersection of the two functions.

8



2 General theoretical backg

The value of the surface tension depends on |
shows a surf acelNt enn 8At. 8 Olohfe 7s2u.r8f ace tensi on d
with increasi ng AtCe mpheer avtad ruee, odt pamdNé ivat er i ¢

Ot her values that result from plotting surf
maxi mum interfacihahd ctome emit miamumnheadmi.gr oup
The interfacial concentrationGi bdssoblB?erdet er
( Equa2t)i owmhRirse t he uni ver sRa=l 8g a3sl & )JnWd@maiint he
temperature at which the measurement i s take
p Q,

YYaas @

The mini mum head @r oiusp dreetgeurimienneedntby t he r at i
interfacial3 anfovegtadambdMhEquatifion 3)

o P
© 3 3)
The maxi mum i nterfazxziahd come e nntirnait muomm head

requiréemente determined to enable furt-her ch
active substances. These arcdetdaetshcerii hegsp eacntdi

sections.



3 TheoreticaPabaclgr dorwmedl | photoswitchable surfac

Part 1: Novel phot oswitchal

3 Theoretical background

3. PAPhot ochr omi sm

Research into photochromic molecules has exp
years.i d9Tmi pardue uthaeer i ncreasi ng dreensapnodn sfi o/re
mol ecul ar switches in organic electronics an
Phot oc mrmod micul es show several physical phenon
variable electric current, Fom thassparposed
photochromic noeinmcolre®ratedofin polymers, |igq
or otherWP¥idtehyacxesa wide range of applicati on
optoelectronic switches, biomolecules and bi
functionalizati on, Il on sensmuag,0l dguyg dkeéi v

advant aggess pgbtochromic acempoupmrdesci se direct
wavelength control, as well as thasrtheyear e
applied in cl’0osed systems

Photochromism is the reversible change of a
response at ol-ilgidguhcte,d r ever si bl Bhec hawme eo kosf cCo
switchabl e exchmppaunddsi f f eren(Fi gBser ption spect

hv
A =—— B
hv'or A

absorption

As wavelength As

Fi g8reExempl ary illustration of a spectrum of a pt
I n addition to the different absorption spec
to various other changes i n .chemiicdld ugemde eesl &

10



3 Theoretical background |

mo ment , dielectric field constant, refracti\
conductivity, mol ecul ar structure and reactd.i
wi de range off® applications.

The tphromochiemidemi ved from the Greek words i
(colMlrr)eady inticeeatdafyf gr d®t compoundhawer e
show coloratia@ama oamrdede ddleori nfl uen,cFer i @afzs € hegh
reported the bl eaxohiomgdofsodmuto @mnngdt han tdlaryd a ¢
and the regenerationSdmei)éh’le dark by heating

w N7
0 —

LIS

1 2
Scheme Photoreacti daond megbnacenieon in the dark.
Ant hr a(@)ecnraen f orm di mer s, which can Llretgerner a
Maak wa lpdbl i s hed t he reversibl e -tceottroadhtbange
napht H@ahé&h(Sc he ne?

0 o)
Cl hv of )
—_— +
Ol = Clre
cl Cl
cl’ ¢l
3 4

Schefhe Photoreacti ellon®f naphthal en
By irradieatainohnydr ous hyd#o-8apbtrhgki sif hdrehaed
which can thermically revert back to the ket

I n 1899, this phemtamdamndgmwpiys ht esmaeaodow used t
growth of organi®édims tthhevakEamltyuiyhtt he targete

of photochromic compounds and the exploratioao

well as the research ilnnt oadtdhiet inbenc htaon itshne sstyanrt!
a few ye8trghabestoerr,eported the ability to use
to reverse the initif@d%»hrodawicciwoimncl®28pbntst
concept of fatigue (|l ossPlBf phbef0Guiedatncrey ,ov
photochromi sm was generally under stood as
thermodynamically metastable state. Later, t

11



3 Theoretical background | Phot ochromism

photochromic mechanP?Hi rwa $abngfr igspcoimsacdde. gr eat

achievements in research parallel to the dev
T hye I ntrodutcerdmhohechr omi seh9806ati gue resis
spiroo%ard nehromene deri vaiScvesBlewer e devel op

)
A <
O o Qg
N \=N Aorhv N O
\ \

5 6

Sche®te Photoreacti ob of spirooxazine

Spirooxmeanei somerize toydrmiemegoptW Tnesmebt .
compoutnrdisggered the fabrication and commerc
ophthal mic Ilenses. Since then, othert*tommerc
199Ber i amaglhi eved a highly acclaimed breakthro
| i ggmht ven mol eculiachche mowtasr a widNootbédh zlee i n Ch e mi
i n 25F16.

As mentioned above, photochromism is a reve
species induced in one or both dirr@ditabobinen b
bet ween two forms having Idmosttas,@hnot @lc$Hoomiisaor

i's a unimolecul ar pSoheoenemi cal reacti on
hv
A ——> A* —— B
Scheme Uni mol ecul ar photochemical reaction.

By abbanpgar wiavell &mhggrhmody nami caAliys sgradbmaet ¢ o
the excitedhisgd ateamsf ormati on requires a di
O QV, to overcome the pAftteatwalddeneAgycdbrarle
i nt ol nB.gener al, t he pr opcheostsoens menavhod nviesama boen €
descri bdadcdlkab| odgsakgifFa m 9)r e

12



3 Theoretical background |

E 4 _
S, ]
e
A ¢IC
S, :
————— =
L Y— r—
———
[}
e ©
c
S 3 2
2 o S
H -
< i 9
@
o
L
0,
So A

Fig@reSimplified Jdblonski diagram.
Byabsorbi,mgp leil gkt ron can be promoted to an e
st atod S()S The nucl ear positions of the verti
the excitation, whFrcarmCokwdernph@Phedhienmbhecul
wi || adapt a new electronic Thefigamnsat ooma thi
A* to B can take place by different Pphet oph)
excited electmaorfd ecaeamtr aevag»x: While by-interrt
radiative transition bet waemea milet iepnleircgiyt yl etv:
(%A Sn1), the intersystamnoadisast inge (1 S&€nsition
l evel s of dif f(BrAeTmt MWmMbesepprocesesgs are an
and are i rFrlewe resacriegniecces phor d noveerl caen e mi ssi on

photon by electron th%ansition to | ower state

Potential energy asrwer feapdsoy(eRIES o descri be t he
to photoproducts throuhgd®Peevant excited st

13



3 Theoretical background | Phot ochromism

So
B Radiative process
\\ // ------- Photoreaction pathway
b 7L
wannnns  Non-radiative process
A
Reaction coordinate
Figa®e Simplified potential energy surbflace diagram of

When compound A absorbs a photon hto ngiww el telt
density gained by the molecule after the ph
nucl ear posizei drme {@Wemigryi. mi

The photoproduct may also be formed from an

two phBtgdde

8 —F— =B Sj——— -==+ B
hv, hv*
virtual level Sy real level
hv, hv'
§y ———— Sy ——

Figud®i multaneous (| eft ) -pahnodt osnt eapbwsiosrep t(iroing Hte)adtiwviog t o p
The absorption of t wos iprhwlttosn émauns | tya kuea | p Il &o/e
proceed stepwise where the second photon abs
Anotkegampl e pihhfot owbr omscsr eéeaet ifomr mati on of ;

i nter meé¥i at e

Unwanted side reactions and oxidation can o«

The | i mit of the number of photochromic cy«

14



3 Theoretical background |

| oowi el d side reactions | ead to a significan

number of staining/ decolBarcikeatti oon<yafl ephonhoea

processes can oecguwre tphheortmealhlryo mi Bm) -Dype@hot o

phot ochr®tmimen)phot ochromes have a | ower pote
B and A. Thus, state B is metastable and can
of B to A of photochromic systema of type P <

wavelength

Anot her classification of photochromic syst

negati ve pholthoec htrroamissimt.i on of a colorl ess co

B

I's called positive photochromism. I n negat

colored and convertsl S nto a colorless state

A |l arge number of phot ochr omes ofafdeirbfee rf eorutn
applications due to their various properties:s
bel ow:

Di hydr opyrHeP@ewser e first di scoverBode kaenl dh esi ydrnet h

196BHPs can switch between a more conjugated
thus belong to the @Gedhathiéde photochr omes

Scheftme Photoi somerizatds7on of dihydropyrene

The special featueesot hahetpleotoahsibeamamadge on

oft heentr al transannul ar bbnducdtesbypitaendf ghime

backreaction of the metastable product to t

(Type) . The introduction of donor or accer

absorption of the molBbdcules to the NIR regio

Another <c¢class ofs hghat aactyrl enf8hise wehs c(hDAdgdgs o e x h
transformation through a bond cleavage and c
(Sche6Be

15



3 Theoretical background | Phot ochromism

/\ hv, /\R_/\

RS R S” "R hv'  R“">g” "R g7 R
9 10
Schefhe Photoi somerizat9. on of diaryl ethenes
They are modified stilbene derivatives and
rings. The c¢closed form is colored due to the

to tthepe photochromes and a§% highly ther mal
A vevekkhown ass are thellaz wbwesrhet neismdWywest i gat e
byHdar talseyear | y6ldas el ®®d phenyclonmpionugnsdesof i mkhed b
an azo bond andt yoepd opmlgott(@cCc h @ els

hv N=N
Orn =y
O = OO
11 12
Schewe L-i ghduc/eds ofheri zati on dfi azobenzenes
By irradiatliiggthhtevy t h n éd/rsg@insso mer i zat itomgnswi t h
i somer as the thermally st abisercrmasiomdm.onfheg
i nfluenced wusing substituents and steric m
fatigue resistance and a cl|l é&n and efficient
As mentbehe8tobivas tf h etsod e s @rti hbe synt hesi s

photochromi sm oWwhafckl gdeareisvati v-bat anfi,-8he 1,
di carbox(¥3(Bcheae&ed

uv
uv
13
Z-For m C-Form
Sche#te Photoi somerizatiomn3 of dicarboxylic acid

These compounds show a transformation bet we:¢

cl osed col ®hedlcofrolrens.s open form <can be fur

16



3 Theoretical background |

geometricalegiastadhmemnrgdoubl e bonds connecting to

the aromé@ic ring.

Spiropyrans belong to a class of photochr omi
of much researchhensyepthasi geand.investigat.i
ialpart of this work and t hedreesfcorriedbembesedpha

in the following chapter.

3.2pi rropy m@menrdyp ainn e s

Spiropyrans afmé¢ y ppahtod roesswnti it cdh e s t hat can un
structur al transformations through i someri za
and the open merocyaniFne hfedi mshi&€pyogr t eéd 10612,
first time the photochr omiféThee htawad oir s mrhe rtsh ec

photoswitch have vastly different properties

stimuli, such as di f fpeHvah u etseonhipveernattsu,r eme trael d oi
and mechanicaksfibtcaeg in a wide Madnge of pos
Spiropysaally have two hneitredolaitoeni and i agden

moi et whirdedh nked tsfhoygh dd zed spiro C at om.
oriented perpendicul a+# stomeeacihowt hevio. | Dlta |l $ 2
attributédelteocttrheeni ¢ transitiom296nnmheanddbd]|
chromene moe3%2i1yAdmB28i ng opermiorgnben ntnhdey cMeCd
UV |ight Th86bpam)structure i s plcaonnaru gaantdi ohna
bet weenndbkeine and the chromene moieties.
electronic t68a0amfPiTon (550

Thewit cnheichhgpani sm has been investigated Sexten
far, there ar ene d hwaon,i panthkee b mad phet ochemical
i s omer i(Scahtei 8pen

17



3 Theoretical background | Spiropyrans and meroc

/&
N L(’)\‘ R vis
6 s

B A7

thermal mechanism
wsiueyoauw [eajwayoojoyd

t r aMiG&l 8 a tr aMi&l 8 b

Schefthe Proposed mechanisms for th% transformation
The mechani smestchety ag®Ot b drindishwel tCi-MQ@L 7Trh e
ring opening reactiasenaeléectprocyeldi @intihreg ope
guinoidalaMmypyrem hgt®©OCdbond cl eavage | eading t
specllébRotati on about-C tthendc eyit & ladG1tBh e T h e
i somerization from the SP form to the MC f
nedmfrared (NIR)vialhmwwopoownceegdstati on and s
photodegradati on.

The reiveomerj zaateo M€ hf orm t o,oclcear SPsponmaneo

and can be accel efdted by visible Iight.

The open and closed isomers h®uvue dbf ftédreertha
separ ahtei oG ftorm shows a | arge electric dipol
SP is cald¢cal bteaddtohdah8eb to tLtHe MC form. The
transparent, while the MC form ab®Wbrhe stro
closed i somer 8 mbwstihoen , ospterno nignt o ffd mi tys

Al | properties of SP and MC are related to
which is described in detail in the next sec

18



3 Theoretical background | Spiroj

321 I nf | utehpph®t @ hr omi ¢ behavior

3.21L ll.nfluence by external factors

Spiropyrans are used as smart materials bec
Sti niunlei .a-mewmnéei oned i somerization and mol ecul :
not byl yhbgtht alteampleybdt uwikl'®e redox B otee)at i al

i sthy, mechanilctah,dfpar tie,swl aentl’3pichleayr iatrye t her e-

al so used amsd sewistbpamasyl’?ar eas.

Al stimulii depend on the different i mpact
MCand their eRol bedssuiu@lkeass met hadekt ebi et ha
the excitMdaisd agsteabi |l i ze (tME&) gafoutnhde sz,waittet er
which is reflected in a blue shift (hypsochr
stataesr emistels i ncreasing Bhilsvyephemomamon yoccu
through differences i n solbvoantdionng einnetregriaecst iaol

MC f oArdnd.i t i onal |l vy, MC* has a |NMNowwwpol di poodlev eno
suchnhaesxane or spteatbriolliezuemt he grouH¥l st ate of

The isomerization can also besiprtihatadlyedombhy,

and anMeamnasl. i ons can coordinate to the phenol

the open form and thus pr eYRf rotd kil e onmper roivzea t i o n

compl eatiiommf |l uencet whe fsmelkact i wiptsayn ss pciarno pb e

modi fied with additio8ahem@el ating substitue
_ -

® L oorsssy

N\O (. g4 Ne G o—

M \ NS

i

o
19 20
NO,
R r - R R
X — A R
» N A N
Z>N 0 NO, M{ hoys A o %5
— e M/
\ N \ N
21
Schem@ Spiropyrans with add¥F¥ifonal coordination

I n par thiec wldari,t iton of di val ent or trivalent
t owar ds t he MC f or m. I n addi ti on, a red s h

absorption band can wusually be seen. Il n the

19



3 Theoretical background | Spiropyrans and meroc

reverse reaction is often not possible by th
the initial colorless SP statéd/lléTheaeif atrieon
Sspiropyrans can be used as sensors for selec
optical signal s.

There are many examples in |iterature where
t hus used f oirn cclouhdoidnignelt rgy g’ g8% cati ons.

Ani oarse detectedwilhhe nepacitti iomel y charged i min
i somer or el ectron deficSpemtopypiame @arbaoo@ai int
sensors for hal ogg®mlsedagn d bayanihreee are al so

|l iterature for the detection ofBlsul phates, p

OH
©
ON02
_ CNe ‘%&}7
>0N02 >CN
(0]
23 24

Schemd Nucl eophoiCNcoaddi bi 6 or rCN2Hhfeo rorpefnorMCdet ecti on and c ¢
appl izBltion

H OH OH

I n addition, the equialiilmdil wne nocfe dt hbey tbumas efso ramm

SP form shows a very |l ow basicwhiych wadri d
phenoxy group, the Thassiciyyiall owsepsetdon a
and its transf'olrtmmathenpnes ewCcHe of aci ds, a

bet ween the SPciassdmehe ®Opento the higher ac
i somer the conversionitomehmhe i st phhled etr r&2ds Md
acids results in a bathochromic shift and en
dependent on substituents and conce@tamati on.
E-MCH* occurs upon irradimaetrisono.f Thhee opffeom @inad e

thermally more stable th®*n the deprotonated

20



3 Theoretical background | Spiroj

3.2..2 I nfluence of substituents

In addition to all the exsebstltuehni seplcay al
I n tuning the proper tgieamerafl ,spiubhcpgynt&aeant s ar
speci fica®posh oFnmgnisthe

4 )
R’ -
NOR4
R2
R3
16
- /
FigarRke Gener al illustration of a spiropy
Ther el iitdéalteat b@ i nfluence of dR)f femhentdolsabst
aichenkoi mteatti gated the inversion of the s

piropyrans. Theywibhddawhagy slkestsr 0@OOHs, s
nd 2NOst abiSIPi aemt hen condomatti,nge!| grcdupn, suc
estabidliozée@edmeand support ot héerwiM@g ho pesninreqg e
otrhienver sion of the -wpihdrawinhgrgr @bpepeosbhreduc
ensity in the indole so MGBfadr m hies t StFfdad s f @
n contrast to tbkebst Répueopbhiabbsityi thuaesn ttshe | e as't

o —+ o 9 »u N

the equilibrium betwe®n open and closed form

Substitutioemidtr Rmaiinnigolaffects the ther mal
of M@GfeorBre.ves ientveaslit.i gated té&el pHimehcpagkes of
with different ianldkoylle cnhi#®ignosgeant vephdaehealmpen M

has an al kaline character and can be proto
equilibrium between the open MC and <cl osed
equi |l i br i Wef Ecqounasttiaonnt 4 )
! YO Q A
06 Q )

kei's the rate coalsoainitkgt fhaem drtaltee rciomg-0 peani h@r t
proc®8sevegriomwpstigated spiropyrans with alk
with terminal sul phonate and ammonium grou
constants. Short al kogrl armmogmisuunst B h e e fl 0 aa thd
and thus stabilThlatlioomgerf tSiRedf atlrbay. || arrpeairp t he
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3 Theoretical background | Spiropyrans and meroc

of the sulfonate or ammoni um tghe umpfoatraons S A e |
det abil i z &db eacnodmetsh é€®mal | er

Br¢geaeal uated DFT studies anNsobmpataedntbhe A
was oObserved-dtomatt i edlge gtrroaurps st abili ze -t he me
withdrawing substitueand tlhladeduwi Iriilnrgi ucnh osshuil
form. Since the electron pair of therindole
openi ng, tdwet redrexcwierbgg c-homat i ng groups have
influen&le here.

El ectdoonating awidt hleawirong substitue®R) on th
strongly influence th&Pea@uidf oMOmi bypn béebweéenz
destabilizing t helhoansjound a¢ @edo skenmbeagwe he f i r s
st utdye effect of differagRiyansdub@®Pp @ suiednfitise i n t
phenol .kRggyennvestigated the therAali nsteathialnio
and compared the rate constant for the dark
The rates were correlated wWiatmmegounbsstéig)nitu e(nt s

establishes a quantitative relationship bet:
reactSubistytutibpawetshitd®uwlat vy eirry | ow amade cor
hi ¢dlm mmectotn stAaes¢t o e dbst i t uti ondtwi tf hdreBerlr eegaks e d fe
and incrieBse tthée st r onwi teH cercawiomg effect, the

i's mor e sHlaebcitloinzaetd.ng secondary substituents

groups decrease the values(Tabt)étiestabilizes
Tablie Rate c(okh)et anhermal stabil i t(§)oafnds urbasntmettutt®8do nssptiarnotpsy r a n
R3 H Br F Me O NQ al |y
R4 NQ N Q NQ N Q Me O NQ

k[js'] 4. A% 3. AT 6. A% 5. A% 1. A% 2. AW
Uw oO.7¢ 1.0C 1.0 0.37 0.01 0. 6¢

I n partheud@ambhi naitorotfR3o fa NdO Ma Paisn Ry omak a
strong influence[Ef%Be vtetde. pelowieldi krhieunf.i ndi ngs
stabil i zeMCftorem capnedn i nvesti gated further subs:s

and calcul at ed t hes. eqRuardsiubbGsituint utc e stdamitr opy
constantompar atkiv el .y=s)mehl li ndi cates that the
as favored adowiatshubeplte.cttufemm se x ampl e, tBsuubst it
results in af htbhes t@anitue8I3n .compaheswom,] ues o
22



3 Theoretical background | Spiroj

substitution (Ky¥th.ox8 he(Kcyrd & 5) qu iBetv alfcw.
i ndicated that ptahpep ssiuthisotni thuatsi oan sitnr onger I mp e
SP/ MC than in EBPfther positions.
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3 Theoretical background | Phot oswitchable surf a

3. Bhotoswitchable surfactants

The gener al fundamentals of-basued asttiahtst amtd

presenClRaptearlthhe foll owing, the focus. wild!l b

Phot oswitchable surliwvwaen @amh b samwintisahsdt la lnoef w@an i t
hydriolpicagdr o.B%By i nt eagsrwaittienigo a surf acgt arhte fr
mol ecul ar surface activity of the surfactant
sur f-aacctei ve t o aadteisweDefpoerhm@lc @g on t heitheswitc
surfactants can fosamdietffleeehdtgiagglr epgraoeert i
a control PEIT masmamlelroi dalemsiy si ems o If vwlrmfsa cceasn

be mani pul af#dPibdy nl iaghdti .taigggm,egahéoanamart o
particles (e.g. nanolparitmnflbygsrsoaae clafi nsguornfsa)c tc
accumubatenanoparticles, smpe@stdr ulce uruesse d c &1
photoswitchable magnéedire8P8T heraa adryd iicnvaedtiivg
which the solubility of structpuroetsosiwg t chal
surfactants so that trgmnd@ortenfvi comnanemd!| grort
possiP®%This is also interesting in a biol.
i mmi grati on i.NrRecemfEHl ueerdmiab | i shed a revi e\
phot oswitchable phospholipids for the optica
function andl%rug delivery.

To dat e, only a few photoswihehabékewuschad:t

Three cl assesi mrmordpdatvaield

Mo st | i t er astaubroeu t e xpahmoptloes wi t chabl e surf-actant

based or relAzele s3hetvieesndlat i gue mrReaII aAtr@n cea s i

accessible .nhetyhatriecaalllsyo s mal | and hydropho

suitable for many .dizfofhbeméremedppgluird atcit@ams s

hydrophobic tailsy natsewtitlceh altbd :2i smearftb Daee t ®t r u
e

their smal/l si ze, t hey <can tbheatuesoenp otn@ in mmis mi ¢
cellul ar me mbr anes. Dib6fterest s uahsmme mbroaan ec
protein coupled receptors, or nucl ear hor mo
switchable Iipids and cd@h be controlled spec
Bekdtr sayint hesz xleadnz@®esr®@dr f act ants and i msvestig
of t hei spchmodroi zati on i n aqueoxcso nssoilasptd saofhi v @& h g

chargedyrhogadbds dr ophobi ¢ spaltemrwrinte tahnedr ap ho b i ¢
al ky(Sctheaimgl 0
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3 TheoreticaPhbaokowirboohdbl e sur

hv ~

\ \
O\/{/ﬂ\/Ni O\/{/ﬂ\/N\
AACHE) 4®
N Br hv N ©
N N B

r

t r aZnbs c i-2s5

Schemim2 Photoi someri zathiasre dofs uRHBmilctmanairseni ¢ head group.

|l mnaqueous ,nseudrifuar? Fsawniteé sfir om t r e €t hfsor m at
<400mThey deter mithnreatnisswistt ohveat concenctmcat i on:¢
and explained this observation with steric
determined st ryonfg tdemiepphdoetnoci somer i zati on kin
intensity amé® wavelength.

A subcl ass of azobenzene(Schemdt hleh eayr yslhaozawo pnyer:
qguantitativeati sohmmeoi z@6% oa -lliomegd met alk% abl e
and |l arge changel%n Sditdhcalree maome e a es tuski eosf
these azohetCaboetl eimtsesti gated the |ight re
assembly behavi or -boafs edr yslusr2f6apaytrasngeat e and mi

mi cellq%e s .

o

t r a2nés C i-2s6

Schei®d Photoisomerizati-baseoed auwyflacopytrsazol e

They modiariyelda Z#chwavi gghuat er nary hRheoatdd dgophpdHi c

al kyl .cHai nasddi ti on, they tested different S
benzol e ring. They observed transformati on
small er, spherical micelles with | arger shel

fromnt ozf oMMBr aunscéweiad nvestigated the dyna
monol ayers of phylsphomy Th eagclied s e d t het osurf a
functeahamizi um oxMdrolsayémsewer exOgdeaemnpliZsi t ed

i someri zation caused the contact angllheeyt o ch
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3 Theoretical background | Phot oswitchable surf a

f outnlat water c&@wosfabuldareonhaok the surfac
st a'tlle .

Surfactants with spiropyrans as Il ntegrated
explored and represent new potential structu
numer ous setei M@hlaipteranRd2wiitedm betwbangadnand
zwitterionic openodtdts masnd ihtmeg arbd per(Sscieaiitegct ant s
and can therefore be us®di hatrnaimenywydtyhes heed:
asur faztwamabhpi robsackbBake gl

\ / hv

LX e
© hv'

o ym

t r azn7s c i-2s7

Scheié Photoisomer i z abtaisoend osfu ixfeajcntbapngtesa med b Rei farth ef

They ubkedylaashhiydbophaand c¢ ognunaetceteendanioay i U m

groa® polar head gr oulphet hsruorufgahc taa ng p ascheorwe d g
behawioh pronounced differences in their sur
The surfactartspoasi dealddepdmndtHicdyepld are al s
knowmpi ropgsad suyfyfiacttaet chhead gr oup vatraheé ai | i

indole nitrogens ineaul sungakadatnenhructure.
Depending on the application, switchable sur
emul si ons, mi crogel s or pol ymer net wor ks,
specifically change the materi al properties.

sur frnatcst aar e al stoh eddrduictiiadn ftoo aqueous solutio

sur f @mnd g. r eReea rhakrysaulmmar i zed the most | mport al
switchable surfB&B@ & dndrsptiinom orvdeswor pti on on
should be strongly dependent on the I somer.

the other desorbs slightly and goes into so

i somers shoul d brame as stmel adsadoin mmei dn proce
| i feti me of the I somers should be | ong enoud
without continuous irradiation. | f the 1 1ife;
increased, whi chmpcoasnit¥ié&ad heo dmportant par a

determining whether switchable surfactants
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3 TheoreticaPhbaokowirboohdbl e sur

hydrophobicitcync ghleapiropeamndes should differ
t wo sur f adtdhtiEecorrmest.ri ¢ change in particul a

the switchiRegfprobdassumd t hat geometric chan

the hydrophobi c wumRoirtg)a niinzfaltuieonnc eo ft hseu rsfealcft ant
changes in polarity. Az&c&bhd@sheomws ias cihenrirz agteion
change (from stretched tocnbakinftf)er enecseu.l tlimgc
although the polarity and dipole moment of s
of a zwitterion), the molecular geometry ren
provi debDcanemillueers. I n addition, the | ength and
influeame wihtth the tail having a f¥Mdlater inf

27



4 Concept andamot ilvihdltiowsewiltpchabl e surfactants

A4Conceptotaindatm on

A central goal in modern surfactant chemi str
properties can be controlled in a targeted
classical parameters such as surface tensior

propearne eisncreasingly Tdaioruigrhg aipmp orptra maes.l vy d
groups, surfactants can not only stabilize i
ions or mHMBYEAdAMNes hismawdyf aara@nicseated that ¢
t o changing conditions or be specifically

applications.

Photoswitchable surfactants can be specificeé

wavel engths, which influenaeand @& nmbrmhleer ao fwitdh
of appl.i cSaptiiroonpsyr ans are known as | ight swit
andreunctional i zpeodsidti dwhar icdussed and open fo

di fferent properties and can be sWhechedren
the aim of this part of the work was to deve
spiopyrans t o i nvest, gathegd d diexinrd sstpreuccttruwrsaclo
properties.

Hy dr o p hlokyi lc cahvairn soaus@§t hs anhdy ddri of pi keialetincg r ou p s
shoul d beasbpoiurnodp tcola btooneobt ain a range of swit
which can thenabédé ¢compa&At endhantbed di saccharide
usedhwdr opfialdi g.rPolepys ous wor k has shown that
have good physicochemical properties and car

from renewabl &8%8Taw materi al s.

Spiropyrans were to be synthesizediwmleng t
condensati @ra moide n madlod3g(By dhe nk

R R R H
R'/R — R/R R 0
O . |::> / + .
N O O R/ [ IN;@ o HO R/
R L
R
28 31 32

Scheimd Retrosynthesis of ffuomec ttiheen aslyinztende ssipsi rodfp yprhaontsos wi t c
I n order t o obtain di fferent basic structu
surfact aaytds,opthR&n &y dr o IRiGlnii ¢ s were to be bo
synthesizedbendal dettayndlef ferehn pddgditions. di
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4 Concept and motivation | Part 1:

and were pto (lkedadded t o i
switchingTlhehmaftvoroe,, new syntwhhesi sedobtuebsdiag
3lan8should be devel oped.

After synthesi zingofa swrbfsd catheeretcsompoangs s h
examined and compiasedpesticmgada/pyze their phec
properties, especially their switching bet
wavelengths.sdmf aacdeditte omsni,oms hme & s anbeememnt sout

i nvestigate the physTihceo cchoel nhieccatle dp rdoaptear tcioeusl d
further optimize the switchhallua theiengpaer a d ug rf caucy
tail s, a lmxradc harmckmicchr o mi &s gwetluhpesalsasi s, stthherct u
properties of the surfactants could be tailo
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5 Results and discussion | Part 1: Novel phot osw

S5Resul tds samd@si on

As part of t hisst rwaotrekg,i essy nftohre sur factants wit
were develsoepldt odwietchabl e surfactants can [

groups basbkdsstar udRrteugrdesd. e

FigaBe Simplified illustrati on:Sopfi rtohpey rtahnr ewei tnha ignl ytcaorsgyelta tset
N-connect Afl.t 8pl sopyrans with gl ycosB) .atleidn d aird od peisr amydr agresn
al kyl ated indol ecshraomieméef ycosyl at ed

Retrosyntheticablyyaeelktoaibgéed he condensati on
and benza (Sdeéteyndeé X

— o] §

= | Oy« | w0

28 31 32
Schemé General retrosymnt8hesis of spiropyrans
Therefore, varoifoud ekbser itwaot3dblmwadaeng byothesi z

fi.Teéee foll owing chapters explain and discuss

various indole building blocks.

5. Bynt hegliyvyc odiymadweeNsk onnected t ai

First 33 maowolsty rbteh easci czoerdd iInigt eelomt@uwme synt hesi s
startinpanfsoih@22e6ven after testing variou
synt hoefsitshe hy @bBmazsimeel Isealngi ng due to. plihwud$,jca
another route was tested par@fEehemparting f
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5 Results anldndolseulssilodi hg

)C%/
NaNO, 36a
@ /
NH H,0 EtOH N
2 o0ec-70°C NHNHa 80 °C
3h 24 h
3 4 77%, Lit.: 91% 3 5 93%, Lit.: 97% 3 3 (0]
36a
p-TsOH - H,O
EtOH/toluene
80 °C
18 h
70%
o
4-bromoanisole
2.5 mol% Pd(OAc), HN
o HoNNH,* H,O |_|2'\LN 3.75 mol% Xantphos )
AcOH I NaOtBu !
—_—
O O EtOH O O toluene O O
80 °C 85 °C
37 18h 38 21h 39
80%, Lit.: 99% 62%

Schem& Synthesi3gi?2@fiiindol e
Howevenr ,t He synthesis of 33artglke s uanhnedolees o0
synt hveibay dr az i3nsee mail nhed t hef meockei ce@esand effic
The sugar unit, as hydrophil i ei@gelaydc ogsryol uapt,i O¢
I n order to obtain the free hydroxy group on
out wis{ohr Bi#Brrcor ding to Komprétdt(8adlbemm@by

BBr3 in CH20|2
o (1M) HO
N CH,Cl, N

0°C-rt.

18 h
33 71%, Lit.: 84% 40a

Schem8Deprotetti BBol e

Il the previous MMmMasteehsng hes pvemdimetnt sheshwovse
gl ycosyl tri csl3omr oacmbii ma ti&dised wiwh i BFwas bes
suited for glycosyl atiBar onhias opmant p @s &€ ,0 miplo & n
buil di Mghaoad otck be syas hebowedi h.i 8esheme 19
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-------------------- HN
R(a) = OAc trichloroacetonitrile >—CC|3
benzylamine O OH K,CO3 (o]
—_— _—
CH,Cl . 3
R(b) = AcO P RO OAc ol RO ‘OAc
OAc 18 h OAc
l 5AC ' 41  Rayoaw Ltz 4 2 R@): 77%, Lit:61% 4 3
--------------------- R(b): 94%, Lit.: 64% R(b): 85%, Lit.: 62%
Schei® Synthesis of glycodsFbrtglyegttl#oateonmi dat es

However,
b e e h oCgel

requi

have
al ways
K° niKghsomet hod
v &(Tals2d n

t he

S i
and use

Tab2e Overvi ew

onl ydmanat aglichd e4c3ac @ t v shiedats® sl S

sytceods g baShoece the use of #48ichlo
r teicecf rhitesy, sg/inyvhaes y bebxsaooimmeidng t he
with the commerciall @ddanmadi aabl e
t hi s <casset,agneo ssyenctohnedsi s of t he s
of t ha#®Edciagnh |bye caovwroriodseidv.e BF

ofandes wcgoanrd i ¢t @ & ldywcros pf at A6.al e

R(a): Ac ;
OAc ! Sugar
R(b): AcO ' HO : é: conditions K,;j’ : é :
AcO v ~ E N
Y 40a
Entr Sugar Conditiolsol ate
OAc
0.__OAc B E30OE#
1 L CHC#} -
RO™ ™ "OAc 0 A€. t.
OAc .
41 1624 h
OAc
O. Br A gC Q, %D
2 i ) Me CN -
RO" “OAc r.t.
OAc
44 16 h
OAc
O. ,Br A g OTf Z,S QN a
3 RO "'OAc ¢ :—tC kt as35%
OAc ' ’
44 15 h
OAc
0 o\‘(CCb B E 3O E2t
. NH CHC#? as82%
4 RO OAOAC 0 A€. t . b99%
C .
43 1618 h
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5 Results anldndolseulssilodi hg

Since the KI9rKgsomdé¢t h dvéep  wavsed t o be stppanfica
using the trich3orbackitirssmi dayeshesi s ©Ooute w
gl ycosyl ati on-4wiatnhd tdh e amdednaa | delgl ycosyl at ec
i ndodlSeasnd5twvas succeabinked 82%ndeb88% of

Theydr ophod$h au ludnittreoduced by al kyl ation on t
pri malrkyy | o fo dd idfefse raesn ts hl oéanng ti Bhe

OAc OAc

0.0 alkyl iodide 0.0
RO" “OAc N MeCN RO" “OAG No ©
85 °C \
OAc 18 h OAc alkyl
4 5 46
OAc OAc OAc
(0] (0] (0] (0] o) (o)
. . / . , , /
AcO" “OAc NO® o AcO” "OAc N® o AcO™ “OAc N® |9
OAc OAc OAc
46 a 460Db 46¢C
92 % 6 9 % 96 %
OAc
OAc Ac 0
0.0 0.0 AcO o 0.0
/ , / o V. o
AcO OAc N® © AcO “OAc N® AcO o OAc N®
OAc OAc OA OAc
46d 46 e 46 f
>090y >9 9 Y 98 %
OAc OAc
OAc OAc
AcO o o. .0 AcO o o._ O
V V
AcO (o) OAC N® © AcO Y (o) OAC N® S
OAc OAc OAc OAc
4649 46h
6 9 % 71 %
Figade Actkomhed al kyl at abhydfi diesdwlfesdi wifteh ent | ength
Ei ght al kyl ated indol es were Gbttaai @88Boe i n vy
decreased | ower yields of the alkylation em

mi ght be explained bhetbezeeaffenhhésspgartuni
the al kyl chain do not ap$occmnea dNa ltikndl lada erdc e ntd
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5 Results and discussion | I ndol e building bl ock

salsthowed htghbeg hyDhesebepye wetr e only washed

and then stored in a refrigerator in the abs

I n summaN-tygi It h®t rategy has proven to be syn:
structur al v dndctarbatlegiyes symdled be devel opec

chains to the indole unit. This wil/ provide

5. Bynt heglivscodyl atwed hi memi ensal t ai l

I n order to compare different surfactant S

hydrophilic head groups should be Iinked to
di fferent |l engt hs. For this purpose, al kyl
gemi nal s i(Sdceh ecBi@a i Mhi s all ows functional gr ou

i on coordinatt bnoptulgda wres U b ;mtkietdut ed i ndol e ni

m ©\NHNH3
3 6

Schemé Retrosynthlesis of
Since the indolXx9shoul di rbge Islyafdikse hiedlo’d e by
synt hesi s, didfemesentfi ket obesprepared for the
al kyl chains at position 3. Various synthesi
First, 3Bbvtacnbet aibryedsynt hesi 4 Bawgd asluchosheogu e n't C

oxidati on

Schemg .
Br Acetaldehyde
/\L Et,0 CH20|2
rt. -40°C 0<23hrt
18 h
4 2 lsh ~a9%, 36Db
Scheme Synt hesi36mift hkk estyoommeet ri cal al kyl chains.
Good yields were achieved, but the bromoal ka
and not commercially avail ablTehewiethho cdhyammngest r i

was made to a synthesis route baddeéew bdnk ytthe 1
chaiofsdi ffer(@aohemZngt hs
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5 Results anldndolseulssilodi hg

H HCI
N. .~
~
(T ) o © o) o
P RONEt ¢+ R col R 0 MeMgCl
' R(c): Pro ! OH ——— N7 W)j\
i R(@):Bu_; R CH,Cl, R Et,0 !
0°C-rt. 0°C-rt.
24 h 18 h
49 b: 94% 50 b: 85% 36
c: 94% c: 99%
d: 62% d: 89%
36b 36¢C 36d

Schem2 Synthesi36vbbthkegt oonfb adiinfsf erent si zes.

The desire3d3déwkeréeonbsained DNPdiematchyodohmhydr okyl
and subsGaguwenmetaditm ogood 8ySo etDdos o f

After prepar i3gi tth edikfeft emerst gemi nadOveafl &yl ¢
synt hesi zteidweibtyh r hey3tXSaczhiered.

0
Rw)J\
ey C|® R R BBr3 in CH,Cl, R
! RBXEt @ 0 36 Y R (1 M) HO R
' R(c): Pro ! ® / - = %
| R(d):Bu | NHNH,  ACOH N CH,Cl, N
____________ 120 °C 0°C-rt.
35 24 h 51 18 h 40

b: 52% b: 83%

c:41% c: 81%

d: 33% d: 10%

Schemhm®d Synthesidsdwobhbkhimmadal esl kyl chains
I n this casel owttheanyiwiltdh3wbeadBudbsengebat i pndot es

had t o be dfeare@ihlyg @aa €YWYl aThendeaegraonhecti on was
and yield above 80%heowplodbfrbe i ted &li eod 8 d enrdil ers

with |l onger chains can so far only b8sgattrib
Thdeprotkea@dsi oot yet been repeated, as the ar
onlswfficient for the subsequent i nvestigat.
ketones and indodesmswmsngygeryntpmenciple, h o
possible to achieve a bettatkylekttdaussng i nd

Af t eprr odtee ctt hheyrd r mixiye t Dlgygd ycosyl ation coul d be
the trichl o#d@agcadRinignideat es
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5 Results and discussion | I ndol e building bl ock

OAc ccl,
o} o\\<
) , NH
RO “OAc
OAc
R
m CH,Cls,
0°C-rt.
18-20h
40
OAc OAc OAc
0.0 0. O 0.__0
A . / N v / A ’ /
AcO™ “OAc N AcO" "OAc N AcO” “OAc N
OAc OAc OAc
45¢c 45e 45¢
67 % 75 % 6 0%
AcO AcO
OAc OAc
AcO 0. 0
c o AcO o 0. L0
. , % . , /
c0” Y Yo" "OAc N AcO” Y Yo" "OAc N
OAc OAc OAc OAc
45d 45f
94 % 65%

Figdabe Actomb-gbdycospfat hennew gibmdonlads al kyl chains

Fivegnegwosiyndddalisgke mi nachali kgl as hydrophobic
obtained in sufficient yields above 60 %.

Subsequently, the i ndoluesinniagtdroongd rigawass yneetl hdysl
above (Bc00He ma

ER(a):Ac . OAc

i OAc, 0.0

'y AcO ; / -
~

i OAc | 4% a: 82% 52(g|ucos
"""""""""" 45f b: 95% 5bP( acfhos:

Schemé Acpomhed al kyl ation of indoles with gemina
I n some cases, attempts were al so maidahet o br
indole nitrogen. For extamipdocd ,b earmiime& eldi g aomrd se
application in photoswkarchabhle ponpecoerdvan
compounds wjtthhatamenrees readily avail abdree and
testAed ew tested condit iToml3e are summari zed ir
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5 Results anldndolseulssilodi hg
TablBe Tested conditions for alkylation of the indole nitrog
OAc R
m _ halide o 0\©E§R7
conditions AcO™ “"OAC N/® I@
OAc L)
45 52
Ent r Hal i Condition: Product Convlers
I soil el
Her Br K:CQ, MeCN, ¢ -
=
1 NaCQ®, Me OH, ] -
N
53 1. NaOHq. , MT new spo
2.Agsalkk tolu TLC/
Me CN, 110
HCI 1. NaOHqg. , MT n
H/ 2. Nal , Me CN,
2 A [1a -
gs all2t&KQ,
AN toluene or neTwLCs/po
5S4 11A®r 85
o:g 100 %/
55
520 NH2
|
o:g 100 %/
4 NH, Me CN, A C K@’ T IN;{G) - 900
55
52dNH2
[a]s&abts: AgOaf or AgCIl O
Al kyl ati on appeared to be difficult. Il n most
startingwasmdidmseol &lved. umidrekelcotnaiimitdhres use of

vari
few examples of
nitrogen can be
wor k. When iodi
full

ousasitilsvearsstphreo ndoetseirr edu pd oamtcd .ifhéend u g h

Ssubstitution reactions with
found in the I|literature, t h
ne compounds such55ereodealdka

conversi on9%nwerye eddisi eV e o

Theedt Bat eeni
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5 Results and discussion | I ndol e building bl ock

the choicer eagibmt pagrethi acyusl aar d efcoirs iaviek yrloalte o n

indole nitrogen.

Il n summary, the geminal tail approach enabl
chains, which significantly increased the am
overall yields wdffeilloweruttehan hien btrlroreaeder st

I mproved $tukeacprangerties mad e this Sstrat e
devel opment .

5. B-Al kyl ation of indol es

I n order to synt hesdizfef elriemagaral skwrlf acchtaainntss , s
position 4 of the indole unit. To isthntardodweeh
commer ci al | vi-b watvyali d(@)d iene st , t he hboy7dawa g i n e !

synt helsy zeidazoti zati on and s utbhsed g veermatt um ed ukent

Fi s cihred®?lreeact i on wi3téhwabsu tcaanromiiee ¢ e ¢ (St b e Img

2 5.
o)
1. NaNO,, HCl, 5 YJ\
H20 cl

0°C-rt, 14h 36a
® 7
NH, 2.SnCl,*2 H,0, NHNH; N
57 a 58a

AcOH
56 a HCI, 118 °C, 17 h
rt., 2h 70%, Lit.: 74%
74%
Mel
MeCN

85°C,21h
95%, Lit.: 95%

SchemBAccolni shed synthégiisntdddi®.@t!*h e

Af ter met hyl at i509nea sb uoi bl talai iemmge dbH ro edd®o s yt ieagnisid
coutlhdbe used for the synthesis of |inear surf
bl ocks.

Tocompare bewmeanfactants with hydrophobic u
additional l onger al kyl chaifvesbBawmled rbeat &i
descri bed above was supposed t o be used f C
al ky!| abnévintels | onger chains were not commerci a
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5 Results anldndolseulssilodi hg

synt hesiThed4d foadroea,6iQl iwaes (f i rst protecheme by ¢
2@ me6)

ACzo |
\©\ CH Cl Q
2v12
H, 0 C r.t. NJJ\
H
98% L|t uant.
6 0 oA 61

Schemé Acptomhed pr eitoedcaa nbOpl.ionfe 4(

Af t er wtalred sa | ky | chain sFKFouldhbe pontpodeced.
coupling reactiTab4)ewere tested (

Tabde Tested conal ky loabisi eftrarénitdree

I\©\ j)]\ Conditions R\©\ J?\

N N
R: n-pentyl, n-hexyl
61 6 2
Entr Conditions Yi e
1.1-br oment,anMg,
1 THF6 6AC, 5 h 29 %

2. Pdeldppf),
THF, A66h20

1.1-hexenBOBN in

0 AC.,t 2 h
2 2 Pd( PRh €9, 85 %

di oxl@,e /90 hAC
KumadaupWwasgtested using pentylTre omri adeu catn dw:
onl vy obtained I n l ow yielnseestsiogaaprdt heAft e
optimization attempStusz,cloiup imrghge dinldaut i bhat sao
i Tabdwabest s wibttead et adegsiodadqtood yiel ds.
AfterSuzhdoiupl i ng was success fhuelxleyn epex iif log Ime d
chawes e | inked under (Sdhtreem®@me conditions

1. 9-BBN in THF (0.5 M),
alkene

0°C-rt,2h R
O
2. 61, Pd(PPh Cs,CO
NJ\ dloxames/ﬁzoS2 ’ \©\NJ\
H 90°C,25-3h H
61 6 2
/\/\/\@\ 0 \/\/\/\@\ o \/\/\/\@\ 0
NJ\ NJ\ NJ\
H H H
62a 62Db 62c
83 % 96 % 98 %
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Schemé@ Accompl kg hoefilci eotna &l d e
Couplingewitemadddt evoe ked just as well Wi th ve

and 98 %, r tefstahlrteien gn eivh2a niihdeesse wer e t hen deprc
aci di c ceosnds hadSenh & 2mé

1) HCI, EtOH,
R\©\ o 78°C,4-5h R\©\
yI DO s
6 2 56
/\/\/\@\NH2 \/\/\/\@\NH2 \/\/\/\©\NH2
56b 56¢c 56d
>99 % 99 % 99 %
Schem®@ Acpptomhed depr odtes82t i on of ami
The thr eé&6wmemieneosbt ai ned i n quantitative yiel

converted to the corsraelgtpsbsaadondi nhgydt a z it rhee S
procedur e trrecatdpwas fal t he successful hydr e
butyl &r6ie8 ci hneeth®.

1. NaNO,, HCI
0°C-rt,418 o
R R (¢]]

2. SnClz' 2 H20

HC ®
NH NHNH;
0°C-rt,4h
56 47
R: hexyl, octyl

Schem® Tested conditions of hydrazine synthes

Only a crude product conswasstsionlgatoefd.u nA dreenatsiofl
could be that i1t was not possciobuled tnootp ubrei fwa
with ether, neither a col umn cNervoenratt hoeglreaspsh,y
Fi scihnedrcol e synthesi s was t e sot@evde rwsiitohn twhaes corbus
byTLC, buthazdklyy améwer mesol at ed. The hydrazine

then also tested undgerfnatrttesi ceddptoounst oot

The ttheat wael Fawddt alpeeratdiyval |y paibfildisihid by

has so far onl y4-bheteynl d&rBMnad evaist hpr evi ousl y me
haso matr worked with MTbegefmawWkylanchasins. rou
devel oped iSwuzwhdiccphl! itrhgg for al kyl ation only t;
The two tested synth&cthe®mBoutes are shown in
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5 Results anldndolseulssilodi hg

. Synthesis route by Reifarth et al.

o | |
cl ! : |
R A I

57a § 58 § 64 |
”””””””” ﬂ. “did not work with londer alkyl chains | §
! o

| ! c

L | Tl o

NHAc NHNH; !

6 2 ; 63 3

I I

NHAc 1 NH,

61a | 6 0

Schem@ Commparfi the two synthetiat kagfi ptded@H@lses t owards

Accordi ngewosyrmtehegstbher dburssy st Reghsewshsy dira z i n

sabdMirectl-iyodaaoBilscnhee ;g
(0]

| 1.NaNOp HOl - o W)\
H,0 cl 36a '
> @ %
NH,  2.SnCly*H,0 NHNH, AcOH N

2
60 HCI 6 3 110 °C, 16.5 h 6 4
0°C-rt,18h 63%, Lit.: 64%

90%, Lit.: 75%

«

Scheme Acptomhed synthesis 603anthsuhgydgaenneFsatBB4 indol e
The hydr az3vae 6kt ai ned i n vSurbys eggouoed® W iays, | disn d «
synt hesi zed 3u6sa nndge rk etthoenpea | a cerddiyt iFo sihfedo | e
synt hesi s.
With iérlidrolland the aSwkzykxlkihdoni omsiewas i nvest
already fa.l3 cfoonrveaaosu piinyi dhirgo bwdi re ahtewnabs det ect ed |
GCMS a&@% yi el d of t h58 idaess i o bet(@aci pnecBu@d u c t
1. 9-BBN in THF (0.5 M)
alkene
I\ngf 0°C-rt, 2h R\ngi
7 7
N 2. Pd(PPh3),, Cs,CO4 N

90°C,2-3h

6 4 58
) N N N
58b 58¢c 58d
80 % 74 % 82 %
Schet2 Acptomhed Suzuki & awiptd b fnfge rold a(ti-bnedxoel ndee ptle-net eh e)
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5 Results and discussion | I ndol e building bl ock

Since the coupling reaction with hexene was
furtherasl!l &leoSecsh eeBmTh 8 u z wloiupl i ng with | onger
al so successfully carried out and yields of

Subsequenallkyyliattteed es coul d be methyl ated un
condi Scbhe&d

85°C,5-17h
RN ss SRS oS
N\@IG N\®|®
59 a 59b
95% Lit. 95 % 95 %

O, O,

59c 59d
93 % 82 %

Sche#d Acptomhed methyl58ti on of indole
The methylation was performed successfully &
with dif fceceheaeinns adskyhydrophobi d hei deol tbai ng

synthesis were obtained in yields up to 95%.

I n summar gyynthreceunwse f or the synt hefsoirs loifn ealr

surfawbandevel oped. The yields of the route
new route i $hahso hehdi ret ,s yamst hemoi ss yanp phrecsa csh
eliminated. The protectiomrendl|l degpeot eeteesna

4 2



5 Results andydioxwyulennoal iehy

5 4 Synt hesi s o f t he eastern b u
auxochromic groups

For the focused synthesis of spi3%pgrcanbedde
as eastern bBDhadditwowg bel sgyknt hesi zed i n additdi
bl ocAkss .menti oned above, according to the gen
eastern bucaéadibhg dbdbocé&rted with the indole b
to the desired(Schredgét structures

H
CLX 0y = (s .
N\O N<®|®+ HO
28 31 33

Schetmé General retrosyB8hesis of spiropyran
I nitially, vaoroasXxbBockxgomupmi were introduced
ofoovani(@9% i which were intended to influence t
(Sche@b
OH O OH O
o HNO5 conc. OH O Bry, NaOAc o
AcOH AcOH
rt,2h r.t., 30 min
NO, 75%, Lit.: 89% 70%, Lit.: 90% Br
6 6 65 6 8
aq. HBr (48%) aq. HBr (48%)
125°C,3h 125°C,4.5h
90% 95%
OH O OH O
N02 Br
67 6 9

Schemd Acppomhed synthesis of different easteamdbuil ding
an-aiuxochgomiltghgs3mnse

First, a nitro group vwaxoxhdedi coMfh towi{p € bve & 1
The met hoxy group arcM/stla)se fafruakcotctha oarlee dt r on p
can be ampgkemkei bgthoayobt ain the f.rden haythdri ax yo nc
OHgr ow@n be used as a | i giam ds pfemuli ificoxk iiacoentst ¢ i, N

4 3



5 Results and discussion | Hydroxybenzal dehydes

bromine was bound to the chromophore, which

an armutxioc hr ome .

Furthermore, an amino groouptphsoso i d nberfn nheo
building block. This should be used for inve
density of the chromophore, and thus also on

but also for appl i cabtyi oancst ionng iaosn .acdodoirtdiionnaatli ol

Various routes wer earn rdamidn e. dfthuerrocaetfioonner od hee al
had to be prActedatodgd cftii dBetatht asnggt aup was per f o
(Sc hemé

pinacol
or

OH O ethylen glycol OH O
H PPTS ;>
toluene
R 110 °C,16-18 h
70 71
OH O OH O OH O OH O OH O
NO, NO, Br Br I
71a 71b 71c 71d 71e
35% 58 % 87 % 72% 68 %

Sche®té Acpertaatlecti on of78alicyl aldehyde

It turned out thatwi phseOdlcetabspRBKGSt iucre d
inste&dve different areadaawistomvepien adhdlaionre de tbhy
in sufficient yields

To introduce the ialmmmeatituemmmpgti omass mandd t o ob
product by chl or omeiChy laantdi osru busseignuge n MOM u b st
hal ogen with the amine. The chloromethyl ati
could not Dkushamnizeme ami nomet hEdcahd momaoss eurs i
s aslwte r e taess tsehdoSacnh e 8m8&

Firshe c¢ommer ci al lagnd avsati d,athdmet hy |l met hani mi
chl oddes used for methylaminati oéawas nalasai't
synt hefsrioznedpi peri dine to i mpro{e htelBg sol ubi | |

4 4



5 Results andydioxwyulennoal iehy

H K,CO4 N MeSiCl, e
[;;] EtOH [;;] MeCN [Ei]
0°C-rt,20h 0°C-rt.
7 2 >99%, Lit:90% 7 3 10 min 74b
Schemé Synthesis of the | iT4bature known i miniu

The i mi n7dubma sshatlai ned accordipngcted Quenyp mtride it
al33Dudo its instability, dihreapttled udfitryeveage c
without further purification.

Fort he s ubsmedquenta mvamradtoiuen sol vents wemlNe init
conversion was oXtend el i hgt ICHL miTdheesuint esch | t

convecoiudbd @armhy eowe d eacti of®cihe®&Bol uene

=

oN” o
Cl
74
OH O
N
toluene C
110 °C, 18-24 h /\©/L

R R

71 75
OH O OH O’é;_ OH O’ég_

\N/\©/‘\/O> \N/\©/‘\O O/\@/ko
| |
Br Br |
75 a 750b 75¢c
15 % 24 % 19 %
OH O OH O’é%_ OH 0’%g_
\Tﬁ} \Nﬁo oy ﬁo
|

NOZ NO, NOQ
75d 75 e 75f
0% 50% 19 %

Schem8Accompl mseaeldk yal at i ofnwiof h aicmit @Bum sal ts
't tur ned ad kty | talma intakt h sohmeo xla,13a ne ¢ p mp b e70ltas d
andlwas difficult due to the |l ow solubility
brominated 7dompgoyumd yi eld of 15% could be ac
al |l was oObserved with Tadeecnetsat addec smodaln
reactiaantsdhe unptodlauerse®,| viemed protecting group
acetals were used. The conversion was thus

was achieved
4 5



5 Results and discussion | Hydroxybenzal dehydes

After successful amine methylati on, only t he
the free adudledhgghgeimtopyranThlegnabesab was tri
removed under many (Dabb%%erent conditions
TabB% e Tested conditions fo#5the deprotection of acetal

OH OU OH O

@ o — N H
small amounts of
the product in NMR,

7'\1052 no purification 7NOEZS

Entr Condi tions Resul t

1 HClaql 037 %), THEFQ AC -

2 Tf OHO, HOi rAQ . traces of pr
3 PP#isHBr ,-dlpAane, 7 mixture of s
4 l, acetone, r. -

5 Zr £1 MeOH, r . t. -

6 p-TSsOH t ol Derfd/ ) , -

Theroduct was obt aafntear i dedroovm eydgteibadrs udi rhgasT
yet been possiBlbet al dslboyae esi gnal could be
NMRDue to the strong polarity and the inter.:
the product coulTthhenatsebefppiipkeiredi ne salts
and solubility in orgawbe selsveedsralssodtdid

Since the synthesi s-coamsuuni nwga sa nwe rnya ntyi nceon d i
i ndividual steps had already been investigg:
rejected. However, since the aminomethyl ati c
shoul d hlre fimvtesti gated for the synthesti s of
synthesis would be possible in which the ald

the indole. This could be investigated in th
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5 Resul ts

andydi esxylsenoal iehy

5.5 Glycosyl ati on

of

the eastern |

I n order to synthesizéaytdheoplhiineawa sugmfretnlainn

to the easter

n building bl

Fir sSStoonoggasbuplai ng was tri

on similar SgctticonBa®Pft a2 mnd(

AcO
N
o— propargylic alcohol
AcO' " OAc BFs OEt,
- CH2C|2
AcO OAc 0°C-rt, 24h
70%, Lit.: 77%
41a ° o

Schetm® Acpomhed

For puwi gosthe 44 @apasr

H

o
HO Br
S 6 8
Pd(PPh),Cl,
Cul, Et3
_/
OAc THF 70 °C

77 a

ock. Various rout e
ed, as prteviiaadu salwaoera
ACO\

/
(0] O
O OAc
HO = 4
AcO OAc
O
H 7 8

synt hed'landf tebkgde Sonogashira coupl i

reacted with propargyl a

correspondi7n/ga nal kK% eHyiweelvee.r s u btsheegi®ema gas hi r a

coupling coul

d not be successfully i mpl ement

in the microwave did not

ead to the desired

NextnJl Bmaaoaanpl i hgswasds hoSwnh e ané

H
ICl, AgNO3 o)
pyr|d|ne
HO
CHCI3
rt., 18 h o
\

65
AcO
2 etyhlene glycol
o) N Nast4, A92CO3
AcO OAc
/ CH20|2
AcO g rt., 20 h
¢ Ohc 85%, Lit. 94%
41 a

Schem@ Acppomhed

Ther ef osrueg ar

85%, Lit.: 96%

79

AcO
\
0—
WS:%MC
/ toluene
HO AcO OAc 110 °C
80

AcO
\
H o—
o msj%mC
HO O AcO OAc
o
\

synt Bdislasndof odiiga7 &3%np owerldIt esss) tHhmea n n

coupling.

c4olnapaosu nfdi r st

Sy &5 Wdsil dend and diht i c

compotGbwas i odhizehloulhdorel i nkesd g&0Even after t|

i nvest i gaartiioouns ocfo hvéi desnsed product was not
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5 Results and discussion | Hydroxybenzal dehydes

As a thirdHapdgauwpalcihn g a@acsh etdegs t e d

H
o
HO Br
0
N AcO— OAc
6 8
0 OAC
allylalcohol Pd(OAc), O/ o‘: DA
BF3 OEt, P(o-tolyl), EtzN
HO /
CH,Cly ad o MeCN
0°C-rt,18 h o
41 a 90%, Lit.: 99% 8 3

Schemt Acpomhed synt Bdslamdot estgdr Heck coupling
The al8kReam® synthesized for this purpose. Var
out to link the sugar 6w tUnftdret bmratma Inye, croampooe
observed hkavwe wa HHhakchiep!l i ng was al so tested w
2%t the s@&mbethme

: H
'R(a): Ac ' (0]
' OAC:
! HO |
{R(b): A0 "No
! i o]
' AcO z ;i ! \
i OAc | 79 AcO
AcO AcO H 07\ ..OAc
3 acrylic acid o 3 Pd(OAC), 0 0
00— K,CO3, TBAB 0— P(o-tolyl)s, Et;N I TOAc
AcO' OR — > \)J\O"' OR HO / 0AcO
2 CH2C|2 . MeCN
AcO  OAc a: 54% AcO  OAc a: 55% g
b: 67% b: 27% \
41 a ° 29 ° 8 4

Schem2 Synthesis o0f2%nuduwubs agleegrktacoes pl i

The coupling was successful, but the product
due to the resulting ester, as the protect
simultaneous cleavage of this ester. However
fornkKing the two building blocks i f other p
benzyl groups) are used. However, this was |
ot her coupling reactions were tested in para
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5 Results andydioxwyulennoal iehy

Finally, an attempt was maidesSutzackioicslk pt h @ gs u

Modified synthesis route according to Chalker et al.

TMSCI HBPin

} o MS
; OH imidazole OTMS DIBAL H AcOH
= @ = &JFJ B /
1 CH,Cly, THF THFﬁbO
| 0°C-rt 66 °C 60 °C
85 2h 8 6 16 h 8 7 25h 8 8
89%, Lit.: 89% 21% 72%
sugar
41 a
BF5" OEt,
CH,Cl,
0°C-rt,18 h
47%, Lit.: 50%
3 Revised synthetic route AcO
o—
mgj%mC
qng [
;ﬁ B /' acd Onc
(0]
89
Cp,ZrHCI
HBPin, Et3N
65°C, 18 h
31%
AcO AcO
N propargylic alcohol
O N BF3' OEtz 0
AcO OAc O OAc
/ CH,Cl, =/ /
AcO  DAc 0°C-rt AcO  OAc
70%, Lit.: 77%
41a 77 a

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

ScheMmd83Two synthetic goyrtoesgdatveddsbul®di ng bl ock

For thisapmopdo$epdhhbiy kel3dwas af ol |l owed to sy
sugar IB®r alnhee tsiyco ishtea rwiettdhhree vihsyedlr obor ati on o
tri met hyI88i ywhiethhewas synt heisalzeaBhsd [rTohne pvri onpyd
boromBawas subsequently deprotected under aci
free hydroxyl group, which was nuosiegdlyd ofrhigl yc
gavedelecroendp o8 8 d%overalaolvdlr st eps

As the rout e -cwanss uvaenmiygy tthiemeyi el ds wer e rel at.|
synt hesj salt episatwavsee ieolukme d t hi st parposteyl at
sugddavas reacted wiatlhc ofirbdgpeasruglytli ng7 aa&s ky ne

subseqgeemtvleyted to th&bgedborgd aproduander c:

t hc hwaretazgyent . This synthesis route was sighn
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5 Results and discussion | Hydroxybenzal dehydes

othe | ast tsheept atsall owi,el d after two steps 1is
enoughdupsrda s obtfairnetdhe siurbwegtuieqida Su a ockrimfs st h e
couplTihregt ested conditi dradb.eer e summari zed 1in

Tab6:e Screeni ngr aafeuSPpzonkdii t 0 onrysnt hesi ze mohiedtYyl ycosyl at ed
H

(¢}
HO |
AcO

o \
AcO\ \ H o
A 79
0o— conditions © O"'QOAC
o _/_/O”S}OAC HO 7 acd onc
;t 85— acd  OAc
o o]
89 V83
Entr Conditions Yi el

Pdegl BMNaeCo( N)
1,dti oxane, 1C

Pd( PRKP Q
2 1. -dli oxX4a0AC

Pd(dpa»f CEBIOAC
3 THE., 66 AC

cat adompb & x .
MeCN, 80 Ac, 4°%

For ®Swheruwkiocssupling of t Beé&wistuhg airo dbdwaaannielulsi P d

catalysts and bases were tested. No yield o
with the first approache&slwadi nyan tldyecsdazdadantga Ity
a literature kcbahkpfkdeedate of
HO Pd(OAc), NaO
—N NaOH (0.10 M) P4(OAG), - _N>_NH
N : "
HO NaO
90 91

Schemé Synthesis codmpgbéex catal yst

The catal ySivapomplaexd by st9a@G mi Ng OMHwrmii roind iame
subsequent additAfarerofdi Pd\t, OMch)et st ®@.ck1l sol ut i
storedfrndagmeseverlasli nige etkhsi9slt caet degst 88 prod
could beiob“ddi%negdel d
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5 Results and discussion | Condensation of

5. 6 Condeotsradnidood es and hydroxyben

After aleadotakerent indole buildingo6dl 6Eksefte
eastmui |l ding blocks were successfully synthe

spiropyrarwxsathay ymede condensati on.

The couplinmndé¢iradesdy out by f i r s46 adnedp rtohteonn artei ancgt
indo92wné h theob6&Sdedsmi e

Sin

H
0
HO NO,
% 66

EtOH
80°C, 16 h
78%

OAc
0. O -
AcO™ "'OAcl N O O NO,
OAc
93 o\

Schemd Stepwise synthe3sis of spiropyran

Spiro@Pywasnn obtained sufrdclid9e2waas yvetgsyi baodbus
hygros€opieasier handling and to save one r

carried optotas e@ct @ dé

R R
m SR S 'E
T Eon '\!OR
R
R

80°C,5-20h

28

ScheméSynthetic conditions used 2&®&r the synthesis

I nitially, pi peridine was tested as a base.
conversion wad®.Tbheusst, uas itrog aHt of 14 new spirop
Purification of the products proved difficul
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5 Results and discussion | Condensation of indol

bet ween the two isomers (SP and MC). The t wc
For t hi st reeasomgdge product was agnudstnovaksihedh

purification was carried out.

According to the geneiSahemgpéoiciEEfiurreopyhaws iwr
N-al kyl atGgll yacnods y| at edi eesndolde f me& ed@ 0 i wedrreo m
obt aiFniegdune 16

(0] (0]
AcO O —
AcO™ "'OAc N O O NO;
OAc
o
\

butyl

93
98 %

AcO
¢ OAc
AcO O (0]
C o O —
AcO” > Yo “OAc N O O NO,
OAc OAc
o
95 A\

butyl

95 %

Figuabeuccessynunti hgsi zed s pPigl ygpysagnheadNidy hamtdod e moi et i es.

The spi roo3plyOr@eerrse obtained i / d9ao% yi el ds of ¢

Three differentwlthealkgpatedyradseles and gl
were synwhehbhi 86(khi giaged
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5 Results and discussion | Condensation of

—OAc
o OAc
O‘ h .
AcO OAC
—OAc
QOAC
“0Ac

AcO

O\
103
8 9 %
Figaie Successfully synt haelskiyzlieadd esdpe r m@piyle yainess ywdimahe gly r an s
I n further investigations also disacchari des
groups.

Four differeweéersasymitrheepsy rzaemsn dens a®-gloyc ody Itahtee c
i ndol evsarwgoeuhsi nak halaklmgl t rbaenezdo p (Fri gnisd. e

AcO OA
o. .0 propyl_ propyl ACO ¢ o .0 propyl_ propyl
AcO O = ¢ o O —
AcO™ "OAc N\ S O NO, AcO” Y Yo" “'OAc N\ o] Q NO,
OAc OAc
o (o]

OAc

\ \

04 1
8 % 8

1
6
propyl_ propyl butyl  butyl

0.0
Aco” Ny O~ © O = AcO O =
AcO™ “'OAG N O O NO, AcO™ “'OAc N O O NO,
OA OAc
¢ 0:2 (o] O:)\
N

Hy, NH, \
106
92 %
FiguBeuccessynt hgsi zed s pPigl gpysahedmidh &l ahdgpl et mdi eti es.

The desiredla@olntpweurnedsobt ai %etd® %i ¥ heb 8.
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5 Results and discussion | Deprotection of

5.7 Deprotection of sugar uni
surfactants

Subsequentl vy, the acetyl groups a&c hitehkee
hydrophilicahedadhgs oupes {Sicrheellhm@gsur f actants

OAc NaOMe

o 0\;{ (0.50r 5.4 Min MeOH)
. . MeOH
AcO’ ‘OAc 0°C-rt.

1-2h

OH

(0] O}g

HO™ “'OH
OH

54

UOH ' O
butyl

108

95 %

butyl

110
83 %

fﬁq X o
pentyl

112 A
92 %

0. O
HO O =
HO™ “"OH N O O NO,
OH heptyl
\

1142°

97 %

109
95 %

HO 0.0 O —
HO™ “'OH N O O NO,
OH butyl
HO

vOH o O o,

pentyl

111
97 %

113
96 %

HO 0.0 O —
HO™ “'OH N O O NO,
OH decyl
o

\

(0] (0]
HO O =
Oy
OH butyl

115
95 %

(o]
\




5 Results and di s

cussion | Deprotection of sug:a

further

propyl propyl

A@J’OH Lol Nwo,

\

O\OLO

11
83
propyl

propyl
A@J’OH N . Q o,

121
92 %

Schem@Accolm sthepdr ot ec

The deprotection
wer e r ebaecpheenddi ng
Et OAc or édtstparr.op

Schem@ Acptombepgot

propyl propyl

j}/‘\k@,cm N o) O NO,

120 \
94 %

butyl butyl

AQ’OH N . Q o,

122
79 %

tsi uogna rod d nt ithtee
carriaddoyt e lkd $9m0g6 N& D Mé
t hpr osdoul cutbsi,l itthye yo fwetrhee t h e
Alrlan% coulsducltee sadpil dityedt d dr

spior opfmawsslur factant s.

wa s

on

physi cewcihsemestal gandoby.

n addidnpot sayntwhesitsest ed, i n which t he
deprotection uoafttakklee psaga&r si multaneousl vy. F
deprotection conditions wilRthe NtacOMeh @ nb avkeiOH om
not only the sugar is deprotected, but al s
conden gAct hi eodnd .
H
(0]
HO NO,
(0]
\
NaOMe HO OH
j}/‘\ (5.4 M in MeOH) Hojg\/(‘)\ 0 (0] O —
[:E; MeOH Ho” N0 o N o O NO,
15h OH OH
83% i =N
46f 110

syofhesirfhaCtant
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5 Results and discussion | Deprotection of sugar

The poe synthesis worked well and the-yield
step synthesis. I n the future, this ¢tould a

simplify the synthesis.

The5o0obt aitmed et compounds showed strong sol\

soluble in water ansumieatbptawmivid sh Twer ¢ i maiaml| y
t h@Pf orm, were also sol wbl®ha nc EmPAWLN casn da pPCHeCs
i n methanol and water. The | inear spisamadpyr an

green in Et OAc.

The NMR assignment for all target compounds
i n equilibrium of t hMe aospuerne neemd sc lad steedr fsarom.a
al so shomagshndt i n equivliisbmeamur EmenW¥ al so
the equilibrium of the two forms was qui ckl

visi bl,e elsipglcti alNlay k p f a ttehde sHpiweovpeyrma halclul ar
strucdcauled be neolnesatrriayt edde ¢ dmio iu ycaiN MBRre -MS |
and | R.
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5 Results and -vdiiss caunsasliyosni s

5. 7 Wisnal gsi phot oswitchable surfa

I n the f ol l-voiwsi nsgp e ctslyeatUod sit hed pbot bawt aonhabhb
compared. Al spectra mBrmeohanmohied AEGbwmt Oor
Three spectra weaahyo® @oOndceed aftora t her mal equ
bl dakd the other afUVer®diaviagdi (@ltdgeeolni gvihtt h

I n addition to the gener al absorption spect |

al so relcobdedve the ring opening reaction an

(Ko b)s the sample was irradiated with UV 1lig
mer ocyanifme sample was then kept in the dark
measured in regular interval s. Through this

monitored over ti me.

The rate constants for the SP/MC systems w
equations:
ksp-mc
SP =——= MC
kmc-sp

The observed rate constant can be described
ri-ngening ksemctdmaytth e &wtd o Eqg B)ALLY on

Q Q Q (5)
The cyclisation of the merocyanine and the r
first order reactions. Therefore, b6pt hwi t dact

[ X] being the concefPranmtiW@) gi vemeltd iemeg ¥tnhde [
concentration of the same species at the beg

@ ® Q (6)
Equattcan breangad to7.Equati on

. p, . @
Q - € (7)
0 ()
Utiltilke ngel axati on method this can be writte

" p, . @)
Q Sy (8)
(0] w w

Based d¢mambide daw4® concentration is proporti o

EquatOcan be obtained
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5 Results and -vdiiss caunsasli yosni g uv

. p, .0 O
Q —a €+ m P
0 0

. . ..0 O
Q 0 Oa&e— 9)
o O

Aei s defined as the absorigtsi drheati ntite ad q wiblsiob
after the equilibrium is shifted by ans ext e
measured directly after tiigrtalde adb oor it it din vats
t after the UbhitkE@u athir otahda artd tdav {csoi nnsptl aknfti e d a
i hol |l owi g caemcthiecodet er mined as the sl ope of
plotted against the | &g%¥4i thmic absorption r

Since the absorption spfectha ®H»dmda hgeawaardlacd
simil ardiafnfdeetdget h € haf ntshe&ei d not havefuar tmhagror
spectr aeoafi vtahd pbhet os wihehes Appe hld®. X daomrd i n
better owmédryvei eswur wWiath anhe most st,r ufcotrureaxl a napilf
with the shortest anadr eéli ccgesstedahhyliedhail h ® w

sect. ons

5. 7. 1viUsv anaplsesi easwift chabl e Nsonhactadt

tail s

The -WiVs @apéct he SP/IMC8rsshotwaBrecihre @

1,4+
= dark
1,2+ L'!V
— VIS
] glucose —
1,0 4 O
: ol e
3: butyl
©, 0,8 O\
g SP/ MC
c
@ 0,6 108 UV || vis
£
8 N02
_<cEz 0,4
glucose / O
0.2 4 O / 9
) N\@ O o—
1 butyl
0,0
T T T T T T T T T T T
200 300 400 500 600 700

Wavelength [nm]
Sche#m® WVs apécSP/VOMBD. 025 mM in MeOH) at the ther mal equi | |

after irradiation with BY (rmed)iarnd ngi wihllhe UVbloue)vilsiipHte |
SP and MC forms can be shifted in a targeted manner and
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5 Results and -vdiiss caunsasliyosni s

TheonjugafedmMC€Can be indicatedadbty=t322 abisadr |
530m. After irradiation with UV |light the in
increases (hyperchromic shift) and the maxi
(bathochromhe ehsétyed bathochromic sahift 0
i ndicates enhancedMC¢t onAfutgert i iomr a chi athieon wi th
intensity of the absorptions bands of the M
and the absor pltd o0 4dna x4 5Mameaaatt 2B SP i somer
I n the daaik, edq tidlreidbwieieunm t h eHa wweov €ro,r nlsue t o t h
-M effect of the nitro group, the equilibriu
MC form, which could be explained by the str
wavelengthheankge in

| Schemhm@ the Kkinetisofmadhsegr ememi ngloBosphe op)

mer ocyaonoramsehown.

glucose dark glucose
ONONOzSP/M( ON@

0,7 -
O -
0,6 i Measurement
Linear Fit
T 1+
—0,5 1 3
3 < ]
% <5 T
0,4 <
o < - 2
503 =
29 <
Qo =
< £
0.2 T 4
0,1 T 5
T T T T
0 1000 2000 3000 4000 0 1000 2000 3000 4000
Time [sec] Time [sec]

ScheméKi netics for the ring o0lpOeBnoi ntgh er ecaocrtrieosnp oonfd isnpgi rnoepryorcayna
absorbance at t hemadfsotripe i merr onawa miun e aaq@aad ristt h rmii anep I(d te fd f)
conversion to deterktirnieghtthhe rate constant

After iTrradiation with visible Iight, the sa
of the meroaygdniwaes (mMmelCGured until the equi l
equilibrium was r eachedafatteran5 0abmiorwt&®asc.e B

rate cohkst AAB®@®sdivas deter mi ned.
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| S che®m#t he -vU\s apéc s ylslt8&rmehown.

1,2

— dark
— UV

—\/IS

1,0

glucose l

— 0,8 1 N\ONOz
g octyl
= (0]
406+ SP/ M(C \
c
8 113 s
S 0,4 -
(D]
o]
<
0,2
0,0 H
T T T T T
200 300 400 500 600 700
Wavelength [nm]
Schefbhe WVs @apécSP/VIBO®. 025 mM in MeOBpjuati bheumhenmahe dark
after irradiation with BY (rmed)diartd nygi swiilklhe UVbloue )vilsiipHte |
SP and MC forms can be shifted in a targeted manner and
The hydrophobic alkyl chains of the surfactal
on the spectroscopic properties. The maxi ma
wavel eagtihs the spectrum oflOt8h@&@hpremwntensi toe
bands for the MC form are equally strong. The
of the absorptaizo®2dmaxi mum at
The kinetic measur ém@intls ohé&clhemggstetemal kyl
arehowrmscihre 2
glucose — dark glucose
ON\OI No, SP/ MC
octy
g 113
07 \ —— Measurement
' 01 —— Linear Fit
0,6
T 1A
'S5 E]
) )
[} QT 2
S 0.4+ g
@© ©
< <
3 0,3- 21 3
Q Q
< <
0,2 -_—
' k=1. Aucst
0.1 R2= 08 99
TE

T
1000

T
2000

T
3000

1
4000

0

T
500

T
1000

T
1500

T
2000

T
2500

T
3000

Time [sec] Time [sec]
Schem2 Kinetics for the ringlapenthg ceacespondingpmeopgyal
absorbance at the absorption maximum of the merocyanine a
conversion to determine the rate constant Kk
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The maxi mum absorbance of 0. 70 was reached
k=1. ABGsl) is only slightly higher and the eqg

| Sche®m& hegMVvisspeaofr t he 1dy¥@s e mwn .

0,4 = dark
— UV
1 R maltose —
—ViS O
_ o rass
S . butyl
S, o}
© 0,24 \
8 SP/ M(
1Y)
2 110 UV || vis
o
2 01 NO,
<

/
N® (0] o—

\

butyl

] maltose
Y,
' S

T0,1¢ T T T T T T T T T 1
200 300 400 500 600 700
Wavelength [nm]

Schemd WVs apetct8PVYIMO. 025 mM in MeOH) at the thermal equi
and after irradiation witHhrWWad{iradd) namwd twvi Uivbloe (wblisu d) el il
influeeqei t bet wemn SP and MC for m.

Compoudddontains the same substituents as t he

the head group consilacdhosed hae @iod aac lgaroiudpe a(p g

a strong influence on the spectroscopic anc
maxi ma are all slightly shiftedadawax d3d13 he
243, 292, PO. ahhlder5e60i s al so an additiisnal m
mo rient eanfsteer i rradiation wialhsornppthitbdmrsiltiyhits

hal f t hampoudndsewictoh the monosaccharide gl uc
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Schelhédhows the kinetic melddur ements of syste
maltose — dark maltose
(L& 501w
uty
g 110
\
0,18 ~
—— Measurement
0.16 4 0+ Linear Fit
0,14 s
- iy
©,0,12 z
® NS
e =
_fzuo,lo- <12
= »
8008 <
< £
0,06 - 3 _
k=1. §r st
0,04 R2= 0.999
T T T T T_A' T T T T
0 1000 2000 3000 4000 0 500 1000 1500 2000
Time [secl Time [sec]
Schemhmé Kinetics for the ringlapenthg ceacespondfngpmeopygyal
absorbance at the absorption maxi mum of the merocyanine a
conversion to deternfirnieghtthhe rate constant Kk
The equilibrium in the dark after irradiatio
than the aocommewrnbdosacchAaraixdemum absor ption |
of 0. 16 ifst e miaktdhteels. The reaction constant i ¢
ok=1. T Gs
The -WiVs @apécthe ldpaselkeoawiscihre b
2,0
| J\/-A
vis glucose —
15 — UV-B afterf'S.mln O N o O Br
(Decompoaosition) butyl
— o
= \
5, SP/ M(
§ 115 UV | vis
]
=
]
[%2]
QO
<
TO,S T T T T 1
200 300 400 500 600 700
Wavelength [nm]
Schefthd WVs apécSPVIMD. 025 mM in MeOH) after UWVr(rgrdenedrt)i on wi
visible .(Iblrwd) altiigomt wi th UV or wiqaii b libde tIwegsnt SdPo easn dn oMC & fofr ¢
No maxima are visible that can be assigned to t
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l nstead @fuxtoltdhramtiic nitro group, the neompoun
The spectrum differs greatly from thevCsystem
form are barely visible.SPTbemeca2@®@é&bdt @S 1lmaxi n
SinceB UvVadi ation hardly showed any spectrosc
irradiat@AdI| wigthh . UVhi s reduced (thhye oicrhtreonnsiict yst
and |l ed to a sl ightbubtatnhoo cnherwo mhacx isnnai fwier e Vi
waMengt hPrasgetalbhée ycSRBfwoadn i s present. This co
by the auxochromic methoxy group, ‘whysthemona
and neutr4dl ezéecthef the bromine. This incre
phenolic oxygen, which nucleophilically att:
The nitro group in t hter omegled ayc-wiuisin dsr yasmi enngs tihs
promotes ring opening. As no switching proce
was edr oAftt.er expoBuraeditatiUVn for a | onger i
5min), the sample turned yellow and new abso
of the compound is suspected.
| S che®m& he vU\s apé&ddO®@rsshown.

L4-: — UV

] — VIS

1,2-_ —— Enviroment| glucose O —
) 107 N‘bl?tyl O Ne2
§0’8_ HO
= SP/ MC
goe— 109 UV|vs
<

o
[N

o
[«

Sc

o
~

lucose
R e YeY
VS

N<D (0] OH
butyl

T T T T T T T T T T T 1
200 300 400 500 600 700 800

Wavelength [nm]

hefmhé WVs supettB8PVOMWO. 025 mM in MeOH) afteenviradmaht on v

(green) and vilsrrmdcei thil are)wiltilghWV or \igqwii b lbde tlwiegant SdPo easn dn o

Th
f u
ab

vV e

MC f or ms.

e chewmoetn comp6@8aoadt ains a hydroxy group i ns
nctionnot MBwxqgcharomi c growpt kMaehteotduc@&d st
sorption bandmblcteqgus!| altrhit2m MOPesmest abl i sh

ry quickl vy, so that no switching behavior
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| TabTtehe received values of Nbhekgbaboedgtsanf a
are summari zed.

TabT:8&vervi ewe odi tehde wral ues of themebsoSRPAMONns lBedmHa of t he
the dark.

Surfactant Bmax Absorbance ksp.-lMC
[nm] [a.u.] [s1]
glucose O — 204 128
) 248 0.43
N‘bﬁyl ne 1.32-16
q 390 0.51
108 554 0.65
216 0.24
maltose O — 253 031
) 205 0.16
N‘bu‘iy. N 1.44 .16
S 376 0.28
110 405 0.30
556 0.17
glucose O _ 208 119
262 0.63
P 425 1.29
109 550 0.57
glucose O — 201 087
) 246 0.36
el 1.42 - 16
S 392 0.46
111 556 0.61
maltose O — 207 087
) 268 0.65
{0 e 2.02 - 18
S 399 0.39
112 558 0.23
glucose —
O 206 1.67
N\blﬁyl o -
A 229 1.19
115
glucose O — 202 102
2 248 0.50
N‘héi,ty N 1.51 - 16
S 391 0.51
114 556 0.67
glucose O — 201 094
N\ e} Q NO, 248 0.39
decy:)\ 392 053 1.44 . 16
113 557 0.69

Il n summary, t heN-d oarf l eueeknkcyel ogr acduhpes on t he swi
of the surfactants was negligible. The size

6 4



5 Results and -vdiiss caunsasliyosni s

shoul ders in the absor ptaman-tbhiaxnodcsh r ofmhiec agurxmLCy|
the chromene unit had the greatest i nfl uenc:
partially suppressed the switching between
established S0 gui ckl vy t hat I tramass emot b on
spectr oOnedreal.l , the observed bathochromic sl
measured for all/l compounds substituted with

conjugation QG nf otrhnee open M

5.7.21YV anaplyst s wift chabl egemr haktt ahk
chains

Schelhm& hows tvhies Uap &€ c 6 ylsZtdeint h gemi nal al kyl ct

dark | propyl  propyl
4 glucose —
0,8 — UV O
vis N O O NO,
—. 0,6 o:g 0
=) NH,
S,
@ SP/ MC
&) —~
S 04 121 UVJ vis
=2
(@]
N
f: 0,2 NO,
propyl propy|
glucose / O
(Lo s
0,0 - N® o0 oOo—
o}
T T T T T T T T T !
200 300 400 500 600 700 NH,

Wavelength [nm]

Schemé WVs apécspP/2MO . 025 mM in MeOH) at the thermal equil |
after irradiation with WY (sted)ngarsdvivicdii mlge p(rlcwee)s Iciagh:

The absorpti oMCbamdts cfoonp @tathaél er i rradiation v
are at 41 mandavhb@B are thus shifted to the

compar edN-alok ytlhaet ed sur factants. Furt hes abso
208, 243 namd N»90strong switching process wa
Ssubstiatnlenthe gemi nal al kyl chains seem to s

bet ween the two éeamdnemest hd»hy @mowmps can forn

to the solveamti | i gosgi blhyey st ructure and preve

As no clear switching process was measurabl e
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5 Results and -vdiiss caunsasli yosni g uv

Schemhm&hows tvhies U & c 6 y1sit.% m

0,8 4

——dark
— UV
vis propyl,_ Propy!

0,6 glucose —
. L e
S \
1]
— (0]
8 0,4 - \
c
@ SP / M( UV | vis
2 119
2

2 -
g 0, NO,
propyl propy|
glucose
Cri 3
0,0 N® (0] o—
\
T T T T T T T T T T T
200 300 400 500 600 700

Wavelength [nm]

Schemhm® WVs @apécSP/VIMO. 025 mM in MeOH) at the thermal equil
after irradiation withi Nt (sted)rhgarsdvivicdiimlge p(rmlciees)s c an

Four absorpt o n2Ima,xiatd,ad&HB2r e measured of co
119he two maxima in the | onger wavelength r
N-al kyl at ed photnoasxwintac htehse. sThhoer t er wavel ength

br oademoraen di MMthensadsor pti on bands do not show

after irradiation. Presumabl vy, the equilibr
established after conversion in the measur.i
propé&reiverthel ess, an attempt was masikowm r ec
I c he g

6 6



5 Results and -vdiiss caunsasliyosni s
NO,
| propyl  propyl | propyl
glucose — dark glucose
I N0 )0 5p s mc \© o o=
o 1109
\
0,580
0,575 " 0,01 —— Measurement
Linear Fit
T 0+
— 0,570
-3 0,565 E._
E %uo-
S 0,560 - S50 4
2 2
< 2
0,555 Tl
1 l,k=0. 18
0,550 - R2= 0.999
0 100 200 Y 2 4 6 8 1c
Time [sec] Time [sec]
Schem® Kinetics for the ringlapenthg ceacespondfngpmeopygyal
absorbance at the absorption maxi mum of the merocyanine a
conversion to determine the rate constant Kk
The equilibrium betweenesthaebltivwd eids ssnoe rgu i waks
irradiation that an absorption maxi mum of O
Af ter that , no change in the absorpThen ma:
reaction const akrt Owiltbld @l wal umamcdhf hi gher t han
syst @Oms.r al |l , It was still possible to achie
maxi mum t hrough irradiation.
| Tab8reecei ved data of the absorption measur e
storing in the dark are summari zed.
Tab8e Overview of the received values of the albls9@lpnhi on spe
the dark.
m Absorbance Ksp-mc
Surfactant > B
[nm] [a.u.] [s™]
glucose. P\ ProPY! = MY MY O
NOZ Z0oY M oM O
o o N=N MO0 M
NH,
121 PT= MIOMT
glucose butyl butﬂ E N M M"OZ T
NOZ =NT MIOO Y
o:g d n=s MIO= >
NH,
122 PTZXZ M HOM P
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5 Results and -vdiiss caunsasli yosni g uv

glucose butyl, buty! = NI M |‘OE n
O =22 MIOT M
NOZ 0.154
d nmMn MIOZ O
119 PP MIOP P
maltose V' puty! = MY M OO N
=nT MIO= =
NOZ 0.215
S, MMN M HOIM M
120 PPO® MIOMM =
I n sumtha&r ys,ur factants with geminal al kyl c ha
absor pti ohnhes pseucbtsrtai.t uents on the indole nitr
the switching behavior between the two i S0me
guickly that it was sometimes no | onger me .
spectrometer nafter i1 rradiatio

5. 7. i3V anaplhyostioss woifti cnheaabrl esur f act ant s

The -WiVs sapécstylslterrmhowrscihre cMé

1,4 —Uuv

] —ViS
1,2

1,0 4

glucose

0,8 +

0,6 +

04

Absorbance [a.u.]

0,2 +

2
i T T T T T T T T T 1
00 300 400 500 600 700

Wavelength [nm]

Schefmé WVs apécSPVIM®D. 025 mM in MeOH) after irradiation wi

| i Atbtsor pti on maxi ma in the | onger wavelength rang
The | inearllsbusr falckyalnat ed at the i ndwiltaheand t
benzopyran wuni't and a methoxy group iis sub

contains only auxochwiomedr awidingrogracelemgnech r ur
absorption MG@fnarsmoifn tthiree | ongerr ewaMAslhdarkgpt h r

6 8



5 Results and -vdiiss caunsasliyosni s

banadppeat st amabtidamds detaectbd® as wel | as a
shoul demmat A2y psochromic shift of these ba
with visible |Iight. Howewéoymnarlkanvwndsi df et hg
with UV light. The daompboeu nsdusb sw oi uhludk efddvwa mihc
groups to allow ring opening.

Since the equilibrium is almost completely
when i1irradiated with UV |light, no kinetic me

The -WiVs @apécsylslt8&rehowrlscihre e

1,4

— dark

— UV
—ViS

glucose

=
[N

=
[=}

o
o

SP/ MC
118 uv

vis

Absorbance [a.u.]
o o
B [e)]

o
N

o
=)

T T T T T T T T T T 1
200 300 400 500 600 700
Wavelength [nm]
Schefdmet WVs apécSPVIIMD. 025 mM in MeOH

after irradiation with Y r(omgod)ypa
are not visi

t her mal [

) at the equi
nonvimeaxbma (bl uédkr |l ogher
bl e.

Surfadtil#dmts a |l onger al kyl 1&.6alHaowdwvearm, ciotmpalus
anduxochromic groups. There is a band at 20

shift by UV irradiation. A very broad band

are two small maxi ma at 279 and 2n8i9f tn nwh ewh i
irradiated with visible |ight. However, no
here either when irradiated with UV |ight. T
nm and 5A80thm. equilibrium was already compl e
after irradiation with UV light and transfer

ki netics measurement could be recorded.
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5 Results and -vdiiss caunsasli yosni g uv

| Tab9teheadfhatt he absorption spectra measured

Tab%e Overview of the received values of the alblseddphi on spe
the dark.

Surfactant Omax Absorbance ksp_-lmc
[nm] [a.u.] [s7]
hexyl — glucose _
=MP NO N
/
|
A ZPP M OP O
116
heptyl — glucose —_
=MY MHOD T
/
|
A =ny M OZ M
117
octyl —_ glucose — —_
= NN MO =
/
|
A =no MIO= ¥
118
I n summary, the absohptionempieslkiyn naigd anmt s

the shorter waveheéeogtlcanabge assignedDue® 1t de

the absence of auaxuoxconcrhormoinei ca ngdr calnps, it was n
bet ween the Howweveromeby.i-atkodbcomgaaetch as
group, it might also be possible ™M&f eswmtch t
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5 Resul t

s and discussion | Surfa

5. 8 Surface tension measurements
I n this chapter, the surface tension measur e
described and compared wi t h each ot her T |
measur ement Wus$ hepylnaythee mentdhache detail ed cal c
subst-apeei fi cdeadt uie®headpsier. S2nde 2t here i s an e
of the open and mbestedehseumemeni sag tThhee r es u
values for mini m@m)weurref aacded itteinosniaolnl y measur ed
with UV and Tvhiesifbdlel olwignhgt .gr aphs show the n
curves of the surface tensiuonndse ro fa mbhiee nstwilticght
| nFi gulr9g he measur ed surface tension I n dep
concentrafNaobokhkyofhtehesurfactants with chains
757 = Surfactant 108 (butyl) 57 = Surfactant 110 (butyl)
i % R g T B * Surocant 13 oy
= v v Surfactant 113 (decyl) = "
S 65+ o= S 65 °
E v E
» 60 an » 60 .'
5 vA. L] ] n g [
0 55 o ] ‘@ 55 °
g v g
gso— s . § . § §50— o.
B 454 B 454 " . . =

® ‘ : : ° °
40 40 4 ¢ ° ¢

T T T T T T T T T T T T T T
0,0000 0,0005 0,0010 0,0015 0,0020 0,0025 0,0030 0,0035 0,0000 0,0005 0,0010 0,0015 0,0020 0,0025 0,0030 0,0035

Surfactant concentration [mol/L] Surfactant concentration [mol/L]

Figu®deasured surface tension agai nstN-addhren eotnedehttaialts on o

surfact @gntugs owiet las , hesdghdacu @ mtctaossiethad gr oup

The graph shaMsal tklydsautrefdarct ant s, a steep dec
tension occurs at similar concentrations. Th
of the surfactants must be in a similar rangt
at a similar r athee anedn stihouns trheedruece Thicesmec an al
val ues. They are all mmolarndarmgelldet welehrusQ . ¢
concentration for miceéebgerohormation is in a
The valcurecs mafxi mum i nterfaci alndc om me miurma thiecard
requi rfenme mthi ch were determined by adjusting
i mabl@
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5 Results and discussion | Surface tension measu

Table Summary of -$pecisfuibcstaaktees Ndonsnuereftakcgtia ndatsaiwist hobt ai n
plotting the surface tension against the | ogarithmic values
regression.

Clmi n Cc mcC Ami n

surfactant [ MmN/ m][ mmol [ Omod [ nih

glucose — 55 6 2
NONOZ 53.32 0.92 1.26 0.1
butyl 55. 809
10 8% '
glucose — 4 2 59
N\OINOQ 41.06 1.00 2.16 0.0
propy
43.04
111%
glucose — 4 4 00
NONOZ 42.009 1.11 1.320.1
heptyl 44 .03
11 4% '
glucose — 47 58
NaO.N°2 46.002 0.94 1.36 0.1
ecy
18 47.89
maltose — 44 98
NONOz 43.98 0.94 2.220.0
butyl 43.63
11 0%
maltose — 41 55
N\ONOz 41.20 0.91 1.57 0.1
propyl 42.50
11 2% '

The calculation of the head group requireme
O. hmMand ®GM13The value is determined not only
head group, but also by the side chain wuse
compodd&i th nh 1Due to the higher head gr oufg
maxi mum interfacial concentr at(i3gfhapetsaf tx.,1 .a:
since these are proportional to each other.

The values for the measured minimum surface
bet weenmM/Am5&ndmNb/s5sm.62l rradi ation with UV |igl
1i3mN/ m for all compournd® Ekcepshewsfabaantsu
the merocyanine form can reduce surface tens

the spiro form.
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5 Results and discussion | Surf a

Fig@fehows the graph of the surface tension r

di fferent auxoaxzbhxoamhromind @gmdaups. The <c¢chr ome
100s substituted with a nitro dridsashpdrtoxwt
with a methoxy group and bromine. The diffe

bet ween the spiropyran and merocyanine for ms

75 q

= Surfactant 109 (Nitro)
L | .
70 4 - e Surfactant 115 (Bromide)
u
£ 65
< | ]
E
n %07 °
g 55
g ° .
2 " " L]
@ 50 °
Q
8
S 45
7]
40 ° o ° o °
35

T T T T T T T
0,0000 0,0005 0,0010 0,0015 0,0020 0,0025 0,0030 0,0035
Surfactant concentration [mol/L]

Fig2Oe Measured surface tension againsftommectcamde i f Seiremto
auxochromi-auaoadhmraomic .substituents

The measur ement esuurbvset iftourt etdhOed engiptorson it o dec | i r
slightly hi gher concenguladtiiotnutteldd Acsotniplaoi usb d o
suggests thholssurbatctemtsol ubility, oamd yt meé m
hi gher <commernthreatsiuanf ace and reduce the tensi

I n Taklphysi cochemical data of the two surfa
and -amxochromic groups are summari zed.

Tabl® Summary of -$pecisfuibcstwaakees ocfo nsnuercftaecdt aaatrksly | iictfhfiae Mesn t
auxochromi-auradhmomi c chithsitigdielmy spl otting the surface ten
values of the concentrations, which were calculated using |

Lo,lmi n CcC mcC Ami n

surfactant [ MmN/ m][ mmol [ Omod [ nh

glucose O — 50. 34
N0 Vo, 49.80 1.29 039 0.4
butyl 49.50
1 0 9Ho

glucose O — 39. 70
N o Vs 40. 64 0.91 2.150.0
buty! 40.08
1159 '

The head group requiremeht susti @@ gwmifdhc aing | § |

reflected in the | ower maxi mum i nterfaci al C
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5 Results and discussion | Surface tension measu

FiglQidsechows the graph of the sur fsaucref atcetnasnitosn w

geminal al kyl c¢chains and different substitue

75 4 75

= Surfactant 121 = Surfactant 119
e Surfactant 122 ] e Surfactant 120
] 704  ®=m

70 L °
E . E .
> > 65 n
€ 65 E

u

n . 60 . .
S 60 - . 5
g g 55 °
o n o = n = n
& 55 ° 8 50 °
I T
g =
> > °
n 0 45

50 . | °

L ] °
' H 40 . .
45 T T T T T T T T T T T T T T
0,0000 0,0005 0,0010 0,0015 0,0020 0,0025 0,0030 0,0035 0,0005 0,0010 0,0015 0,0020 0,0025 0,0030 0,0035
Surfactant concentration [mol/L] Surfactant concentration [mol/L]

Figalne Measured surface tension against the concentration
surfactants with ameitdhey Ilatgeadn dssu,r fraicgthatn:t sN

The surface tension drops sharply again at s
l1180es it drop somewhat more graduall vy, i ndi

than the other t hree surfactant s.

| Tabl2 hpphysi cochemical data of the surfactan
summari zed.

Tabl2 Summary of $phecisfuibcstwaalcees of surfactants with gemin.
the surface tension against the I ogarithmic values of t he
regression.

Lo,lmi n C mcC Ami n

surfactant [ MmN/ m][ mmol [ Omod [ nih

propyl_ Propyl

glucose — 4837
N o~ Vo, 409 (U 086 089 018
o o] 4 77 8 (V
121N
| butyl butyl
gucose — 485 2
N o~ o, 4609 (U 128 016 098
ot & 480 (v
122N,
glucose propyl propy!
O = 530
N o=l Nno, 5287 (U 097 264 012
1199 5303 (v
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5 Results and discussion | Sur f a
i propyl Propyl
maose — 4]_62
N o—{_Hno, 4178 (U 079 094 017
4 \Y}
1209 ®8
The minimum surfadeaxiemsmohi mindi ndi fcfoenrcemnor
sur falkit mMthe mi ni mum sur fmN/em,t ewmbhsii loeh 29usrt fBa3c t3a0
| act@msethe head group has mMNeEmrowesiaatvahuaevi
Il i ght and, especially, visible |ight reduces
the head group appearlsueéenmcodaocore @ahgrpglaysi coch
Figwr2eshows the graph for the surface tensi
surfactants.
N = Surfactant 116 (hexyl)
70 . e Surfactant 117 (heptyl)
_ [ A Surfactant 118 (octyl)
€
Em— [ ]
7)) n
_é 50 - :'
g40— A.
(/3) A:: - °
A A 1 s
30
0,0000 O,OIOOS 0,02)10 0,0I015 0,0620 0,0I025 O,OIO3O 0,02)35
Surfactant concentration  [mol/L ]
Fig@aRke Measured surface tension against the concentr af
The three §u6lflacndah& k| show very similar V ¢
summar i zTeadb 1i8n The surf ace tensi on decreases
concentlriaablocnecei ved physicochemical data of
summari zed.

Tabl® Summary
t he

of
|l ogarithmic

-2 hec isfuibstt menicheiers e @ fb ys uprlfoatcttianngt st he sur face t
values of the concentrations, which were c:

ﬁmi n CcC mcC Ami n

surfactant [ MmN/ m][ mmol [ Omod [ n&h

glucose 32.62
32.009 0. 83 3.49 0.0
31. 88
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5 Results and discussion | Surface tension measu

heptyl O — glucose
I SaY
\

1170\

octyl — glucose
L4
\

1180\

31.97
43.98 0.94 2.22 0.0
43.63
32.03
32. 05 0.79 1.96 0.0
31.01

The wdlbwet he mini mumrseowf aake3 B.am®/ifno.n EXxXposur e

to UV and visible |light furtherldigdaowedgt ae
i ncrease. The maxi mum interfacial concentr at
group requirement increases with increasing

The minimum surface tension values of ague

S u

]

faatr &n irs nglee

S u

]

i n S 0ome cases,
phot oswitchabl e
32.@a8/ ®Over al |, p

t oNA®IFor the synthesized ph

factants VNistubb sgd miurteeld arl kyl chains, hi gh

rangi ngnNf mom TB®8. 7sOy nt b e s5i5z. e
surfactants show quite |l ow

hysicochemical valwues in the

were measured for many of the synthesized p

some of the values devi at e. The | inear surf a

f nor maslursfuagcarant s . This mbhgctal sbatbet eaee q

0
bet we eSiPatnl€f or ms
S
S

76

in Iinear sur f adtoasnfds ISIRi e s

de. This was al so -WiesnadnsNoMRas edemant e TWe

urfactants are in equilibrium between the o
I n some cMGfessr,mtihse mor e priesvoamgarmsts.e nThea nt vaa u e
solution can have a strong influence on the
surface tension was also measuredi ghphec¢i fainas
deviations were observed. However, not al l
specific wavelengths. Further errors in the
dilution errors, as well as the quatheyfiooft:it
curve had a major I mpact on the <calcul ated
concentration and the minimum head group reqg



6 Summary and outl ook | Part 1: Pt

6 Summarowtd mdk

The working PPr dup I|IDhdakbB|l utrkdy syrtrlies maedeh
surfactants with sugar head groups. ®Based
synthesi ze phestoaswirf altdabibhds umsnalquentangdhot o
physicochemical iscceempogatdsomEMNBI tihgdt sur f a
were to be synt heasipzierdo poyyrfarna nbeagsoitadesetnrgu ct ur e s
osugar surfactants.

Si nicte i s ksampiwmo pcyamastysnt hesi zed by the condens
and benzal dehyde, the focus was placed on t
Various synthesi s r oswtcecse shsefsudglayeistes bpedop bi |
head gamalplsyl <chai ns ast ohytdhreo pi hnodboilce taanidl sc hr o
bl ocAk st otldl n@efw i ndol e bwweirled ionb@F iabyl@aBoek s

New glycosyl ated and al kyl ated i
sugar
/
4GZ R

T 8 new compcYf 4 new compcyY 3 new compo
T 400 5% yie § 39%4t5006 yi e J 50% 60% yi e

5steps 6 steps 4 steps
Fig2Be Gener alsoftthetayathesi zed novel indole build
R = Me, asuegtaarmi=defjlact os e,

Mon@and di sacwehraer ibdoeusnd t oO-ghgc o % yhdkeildbne.hai n:
were introduced as hydrophobic uniFtisg@2Bye subs

| efltn) ad,divaonous ketones with geminal al ky
i ntegrate them into the i ndol e buil ding bl
(Fig@aBe cenMoare)Jover, a synthesis route was de
i ndoblygsz wloiup (Fiimggz Be r iAghptr)evi ously known synth
thus i mproved and shortened.
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6Summary and outl ook | Part 1: Photoswitchabl e s

Si X new chromene wearid dd ynwrg{ e gickesd 2 4)

New hr ombonel ding bl ocks

H H
0] (0] sugar
HO R' HO /
R o 83
29 \
T 5 new compol
T 806 9% yi el 1T 40% yield over
172 steps
Figeade General structures of the novel synthesized c
R = OH, OMe, .BR6 = NO

Various auxochqaoame clamamed rRAOwieoruegpssubstituted
chromemiet to obtain different swi(Fchidg pr oy
l efthn additi on, a synthesis roudgegaraswrietve |
the chromene (FBugRdenmg gthltgc k

Through <condensation and subsequemnbnawprote
switchabl e swerrfeacdl@ainadisned, whi ch can be di:
strucasrshoRing @ fne

Novel synt hesi zbeads esdp isruogpayrr asnu r

sugar —
Loy
o
R

A

8new compounc 4 new compoul

C
3 new compounds
Figabeuccessfully synthesized surfactants with switchabl e ¢
into three main cl asses :-albkryalnactheedd ,isnudrofdaecstha&mdt s uwiftafttMnt s w
al kyl B)hailnisne(ar CsurRa=x tBIr@t sOMe, OH; R6 =i 1Me., acetamide
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6 Summary and outl ook | Part 1: Pt

Various derivatives of A/Band welrree es ylnat soiecs i zte
create a database anandcomipwsiec ddtee npihcoatlo pr o
di fferent photoswitchable sugar surfactants.

Surface tensionwmeas prementmed t o obtain var.i
the physicochemical pr 0fmebd ki es of the surfac

Tabl4 Received value ranges of surface tension measurement s

Sur fac Umi n c mc . Ami n
[ MmN/ m] [ mmol / [Omo | 3 m [ n2n
A 391%56 0.91.92 0.392.1¢ 0.00. 4°:
B 40193.¢: 0.792.2¢ 0.1@.6« 0. 1P. 9¢
C 310i32.¢ 0.79.9<4 1.98.4¢ 0.006. 0¢
Val sausc ht mes cri ti cal mi (c m}talned amd ma emutnr astuirdm c e

(Gmiyof the surfactant solutions were ®heteained
mi ni mum surface tension was al sa mMea ssthroendn U

Tabl4¢a fcecovmpounds are in the range. of common

For some surfactants, the minimum surface te
l ength or t he si ze of t he h etacd ogprtoiumpi z @ o ut
physicochemicbaurtpophepmot ¢ ¢ stooal ditthieonallr eady me
surfactants shawlbd aben @olelreaqgtee dval ues, as th
evaluation are venyparomheukaguetrirbhmeumwo | so

influences the surfactantoés propertiinesnoirre soa

detwmridersptehcei fi ¢ i1 rradiation.

UMWi s measuwemenpsmwfiarmseent hessuirzfeadct ants i n me
sol uttioonsnvestigate the switchAmlhgo rbpethiaovn o3 p eoc
wer e r elcotafidteedlr exci tati on amnmafht erV sotro rva gse bil ne
I n addition, kinetic measurements were perfoc
the open and closed formsof Tihhéea s wrcemb/retdd e/ al
SP/ MC equilibrium afteummaniriianlafl ® n t he dark
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6Summary and outl ook | Part 1: Photoswitchabl e s

Tabl® Received val U irsanmeeass uorfe niehnet sSSP/ MECisty stt rensma | equilib
Surfac Sma x Absor ban ks rmc
[ nm] [a. u.] [ Y
2001216SP) 0.424. 67
24B268SP) 0.31.109
A 1. 32Gi1 2. GarC
390426 MC) 0.32. 29
550558 MC) 0.28.69
20B214 (S 0.20.83
23B266 (S 0.26.70
B 0.18. 21
401426 (M 0.26.63
554576 (M 0.068.55
206211 (S 0.92. 34
C -
248255 (S 0.26. 64

The absorption s pAeacntBrsah oowf fsouurrf ascitgannitf i cant a
of thand® faMme branchedAsguhfi dct @wt sgood sw

behavior. By irradiating them with the approc
be shifted to one side in a targeted manner
the solution. The equilibri 2@ vwndlsh apg aergtuii dli lby i
oft he two | somer taadBfiasittheest abl i she@he et ynagar
surfa€mannsy showeSlPFftomen.clAdsed iirradiation,
reformed so quickly that t ha .Tohpueso, $neir Mmc ftiomud
behavior was observe@Gafoerlineadi aurbacwanhs
l i ght .

Since t he switching behavior o f a few of
i mprovement , further deri valtn vpar twieawel atrgq ke
surfactants shoul d be -awxmpdhrermemea edr owd gt sh, aa
mol ecul es were mainly present in closed forr

the surfactants could also be meiaggeersds, usdeh

changes in pH and solvent.
Overall, the present results point to two sp
the stability of the respectigvei tsslbreetrist weamt

and thus the switching behavior can be furth
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6 Summary and outl ook | Part 1: Pt

i n which areas such reactive surfactants co

surfactants could be used in micellar drug d

Further mohe i dea of using siloxane chains i
consi dlehreeds.i | oxane sur f &eesanntsh ehsaivzee da taendda diyn v
byBl unk.'é¥Thake compounds show outstanding ph
I n addiltoaanes are extremely stable, l8ven wt
The synthesis of switchable siloxane surfact
research projects.

Overall, t he objective of synt hecs iaznidn g ar
phot ochemical i nvestigations of switchabl e
achieved. The compounds obtai nedrnrexhiebsitte dp rfcc

a wide range ioff hfeuppulriecat i ons
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7 TheoreticalPabacRgrélondbesednsusfidactcamt s

Part 2: Novel tblasserde saarftac:
7 Theoretical background

The gener al fundamentals of-basued asttiahtst amtd
presenClrapt.®he2f ol | owifonguse otiasmeldi aommd f |l uor e

sufactants.

7.1 Sbhasednfactants

I n addition to the classic al kyl surfactant
surfactants. The hydrophobic ch@i o ®ifo ntdlse s e
and are summarized in the Ut nheserlf act ant a
the hydrophobic silane building blackallyll i
l' i nKéde. speci al thing about silane surfactan
hydrophobi campohuitphabse due to i tlsSliimidmhobi
properties are obser Vé&%HoWweverf ] uoensarhacéc¢l aot
(PFOS) have been banned in the EU since 201
not degraded and are bell“¥éfdhd toche wascimhe
pl aced on silane surfactants, whichThawe si
achieve a minimum surf-26emNemsi @hi satakuefi &

ower than the value foB85maNymal eywd someacth

values of perfluor+i2nmNedpi$d mf eacdtddrttison(, 1@ hei
wet hydrophobic surfaces wistoh uaqoesusd ssislian
greater than that of Dacen vteon th $ognhafla cseu rafcatcitvai nt
uni que association behavior, t.Bielyamea es nmrofwa aits:
areftempl oyed as stabilizers in polyurfeohane
exampi’®Ehey are used i-wawatpgrgoamvrgsmhasmwmd prov
to be effective wetting ad°d¥nt Ssiyme agseaes t
sugar s ulr2f@d athamt si laossx graer tc hodi rm illdl§ doBhemla!l t |
resear clFigraddep



7 Theoretical b ebcaksgerdo lsrud fla cSialr

Du

h

u

y
S

Th

nw uw T u c

-

c O <© S

e

o

~t

-

a

123

Fi g26be Sugar surfact-aasedi thaansshoxale8i zed by Y. Shu

to the outstanding physicochemical pr of
rophobic | iquids anld2 Bfso amipnrgo, mitshien gs ucrafnadcit

i-enx tfiimeui sH#eng f oams.
re are twgnopessobo®otha@i ni ng FIuyrsfea diteantfsg:c ar
h silicon hrad d Wletsi -®& pwsd] bwlkei,ch is, howe
tabl e i n aqgueous medi a. Secondl vy, t her e
factants by hydrosilylation. These are m
d is formed betweensecbndomeahadodcasbdamer
table for the applicati oR5Bod tshiird amé¢amasi
i conl Zhidysd rhiydder osi | y| alt2e&di awiat ht raal rksgittai Uognz ende t
c Sichr M@ . I n the mechanCihsah kfilas t wlda tpd cat b yn u

atalyst is usually used. Rhodi umit3jiridium o

]

=]

7]

g

R-NF
125

Karstedt cat. *3 R
RsSiH RTN"si
toluene R

124 R = Me, CH,SiMes_ ... 126

R' = Alkyl, aryl, ether, ...

Sche&m2 Hydrosilylation of al kenes.
i ndustry, hydrosilylation is one of the n
anosilicon compound&Xassctchetdas ysitl,i evdim & hoii ls
t hicso wsoirskt, s of an organoplatinum campound
of t en hwtdirloisz.@%} | fadri on

83



7 Theoretical background | FIl uorescent surfactan
7.2 Fluorescent surfactants
Fluorescent surfactants are molecules that c
a fluorescent dye. This combination makes i1
i nteractions pafft 6 amf aotngpitesx, systems such as
and i n ddalriuglehriys combinati on provi des t he F
hydrophilicity and at the same time enabl es
to be ablydudstfedent aggregates. Various exter
aggregaehiaenob and thus dWPEY the fluorescence
Luminescenae physical phenomenon in which a
certain wavelength and then emits | ilgthti sof
described as spontaneous emission of radiat:.
or from a vibrati 8/WBepgneixicgnoark defkecditeas.i on
can be <classified in various types. Phosph
described as photoluminescence. Her e, t he e
photons. The photoluminescence takes place a
byedxcitation, which cdabbehisHgamiebge®r eby t h
Chapteaof 3PHrt Aflter absorption from the singl
states, the electrons can fal/l back in nonra
relaxation. Radiamndcfurtormantshd i loomwe sctanexigj t ed s
which can then be visible as fluorescence.
determine different interactions with the en
for exkyp-p &l ue, pol arity, pressur e, temper at
fluorescent surfactants have a wide range
i ndicator s, afdgorraclearbse.l ilnng aoddi ti on, the emiss
about the surfactants themsel¥%s and their a
Wang ety nalh.etshiez efdl uor es cle2miti tsBAWOrafl dPcdtdaidnftl-44 o r o
bor3dg-dli aizmdacenelilFi as2jey & -kweolwin dye with sharp
high quantum yields &f#®5%a high photostabili:t

8 4



7 Theoretical background | Fl

127

Fig2@e Fluoresceh2WistuROBmicBYaentsynt hesi zeld®by WwWang et al

They studi-eagdsdntbdhyaeli or of ameétpsopeacti ast for

imaging and phototherapy. The surfactant ef fi
cell membrane with |l ong retention time at | o
fluorescence intensiton nhoreasées!|l st hlaggdddg

that the surfactant can destroy cancer cell

could be a promising candild®8te for photodyna
Anot her common fluorescent dyedt ami mpbLbemeste

demonst rkdredg .ty gazld.e
O COsNa

(LI
(6] (6] O

128

FigaBe Synthesized fluoresce!® surfactant by Men

Thesyynt hetshezefdl uorescleng@say fagtaasteri ficatio
pal mitoyl chloride und€l6cahawegsi sgoofd pyyui c
properties adiflKowmanda thiilsi tcy.wbokeds tbde penetr
surfactants contiantnedhlkinmygosthmesi eadwesdrifawt a
cytotoxicity andvalpenardcyolonemptH poCabi ty.

they found that the surfactants can penetrat

reach the derm&8? | ayer of skin.

I n t hinsa pwhotrhkal i mi de and naphthal ene units are
Napht hal ene and its derivatives are already
and i magi ngNappuhrtphoasleesne dyes have a rigid ple
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7 Theoretical background | FIl uorescent surfactan

"system and show high quantum yields and exc
fluorescemtapht hat eme derivatives are suitab
can be easily modified IIB6IREBIEI* as donor or ac
Zhao .eyndahesized three differentaghthahi i ¢cea
as fluore@d¢aogmtleenit s

\‘118-12
Os_N__O

CC
)

/ N\ |

129

Fig2®e Naphthalimide fluthescerd d¥fFZaabamets asy

The surfactaomanshawel vowl ues of the Gmini mal
~3BN/ m) ar engienotfhethar cationic alkyl surfac
i ncorporation o f naphthali mide group's facil
i nteractions of the dye. The absorption and
regi on, which make tdisruedtacmani Esr iamggrebat i c
solutionl®ossible.

Yenupuri sgtntdlesi zedntabéet rhasedssehI@icttana
cationic imidaz(igafhe head group

Ao
-
\/’ Cl O,r\}}

130

FigB80e Naphthalene fluorescent sur flf€tant synthesize

They used steadyesbpavedahduoresecence techni
binding properties and interactions of the f
surfactanstosdi 0. gdodec8D)H swliftdntien (Mmi cel | es.

fluorescence sapteocotlr otsoc odpeyt earsmi ne di fferent v
example micropolarity, binding constant, flu
t he plitleWwiet.h t heir Yxmpwepdmenowphseswmowersatile
application of fluorescence spectroscopy ¢cé&

cal cul ati ons and measur ement s of surfactant

8 6



7 Theoretical background | Fl

determine and track surfactants, their aggre

phot ochemical properties such as changes of

Overabkarch into fl uortelmesentass wsrefnasm®tranti sn faor

of areas remains interesting and promising.
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Concept and motivationbhsedrsulkrfa€tantescent s

8

Concept and motivation

Sugar surfactants with siloxane and carbosi |

have already been a majBlrugrkeosuga racnhd twepriec sitl

i nvestli‘gdued to their outstanding physicoc!

surfactants find application in firefighting
Fluorescent mar kers are indispensabl® tool
bi oy!'#% and materlifhl $Shegyi make it possible to
and tbheehiarminorcompl ex environments and to fol
ti M8BFor surfactants, which play a central ro
processes t hraosusgghmhlhye iat sientfer faces or i n so
designed fluorescent anal ogues are avail abl
suadt ampgest e possibility of specifically tre
Ssystems. Using methods such as fluorescence
transport mechanisms, or the stability of in
The aim of this part of the work was t-herefo
containing surfactants, t o characterize t h
demonstrate their suitability as molecul ar
syaiseécFor this purpose, chromophore wunits shc
structures of a&asgahoRdngrdfidimect ant s
Eggz‘ogﬁzwg hydrophobic tail

FigBde Conceptual representation of fluorescent

The head groups shaowlohydotalkeessi b i ¢lhaiame s of

Naphthal ene derivatives Wwege8rRebhsoewls atsh ef |tuarr ge

S i

8 8

|l oxane surfactants.



8 Concept and motkFivacrn enbastPdsisuiid act art

(6] /Sko
‘ N/\/\S:,/ /\/\
O O- |
D <ol ﬁ*
o._* HO

o)
HO" S TToH 1 34l HO "OH 13b

OH OH OH

(0]
HNOH 12a bkq%lab

Fig@Re Tdhees ifrleudor ssgaut f act antl ocliatem$heeacet yl atedoslgamnotnit
be obtained due to difficul tdwersthegn maet d¥% nalt Mepiro.t ec

As part of th@ maasrtiea-dsotdmetsgatbh di sacchassri des

wel | sialsoxédrag ns were successfully l i nked t o
Unf ortunately, the final surfactants <coul d
i nvestigated, as the | ast step of deprotectd.i

At the beghhsai wghef final step to obtain th
134134d4houl d therefore be realized.

I n addiatr bossjildeen enliaidnd f erentwereetandessppeh

and | inked to tbeobtabno@moreexspandebdasdcat aba
surfactants and compareThéeéeef wi ¢ h eawhsypymtlead
should be developed. Al newly obtained surf
their physicochemical and phot ochemical p

measurements and absorption and fluorescence
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9 Results and discussionbdsddhargur2f.adtlamtrescent s

9 Results and di scussi on

The synthesi sswdsaurlfuaocrteassnctlesngwmiatelmns had alread
started as part df The oasmealusAam@sf st he
t wibe sicroendp o uanrdehr owrFi igmd B e

(0]
=,

Fig8Be Generalsostthet it @oresceantgas uihfeaan dyimlocepmssad hosi | ane
chains

Besitdlekes sugar wunits nacsi ehtyndd sotphhe |ai dtly dhixeaangénso b i ¢

side chains, napht haseomel chmtoe gnraapttenda |l d ami dler o
uni ts
The final deprotection step coul dt hneot d ebse r €

surfactants could amot ther edmtrai nelde physic
spectrochemical i nvestigatTlhhwnshe wtén emalstislill o
surfactants were to be synthesiatedombkefpart
d

eprotection step.

I n addition, the idea tascbsat ey dieoved ddpru ar es
sur f awti &batr © o scihlaa mes f oan ctoadnpamin®act ant s.

The following section provides a brief ove
compounds synthesized as harBreeofmpbobhedsnaweee
reproduced during tdoetdmcrer dlhet He saadd synt
i nvestigate tteavalribroksa d e nvei tcthai ns.
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9 Results and discussi onbds ddrdgur2f:adtl ar

Scheth& hows the integratiBén of chromophore

OAc

RO "'OAc

(0] BnBr

o]
KHCO; BFy OEt,
T e W, AT
HO 40° HO oo 0.0
135 18 h 15h 18h . . 137
80%, Lit.: 95% a: 78% RO ‘OAc

b: 81% OAc
a(R): Ac !

OAc ! Pd/C, H,

' biR): ! THF

o 3h
AcO . O:sz ! | a: 85%
OAc : /Si% b: 91%

HZN/\/\$i/

Schefd Synthesis rogltyeotsywmhthiEo:l d&mcidubsequent
wi t hsitlhhegehaleh@evel oped durdmigs™ihe Master

The synt hetitche omrtcet escttairanl D o cchhbtoanorp htolree b e :
138ccording to a | iter@hakrea tknltodiwn Septu basledue vt
t h@gl ycosyl ati on 18fi dthteo mophor e a4c3eatsi nu adrartieesd
oOoutAfter deprotection 3,7 tthhee bceomzmelr cieatl ey

aminiol ox3a@lkain was | inked to the chromophore
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9 Results and discussionbdsddhargur2f.adtlamtrescent s

Schetdéd howsf umet i onoafl iczhartoirbd@ydh or e

77

0y 0-_0 1.5 mol% Pd(PPh),Cl, ‘ o
4 mol% Cul, Et;N

e
THF OAc
OO 80°C,3h 0o _*Z

RO

Br microwave

a: 41%

b: 65% OAc
90 OAc 141

/

[TTToTmomemmeoemoeeeeey ; S'\O EtOH
! a(R): Ac ! S'I* 70 °C
' | ! 3-4h
: AcO ! N S,O a: 67%
! ' 2 ol b: 46%
| b(R): ACO o | \ ,
| AcO” ™ oﬁt 5 o

o

Schethéd Synt lgdsggdpaokpdht hoi ¢ ladrimyddsiubs equentsaddkanen of t
chal3@evel oped durdtmigeihe Master

To | i skgtamet s whobohgdh®hIenogashuplai ng was ca
out Tahmei nosildKanesubsequentl y r eacltdeldo wgietth t
the BInd.2e

The fresuyrnt hesompaoaduh4d@nd42veresed to inkestig:
deprotection stapep. pAedi mitdpalylcy s nlgeat ed naphi
compouhl&nd d)lwasapplfirdhe investigation of t h
carbosilane chains
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9 Results and discussion | Ca

9.9ynt hesursf adt ants with carbosil e

Car bosuniatase chemnetcd edar bon chains by hydrosil
to form surfactant structures.cdrahio ahesspur
had to be §yas$thewirbzcehde b

.~
7 <~ T
150a
~H.ClI THF
?' 80 °C
20 h
145 59%, o
Lit:89-91%  ©.
—§|H
cl
| Mg | 146 PR
. . e . .~
/SI\/CI THE /SlngC| THE /SI\/SII'\l/SI\
143 80 °C 144 80 °C 150b
3h 18 h
99%, Lit.: 1009
|/ THE o, LI 00/0
o-SICl| 80°C
18 h H ol
147 \?i,
Mg 145 \ \ \
| PN NN >
oA AN P VI aN . .
cI” siT s ciMg” si” si si”si7 s
Y THF S THF F
80 °C 80 °C
148 2h 1409 20h 150c
63%,
Lit.: 72 - 80%

Sche@B Synthesis routce rthoovscimatsmesli d$ emedfBPNVEBi ¢ tail s.
ByGrigmnamdti on the individual carbosilane chl
branched andSubhgodybidetdrids36 0O B f itrmai vi dual ¢ he
were obtained to use them for subsequent hyd
Asexpl aiimnetdhe prevheusi lsexdaneoen,wdre bound to |
amide coupling with the commercially avail
master '8 tFlobagsitshe synthesis of hhedrosarbpbat ac
allylamine and allyl al coh(®d h evagt ot hienrveefsotrieg af

Ssubsequent anoirdeesctoeurpilfiincgat i on

allyl alcohol |
or Si/
H allylamine e w |
\ | \ Karstedt cat. o
\S‘i/\S‘i/\S‘i/ SR XS Si
toluene .
80 °C X:-NH,, -OH
150b 151

Schefmé Attempted hydrosilylation of allyl alcohol
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9 Resul ts

and

di s c us shiaosne d|

sFul r uf oarcet sacnet nst S i

| i con

Under

al cohol
amine group,
be l i nked

orlb5a2l Il | avaisneas s umed

s ub s eq Secnhtel Gyg .

hydrosilylati on

as it i

s ¢l

HZN/\/
o} 152
DIC, HOBt
OH ’
OAG
0.0 CH,Cl,
0°C-rt.
N ., 1 3 8 24 h
RO OAc a: 99%
OAc b: 92%
a(R): Ac
OAc

Schefté Acptomhed

By ami de

yi esb 85 %
However,
chromopdh

condi

os e

ti

ons, n o
t hat t hi's
to tiltb® hmaa

with38a@ghthael en@r bosil ane

\ \
\S‘i/\s‘iH

150a

Karstedt cat.
toluene
80 °C
24 -27h
a: 36%

b: 41%

couplindg5amidkE5aeryd batnainnee d .
hydrosilylationl5wmt bvicdettos hkbanesdbdadtad mpo

and 37 %.
this route
due

coul d

taol kKphrees(B8ahe M@

not

be used

conver
was d
at
chain

if om s

ami dehyou@s idifgl caanridooans i1 l15&@the ma@mhinh.al ene

Subseq

for t

hydrosilylationl6édbhiechowohlkedtnotpl

—H—
OAc P OAc
0._0._“*7, 0.0
155
RO™ “'OAc RO™ "'0Ac
OAc OAc
Schefh® Representation of
bond present.
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Ther eftaviseg/,nt het $ we rrdcewted oped t oanmd yrotchaeg viozsd | a

c h ai(Scsh e @

Hsi )

Fmoc-CI 150

P Na,CO3 . Karstedt cat. Fmoc
e . -
H2N AN mOC\N/\/ N
MeCN/H,0 toluene H

H
rt., 15 min 80 °C
152 o5 156a % 157
A: 54% o
B: 60% piperidine
C: 58% DMF
r.t., 30 min
A: 52%
B: 59%
C: 66%
|
(SI\
A: H NS
~
N
159a
PN
B H2N/\/\S‘i/\s‘l/
159D
c HzN/\/\SI/\SI/\SI/
159c
HoNNH,* H,O
EtOH
80°C,2h
A: 58%
2 B: 65%
C: 68%
Crp )
0 0 150 o
160 _/= Karstedt cat.
HzN/\/ - . N N
EtOH toluene
65 °C 0 80 °C o
24 h 24 h
152 76% 1560b A: 45% 158
B: 57%
C:60%

Sche@® Acppomhed synthesasb odihtaiilese9a mi n o
Firsall yl392miwaes @Erotected by Fmoc, awnidahien par
pht halliSewde t ested whi chGahmssiysnitnhielsarsetf 6 ech e v
protection of the amine function |l ed to succ
by hydrogwsisl nmig&ktetrheeicead tal yAsftt edeelpr ot ect i on, t hr

ami nocar bosill5a9mer ec hmbinsensegnt hesi s route usi
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9 Results and di scusshiacssne d sFulrufoarcetsacnetnst si | i con

protective group yielAded3B %t @in d®)i3a81%dHge ou s e2 80
pht hal i ens deiseldds Af, 2B8% (@ndC) 31% (

Sintkeepht halic laenbhy dresle expen<ilventdhanr eF moocr
duri nGahHieeklgnt hweassi seasi er to handl e, this ro

the synthesie@nmifnecar,modskiglpaet el i ghtly | ower vy

Subsequently the ami nleismkecoltualithosbgh sucs®egy |tad e ¢
chr omophda& s s h oSwnh e im@

159

EtOH

70 °C
‘q el UG

3-6h von, 161163
C

OAc OAc

/ /—Si—
—Si— —si—

N\ N\
Si Si
(0] /_/_ \ (0] \
9@ 9@
6] (0]
OAc OAc

oo F oo F
AcO™ “onc 161a AcO™ "'OAc 162a

OAc 34 % OAc 38%

/
*Si* /

— \
Sl* Si
R~ o /%

0 AcO ©
OAc OAc /
o_ o F AcO o o_ o F
ACO™ oA 163 a AcO” > Yo “oac 1 6HL
OAc 80 % OAc OAc 72 %
/ /
/“SI* —Si—

0
A
OAc P N oA P O
AcO oo F AcO oo F#
0 0
ACO” Yo" N oac 162D AcO” Yo" "0ac 163D
. 55 % OAc OAc 91 %

Schemé@ Acpptomhed synt hesdli6dl 603fn @it6h83e | mi de s
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9 Results and di scussi

on | Ca

Thaminarshio ane 16@@ires successfully added to t

Thudg x :1ew coOwiptohu nddi § f epeechtcar bosi |l ane

chains

sugar moeeei sgynt hesi zed. Tshhea pyeide |tdbsBvaenisé h t h
signi fi canBtll yanbde h%le%)wi t h t hé& 5 Dbabmiaa(8 46 htaa n s

70%Addi tyi,onfdhdr med actdailb®axad59%mer e al s
the gl ycosyl atle3ddB yc har noindoep (Baotuepvh@ n g

HQNN\@
152

o 0
DIC, HOBt N
0.0 CH,Cl, 0.0
[T 138 0°C-rt [ T 1665
RO" “OAc 24h RO" “OAc

OAc OAc

o | i nk:

, 164D
AcO" “OAc 51 %

164a
56 %

OAc

\

(2]

165a ™ 165hb

AcO™ ‘OAc 30 % ‘OAc 50 %
OAc

no*“ I& M
Uo

Scheme Acpgomhed amidehcompfiB®gedf dic & f kb o scrhtad mes

Foururther carbosilane comphaplesd wa h ai
be synthesized bYi elndsdeupcotuopl56n .wer e

nmshecdul

achi ev
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9 Results an

d di scussbhiaosne d| sRulrufoarcetsacnetnst si | i con

9. RQeacet ylfattihoen sugar

moi eti es and

ficalr bosi |l ane sanmd acitlammX an e
The final step in the targeted synthesis rou
of the stgambtmainsthe polar head grlpupsi sDu
step could not be realizedefoo phei sithxapmre
within the scocpendafti omisstweoietkpireosvteedt he wor k
deprotoeclod newly synthesized carbosilane str
siloxane compounds.
| Schem& he deprotecitli ®aamgp dultddBer e s hown.
\ \
0] /SI\O ¢} /SI\O
NN NaOMe NN
OAc OO H C‘) _ (0.5 M in MeOH) OH OO H o‘
0.0 *sil 0.0 *sil
\ MeOH \
RMOAC 140 01(_32'[1't' R:Q',"OH 132
OAc a: 52% OH
b: 57%
a(R): Ac .
OAc :
b(R): AcO o
AcO O}ii
OAc i
Schem2 Accomplished deprotection andl3x2eservation of
The acetylated sugar compounds wer eusdemr ot e
NaOMe i niantitaelmpt se spve ofdiurcd ta f doaimepdiceotner e m & id o n
should then be washed. However, the compoun
became partially bl ack. Therefomus,jinghai héeret
aciamdubseqeanttlhyt pr.odHiocwesver , the extracti ot
di fficult. Due to the strong polarity of th
aqueousephRBinally, the product was neutraliz
then filtered off. After the crude product
chromatoghawhryewi | osanéadt3dretre obtained in

5%and
The

synthesis

57 %.

opti mi zedt te nwoarmkdouwm rfi 61 cat i
t heTld hde prsaotfd atcht ea
c omp o uldddsr ®howrscihre ma

of
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9 Results and di scus sbhiaosne dl sFulruf carcet sacr

| |
o) /SI\O O /SI\O
| |
‘ N8 NaOMe N
o. (0.5 M in MeOH) o.
o] S\( _ ¢} S\(
MeOH OH
0°C-rt.
05-1h
a: 92%
b: 77%
a(R): Ac
OAc
b(R):
(R): AcO o
AcO Oj&L
OAc
Schem8Accompli shed deprotection and fABé&servation of t

The densovieeld f adt3d&vere® obtained i Bagqao dT/e el ds
| oewy i eltdheofdi salcklhcami e derived from the fact
run with a methanolic solvent due to the str

rinsed down and the poodlaicdr dladt it me $ ea fwtasrhwea
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9 Results and di scus shiaosne d|

sFul r uf oarcet sacnet nst

silicon

FinaHdhewatr bosst manelsua edgnti6ower e

deprotected wu

same conadsi ttihoenssi | ox a®eh emdgnpounds
0
W\@ NaOMe /“)J\N
(0.5MinMeOH)  OH OO HN\@
o
MeOH
ROKKAJ/OAC]' 5 ‘41 6 5 010?2- ;t' RO“‘ "'OH 1 6 '61 6 8
OAc OH
0 0
| | | |
N e e AN e e
o m il m i
0.0 HO o 0.0
o'~ on 166a HO” >0 > "OH 166b
OH 98 % OH OH 88 %
i PPN i
| | |
/\/\ I/\ I/\ i— /\/\ N NA T
o LYW o SO
0.0 HO o 0.0
HO™ ""OH 167a HO” > Yo "'OH 167hb
OH 6 3 % OH OH 76 %
| =
Q S 0 _Si
N/\/\li/ N/v\li/
OH H ‘ H ‘ P
0.0 S‘i/ :(EK S‘i
HO™ oy L168a 168Db
OH 80 % 80 %

Schemé Acptomhed dep

rotection and pr els6e@r &vd@aqrnti6o8h of t he fi

Yiel d®%nto¥8%WfR t he desyilmedled e dter e achhesed

sinxew carbosi |l amceulsdirbfeacabatnaisned. Thel @Mar er
can certainly be improved by repeating the s
Schemé&provides an overview of the final pr o

napht hyl 6 #li6d3e s

100
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0
N NaOMe
(05M|n MeOH)
0
OAc O MeOH
0.0 05-1h
RO mope L 611 6 3 169171
OAc OH
i i |
O N/\/\S‘i/\s‘i/ O N/\/\S‘I/\S‘I/
\ \
0 o)
OH O "o OH _ O
P 6 g O o N 169
a
HO™ "'OH 38 % HO” Yo ""OH 70 %
OH o OH OH o
‘ N/\/\S‘I/\ ‘ P ‘ - O N/\/\Sl/\sl/\ -
\ \ \
o} 0
OH HO OH _ O
oo Z HO o 0.0 ZF
\ , 170a \ o 170D
HO" OH 49 % Ho™ "~ To 6 1%
OH OH OH
\
(0] /Siﬁ o /Siﬁ
O N> "Ng O N/\/\S(
o) ks( Ho o sil
OH | OH |
oo FZ HO o oo FZ
, 171a . 171b
HOTYTTOM 7 9 0 HOT o T on 51 %
OH OH OH

Schewmd Accomplished

deprotection

andl @2 e8ri¥hti on of th

Byedrot edtidre

carbosilehe&a rctbaBioeulnddds t® %3 8

were achHhHeewvedthe | ast sghbbesepeat eps osnbeo u mg r
yi el ds.

Overall, sufficient yields of all finailssurf
and physicochemi call nt oneladsnuerns mg sstus.f act ant s w
carbosinldaneexanewecleaiobst ai ned. Two mewe shyemarm e
devel,ovpémdmcIltuhdee synt hesi s of three newhami noc
opti mi zatfiiooha Iprfo ttehcet i Theos tneap ha hrad mopehor es co
thus be successfully integrated into the sur
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9 Results and discussion | Absorption and fluore

9.BMbsorption and fluorescence mea:

Absorpatnidonf |l uorescence spectr a-bafs etdh es ulré ascyt mi
were recor dgMe CNbodasOtoifbresach compound with a c
1 mol /L were mearsuclewdetitnesl The spectra shi
absorption or emi ssion intensi tvyi sagraainngset. tTht
extinction-weeéfcal entlsatnebdd eberaWw*H(E g u a tlifo n

withe abs® bameesubst anaodandoauweaithti ectkih@rs s

0 - N 10

The compounds were excited with the wavele
maxi ma. These can be foehatmidstimen Ispgeend uimn
Si ncebtshoer pti on apdcémiassefoonompounds with t he
unit are very similar, onl y aa bfeewespotteacai &
carbosilane and siloxane surfactants with di

remaining spect rAp peatddis&ke found i n

9. 3Alsorption and fluorescence measur

naphthal ene derivatives

Thabkor pti on ansdp eecntirsas ioofh 6Baar #haoccw iaing 3 4 e

N

MeCN (236 nm)

In
N
1

H,0 3507 MeCN (285 nm)
MeCN = H,0 (232 nm)
—— H,0 (386 nm)

[
o
1
]
w
o
o
1

o o o
IS o ©
L L 1

normalized absorption [a.u]
9 r
1

o
o
1

T T T 1 T T T T
200 300 400 500 600 250 300 350 400 450 500
Wavelength [nm] Wavelength [nm]

Figdde Absorption (left) and emi ssi onl@8angMe)CNsOalhde Ha of s«
excitati onsovWauelee ragrieleaii oant ed af t erc atphted osnol vent i n th
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9 Results and discussion | Surf a
A sharp absor pti onnm ntaaxni muen sage n2 3i6n Me CN. A s
with a | owecrc @nnsteethsiltry water, a hypochromic
at the same time the maxima are slightly s
(bathochromic shift). Tnhne isse cboanrde |nya xrientuong naitz
The emission specliG8aheafr| yuSsthdsatsaimat t o t he |
wavelength range. I n MeCN the maxima are a
decreases and a red shift iI's Vvisible. The s
appear to have a major influence on. thkre e mi
emi ssion |Iines also show many devinam.i ons. Th
Thabsorption asmpeéxemi samibéGé&Wi t h a di sacchari de
gr oapehowriigBbe
/
0 —Si>—
OH N/\/\Si
OH H />
Ho:([/k 0.0 —si—
0 \
HO” > Yo “‘OH 168D
OH OH
400
05 H,O = MeCN (236 nm)
| = MeCN MeCN (286 nm)
—_ 3004 ——H,0 (236 nm)
50,4 =]
8, S,
éo,s- 'gzoo-
:
UO,Z- 8
8 = 100
£ 01- £
5 g
0,04 01 e
200 S(I)O 4(I)0 5(I)0 6(I)0 250 ' 3(I)0 350 4(I)0 4%0 5(I)0 SEISO '
Wavelength [nm] Wavelength [nm]
Figd3be Absorption (left) and emissionlg8&hkngMe)CNsOalttde Ha of s ¢
excitati onsoWaueéelee ragrielsaii oant ed af t erc atphted osnol vent i n th
The maxima in both spectra are in the same r
monosaccharide as head group. However, the a
i's very |l ow in intensity. The associated ma:
andtftacould be assemedenbatytbé I e maxi m:
aqueous solution depends on the strong inter
groups with the polar solvent
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9 Results and discussion | Absorption and fluore

| i gBeehabsorption and efiidisamné¢alreainrma

shown. /
o —Si—
o
. 0
\
12a
0,7 -
H.O 400 - = MeCN (236 nm)
0,6 MZeCN MeCN (286 nm)
] = H,0 (234 nm)
> i = —
&0’5 ano i H,O (287 nm)
c
S04 5
g 2
Q = 4
ﬂ 0.3 qE) 200
©
5 3
8024 N
= g 100
£ 5
8 0,1 c
0 -
0,0
T T T 1 T T T T T 1
200 300 400 500 600 250 300 350 400 450 500 550
Wavelength [nm] Wavelength [nm]

Fi gB86be Absorption (left) and emissionlZaingMe)CNsOamhtde Ha of s«
excitati onsovaueélee mgriemdii ot ed af t erc atphte osnol vent in th

The s@leocotkr al most i1 dentical to the spectra of
But the maxima of the absorption and emissio

more intense.

| Fi gB@mehaebsor pti on apeaafmi sswrifoZnbatrahb wn .
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9 Results and discussion | Surf a

1,4 - 600 = MeCN (236 nm)
H,O MeCN (279 nm)
1.2 MeCN| 500 —— H,0 (239 nm)
— 3 = H,0 (290 nm)
S 10 S,
<, = 400
< k=l
% 0,8 2
5 g 300
%2
o6 3
8 N 200
N 0,4 ©
s £
= S 100 A
S 0,2 c
<
0,0 04
T T T 1 T T T T T 1
200 300 400 500 600 250 300 350 400 450 500 550
Wavelength [nm] Wavelength [nm]

FigB8i7e Absorption (left) and emissionlZhbingMe)CNsOamhde Ha of s«
excitati onsova v eélee mgriemdii ot ed af t erc atphte osnol vent i n th

The absmaptanmaen sl i ghtly shi htmedntdon mMark i MeaC M t
and 2®Mm9%9andnn29i@®@.AH maj or difference to the pre

be seen in the emission spectrum. The intens
i s much | owseaef tthhaemn @dqueous soluti on. The sil
di saccasrhedad group appears to have increase

| Tabl@& he absorption and emission maxiarhd and
synt hensapzhetdhal eneader s vama viesed.
Tabl® Photophaodi aakhdabhdeadr f adt68&h3.3

Surfactant OMbs - dem Solvent Chain Sugar
Le6m 236 | 1270000 350 | MeCN
232 | 177000 410 H20
236 | 770000 355  MeCN
166a 232 | 250000 i H20 Glucose
67 236 | 750000 355 | MeCN
234 | 400000 410 H20 _
168 236 470000 350 | MecN  Cabosilane
234 | 60000 @ 404 H20
236 | 780000 = 348  MeCN
166b 237 | 210000 376 H20 Lactose
236 | 790000 349 | MeCN
167b 236 | 80000 & 394 H20
237 | 620000 350  MeCN
132a 234 | 400000 395 H20 | Glucose
236 1240000 358 | MeCN oloxane
132b 239 | 190000 293 H20 Lactose
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9 Results and discussion | Absorption and fluore

I't is noticeabl e tdiagdaddh&esa cloampd ugardoesu pviitrh par |
| ower value for thHOexltnmnnaddioni eamefdai sl egl
hift can be seen in the emission spectra fc¢
Xtinction coefficients calculated for sol ut

> O 0

ead groups. The int ersaoMmiitchn swaadfert haes sau rpfod catr

nfl uence the absoEppge oinalalnyd telmda stsy dmo x y | gr

units create strong interaBubpophsomechapht hgl
derivatives, the emissiMenCNi.s Eswerciatldgndermr
sur f alc32att hough the intensities of the maxin
in the wavelength range is recognizable in t
negative solvatochromism can be concluded.

emi sspeat rsa. The aqueous solutions al most a

range compared to MeCN solutions, which <can

bet ween the excited and ground state.

Overall, al |l compounds show absorptiihnhomoamnd

tested .sol vent s
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9 Results and discussion | Surf a

9. 3ARsorption and fluorescence measur e
derivatives

| Fi gB@®Behaebsorption apeaafmi swrifomladr eh b wn .

l171a
800
0,4 H,0 MeCN (239 nm)
= MeCN 700 MeCN (350 nm)
- MeCN (367 nm)
&.03- = 600 + = H,0 (239 nm)
S %, 500 = H,0 (355 nm)
g 5
202+ 8 4007
< IS
© S 300 -
kel S
g g
= 0,1 = 200 ~
E £
8 g 100 +
0,0 - 04
T T T 1 T10 T T T T 1
200 300 400 500 600 300 400 500 600 700
Wavelength [nm] Wavelength [nm]

Fi gB8Be Absorption (left) and emissionlf%ang Me)CNsOatlde Ha of s«
excitati onsoWauellee ragrielsadii ot ed af t erc atphte osnol vent i n th

The absor paoifo m aspphet dhfadsah mwd et hr ee maxi ma. | n N
band is vimmbdrd atw® 39mal henr amamm. 5Ats I3i5@Pht

shift can 6e bBeeaddnt Hon, the smaller maxi ma
band.

The emission spectrum of the sol @ttinm.n T hhe Me
measur ement of the aqueous solution results

490m with many. irregul arities

| nFi gu3r9% habsorption and eonfi s s u o fi& dstpaenctt r a

di sacchari de ashlhevand group are
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9 Results and discussion | Absorption and fluore

Y NA.
Si_
O N \/\/\Si)
~N
0 \Si)
~N
171D I
500
MeCN (350 nm)
0,5 H,0 = MeCN (367 nm)
mecn 407 —— H,0 (238 nm)

; 0.4 @ = H,0 (355 nm)
% 5 300+
é g 200
o)
T 0,2 K
ks N
N [
| £ 100
£ 0,1+ 5]
[=} =
o

0,0 0

T T T 1 T T T T T 1
200 300 400 500 600 300 350 400 450 500 550 600
Wavelength [nm] Wavelength [nm]

FigB8®e Absorption (left) and emissionlAlihng Mte)CNsOa®mhde Ha of s
excitati onsovauélee mgriemdii ot ed af t erc atphte osnol vent in th

The spakso showabasror pti on and asmitshse opr dviino
compound with a monosaccharide as head group
aqueous soludrion i at®hhnet otvygar uni t seems to
absorption and emission behavior. Tohfi st hceo u |

hydroxywgtbupde polar sol vent

| Fi gdftehebsor pti on apeaafmi swrifoZalatr eh b wn .

HO
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9 Results and discussion |
0,40 -
700
0,35 4 H,O MeCN (239 nm)
s \@CN 600 - MeCN (350 nm)
570,30 MeCN (367 nm)
a, S 500 A = H,0 (355 nm)
< 0,25 - <
s S,
= S 400 -
5 0,20 ‘B
2 2 3004
® 0,15 - 3
- ko]
o @ 200 A
T 0,10 4 =
g % 100 - |
2 0,05 - e
0 ___’/f‘m\_
0,00
T T T 1 110 T T T T T T 1
200 300 400 500 600 250 300 350 400 450 500 550 600

Wavelength [nm]

Fi gde Absorption (Il eft) aonfd seonmiustsii
excitati onsovaueilee ragrielsaii oat e d

Wavelength [nm]

oonnd Jai f in gshuiter G NasOaiediie t H a
aftercatphhe osnol vent

Thentensitappsof pbhedt he aqueous solution
emi ssion band could be obtained by exci
excitatiom a$ 8bs%o very fl at. I n MeCN,

previous spectra.

The absangteéemepeaxafind b ook simspacttasitvaxtame
sur fak3davmt h a monosaccharnHidgeddaes head
HO ~ OH
0 A
O 3
— ()T
0O ~ i,O
~N
13b !
0,54 700
H,O = MeCN (239 nm)
600 - MeCN (350 nm)
044 MeCN MeCN (367 nm)
g S 500 - = H,0 (238 nm)
= S, = H,0 (356 nm)
5034 c
= .© 400 A
2 2
5 &
o2 § 300
e]
? N
N = 200
T ]
EO,l- g
E 2 100 -
0,0 - 04
200 3(I)O 4(I)O S(I)O G(I)O 3(I)O 4(I)0 5(I)0 6(I)O
Wavelength [nm] Wavelength [nm]
Figdde Absorption (left) and emissi onlJ3likng Mte)C NsCamhide Ha

excitati onsoWa v ellee ragrielsaii oat e d

aftercatphte osnol vent
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9 Results and discussion | Absorption and fluore

The maxima of the emission spectrum of the
the shorter wavelength range compared to th

above.

I n Tablaebs7ortphtee on and emi ssion maxi ma and th
naphthalimide derivatives are summari zed.

Tabl® Photophysical data of IThEk6dapdht hal i mide derivatives

Surfactant Sbs - dem solvent tail head group

239 4700C 406 MeCN
239 2600C 493 HO
239 4900C 402 MeCN

170a 240 2700( 492 HoO Glucose
239 3900C 402 MeCN
239 2800C 477 HO
239 3900C 403 MeCN
240 1900C 475 HO
239 4800C 406 MeCN

170b 240 2200C 485 H0 Lactose
239 4400C 404 MeCN
238 2600C 484 HO
239 3600C 403 MeCN

131a 240 1400C 475 HO Sloxane Glucose
239 4200C 406 MeCN

131b Lactose
238 26000 432 H20

169a

171a
Carbosilane
169b

171b

The naphthalim des show absorption and emis
than the naphthalene derivatives. The wvalue
much hiTgbernt enashsor mdlanxddn&a s omewhat | ower in
i n MeHODNvever, no shift in the wavelength ran:

strong sol vatochr oninc tihref leurd rscsd oins swiescitlrlae . a

is visible in the aqueous solution <compare
naphtkdaki smmhow absorption and emission in the
Among the two fluorophores tested, the napht

i ntense and stable emisdiacre,d wlyislte mshe xharmb d
but more environmentally sensitive fl uoresce
of sobventh different polarities. This compa

surfactant platform.
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9 Results and discussion | Surf a

9.8ur face tension measurements

I n

S i

t

0

his chapter, the surface teaasrnlbbnsimeasera

saméactants are described and compared

background to the meMddurggdlmaymne mesti mgd tdmed t h

calcul ation ofspehefisaubsbabhnesChiaspt @& e sTchreilb. e2d
foll owi ng grabpthsceedent h&ti on curves of the
switchable surfactantsAQunder ambient |ight a
| nFi gudr2g he measur ed surface tension I n dep

concentrtahseunphadtodinad®s dhfferent carabreetowane cli

B al [e2] ~
o o o o
1 1 1 1

Surface tension s [mMN/m]

w
o
1

20

-
2

= Surfactant 166a [ PO = Surfactant 166b
e Surfactant 167a 70 e Surfactant 167b
4 Surfactant 168a - A Surfactant 168b
E -
° S 60 - A
A S
. = z
2 < 50- 2
. K]
(%)
nt E . ¢ Y
. e g 40+
R L u [ 8
° ° ° S
N 30 =
A A A L) = ] ] n
20

T T T T T T T
0,0005 0,0010 0,0015 0,0020 0,0025 0,0030 0,0035

T T T T T T T
0,0005 0,0010 0,0015 0,0020 0,0025 0,0030 0,0035
Surfactant concentration [mol/L] Surfactant concentration [mol/L]

FigdRe Measur ed s urnf adcee etndesmicgrmoéent r at iwoc hofb osurd famet armtad n

Th
as
at
t h
t e
w h
Fo
de
di
mi

Cca

e

h
t

at

S

c

r
a
i

b

Left: sur fgacutcaonstes awvsi,thhe ad hgr ovd d afcaaodsema asd gr oup

gfFapghMrRe | eftthe wnegahsured values for the st
ead group shows that the surface tension
he same concentration. This indicates ¢t}
the carbormso |l aingnicfthiagc anthaisnfl uence on th
ion for Tth&®a ¢ dmpgthepdld car bosi | amMN/ ngc,hai n
h is | ower t han 1t6h6aan @l 6 8(a3t5h.e0 61 ianmeda r® R2c. h7a9i n
surtwwathanasss et he heRidgyPeoupghhe surface t
eases more steeply at | owlebr6cdboonhaéehéengt i c
rbosil ane chain. The mini mum nsNu/rni.acTeh et er
mum surface tension me ddT laendl -sWiatple d t r i
0sli6l8ebaer el ati vely hiogoN/ amt 43.32 and 43. 4
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9 Results and discussion | Surface tension measu

The valcuecs mafxi mum i nterf acgi alndc aom cme murma thiecard
requirememthiAh were determined by adjusting
i mabl@

Tabl& Summary of -dmecisfuibctwalcees caf boecihfaa entsa notbst awintehd by pl ¢
surface tension against the | ogarithmic values of the conce

l?lmi n cC mcC Ami n

Surfactant [ MmN/ [ mmol [ Omo#/ [ nin

O
N~
H | 35.0 O0.86 2.96 0.0
glucose 16 6 a
i | | |
s s s
H %% 32.7 1.39 038 0.4
glucose 167 a
|-
(0] /Slw
HMS'/ 26.9 0.92 1.55 0.1
glucose 168a S‘Ii
i \ \
e N e N e
H ST 25.2 1.03 1.46 0.1
maltose 166b
i \ | |
e P R N e N
H sTeTST 43,3 1.03 3.51 0.0
maltose 167b
|-
o} /SiW
H/\/\Si/ 43.4 1.009 2.22 0.0
maltose 168 b S\(
The mci s similar for al |l surfactants. The |
tricar A®swal tamegl ucose as the head group. The
with the di1e66@anbdo stidllemmpied cafdb68aiTlhenehi ghest v
for the maximum interfacial concent rl&t7ibon we
andl68b tlactadaset he hydrophilic unit. This al s

the head group rmemuiFRoermetnhtel GsuwaiOf. 80c7Tgh ot ose, ar
| ower valogdaofl . ®5gh interfaci@rolwsmrcentr a

cal cul at ed.

112



9 Results and discussion | Surf a

Overall, no gener al conclusion could be dr a
shape and size of the head group or side cl

combination of hydrophilic and hydrophobic wu

| i g4tehe surface tension measuremenisOaf th

antl4 Oadbreompar e

= Surfactant 140a
'] e Surfactant 140b

70 H

B a [o2]
o o o
1 1 1

Surface tension s [mN/m]

w
o
1

]
20

T T T T T T T
0,0000 0,0005 0,0010 0,0015 0,0020 0,0025 0,0030 0,0035
Surfactant concentration [mol/L]

FigdBe Measur ed surnf adee etndemicgrmonéentrati on of surfactants

Wi t h bot h surfactant s, t he sur f ace tensi on
concentration, which indicaa®ismithanr ¢ dleulhiwloi

|l Tabl® he obtained physicochemical values ar e

Tabl® Summary of -$pecisfuibctwaalees sdfl oxltrafeancst aorbttsa i wmietdh by pl c
surface tension against the | ogarithmic values of the conce

ltjlmi n cC mcC Ami n

Surfactant [ MmN/ [ mmol [Gmol #r [ n#h

|~

O Si.

H/\//\SZ/ 22.2 0.80 8.46 0.0
glucose 1420 \S‘ii
o) /S‘i%
H/\/\S(i)\// 34. 3 1.10 1.91 0.0
maltose 14 0 b S‘i\

Wi th the sil olx4daQneeh i scthr fhaact ggitucose as its heac
for the mini mum surmNdewea stbdg rasg inemd .ofLo2v2.r2¥al ue
cal cul at ednafnadr tthhee head gr,ouwhriecehqunhedmémntgher

val ue for the maximum interfacial concentr at
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9 Results and discussion | Surface tension measu

Figddsehows the graphs lfeor 7dvapht carbmsdéane c

70 - & = Surfactant 169a £ “ = Surfactant 169b
- e Surfactant 170a 704 ° e Surfactant 170b
_ ° A Surfactant 171a ] = 4 Surfactant 171b
£ 604 n = A
5% 2 = 60 .
E = €
—_ L
” (7]
50 4 A
c = < 50 L
o A o
2 2 .
8 407 "a 3 =
2 : 3 401
8 A E ® .
S 30 1 =
a 1 A N N a A ° u - .
. ? ] 307 o ° °
204 1 4 A A A
T T T T T T T 20

T T T T T T T
0,0000 0,0005 0,0010 0,0015 0,0020 0,0025 0,0030 0,0035 0,0000 0,0005 0,0010 0,0015 0,0020 0,0025 0,0030 0,0035
Surfactant concentration [mol/L] Surfactant concentration [mol/L]

Figdde Measured surnf adee etndemicygrmoéent rati on of surfactants \
Left: surfactants with glucosel actabebedadroueupright:

The measurement curl6dk7®iotrh squirdcacdseanas head
a very similar pattern. The solubility of th
Values for the minimum surface mN/nmi wer det
obtained, which are in the | ower range compa

The values for t he mi ni mum s ur flaaccet aosseen $rieo n

hydrophilic unit are also quite nmN/wm. rTahnegi r
measurement curacdcsosefoumeseal so initially she
in surface tension, but the I inear fit res
interfacial concentration and ad es moTwanbrhite)m h e
20

Tab2® Summary of -dhecisfuibctwalcees caf boscihfaa enesa notbst awintehd by pl «
surface tension against the |l ogarithmic values of the conce

ltjlmin c mcC Ami n

Surfactant [ MmN/ [ mmol [ Omod/ [ n%h

(0]
glucose : NTISTSY 23,8 1.06 2.18 0.0
168a
(0]
glucose : N 24.4 1.03 2.11 0.0
170 a
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9 Results and discussion | Surf a

0 si”
/w/
glucose :.O NMSL 27.0 0.06 18.3 0.0
5 si”

171a A

(@]
maltose O N/\/>Si/\8ii
: T 30.4 1.03 2.54 0.0
(@]

O ’
\ | |
maltose N5 s s

O si7
/w/
maltose _.O NMSik 24.9 0.93 7.18 0.0
sil

O
171b |

The mo al vaerse al | in a similar range. The hi
concent(rlad.idlonafuol?.an&® thus also sther | owest
mi ni mum head gro(@p. 0legandewkerr@dt aiwietidh e

T-shaped carlb/olsan il ahlers addi ti on, dmef vahees W

compounds with 0.06 and 0.93 mmol /L is very
Overall, naghtvhiatls mipded chat hsodti flewommar
carbosilanes. However, all valcumer d oirn ma nsiinmui
range.

| Fi guwWurSe hseur face tension measurements of t he
naphthalimide l8AmdMapbopkstted.

-: = Surfactant 131a
e Surfactant 131b

~
o
1

» a1 D
o o o
1 1 1
n
[ )
n
u
[ ]
[ ]

Surface tension s [mN/m]

w
o
1

T T T T T T T
0,0005 0,0010 0,0015 0,0020 0,0025 0,0030 0,0035
Surfactant concentration [mol/L]

Figdbe Measured surf dee etndemicgronéentratildviofh sud oxamantchai
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9 Results and discussion | Surface tension measu

The curve is similar, but the surface tensi
reaches a | ower value for t h emNdim.i mHonw esvuerrf,a c
val ues are slightly hi gher tsthaapetdheambasul

surfadtrdnt s

Tab2Bummari zes the calcul ated values of t he

Tab2& Summary of -$pecisfuibcstaalcees of surfactants with silox
surface tension against the |l ogarithmic values of the conce
OUmi n c mcC Ami n

Surfactant [ MmN/ [ mmol [ Omod/ [ n#h

0 si”
~0
':Z 8
glucose N (55' 40.0 1.10 1.34 0.1
o) si

13al
20 >,

maltose — ) N 32.3 0.89 3.45 0.0
_ ) Osi”
13b |

Themd or sil oxanleld bwo hfacuaoss et he head group i s
with glucose as the hydrophilic unit. The m
| ower , and thus the value of the maxi mum i
values of both sill3daxraenei nsua f acmahts range
napht hablasmeidlecar bosi llan9d 7dur f act ant s

The minimum surface tension values of ague
surfactants are i nmN/hWIrnannagdediotfi o2n7, tpa ed ous
shown that the surface tension of an aqueol
bet ween 2mMNAmdbg3siloxane surfactants and t
26mN/ m by surfactants WMWY arbosilane chain:

I n concheamdaanyr etlestcuwsedi n t hsbkcewthlagptt eal |

fluorescent synutrfeasitzaend sishoswhr sacdehesemsi og

effects in the range of known sugar surfacta
of known siloxane and . c aHobwesvirelera,nient e gr aa ¢ o
chromophores has a significant 1 mpact on t hi

ma ntyhfel uorescent surfachkianeésaduend aokdéesosiungoann tohr

si|ldbased surf adabeandtowe st val ues wer e achieve

116



9 Results and discussion | Sur f a

group, glucose. A general trend for siloxane
t he chromophore uni t cout d wast abseo deoendi
physi cochemical fpr oipnefritueensc ealr eby the speci fi
hydrophobic and hydrophilic wunits. I n ordet
addi tmpaslrements comoduwlatheldbe he previ ous me a
repeatleld measurements performed are susceptil
accuracy of obtsenktadctresslitsgsc|l dhe wei ghing a
especially, the adjustment of the frit | ine.
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10 Summary and outl ook | Pdrats e2l: sNao V¥ alctfalnu er esce

10S8ummary and outl ook

The aim of tthhies swartfkbevsdcssuarff act ans sbaeqgueéinte
photmd physicochemical i nvesfThgatsiuomn aact anh 8 s
to be synthesizepdplbtyhatnameegmoartkongst ruct ur es ¢
surfawti aimt $il oxane and carbosilane chains

Gl ucoslkaatweksree chosen as the hydropthadndc tsaiga
the chr om®mh oyrce slyy aloi noong acsrb ubpylai n g .

Tweynthesis routes wer e dceavrebl oospilel @d(fFhicsy dshyent h e s

and |link them to the chromophore.
Nevwmi nocar bosil ane chains
| s'-/
|
HoNT 87 s si” HZN/\/\Sli/\Sl.i/ P
I I HNT s
159b 159c \Si)
159a™>

T 20% yield cY 35% yield of 3% yi el 3s toev

FigdbeuScessyfmutlHegsiszear mmmiciml@aa mes f or the synthesis

I n order to |link the carbosilane chla3i,8n$ heo t
carbosil ane unictosn nfeicrasetg rhianda rtyo abnme n e . For th
amine function was first proteseuobsdgbpntahpni ou

t hfei calesibly hydrosilylation. After deprotectio

successfully |Iinked to the naphthoic anhydr.i
The chains wer@glly cnkseydl atoe dt Hnehlipyh t damii e aco wWp |
with allylamine and subsequent hydrosilyl at
carbosilane fragments.

Asa final step, following difficultillds tehrecoul
deacetyl asugarwdinntdeccessful |l y c aBryr iuesdi nogu ti oir
exchangers, the final surfactants could be o
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10 Summary and outl ook | Pdrats e2l: sMNao ¥ alct fal

Twel ve cdiafrfbeorsemtaima@ct ants weRiegdsifyent hesi zed (

New!|l uorescent sugar surfactants w

O (0]
N/\/\Si/\Si/ H/\/\Si/\Si/\Si/
sugar sugar
166 167
T Two new compound g Two new compound
T 19 vyi el als toevpesr T 15% vyi el als toevpesr
N\
(0] Si
AN
Iseane,
NG
sugar /SI\
168

T Two new compounds
T 160 yi el aGls toevpesr

Si
S/ N i/

sugar, (0] Si
— Q _/—/ N sugar (0] si— \
: =L
W, N
b W,
O

169
170
T Two new compound g Two new compound
T 20% yi eTdt eoepreer T 1% yield over 3
</
Si—

/
Si

sugar, (0] =\
=38
N VRN

0]

171

T Two new compounds
T 1% yield over 7 steps

Figdi7e Sucdesysnftithlesi zed fl uoresckeonoghaiendachAlaint sompao

wi ghucarmskkactacssenydrophilic head groups
Thear bossiulrafnaect ant s wegkuodsthad taads evietald gr oup
in sufficien?” gtepdsfovesubsequent investiga
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10 Summary and outl ook | Pdrats e2l: sNao V¥ alctfalnu er esce

Thiephysi cochemi cawepeopaeveise¢es gated by measu
tension of dihleutdiaoa semadé3dwered coll ected by

Tab22 Summari zed data of the surface tensioon tnmeea scua rebmesnitlisa
surfactants

Sur fact Omi n c mcC » Anmi n
[ MmN/ m] [ mmol / [Gmol? m [ n%n

Amides 25i83.. 0.86.3!' 0.38.5 0.0686. 4
|l mides 23i80.. 0.06. 1 1.388. 0.00. 1

Over bbvla,l wi@es e in the range of known sugar ani

Four hewor eswceartir f acwiatsii $ o xamai wesr e obtai ne
(Fi gdBe

New |l uorescent sugar surfactant

N/
Si \

O/

(O XN
1 |
= N e
o N_/_/ AN o0
sugar Si_
O /
o

13 12
T 2 new compound:sY 2 new compo

und
T 24% 3 yi eldstoevi 200 128 % yi el d

(0]

FigdBe Sucdesysnftthlesi zed fl uoresckeotghaiens$a
compounds weregbbtamsbaedtasss enlydr ophi |l ic |

The compounds were obtaindd shepsfhndi eoul di

f sr ubsequent investigations.

Thiephysi cochemi cawerpet epeoretstegated by measuri
tension of dainlduts ws esgeureifietse | dme ar afriet summar
Tab2 2

Tablka8 Summari zed data of t he surface tensi oh mbas sl ¢ nxmatng
surfactants

Sur fact Omi n c mcC ® Anmi n
[ MmN/ m] [ mmol / [Gmnol? m [ nZn

Amides 22i84.. 0.8Q@.1¢t 1.98.4 0.06R.0

|l mides 32.140. 0.89.1¢r 1.383.4 0.008.1
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10 Summary and outl ook | Pdrats e2l: sMNao ¥ alct fal

Theal ues wer e someti mes | ower btit uoarlessoc elmit
surfawiamt sarbosBluane,yv ethtaadi Inrsesul t s of t he me:

within the range of known wsiutghaoru ta ncdh rsoi moopxhaonr es

To investigate the photthoec he mi,@adstogpmptaspdnt i es
fluorescencwersepedefiaet eddke.t ect ed maxi ma are ¢
Tab2 4

Tab24 Summaermizsegina@n absorption maxiaadosi § hrebh@watrdrotss | ane

Sur f ac abs 9e m

_ 236237 (Me 348358 ( Me
Ami de

2322390)H 376410220)H

239 (MeCN) 40406 ( Me

I mides38240,00H 43249300)H

All surfactants showed strong absorption. Th
|l ower for al most all agueous solutions than
spechtamyteoklei fts to | onger wahelsogbhs anebe
and sil oxawnenoursiitgsiinfipéaacra nt he absorption and
behaviosuofath@hestwo diff dramstt rvazp utreasl eamd
selected solvent had the greatest influence

Some of the surfactants were difficult to
di saccharides should primarily be wused as h
auxochrome groups should be bound to the ¢
I mpreoolkubi &i 6§y ébpomhance the ability toforluore
expansi olni bfarnryheof fluorescent surfactants a

photochemical dat a.

The enhanced fluorescence psrtowptelret i @ g g rceogud tdi
behavi or ofbys unofnaudstoanngtngj | uor escence micr oscofr
surfactants could be investigated for appli

sensing in diff.erent environments

I n sumim@rypew $Hiakiedomugar waretactyanthewo zed a
fluorescent chromophores wer e suceangdf ul |y

photochemical investigations were conducted
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11 Experiment al Part

l1IEXxperi ment al part

11 Gener al met hods

Gener al conditions

| f not stated different, reactions were per

Li nderBEgon 4.6 (99. 996%,1 PHlp wposponBg-tht be&hni que.
The glass equi pment was heat éd tuamdee rb | voaxdt wourne F
and flushed with argon before usage. Solids
cur rvedat f unnel

Liquids weirag seedpdeudn using syringes, which wer
with argon three times. Solvents werBe crheamove
rotary evaporator at 40 AC water bath temper

vacuum pressure with an oil pump.

Reagents and solvents

Commercially available reagents were obtaine
e. 8§i gma AAldfra cRAes ars OrTgCathlixpshanf@ar bol, utaindn

were used without furth-emdpumoisfeinga teii ovre. rlem ca

solvents were distilled before wusage. Di chl
calcium hydride under an argon at mosprhere. T
di stilled over sodium and benzophenone wunder
solvents | i ke DMF, toluene and MeOH were dir

sour ces.

Chromatography

For TLC analysis, silica gel 60 FMédwipiliat es
used. The corresponding anakHlytgens wear ebyd eptoetc
permanganate sta4n2032001Hp &K &KMn Q@@L -s50% uNa @H i r
30mL 20) . Purification by column chromatograpl

i (-B®mM) by t heAcrmmglradhrey sol vents used and the
ratios of the mobile phase are given in frac
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11 Experiment al

NMRspectroscopy
NMRspectra were Breckherramreade ol a300'§tHz7 5 MHz) ,

Avance I'HiI ®®!'WHz126 MHz), Avance €L 500
12B8Hz) or Avanik:e 600 OHZA, 5013MMHZ202 MHz) . Al |
were measured at room temperature inscommon

DMS@s, Medd®ndOP and referenced to the interna
case of proton spectra or to the solvent sig

are reported in parts per millJapa ¢gppeh BandH
(Hz). The multiplicities are given by s = si
m = multiplet.

Gas chromatography wi®&Smass detector

GGCMS measurements werARgiclheaduclyB@&®®d cambi ned

a mass det escH30o/rrNHyMISDo)gen was used as the car:
of 1.7 mL/ min and a pressure AdilOeBt-HBBB69 AS

HRS MS30 m A 0. 2Bm) mmat 0se8. The intensities
to the peak with the highest intensity (100
program 50300M (50 AC for 2 min, 25 AC / min

Hi gchesol uti on mass(BR®troscopy
Hi gh resolution mass sSsPHERM@ Serentrietiocded@Qo

using the electrospray ionisation method (ES
was applied. The capillary voltage and the t
Fourtransformed infra¢BEB@R)spectroscopy

I nfrared (I R) spectr aPew&kriew Blpmas vued-ITRwn &T
spectrometer with the aid of the attenuated
wave nuabreed sreportedheéeni ctmensities are defin

medium, s = strong and br = broad.

Mel ting point
Mel ting points of obtained solids were meas
Bechi wBR45 a heat rate of 2 AC/ min. The measu
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11 Experiment al Part

UMW ispectroscopy

UVMi s analysis was per ffil0mesdgewcdirmogned ed@Bvac da hV
Peltier thermostatic Alilngrhea spuwrse mea ntns cvwedrle hp
0.025 mM solutions at 20 AC wusing HPDRS or Lf¢

cuvettes by HeHdwmaoenpuanegd.

Il rradiation of the sampl es
UMi rradiation was done usG nganmp KMintdendl 5Bend
wavel engtmm.of Fa2r54i rradi ati on WwiLtERD wiosnishtlreu clt

spotlight was wused.

Surface tension measurements

Surface tension measur eméf BAC wesri en gp ear ftoernnse d |
t hkr ¢seempany, -InbTdheel nkeasur ements wer@uceaerrie
dei oni zedveantgd.ues wer e deter mi ned from 3C

(measured every 3 seconds).
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lXExperi ment al PhlPatras Wi tPaahrablle sur i

1138ynthetic procedures

Part 1: Novel phot oswitchabl e

112.1 Synthesis of different sugar buli

11.2SY¥nthesiRkk SSAf R (Br2-(acet oxy-&etRhRBI3 B -
4 ,-bi aceR-pxyet oxy-fet dmd i) et FZH-byd-ﬁ-ml ) oxy)tetra
hyd2Hpyr-8n4t, 151yl t Adidpcet at e

HBr
:(\'\/k 33% in AcOH) j}/h
41a 440D

Foll owi ng a Qurloacteld’lU&.t®adlf.3nmo | , en..Q00 o laugar
were dissmLvet i AAGOIMSEDH( 3dnoll, 3. ) BBB% i n

AcOH) was added dropwi svaal Thheverdetdootrvwa mammi xsttu
for 6 h. The mixture was quietnocthe dwatye rp.ouTh en
phase was exteeCadctEBlle wli aherCH were separated a
dried over TMEeSOsol vent wa s removed5.ulnpdder r
(7.MMmo1>99,% Li799)% of the dedédlwvad phodunttd a:

col orl ess foam.

The crude product was wused without further

product .

AcO__, OAc

AcO 207 (0] Br
M(£HsBr © 699 .g45mol . $ool 9,1,

AcO” Y YO "OAc
Rt ( Sk,€MHex/ Et OAc 1: 2) = (A5 50Ac
IH-N MR (500 MHz),0 pdoDng]l6 .=5 23Jynd, 4. 0 HZ,2°

5.63344d,9. 9, 8.90WHz, 53474 XH.d9 |
H6), 5.3%w=(H@.,6, 9.5 Hz, 1H,

H4), 5344& ©t 9 HZB,) ,1H, Bu=(dd, ¢
Hz, , ¥8, 4. ?4u=( ®d 8, 4, QHlHz 445H
(m, , T, 44384 (mHO FHMOH, 441Q6
2H -84, -7H, 3.Vk=(HO,2, 3 .- Hz, 171
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11 Experiment al Part | Part 1: Phot oswitchabl e s

OAc) , 2.12 (s, 3 H, OAc) , 2.10
2.06 (s, 3H, OAc), 2.05 (s, 3

1E-NMR (126 MHz) U [QDCiL76. 7 (OAc), 17
(OAc), 169.9 (2x OAc), 1696, (
(az2), 792).,5 7203, ( @1).,5 7-1C1Yp, (CZH
6 B6.( &) , 62.)6 6G&B.)9 ©Gaa.)8s8 @G@.)3
( OAcCc) , 20. 7 ( OAc) , 20. 7 ( OAc)

FT R ATR, V] B=6&i0w) , (3wm)7,5(209)7 1 (209)0, 2 (2L
1931w), (1s745 (Wg50 ()32 (1InB 69 (1w
1218 ), (W)59 (In1)0,9 (1n®)7,3 (1s0)3,6( V@
930w), (PO (WB3 (WA (GWAOE(WBS (W,
560w), (wL38

11221Synthesi s2RRB, 8 B, (5)-2-(acetoxyfmeabyyhoyl oxy
tetraff-dy 0-8n4t,r5i yl t@2i@acet at e

OAc acrylic acid

O_Br TBAB, K,COs o oj{t
ACNOAC CH,Cl AcNOAcO
OAc OAc
4 4 a 2
109g@4 m3nol , e.. Q0 ofddswegar di s 9dhlvy e@d@H.i0n P8

(2. 43nol , e®.200f dBAaBQGBambdo | , ez). 0L AweK e added.
3.4Q@ 48 ménol , ez1.. Q0 of acrylic acid was added
mi xture was s8hrrRemaiCQmiagsfk§n | 5O&r addO onfafs,

added and the aqg. phlGtk Gi&€s ehhter amtmbd nwveidt lor g
were driedsavert Mg S©O®ol vent was removed under
crude product was purified byHexd|EU20M L c Hroo ma
afforgl1@ minob %) of t he de2s@iarseda pcroddudtess f oa

OAc 8

: §O§ o{gtg
M( CH2 D1) 402 .935no0 | . AcO™ Y~ "OAc
Rr (Sheex/ Et OAO. 501) = o
1H-N MR (500 MHz)0 ppDd6 .50 2(HBd, 17.3, 1

H-9), 6.30&x=(dd, 3, 10:85 ,HZB,. DBHF(
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10.5, 1.29Hz, 58 (Bd,2 HB,) , 1
3Jyu= 9. 4 Hz=) ,11B5.282 ( m3, BH, M. :
2%u= 12.5, 4.-15,HZ, 1®BHL dd2. 5, 2
H-1)Y, 3m,88LHM, 2.09 QOAc 23.H4 Qb
2.02 (sQOABH.02 QAc 3H

1E&-NMR (126 MHz) U [Q@DOML76&( ®Ac), 170.1
(OAc), 169.2 (70Ac)1 3®8).65 .188F] @
Cc6), 72)7 ((a)6e (@)1 ©6B®)7 @cC@,
20.7 (OAc), 20.5 (OAc), 20.5

FT R ATR, V] 3689w) , (38 4(209)6 4 (25,9 (2M
19803w), (1s740 (W§36 ()33 ()11 (InB)
129(5w) , (1s21,1 (1) 72 (1mM)1,2 (1s0)6,9 ( B!
988m), (P8 (&PB(WBI3I(WPH (@Y7 (B)
56Qew), (&BS6

1123%ynthes(ik SAf R, $-2-(acet ox y-Ge tRh B3 B, -
4 ,-bi aceR-pxyet oxyfmeahyyl)loyl oxy2Hpgt8B8ahydro
yl)oxy)te2dHpgh@gadorS5 yl t@O9pcetat e

AcO
:& s, ﬁ oo™
KQ/ CHCl AcO” > ;Q',”OAO
OAc OAc
440D 29D
5. @7 .Ml , en. Q0 ofddwega&r di ssomlve@dH.0On 21
(0.MMBo !l , e@.20o0f TBAB( amdod?2,. €02P. 0 fL&QfweK e added.
1. om0 ( Idno6b , e23..Q0 of acrylic acid was added
mi xture was stirred aXQmwtasf drn | 1®r @ddO Brvamsa i ni |
added to the solution and t h20 agiHCitphdbe wa
combined org. | ayerssared et e i sd| woeortr Wa@gsSOr e
reduced presspmreoduthe wasugairi fied by 20l umn

cHex/ Et OAc 1:1)g t(o4dmeddbdX pr 67 %) 38f t h29@esared

colorl ess f oam.
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11 Experiment al Part | Part 1: Phot oswitchabl e

M( £Hs ©19
R
IH-N MR

1T-NMR

FH R

HRMS (ES

AcO__, OAc 1

Aco:é\/sfwo{
690.g6 mo | . AcO éAcO‘ OAC'OAC
( Sp,eHex/ Et OAc 1: 1) = 0.38.
(500 MH=z),U0 ppQd6 .48 2®Rehd, 17. 3, 1
H-15), 6 .33d= (1d7d.,3, 1,0 -1% ,Hz5. 916K,
= 11.6, 1.-05)Hz,5308k §H4d1 HA2) 1 H
i5.27 (m6, BH;188 , i5. D1 ( ml1 258t
4. 8, 1H, -, 4. dFRuftdd2. 3, 1R .-Bl ,Hz
i4. 202H, mHO ;1) H #4001 2H milH6 ;9) H 3m,
1H, -84, 83982 (mH,1K .3H4 QAc 2,3HC
OAy, 2.3Hp OQAc¢c 2.3H3 OQOAc 2.3H3 O35
2.01 (sQOAGI .3610 QAc
(126 MHz)U[QDOML76.5 (OAc), 1%
(OAc), 170.0 (OAc), 169.9 (OAc
(a3), 13a%)4 (1@az)l (O .7 9(3LXB) [
(8) 786€@0Q0 709 70689 7040 604ad
68.(68) 6(7caAd) 6RQTY 60A9) 200ARC)?2
( OAC)2(00Ac)2(00&/c)200AC)
ATR, V] 3267m) , (2w0)2,8 (2w)2, 3 (1In¥)1, 5 (1vé
14 1(1w) , (1InB)6,8 (1w8)3,4 (1n®)5 2 (1m)4,5 (1m)
107(2s), (BQ17mMLO(&BA(MBI(Mp6 (6)
608m), (5%2( LS5
Calcd* [WMB.1899498, found: 71

S

112.1.4 SyaR Re 8 ik B2 acet oxy-Beahlyyl)oxy)tetrah
2H-pyr-8n4t,r5i yl t@idacet at e

According

sugdéalraer e

128

OAc OAc

Allyl alcohol —
0._OAc BF;OEt, o_o—"
AcO™ “OAc CH,Cl, AcO™ "“OAc

OAc OAc
41 a 8 2
to a | iBenmrdadsrRt. @O Sadadr een.fQO0 of

di ss aeChaend iONL5@HMM®I , ey.. 50 0f al |l yl
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was addeAdC O0Mmi98) Mmm®9 , el. J0:0FEtwBFe added dropw
The reactionalmi xcwerd et avamwtar mnd1 % tThhrer erde af cotri o n

mi xture was quenOheaddwitthre SJagmL pthase was ext

C RC#. The combined org. | ayseTise woerrwed ed rp readd uocvi
puri fied by col umn 2cdéHexmeEttdOArcaphyl)( i ® af f
(4 .mmMol , , 9BIt 999 % f t he deSs2asedopbopopbess solid.

OAc 8

A o o

2 6 7

B4 8,
M( CH2 01 388 .g3 Mol . AcO" OA'OAC

(!

Rt ( Sp,eHex/ Et OAc 1: 1) = 0.53.
'H-N MR 400 MHz ,3)u(OpCGi]5.93. 82 ( m8) J1H. H

(m, 3M,-3WH, 155.1661 ( m4, 2H5) H34u=t
7.9 Hz6)1Hi4 B4 (m9) 1H4 . 2HBu=(de
4. 7 Hz;1)LHjJ44.H099 (mlo DHH HI. &3
1H,2H, 2.11 (s, 3H, OAc), 2.07
2.03 (s, 3H, OAc).

1E-NMR (A1MHz, ©WDOClppml76&.7 (OAc), 17
( OAc) , 169. 3 (8)Ac) 11733 .BB.)(BR
(&), 72)7 ((&6)2 (®)068a9 6@0ag
20 . (OAC)200ACc )200A/c )200AC)

FTl R ATR, V] 2883w), (2w)7, 1 (204, 1(2n8) 7,9 (26
2353w), (w90 (1InH9 7 (1vwh)6,2 (w50, 4 (1ml)
1437w), ()19 (w387 (36,7 (w83 8 (1w
1252), (5221(5k211(m)78 (1s1)5,4 ( )
110(2s), (BQgemPO1OEME, (W4 (@B6( @)
91Qm), (PO (WAS(WRA(ERLH(WBH (W,
76Qw), (Mpa (WB3 (WBO(Wp7(WH6 (W,
620w) , (@ePp2(WBI(WAS(WBI(WPSI

129
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112Syntiheethe eabbhtui |l ding bl ock
112.1 Synt Rédyids Baxfet hebxyi t r obenz &lpde hyde

o OH OH HNO, o OH OH
AcOH
NO,
6 5 6 6

Following aZprogddiir @abDqfemntod , ely. @@ ahidiy i n (
was di ssonmlLv egd aicni ad acemiLc ( @amd@ , aegd. M. 04f6 c o nc
HN@Gwere added dropwi se. The reaction mixtur
suspension was poured onto ice water. The so

water.g q.48npd , , 783t 8)9% f t he deGGvasdoptadoned
as a pale brown solid.

M( £E7N Q) 197 .g¥5mol . o 70"' o
17 7 58 H
Ry ( Sk, O &€H/ Me OH 10: 1) = 0. 5 s
4
m. p. 13AC, 13 t1M. NO,
IH-N MR (500 MHz),0 ppDdL 1= 72 ( s, 1, ®ikB)

8.23 (“uH= A..5-5Hz, 7 H%u4= (., 4 HHB)
4 . 033 Hksl) .

1E&-NMR (126 MH2)i[ 6PEGU9 5. 8)( C1567).,0 149
140. 38)1,0. 6)( C11M0).,0 A1) .,55FF0
FT R ATR, V¥|=Be®lw), 2879 (w), 1666

1520 (m), 1479 (m), 1446 (m),
(m), 1091 (s), 953 (s), 885 (:
The anal ydrie ailn dadviad hdameé& i t er at ur e.
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1122Synthesibs oe2hysdr @xmegt hoxybenza&l§dehyde (

OH O Brs NaOA OH O
ro, NaOAc
AcOH
Br
65 68

Foll owi ng a Bpragc&u.rag0. o ImnBod , ely.. p&v ahi(@ 3 i n

were dissolved in dl &8i(alinmiadc e €y c ING®iAE avrad

added. mWO. 7Hmd3 , en..20 of bromine were added
reaction mixture was stirred for 30 min at r
5 mkO and extrledc t@HLCiwiTthhe combined org. | ayer
MgS&and the solvent was removed under reducec
puri fied by col umn 2ct¢HeoxmeEttOArcaphyl)( 9t ® af f

(9.nmn®o | , 71038, 90iI%). of t he 6@ess iar ebde ipgreo dsuoclti d .
OH O
/027 S H
M( €HisB r £ 231 .g05nol . k ) i
Rt (S, O cHex/ E)f=OMc 58: 1 Br
1H-N MR (500 MHz),0 pDGl11= 01 (8), 1B, §B

7.32%ud, 2.1 HZH, 1H.4:8= (A.,0 ,HBY
3. 9 23H( siy .

1E&-NMR (AMMHz, GODCPppn]95. 8)(C15D).,9 340
126.6)(C126l).,3 1(2aD).,7 i@).,0 5-&) 5
FT R ATR, V]=3@07w) , (2098 4 (2n9)4, 3 (2m8)8, 1 (200

1712w), (In6)51 (1w6)8,0 (1m)6,0 (1)3,5 (1nd)
138(8m) , (1w8)3,7 (1809 (1m)7,4 (1s2)5,3 (k.
111(2w) , (MO8 2 9pA( B)E,6( BHO (83 9( i)
746m), (ED4(m)7,7( lp 2
HRMS (EI Cal caH/8B[r@* 229.9573, found: 2
Cal ceHAB[r@: 231. 9552, found:
The anal ydrie ailn dadviad hdda me€&3% t er at ur e.
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112.3 Synt ResBi bydHokyrobenzabljdehyde (

OH O HBr (aq. 48%) OH O
r (aq. 48%
H
NO, NO,

6 6 67
Foll owi ng a Hpr oedtédaulig® (orhntoll , e.. 00 of benzal de
65vas addednlLt o M@Inald6, eq).. 50 of HBtr hé4d4dB&ACBNAdN mi
waheat ed ACo Alf4tler 2. 5wdis th®o IRECK tBnahelfdD wa s
added. The precipitation waG. fTihlet ecrreudd eo fpfr oadn

recrystallized ing E(t7TAod t o9 @3sf )50 fil. Bhe desi
pr odeaurt
OH O
HO. 1 8 N
M( EisN Q) 183.12 g/ mol . N
R (ShO @H MeOH 5:1 = 0.33)
1H-N MR (500 MHz de) DIMB®OM] = 11.13 (s,
1H,7H, 8.004)s,71H92Hs, 1H, H
1E-NMR (126 MHz.de) PMBPmM] = -1p0. 25%)C4
(a), 13®)..,6 Y2D). .2 1A15).,0 L¥3)..6
FTl R ATR, V] [=<n@@B8 (3n0)8 8 (116)6 4 (16)2,3 (1st
146(0m), (1B)9,3 (15341 (5302 (5368 (m2

1184s), (M) 9 4(1nm@)4,6( 9 1( M)O,3( &#B5( &
82@w), (MpH (FAH3(s7)2,1( B)7,9( OB O ( B}
566m), (B}3
HRMS (EI Calcd* [LBB.01622, found: 183.
The anal ydrie ailn dadviad hda meé&I2i t er at ur e.
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112.4 Synt ResBi bydHorgdobenzalfdehyde

OH O ICI, AgNO3 OH O
ridine
0 ’ py! e H
CHCl3
I
65 79

Foll owi ng a Rparoo céétfiari®@2 60 #imimod , ely. 05 ofweArgeNO
suspendendL iQbaBIH OME28Bmol , e®..Q0 of pyridine we
A solutign(dfmod., 7é6h.. 05 of mMLCICEHWCas 12dded dropw
and the reaction mixture wag 3ol r,r elg.. Qadt o fr t
ovanig83) inm(l1ZkHWwds added sl owly and the react
at rt for further 17 h. After filtration the
The residue was taken uplO nmbBEtt.OAKLd .a nNOHh evals & ¢ @
were separated and t htee da 0 tplEitaCAec . waTsh ee xctor nabci
or g. | ayers wer esadcddi eedheovseorl vM@n$SO was remove
pressur e. The crude product was purd fied
cHex/ EBOLBA) t ® . fF@.medho82% L3°96) of the desired
7%9s a beige solid.

OH O
0.2/
17 6 8 °H
M( €71 © 278. 05 g/ mol . INF S
|
Rt (S, O cHex/ E)ft=OMc 43: 1
'H-N MR (500 MHz)U0p@EDGI1= 02 OKW), 1H., 8 H-8)(

7.4904ud, 1.9 HB),1H43E (1d7 HB)
3.91 (sl).3H, H

1E&-NMR (126 MH2),Ui[@RG@L9 5. 8) ( C156l).,5 142
132.6)(C12%).,1 (2AR).,2 (&) 8 6G)5
FT R ATR, V] 8@ &7w) , (301 1(2w9)7 8 (294, 0 (28

203(4w) , (W08 (Iwe)7,8 (1s6)52 (W5 75 (1)
142(1w) , (W38 7 (M3)L5 (1s2)7,5 (I 60 (1w
10803w) , (p9(@R7(Wp3(WLB(WPHE( W,
55Qw) .

GGMS miz (%) = 277 (100), 276 (6),
51 (5).

The anal ytriecaln aawotra atnlceel? 36 t er at ur e .
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112.5kcet al protection of benzal dehydes: Gene
OH 0O diol OHO/>
H PPTS 0
©/N\ toluene ©/K
X X=NO, Br, | X
70 71

Benzal delLvdeq©. ) was dissolved 0i.e0gt | a@ende PPTH
(1ol %) were added and the realAGinbPmathi atkre
apparatus. The mixture was csowalse da dtdoe dr ta nan d
| ayers were separated. The agq. phase was ext

|l ayers were dgard tolvers aMgvSeOnt was removed un:

112.5S¢¥nt hesidsi t@{od, 4t &t rSa me,tdiyolx e2lyd ) phenol

(7 1)b

OH O . OH O/i

pinacol
H PPTS o

©/u\ toluene ©/K

NO, NO,

70 a 71b
AccordiGrR@g@t @5 (Imnbod , en.. Q0 of behGmerde hyeact ed
withggl. (ddmod , eny0.)0 of pi ngc(oOnntadh gnoll )5 of PPTS
i n ML 5t ol uehe Toe t®ude product was purified

( Sk,EHex / Et OAc 3: 1) gt ¢ Inanfofdo,r d8 50%)3 40f t h7"elkdesi r ¢

as a |light yellow solid. o
on i
21 67O

M( CHi N Q) 267.28 g/ mol . 3N

R (Sh,&Mex/ Et OAc 1:1) = 0.60%

IH-N MR (500 MHz)U0 ppDQ8 .96 (s, 1H, 4“CH}¥

2.8, 0.7-5Hz, 8S1HRBW=H Od O, 2.8)Hz
(= 9.0 H2),11, 18-7)s, 11B5-9H
1.25 (s99 .6H, H

1E-NMR (126 MH2),Ui[@R@L6 0= 1) ( C1440).,9 1(2G5
124.6)(C12%).,9 (¥Z).,5 (L) 616@) ,
(®), 2860.(C
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FH R

842
(s),

ATR,
1423

(s),

V] B2 M8
(m),
1081

(m),
589

(w), 28091
1390 (m),
(s), 1062

830 (s),

(m), 564

(w), 161
1329 (m),
(s), 968 |
814 (m),
(m), 518

7 5¢

(m

112.5S¢nthesi g hptirédZdyomoph-édngtie,ty ametdhyl

di oxol7dje (

OH O pinacol OH oi
©)‘\H PPTS ©/Ko
toluene
Br Br
70D 71d
AccordiGRP§2t @0 ( ImMmod9 , ephy. Q00 of behmédehyedact ed
withgl{.0e8n®l , e0.)0of pi nacOdnntasd dnod 26)0 of PPTS
i n nBLO toluehe fTbe t®ude product was purified
( Sp,Hex/ Et OAc 3: 1)g t(olmdamdd or d2B) 24f t heldesir e
as a |ight yellow solid. 9
1OH7O’8§
2 s O
M(CHiBr4§ 301.18 g/ mol . s s
Rt ( Sp,eHex/ Et OAc 4: 1) = 0.746r.
'H-N MR (500 MHz)UpEDTI = 8. 10 (s, 4HuH, 2
Hz , -3), , H7 . 28/4=( ddL,. 2, 6.-2) Hz6.
8= 8.7 HZ) ,118, 0B-7] s2(1s1, 8 ,®HH, 4|
(s, ®H, H
1C-NMR (126 MH2),i[|@DRO1]5 H @ )1,32( &)1,29( 8
126(®)1,18(®)L,11( @) ,90918)83.(63) ,6
(®),12@0) .
FTl R ATR, V] Bt®&l (w), 3085 (w), 29
2910 (w), 1622 (w), 1595 (m),
(w), 1398 (w), 1382 (w), 1371
1217 (w), 11280 (w), 1157 (w),
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11 Experiment al Part | Part 1: Phot oswitchabl e
957 (m), 944 (w), 922 (s), 8 6.
(w), 750 (s), 723 (w), 675 (w
512 (w).

112.2SyYyn3 hesi g odd 4,44t &t, r5a me,tdiyolx e2tyd ) phenol

(7 1)e
OH O . OH oi
pinacol
H PPTS o
©/N\ toluene ©/K
| |
70cC 71e
AccordGRG2t®0 ( 6mnmlod , en.. Q0 of

wi t h g0 . ®mold |,
i n mML3 t ol uehdfffen

en.QO0of

behGmerde hyeact ed
pi ng@c(oOnnmta’h dmoldl 2)4 o f
2@crystall@gba(mmondl3, m/fEWB)OAC

the desirelleaps odhtadicmd drsloé s o .

9
1OH7O/8§
2 s O

M( CHit € 348. 18 g/ mol . INP®

Ry ( Sk,&MHex/ Et OAc 3: 1) = 0.5|2.

'H-N MR (500 MHz)Up@EDTlI = 8. 16 (s, 4duH, 2
Hz, +H),, H7 .34Xu=( 8d 6, 2.-3) Hz 6 3I6k
= 8.6 HZ),1H, OH-7]Js, 11B29Hs, 1¢
6 H,-96) .

1C-NMR (126 MH2),i[@DROL54. 3)( C1338).,4 135
126. 6)(C113).,3 9g&L)7 B88B)5 6G). .5
(®), 2206). (C

GGMS m/iz (%) = 348 (43), 248 (100)
101 (34), 92 (15), 83 (52), 6!

FTl R ATR, V¥ [xnm8191 (w), 3085 (w),
2910 (w), 1622 (w), 1595 (m),
(w), 1398 (w), 1382 (w), 1371
1217 (w), 11280 (w), 1157 (w),
95¢fm), 944 (w), 922 (s), 864
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112.

(w), 750 (s), 723 (w), 675 (w
512 (w).

2Syon tdh e 24 & ydfr @by o mo p h-& n®il g x o (7d)te

OH O OH O
ethylene glycol
H PPTS o)
toluene
Br Br
70b 71c

sur f

AccordGRG2t @0 ( mdmo9 , en.. Q0 of behGméde hyedact ed

wi t h

MLO1®Imol , en0.)0of et hyl ege ( gingod o1nolaSX
o f PPTSmL nt &lOuenhe. fTolre 2c4r ude product was

chromat ogr2p(pHCW MeSOHD 14)0 t o4 .a2f0t (6 mé8ho B $6) of

desired7dmsdacbeige solid.
OH O
M(&Br€ 245.07 g/ mol . j}
R ( Sh,OHCYH Me OH )20=: 10. 80 . &
IH-N MR (500 MH2)0pPDG!I = 7.72 (s,4Jub#H, 2.
Hz, 18),, H7 3B5= (8d.,60 H2), 16 38R
8.60 Hz3) 1H5. H4-7) s ,-44.1(HB (Hm8) 4+
1E-NMR (126 MH2),i[@D@] = -1)5,4.¥5343).C4 1(330)
123.®)(C11%).,1 A1) ,8 1(06W).,2 &) 9
FFH R ATR, ¥ [=xn8298 (m), 2954 (w),

1654 (w), 1608 (w), 1593 (w),
(m), 1278 (s), 1255 (m), 1231
1080 (s), 1060 (s), 982 (m),
(m, 696 (m), 665 (m), 635 (m)
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11 Experiment al Part |

Part 1:

Phot oswitchabl e s

112.2.5. 4

OH O OH O
thyl | |
| eienegeo i
toluene
NO, NO,
70 a 71 a
AccordiGGrR@G2tog®1@ mnol , en.. Q0 of

Sy hhhweds by pthen-Y |-Bi ox ol7d)ae (

behGmerde hyeact ed

wi 8hmQ(20mmol , eg0.)0of et hyl 34 d( @ibyocl o,mollaShd O .
of PPT2®mL nt ol urie. fTore crude product was p
chromatogreap b/ NNeS@HO1 ) t 00 .a& 84 O ndno B 8o) of the
desired7dmasdacbei ge sol i d. i
1OH7O
2 s O
M CoHsN Q) 211 .g20mol . IS
R ( Sh,OHCY Me ®HN = 40 . NO2
'H-N MR (500 MHz)U pgbe]l8.=59 (s PH1B . D=
2. Hz, , 93, 8. %$6hutde.,0, 2,. 8 Hz6.
SJHH= 9.0 H=zZH, 16. 01 -Ms, 444 8 6 2H,
H-8) , 44163 (m&p.2H
1T-NMR (126 MH2),l[@DROL6 1=. 2 ) ( C1441).,0 1236
124.p)(Cl1l26 .,61012)8 @1G72).,8 &-&) 9
GGMS m/iz (%) = 211 (69), 194 (14),
(100), 123 (30), 121 (19), 93
FTl R ATR, V¥ [xn8298 (m), 2954 (w),
1654 (w), 1608 (w), 1593 (w),
(m), 1278 (s), 1255 (m), 1231
1080 (s), 1060 (s), 982 (m),
(m, 696 ( m) 665 (m), 635 (m)
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112.2y®t hesd#es hokxypi e} i di ne

EtO

CH,0
(‘,j) K,COs. EtOH ENJ
72 73

According to Quiprtoxréeduea o6 HIBbmod , eh.. J eC@f K
were suspendaned (i8n8no2 . 163.. Q00 Et OH mand (n3nbodl g,
1.2@.) of @Rwere dacdedéed. The mi xAQreaendmdxs. ool
(29mmMol , en..Q0of formal dehyde (aq. 37%) were
mi xture was stirred for 15.5 h. The crude pr
(8Mbar ,AC3d®ditt empéhat ure) gt ¢ In@ioBo,r dé@3%, 7 D3in) .
of the desV Bed aprcood watl ess | iquid.

5 4

6/\O/\N
3 1

M( €1 NO) 143.23 g/ mol . 2

'H-N MR (500 MH2),0pPDEI = 4. 086) ,( s33J4&H, [ ¢
Hz, 2H, H5), -2) 641 (W7 -26mM,H 6H,
Yyu= 7. 02 H&),. 3H, H

1E&-NMR (126 MHz), i [QDpCh] = -489. 26460)3 6G)
26. 12)(,C 28)916€)3. (C
FT R ATR, ¥ 321dw) , (20971 (259)3,1(39 5 4( M

2701w) , (2w)6,9 (2W3) 2,5 (2w)6,8 (20089 (2w
19808w), (w66 (1m)7,0 (14,2 (1m)1,3 (1s
1350m), (1m)1,5 (1n2)9,5 (1n2)6,7 (1n2)6,1 (1nj
121(7m) , (1M)8,9 (d4NLp2 480 (BQ98 (5
103(8), (5023(50049)7,7( 8)9,6( ;81 ( &
81Qm), (MBI (myl (mPp8 (mA6 (MY (&
508m) .

The anal ytriecaln adawotra atnlceel? 33 t er at ur e.
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112.9ynthesimetbofyl Enepiperididhb um chloride (

EtO o
\& MeSiCl, I c
L 9

MeCN
73 740D

O.2nL. ( Inm®»8 , en. Q0 of trichloromethyl sml ane w
Me CN. AXX 06 2(7ImnBo8 , e.. 00 et hox7yJwe peradldeed dr opw
the suspension maBe atirtedwdWiiowrciéd freeze

The crude product was directly converted w
sensitivity.

M ( 4H12NC) 133.07 g/ mol

1128ARAminomet hyl aMaonnisamHitrsg Gener al protocol

)
|| cl

N
@
OH o/> OH o

71 75

Phenra 1.e000. ) an@d2 MygClI) were suspemndedleighO)t ol u
anMannisali 4 2.e000. ) were added and the reactior

18 at rt. The mi xture was filtered over cel

toluene
X=NO, Br, |

reduced plrhees curued.e product was purified by cc

112821l Synt h2¢gs(idd meft hy | a m#d-mio erie@tt, 4y B5), r5amet hyl
1,-Bi oxe2lydn ph(&bel

©
H C
/®\
OH <3’§§~ 7 4 a OH O’fig_
o EtzN, MgCl, ~N o
©/‘\ toluene l/\©/K
NO, NO,
71b 75 e
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Accor diGird 0t @5 ( Omnbod , en.. Q0 of7 Iplheme® | r eact e
0. 1 ( Imnio2 , -22 .2@0. Maofhsah4,a OmlL2( OInmd4 , ely.. 50
EtN andgO . (Imno2 , e21.. 00 of nM@@CP Q@ ol uehe The 20ude

product

was purified by 2o0k/mvMe @QHr2d0malgt

O. @9 (Omnmop8 , 50%) of t h7e5 adse sai ryeedl |porw dsuoclti d .

M ( £H2 N20s)
R
'H-N MR

1T-NMR

FH R

324.38 g/ mol . PR
(Shb, O €CH/ MeOH 20: 1) = 0. 32
(500 MH2)U[ ep®] = 48u=42.06d HB), 1

(d*Jun= 2.8 H#,),118, 2H9)s, 31RA9-2H
2.42.39 (sl),6H,. 3H-1 L5, 6H32IHY s
(AMHz, QLCppn]63=. 6)(C1332).,4 127
124.@)(C12&).,6 1261).,4 9-4L.,9 §2C.08) ,Q
(@), 44)2 €1}, (e2Ld) .(C

ATR, V] PBB(3w), (97,1 (2004 1 (2879 (2w
23503w), (w90 (1M59 7 (1v6)6,2 (10,4 (1m
143(7w), (MWHL9 (387 (136 7 (w83 8 (1w
1252), (5221(B311(m)78 (1s1)54 (In
110(2s), (B5084mpPOo1(0Omm)2, («p4(@BH(M
91@m), (PO (WPUH (GRA(GLH(WBH (W
76QLw), (mpaA (WB3 (WBO (Wp7 (WHH (WG
620w) , (@OPp2(WBI(WRH(WBL(WPI

112. 2Sy8nt2he gdns t2(pi p ety [dmet-6x(y4,) 4t, &t, rhame thyl
di oxe2ltydn ph&pol (

©
| cl

N
(&)
OH oi 740Db OH oi
o) Et3N, MgCI2 O 0
toluene

N02 NOZ

71b 75f

141
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11 Experiment al Part | Part 1: Phot oswitchabl e s

Accor diGRyl 0t. a5 ( Omntod , en.. Q0 of7 Jptheme® | r eact ed w
0. 35 ( Immbol , el. Mnonhsah4b OmULO( nmbdbl1l , ely. 3ND Et

and @. 18nmnmo8 , e3..00 f nMBCt ol uehe The d4Bude pr
was purified by col umn € Me@dt BPr: alp h ytgo( Sifd o

(O0.mMnmBol , 19%) of t h7ebdde sai ryeed | prwo dswd ti d.
13
OH 01/2%
3 4 10l 1
2 N 5 (o)
M( GH28N205) 398. 34 g/ mol . ; sl g
7
Ry ( S, O €CH MeOH 30: 1) = 0. 10V
'H-N MR (500 MHz)U pdD€]l = 8Iuu=2 2(.d7,8 H&)

7. 91%4pd , 2. 78 H&),, 164, 2 HL Ly, 32HS
H-4), 2.592)s,226I6-3@m,-1288 9K m],
H2), 1.36-18%, 36H(s1B66H, H

1E&-NMR (126 MHz) J[CDCML63. 8800C 1359.,3
(®), 128)5 1Z2)5 1ZFL)1 9810, (
(a2), 64).,3 §X)7 e€/)4 ea&€32, (€13
22.2136) .

FT R ATR, V¥ Bt®9 (w), 3086 (w), 29
2910 (w), 1622 (w), 1595 (m),
(w), 1399 (w), 1382 (w), 1371

1217 (w), 1180 (w), 1157 (w),
957 ,(mM44 (w), 923 (s), 864 (nm
(w), 750 (s), 723 (w), 675 (w
513 (w).

GGMS m/z (%) = 398 (8), 370 (6), 3
224 (21), 207 (42), 180 (14),
84 (100), 69 (81), 57 (36), 4

142
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112. 2. 8&8yhthesis 4brndrg (di met hyl ambé-hd) ed hyl )
tetrametdiyolx 2lydn ph &b | (

||C

/N\
®
OH Oi 74 a i
toluene
Br
71d 75b

Accor diGird 2t @0 ( "mnBod , en.. Q0 of7 lpdheme® | reacted w
1. &1l ( ImBnod , ez. Manonhsah4,a 1mbL3( Inmo0® , ely.. 3N0 Et

and . 39Mmod , e31.. Q0 of AMY,CIt ol uehe Thbhe dB8ude pr
was purified by col umn £€H Me@dt AdPr: alp h ytgo( Sifd o

(X 2nmol , 24%) of t h7e5 bdse sa rbeedi goer osdaulcitd .
"
10,
Naes
1\’Il 38 790
M(CH2Br sp 358. 28 g/ mol . 76
Br
Rt (SO &€H/ MeOH 40: 1) = 0.55.
'H-N MR (500 MHz),0 pDngjI = Pnb=7 2(. 4,4 HE)

7. 05%4nd,2.15 H4), 16H,2H9f s, 31H.
H2), 2.311) s ,-01.688 Hm;11)2H, H

1T-NMR (126 MHz),0[®GDO] = -8p5. 834)C2 X
6), 12@8.,31€Q).,6 1CH).,5 959 3 BC21 ¢k
62.02) ( 4C41) 4 @C41.13, (2 & 1pa4

FTl R ATR, V] &1 (w), 2963 (w), 29
2123 (w), 1760 (w), 1667 (w),
(m), 1429 (m), 1389 (s), 1378
1291 (w), 1256 (m), 1228 (m),
(w), 4P981085 (s), 1044 (m),
963 (m), 955 (m), 937 (m), 90.
(m)y, 809 (w), 792 (m), 753 (m)
591 (w), 560 (m), 518 (w), 50
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112. 2Sy8ntdhe g ®© a(fpi p e-i-y dmet-6x(y4,) 4t, &t, rSamethy |
di oxelydn pheéb)l (

o
| ci
N
®

OH oi 74 b OH o’i
o) Et3N, MgClz O O
toluene

| |

71e 75¢c
Accor dembhd.t200g mnb.l57eh.. 00 of7 1lwleerolr eact ¢gd wi t h
(O0.mMmnfol , ey. QMaofmmisa@d4,b OmukL2( INnmd6 , ely.. 3N Etnd
O. Y1 ( Immo4 , e2y.. 00 i NnM@gAIBG ol ueme The t8ude pr
was purified by columhcHextBiB@ADgt @apba) f O0FIdO
(O. Mo 10%) 2 of t he dersbibrse da pbreocidguec ts ol i d.

M( CH24 N 445. 34 g/ mol . 1 L
Rf (ShbOcHex/ Et OAc 3:1) = 0.'26.
IH-N MR (500 MH2)Up@DGA. T 240upd , 2. 2 HB) , 1

(Pn= 2.2 HB),118, 2105, 3HE )
2. 48 (s3),4H,3HE Gp,7 H2),4H, 48
H1), 1.3218%, 6H27H(s6s),. 6H, H

1E&-NMR (126 MHz) J[CDIChl56. .00 C 1356.,9
(8), 128).7 1Z3) 0 9810, ( GR2 N},
(g), 64)3 6bB8)86eRakx), 2433, (CB
22. 213 .

FT R ATR, V] P8 W7m), (2m)3,5 (2v8)5,6 (2w8)1, 1 (2w

2248w), (2M)0,7 (WNL4 (w606 (1ws)8 3 (Is
13809s), (mM367 (1M8)4,0 (1w8)2,6 (10,7 (1rd
126(1m) , (1m)4,4 (1m)1,9 (1s1)51 (50 9 8 ( In
100(7m) , (B9 ( MPp29(5n2) , (WR2(BPB( &
868m), (PO (MBH (WEB (WBO (W)Y 3 (B
610w), (9pPP(wW)VA(WpHP(WP3(WRI(WPA
HRMS (EI Calcd.”[ M#I5]. 1108, found: 445.
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112.2Sgnbhesidbr oorRg (di met hy !l ambé-(D-) 8ne x &l & N

yl ) phe&bal

Accor diGird 0t @5 ( Imno2 |,

0. 19 ( 2nntod

(

o
|| cI

/g\
OH 0/> 7 4 a OH 0/>
o Et;N, MgCl, SN o
toluene !
Br Br
71c 75 a

sur f

eh. 00 of 7 lpshemed | react ed w
eq)]. Manohsah4,a OmR1( nm»3 , el. 53N Et
and @. 12nno4 , e2.. 00 xf nMBCt ol uehe The tBude

pro

was purified by columhcHextBm@AogRBapghyyt 0Siad -
(0.mMnMol , 20%) of t h75 adse sai rbeedi gper osdoulcitd .

M(CHi8r sp302. 17 g/ mol . |

10
) OH O/>
1 8 9
~N 3 ~>o

4 6

5

R (ShO €&CH/ MeOH 40: 1) = 0. 1568
1H-N MR (500 MHz)U pfpdngl7 .=534)4ud, 2. 44 H&)
7. 1044¢d,2. 43 H&),, 16,120 s -4.10%

A4H,-1®, 3.63-2(s,2284-1Hs, 6H, H

1E&-NMR (126 MHz),i[@DAi]55. 8)( C134).,5 X
6), 12m®).,3 1(aB).,9 (¥D). 5 L) 9 680
62. 12)(,C 44)3 (C

FT R ATR, V] 32m3 (w), 2957 (m), 29:
1911 (w), 1785 (w), 1723 (m),
(m), 1497 (w), 1464 (s), 1425

1268 (s), 1222 (m), 1153 (s),
(m), 8®29 ((m), 828 (s), 765 (
626 (s), 538 (s).
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11 Experiment al Part | Part 1: Phot oswitchabl e s

113Gl ycosyl ation of the eastern buil di
113.1 Syntheadinmetdhfly lprloopxy ) 8i6l ane

T.MSCI
///\OH Imidazole /\OTMS
85 86
Following aChat&kedWetemddt (hm6] , e..Q0o0of propar
al co®pdnd 35 .( @01 , eny..30 of i midazole mlere di

C RC#. AAC 02BL 7( mm®6 , en..30 of TMSCI were added
reaction mixtur e wsausb ssetg ukreetdl gfaccrt i20 nh maitx trutr. e
toAC and quednOhedtwi ilgs NahHh@sge was extracte

20 @BC: The combined org. I|28@and wkheesdlvedt
removed wunder reduced pressure. The <crude
di still mbaoPACBahEehmd templewidt uraet,h &Oemper atur e
19 g2 (mmo!l , , 809t 8) 9% f t he deSstased pobduktéess |
M( €1 O S)i 128 .g25no0l . F O
'H-N MR (500 MH2)UpEDKA.29%upd,2. 4 HB) , 2

(yu= 2.4 HA),1HK,. 1184)Ys, 9H, H
1C-NMR (126 MHzs3) UCP@EM]82=1-2)(,C 7 31L.)0,

(@3)0. 34 C
The anal ydrie ailn dadviada hda meé& 18 t er at ur e.

1132SynthesBE)dsroime(-h4, 4t(63t, 5ame,t3dydox aboe2xol an
yl)yallyl)88y)silane (
HBPin

DIBAL-H o

i
/\OTMS T» O/B\/\/OTMS

8 6 87
1090 ( MBmod , ex. Q0 of B8bweye edihesomicedHFmMLI5B80
(7.mMMol , e@..20 ofH OMIBPALTHF) mabd( n&ho®, ely. 30 of
HBPin were added. The reaction mixtuhr.e Atas h
rt 2%ia® added portion wise and stirred for 10

a pad 2afndSit@e solvent was removed by reduce:
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lXExperi ment al PhlPatras Wi tPaahrablle sur i

was purified by columncHehrBtmaAogBaphyg ( &i @f

(16mmol , 21%) of th87adeaicedoplredscoil.
M( CH: B QSi 256 .92 mo | . 1>2§C§V/4VO\;/
Ri (SiaxHe x/ Et OAx @54 17. oo
IH-N MR (500 MHz)l ppndb .68 3 fheit , 18. 0, 3

H-4) ) 5 .37\]‘BH:( d.t?,- 9, 2 .'3) ,HZ4 . %‘E‘IH:(
3.9, 2.0-5Hz, 12K,7 -H)s,, 01.21H:6 [+ ,

1E&-NMR (126 MHz),0[®DAM5 1= A)( C11y).,3 g
64. 15)( C241)7Q .(566 ] C
FH R ATR, V] B=6@6w) , (323 (2597 9( M9 2 8 (2w

216(4w) , (In§) 4,5 (Iw)4,9 (1s3)6,2 (323 (In
1145s), (M) 85(1In0)0,7( ny 2 (WP A( WP 2( @
69B8w), (WPI (WP3(WHS (WRS (WPA (W
568w) .

GGMS m/iz (%) M=%22)56 241 (23), 199 (5
(40), 99 (52), 83 (38), 73 (6:

112. Syf8t hesiEp3-(0if, 4 &t, r5a me,t 3dydo x a b e2xyoll)ap®- o p

e R1-o0 18 §(
Q\? AcOH >?L?
o B OTMS ——————> o-B A~ OH

THF/H,0
87 88

4. 33 ( momo9 , ey.. Q0 of 8sAvd ryd edihesomlv edHF namkRd 02 5
HO. mlb glfaaicalti ¢ acid were added and the rea
60AC folm. 2At5 rt the reaction nli fblusraet . waasq . n e
NaHGO THF was removed under reducepdha@sraesssur e
extractlebdhlLEit OMcThe combined org. | apyand wer €
the solvent was removed under reduced pressu
col umn chr gmgtSoH@erxa/ peht OAc 2: 1)g t(olnm2adlf or d2 %) 28 f

the desir@g@@8spraodwdtor|l ess sol i d.
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11 Experiment al Part | Part 1: Phot oswitchabl e s

M(EhBQ) 184.04 g/ mol . >2L<,> )

o B OH
Ry (Sh@ex/ Et OAc 2:1) = 0.30% @
IH-N MR (500 MHz)d p@DQE. 7 43 - Jdt ,18. 2, 4 -

4), 530#nw=(4ad8, 2, 1.-3) Hz4 . 32Hh=( dc
2.0 Hz;5)2H,1.R7 -1()s., 12H, H

1E-NMR (126 MHz),0[@DCi5=E. &) (C113%).,3 g
64.55)(,C 24)7 (C
FT R ATR, V] B8=62(9m) , (2n)7,9 (2m9)3,2 (2wl)5,7 (2w

1988w), (w38 (1s6)45 (1) 47 (1n3)9,0 (1s
1336s), (b322(mMm373 (1n2)4,1 (1n2)1,5 (1M
1145), (M)11 (1n9)8,9 (1n®)0,5 ( Y 2 ( M
89em), (BP0 (BFTAEw), (BB (MER7 (W
578w), (WHB8(HRY7

112.8yAdAt hesiRSRB & B, (B2-(acet oxy-GeEBY KU) 4t &t 15a
me t hly,| 3d,i20 x a b e2~yoll)aanl | y | ) o x-3H}ptyer t&8rnadh, y5u y b
triac@9at e

Route 1:
OAc
AcO., O . 0 OAc
Oé + J/\J\ EROF. 0B~ 0., O o
0~ B~ OH AcO” Y~ TYOAc c LJ\
Z H20|2
OAc AcO Y OAc
OAc
8 8 41 a 89

0. 86 ( 2nmo0d , e. 00 oM landa@. 4 Pnnod , en..30 of vin
al co8h8eér e di ssoilveddd i MAC DOmI4 2( 3Inmd0 , efh..50 of

BEOEiwer e added dropwi se. The reaction miXxtur
after wWh8hlsat. aqgs Na&aHHC@qg. phase IwbamECHOEt ract e
The combined org. |l ayeasndweéehe doileendoveasMgé$®
reduced pressur e. The crude product was pur.i

cHex/ Et OAc 1:1)g toOIma®3F or d 7) 59 f t hg9ackesa r ed

col orl ess solid.
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l1XExperi ment al PhlPatras Wi tPahrab lle

Route 2:

X Cp,ZrHCI (0] OAc
Xx_ o, _o_. HBPin, Et;N L o. .

To a mi x9t.uwnQe 6 .Mmno |

L, ——— 7oy
AcO Y OAc OAc

AcO Y
OAc

77 a 89

ed. 00 ofanHB.PGARO .mmol ,
1. @@ofY sudgdadr 4n2 10 mmol , e@. BN E&tOd §32( Onmo | ,

sur f

0. 2@ . Schiwaretazgeenrte aAfdtear astt iAGC ifrdig h&88r eact i o]
was terminated 1WploHO .a dTldh e ia0ga ssopfh a a e t2e0tiL wi t h

C HC §, t he

under reduced pressure. The crude product

(Sk,Hex/ Et OAc 1:1)g t(oGmeddblf pr @ 1 Bp)i3ndafc otl hbBOr o nat e

combined org. | aspeadstWwer sodwviead

as a colorless solid.

M( £CH3 8 Q)
R
IH-N MR

1C-NMR

FH R

>?L9 ; e
2
1 0/8\3/\5/0@‘11
7459
514 .g3 3ol . Ac0” ¥ Noac

OA
(ShEex/ ELOAN .55 ¢

(500 MHz)U pfDdb .57 3.kt ,18. 2, 4
H4) , 5.6%ufd18. 2, 1.-8),Hz5.328H=(
9.Hz, , LM, 55182 (m& DH 4.3%=
7.9 Hz:601H4. 433I(pddtid. 7, 4. 2,501
4.28 2Fhd, 12.3, 4.THHz A. 28 Ihc
14.7, 5.1, -Bl,7 HzPHaadd2. 3, 2
H19, 3m6AHH, 2.11 QAc 23H9 QA
2.04 (sOABHKR. 03 QOAc 13R 9 -lys., 12
(126 MHz) J[CDChl7&. 7 (OAc), 17
(OAc), 169.3(@QPAcCPB)Y4BLE823 (2,
71.810Q)C 74) 36 ®)7,0. 4 E&.(33) ,
(1), 214).,8 20Cc 7 (OAc), 20.7 (C
ATR, V] B=B{ow) , (2097, 9 (2004 3 (2056 (2w
2116w), (926 (1s7)55 (WG 46 (w3 3 (1n
13 4(3m) , (1mM)2,6 (1s2)2,0 (W) 67 (In)4, 4 (1s

149
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11 Experiment al Part | Part 1: Phot oswitchabl e s

9O7Bw), (@p7 (WRpI(WBL(WBA (GRS (W
627w), (@PpO(wWp2(WH1

112. 3yt hesiR® Bog B (BE2-( acet oxy-GeEN3Y B )or My |
hydr &xegt hoxyphenyl ) al |l 2Hppx-8 ) éterbiryalhydtoi acet
83

Preparation 96|l theowgatal yst

HO OH i. NaOH, H,0O NaO ONa
m ! PA(ORS): Pd(OAC) m [Pd]
Y i Y )
NH, NH,
2
90 91

According to ahpit dee'dPié8lemgdf( Onnod , efh.. Q0 of

pyri mod@ieme addmedd NtacOHM) .0.Tlhe suspensi oACwas h
and stirre@O0fmgr (6mnodn.e@.. 50 of :wWal(e©Aadded an
stirred fomrnfudmfbhberedafbti on mixture w®stoool e
a vol ummeaL otfo 1®dbtMi mataaloy 1 sol uti on.atTAZe sol u

for sever al weeks

|
o OAC 79 HO
| | Pd] OAc
O/B\/\/O"' (OGS N = 0., 0O l

AcO - OAc AcO - OAC

OAc (:)AC

89 83
O. 0 ( ImnBol , ey..Q0 of i709d oda ol (I 2Znmo2 , mino% (Q
pinacol b8Bowenatdi sd4d8iLMedC NiL. mB6( Inmd9 mold ) of
cat adwsetre added and the reactiA@ fmohxt BTrhee wa
reaction mixture was cddhlsdcatt o arqt. a\mmdC | wa sTtheed
was extraxXxmedt wAda,h the combined org. hayers
and the solvent was removed under reduced pr
by col umn cphhryo faiiey/reR2OAB8: 2) t o af { 6Gmn@2A0,. 4 4
45%) of the d&eIspadegr wdw stol i d.
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l1XExperi ment al PhlPatras Wi tPahrab lle

M( £Hs ©1)
R
IH-N MR

1T-NMR

FH R

(0] H
6
HO7 5 OAc
A A0, oy
538.50 g/ mol . ¢ Tt W [z
1 AcO 1:4 OAc
( Sp,eHex/ Et OAc 1: 1) = 0. 27. OAc

(500 MHz),ippDgl11.09 (s, 1H, -k
7. 1744 ,1.9 HB,),1H,2B 2d,0 HB)
6.55304ud, 16. 0 HZ), 16.2084=(d6, 9,
1H,-16), 5Iu2=3 9(.t4, HA4) 1 H53)HE 9t 7
1H,- 15, 55002 (mH} 1H4.3%:.3= (H.,9
H12, 4.52.3snddd2.9, 5.6,-1HL, 64t
4.23 (mHL 2IHHG 4. 18.3{uddd 2. 4, 4
1H -H)G 3. 95 -ls, 3@®H21HHF, 2. 009
OAE, 2.06 QAc 2313 QAc 23382 OQAG
(126 MHz) J[CDPEML96. 84)(C 170.6 |
(OAc), 169.4 (OAc) (E)69.1%6B) BGA
(€20), 128.5 1@).,0 YZ2)..,9 IXD) 41
(G) 906a®) 704a8,) 70(a%) 71€a3) 6
(a7) 68a4) 6@01ad) 563 2027 OAR
( OAC)200A&cC)

ATR, V¥ B=85w), (20942 (28)5 6 (205, 8 (2w
20005w), (15749 (M§55 (1v6)9,7 (1wd)6 8 (1w
136(7m) , (1w8)2,7 (1s2)1,9 () 6 3 (1s0)3,8( 18
908m) , (FL3(MBI(FRB(WPO(HPO

HRMS( ESI )Cal cd#NE[M561. 1578, found: 561.
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11 Experiment al Part | Part 1: Phot oswitchabl e s

112Syntdse®f indole derivatives
112.85ynt hestibsutoyfl plhdenyl ) hydraz@®a hydrochl ori

i. NaNO,

/\/\©\ ii. SnCly* 2 H,0 /\/\©\ ®
NHZW N’NH3@

H ¢

56 a 49 a

Foll owing alLpmuo&#dwénd dfmInod , efy.Qdafyhanilin
(56)a were added dmlopwoseatt ACI28 sol utigon of
(32mmo !l , en.. 30 NanN@2L8 61 was added dropwise and
mi xture was stirrged 5Pmod 2223h0QatAr niCIind 238
conc. HCI were added and the resulting preci

H2O 3 .g24 Intmo2 , 55 %) of t h4e9 adaess iorbetda i pnreodd vacst br o

5

1 ? 8 %H

6 N/ 3

M(CHi€IN2) 200.71 g/ mol . TOH P
IH-N MR (500 MHz-de)DMBM®] : 10. 23) (s8. BH, (

7.00%304ud, 8.4 H®B),216,300 @Bd4 HZT)
2. 2041 (m4) 2HL3IBGB (Fp.4 HB) , 2Hs
h3kp= 7.3 H2),21@388 {[t4 HA).3H

1E&-NMR (126 MHzde) DMBPM] = -8% 3. 43%)C5
(®), 114).,8 34A)0 GB)4 ee€)7 wa&)
FTl R ATR, V¥]=82®ml (m), 3000 (m), 209!

2683 (s), 1961 (w), 1765 (w),

(s), 1466 (m), 1322 (w), 12309

966 (w), 874 (s), 823 (s), 72
The anal yarie ailn deadviaa hddmeé& 1% t er at ur e
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lXExperi ment al PhlPatras Wi tPaahrablle sur i

112.3yR2t hesbat-Hi13t533i met hyl i(h&8al eni ne

® methyl isopropyl ketone
N/NH3 )
© AcOH
H ¢l N

49 a 58 a

Foll owing a modified Rleiitfar dt#iz.e@09¢ d6wduyur e b
1. @@®. of hydddmieme salspEmded | mace &ad cld .InL
(11 .momol ,0eqy.. 2 met hyl Il sopropyl ket one wer e

suspension was hedatnedThe meddtuixorf owas ter min
the solvent under reduced pressur e2Ch ThAd treers i
washing thre20miLi mad . wiatgh t MaeH®O g . phase was
NaSQand the solvent was removed under reducec
puri fied by col umn 2cdéHexmeEt@APWgaphy 1@BHDOr d

6. Immo 7 B, HY1T4.%) of the dB6EBased peddaocict.

2 4 14
M( CH2 N) 215.34 g/ mol . NN
6 N
R (SheHex/ Et OAc 3:1) = 0.25.
IH-N MR (500 MHz)ippDal: B4 7(.d8 HT) , 1

(d&3ww= 7.8 .6z Hz6)LH,7.108-1¢3%, 2
3Jynw= 7.8 HA),28, 2B10%, BHedL H{.pé
2H,3H, 133% (h4 H2),2H, 2812,
( 8ynw= 7.4 HA) .3 H, H

1E-NMR (126 MHz) J[CPEML8ZE. 2)(C 158) 8
(@3), 160.2 12&).,7 (xX14)5, (1CT9 .5
(a1), 234).,9 3-8 2 p-&2%, (22).,6 1-7C0
14. 31)(.C

FFA R ATR, V¥=pe®m9 (s), 2927 (s), 28
1579 (m), 1524 (w), 1488 (m),
(w), 945 (w), 825 (s), 730 (w

HRMS (EI Calcd* PpRMp.1669, found: 215.1

The anal ydrie ailn dadviad hdameé& i t er at ur e.
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11 Experiment al Part | Part 1: Phot oswitchabl e s

112.3y B8t hestisodoofph(edny!|l ) hydrazi(@® hydrochl oric
i. NaNO, |

||SnCI22H20 ®

\©\ HCI (6 M n-Ha

) N o

6 0 63

Following a IlproEiedoak eambhg?8°M.10®e smlriacfth HCI (6

cooled togO(AQOnods . . 00 otHodmsiQl iwvneer ¢ added anc

solution was stirred for( £fnholni, n1. R0gsienqud 0 Nma N

mL 200 was added dropwise and the reactihon mi xt

A solutiagn (dfn®@22 .62 . 50 R HBEniCh mLO@onc. HCI w

added over a course of 50 min. The reaction
precipitate was fil teiperdopoafnfo | waansdh eld0 Oy i mlh NMT
(30mmo !l , 7638 75i%). of the 6Becllrd db e r oddauadat n e d
brown solid.

s o

M( &lsl C)N 270.50 g/ mol .

IH-N MR (500 MHzdo) DMB@10. 37 (s3), 38, 49
NH) , 7358 @d7 H=2),6216,38 @6d,8
H-3) .

1E-NMR (126 MHzd) DMBOM] = -4%5. 53%)C3
(838), 81)9 (C

FH R ATR, vl] 9 32 3(1w) , (208nv)5 ( 26 8 1 (1v8
158(4m) , (1m)6,3 (1n5)3,3 (1s4)8,5 (W4 0 1 (18
1238w), ()89 (w064 (D05 ( By 7 (8

766w), (WpA(BP2(S)7
The anal yarie ailn dadviaa hda meéd®i t er atur e
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112.38yrdt hes+d ® 20,f3t,53i met hyl i@4# ol eni ne

methyl isopropyl ketone

AW
”’N':fle AcOH
63 6 4
Foll owing a modi fi edM.l iTtoemaastuffloe 7ept b @Bémdbad r, e by
1.00) of hyedd3waz iene us plethndLe dg lianc edacc d. mL3. 7 3
(35mmMol , ely.20 met hyl Il sopropyl ket one wer e
suspensi on was heathe.d Tthoe rreefa cutxi ofno rmilx6t.usr e w
removing the solvent under reduced pmkessur e.
CHC: After washing mhreettiagstWeH@O@O§GO0 phas
dried oSvWer fNatered and the solvent was remov
crude product was purified hyHexd|IEWNMACcc R2r:adlma
afford S22l , 6B%h 64i%). of t he 6daess iar erde dp rooidlu.
8

M(CHi4 N) 285.13 g/ mol . '11097/56
Ry ( Sk,Hex/ Et OAc 2:1) = 0. 357+N
'H-N MR (500 MH2)0p@DG7. 62 3@did,81 .07 Hz-s2)

7.590pd , 1.6 HAQ0)I1H7342® & dl1 HB,

2.26 (s6),3H,. 28 s, ©6H, H
1T-NMR (126 MHz),0[GQDM] = -3B8. 5548)C5 14

9), 13%).,8 1300)8, (1831.,9 9040 6b¢,

23.08)(,C 16)5 (C
FTl R ATR, V¥]=2e&®3 (m), 2926 (w), 28¢€

1606 (w), 1579 (m), 1460 ( m),

(w), 1247 (m), 1200 (m), 1120

(w), 671 (m), 535 (m).
GGMS m/z (294 =(100), 269 (37), 207

(15), 115 (46), 91 (20), 51 (
The anal ytriecaln dawetria atnlced'8i t er at ur e
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11 Experiment al Part | Part 1: Phot oswitchabl e s

112.3yitisedd{4o0dophenyl )@det ami de

_
NH, CHyCl, NHAc

60 61

Foll owing a 9Pro&athanedabgh. INELMm.gO I siBmo7 ,
1. @@.) iofdodn6@l i werd di sswmLv @i i AACLQZBnL20
(55mnbol , elh. 300fevrlecdded dropwise and the reac
stirred for 1.5 h at rthy Tthhee reaeélmLtsiadm woafs t
NaCQGat O AC. The organic pha$®énlwassa twzaCsahoe.d Nawoc
Thaegphase was extractemlCHGTr Tthieme ® mbihtalmed sor g
were driedsaorwdert Mg SsOol vent was removed under
25.9 mmol 182599 f Ltihe desb wWwad phadipatbdr pl e

sol i d.

Ny
M( &€isl NO) 261 .90 @nol t@ﬁ,jj\e
R (SiaxHe x / EEt1.OA) 35 . 0. ’
IH-N MR (500 MH2),0i[PRP®Y]. 6=13Juad ,8. 7 H2) , 2
( BJuu= 8.6 HB),2R, 118-61s,623 H,s ,H
1CT-NMR (126 MHz), u[CbgLh] = -5H8. 4GB)LI3 7/
(&), 123).,8 §I)6 6)8 (C
FTl R ATR,[ cW=328(7w) , (3w2)5 3(3n)7 6 (3wl)0, 1 (30

18909w), (h)%,64 1596 (18)7,9 (1n5)2,6 (1)
13809s), (mM3Q7 (1m)54 (1w)0,3 (1nD)0,2 ( &
816s) ,( s7)3,4 8)0,3( §D 3

The anal ytriecaln dawtria atnlcee?32i t er at ur e.
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lXExperi ment al PhlPatras Wi tPaahrablle sur i

112.3uSbBuckrio-ssupli wgner al protocol (GP1)

i. alkene, 9-BBN
I\©\ ii. Pd(PPhs),, CsCOg alkyl
R 1,4-dioxane/water (1:1) \©\R
6 16 4 628
A sol utBBNL .(difd 0 eq., 0.5 M in THEheéewasd keael ¢

A@.41070 eq.) was added and t hae rr&ha.cftdreogia I8 exd |
H2O, -lj 4xaneQl2Cs8. 50 eq. }s( ORA(BARIh%) i @addar yl

6164 1.00 eq.) were added and the refsQlIftdamg

furt2her The reaction was t,erom mcad retdrraetgeudc eudn d en
pressure and extracted three ti melsasved hwehTeB |
dried over MgS®Pdadpsasrhredreawdtand thenselrvent
reduced pressure. The drywaleumnm odhurcd.mavtasg rpaip h

112. 4Syontlhe Ni(sheoxfty|l phenyl )6aXaet ami de
i. 1-hexene, 9-BBN
'\©\ ii. Pd(PPhj),, CsCO; /\/\/\@\
NHAc 1,4-dioxane/water (1:1) NHAC

61 62 a
AccordiGRg edL 4(2Im3noll, 2. ,MOnS5THFBBN, mL 66
(13mm20o !l , ely. J6hexedhe,g g&8@Hol , 3. 5006, C&Gg 03
(0.nMMo !l ,mdl. %) ofxuBRBdEPBhQOmntod , e.. 0 of G&tket ami

were reéa@ileadl iamdnl5 8d,idoxa®M@ G cbh. Theeparowd ct
was purified by col umiHexh rEa2ld®&téo )y atpd yag{ So 1Od

(6.MMol , 83%) of thee2adesli osldé pxioduct
2 4 67
M( CH2NO) 219 .g3amol . B Hk
R ( Sk,He x / Et3:0A) 1F 0.
'H-N MR (500 MHz), §[CDELMY . =4 ( s, 1 H, 3JiWH

8 .Hz, 2H),, H7 3J4{= (8d,3 HB) , 2 R3I5F
8.4 Hz;6)2H,2. H4-12}%, -12 B5R4H m5) 2t
(s, @H3HHHN, -®.938 (ml) 3H, H
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11 Experiment al Part | Part 1: Phot oswitchabl e s

1E&-NMR (126 MHz), J[CDChl168&. 10C 1%9.2 1
(aa0), 129.9 12®) 2 3%H)5 (EB®B)§ |
(&), 28)0 @&€2%, (ex»).,7 4) 2 (C
FT R ATR, V]=B2&5 (w), 3249 (w), 31:
2958 (w), 2925 (m), 2853 (m),
(s), 1510 (s), 1464 (m), 1409

1179 (w), 1042 (w), 968 (w),
HRMS (EI Calcd* PpMP.1618, f.ound: 219.1

112. 4Syont2he Ni(sheopft yl phenylBapet ami de
. oo 2228,
\©\NHAC 1,4-dioxane/water (1:1) \/\/\/\©\NHAC
61 62b
Accor dGRG B8@L O( o0 , efh. 7MOn5THRBBMN,f @@L 10
(14mmo !l , ely. J6hefppt ¢ neg (1300mA9 , e3. 5000, Ckg 04
(O0.mMMo !l ,mdl. %) ofzxsBRdEPBhE 8&nnol , el.. Q0 of G&GBket ami

were reacnleaBl iamd6lB Ad,idox anéd Catfron90TBhe crude pr.
was purified by col umhcHexftEBEm@AogRraghyyt ©Siad

(8.MnM ol , 96%) of thee2bdesi osidépsoduct
12 4 6 7 0
M( GH2NO) 233.36 g/ mol . A
10 H
R (S, eHex / E20OA) = 0. 34.
'H-N MR (500 MHz) {[CDECrh] = 7.48 (s, 3uhE

8.Hz, 2HQ) . H 73wh2 §d3 HD) , 2 R3IESE
7.6 Hz:;7)2H,2.H418%, 13883 K m6) 2k
1.23 (m2, 8H-AHWH, 03388 [t0 HA)
13C-N MR (126 MHz) J[CDCh] = -1B8B, 5 186.,2
(C11, 12®)9 @@DOR, (EB)L 5 3IB)Y
(®), 286)3 ¢8)2 a3y, (e€2).,8 I«
FT R ATR, V¥=B2®®m5 (w), 3258 (w), 31¢
2955 (w), 2920 (m), 2850 (m),
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lXExperi ment al PhlPatras Wi tPaahrablle sur i

(s), 1513 (s), 1467 (m), 1410
1181 (w), 1012 (w), 965 (w),
606 (w), 517 (m) .

HRMS (EI Calcd*23daM]177@®und: 233.1774.

112. 4Syont3h e Ni(sbcotfy| phenyl J6a2¢cet ami de

i. 1-octene, 9-BBN

I\©\ ii. Pd(PPh3),, CsCO3 /\/\/\/\©\
NHAc 1,4-dioxane/water (1:1) NHAc

61 62c
Accor dGRg 2@L 4( M3no2 , ef. 7MONn5THRBBMN,f ML 08
(13mn2ol , eny. JGoaft eheg B2v6Mod , 3. 5066, C&g 03

(0.nMMo !l ,mdl. %) ofzxauBRBdEPBhQOmntod , e.. Q0 of 6&tket ami
were reacnlead iamdsl® 8didoxandCatfron90Bhe crude pr.
was purified by col umhcHexftEBm@AogrRraghyyt ©Siad

(7.mmMol , 98%) of thée2adesl osldeé pxioduct

2 4 6 7

1 3 5 7 7 120
M(CH2NO) 247 .38 g/ mol . 1055 ”%\14
Ry (Skh,Hex / E2OA) = 0. 31.
'H-N MR (500 MHz) p[CDECr] = 7.48 (s, %4t

8.Hz, 2HL) ,H 73h2 8d3 HZO)2HR®.IS
H8), 2.1414%, BHWE6H(.p3 HZ) , K6 2-H.
(m, 1Q@H3HHH-5H-6H, 03388 6t9 HA,

13C-N MR (126 MHz) b [CoDCrh] = 11638).,5 11 H9C, 2
(az), 128.)9 (1&aa.)z2 G&) 5 IX)O0
(<a), 2%)6 (@& .,46C¢(,C 2449, ( C2) 8
(a) .

FT R ATR, V]=32®™m3 (m), 3257 (m), 318
2957 (w), 2919 (s), 2849 (m),
(s), 1548 (s), 1513 (s), 14009
1195 (w), 1123 (w), 1012 (w),
515 (s) .
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11 Experiment al Part | Part 1: Phot oswitchabl e s

HRMS (EI Calcd*24M]193bund: 247.1932.

112. 4Syontdhes+ishe x-81 3thr3i met hyl i(h&8)ol eni ne

i. 1-hexene, 9-BBN
'\@Ei ii. Pd(PPhs),, CsCO4 /\/\/\@Ei
N/ 1,4-dioxane/water (1:1) N/
6 4 58b
AccordiGGR@g B8ml4O0( Mmod , en. 7MOn5THFRBBMN,f @@L 21
(1.nMnol , ey. jhefkethe, 1 . mimbd , (eR..H5D20®, Chsmg 0
(0. Nnd | , mAOI. %) ofsaRa@dPR®h Z29Imnmd , e.. 00 of64i ndol
were reactnld 200l nand. mBI0. BdMido xaneACatf X0 Bhe crude

product was purified by g coHeuxnmnEtcOArco nba:tlo)g r tag
0. 30 (OnnB2 , 82%) of t h5e8ksmsieddoproduct

2 4 6 16 "
7 1513

M( CH2 N ) 243.39 g/ mol . NN S .
8 o°N

Rs (Sh@ex/ Et OAc 5:1) = 0.24%.

IH-N MR (500 MH2z),0[@®D@] = 3Fu=42 .(8d ,HB) , 1

(d#dup= 7.8, 1.8)Hz7.DB16KH, B
= 7.8 H#5).,21R, 25-12%, 63¥uPpH. 5 H
H5), -0.3D2 (m2, -BH-4HH 1.2814%, |
3Jynw=7.0 Hz-1) 3H, H

1E-NMR (126 MH2),0[@pei]87=. 110C 18D)8 (@«
15), 140.2 12®).,6 1(216)5 (ICPY. 5 5¢
13), 386).,2 3E)0) @a3.)8, 282 A4
22. 72),C 1425, (€GM4)..2 (C

FF R ATR, W¥=B&8®M7 (bw), 2959 (m), 2
(w), 1580 (m), 1548 (w), 1462
1204 (m), 1022 (m), 888 (w),

HRMS (EI Calcd* PRPMPB. 1981, found: 243.1

GGMS m/ z (%) = 243 (47), 228 (7)), 1
91 (9), 77 (5).
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lXExperi ment al PhlPatras Wi tPaahrablle sur i

112. 4Syontbhes+ihe pfy I136r3i met hyl i(B&8o!l eni ne

i. 1-heptene, 9-BBN
! ii. Pd(PPhs),, CsCO;
/ /
N 1,4-dioxane/water (1:1) N
6 4 58¢c

AccordiGrR@2 3.m2 1.¥mol 10ely.. , MOn 5THFRB B NLf. 68
(1.Mmol 10el. ) -hekt nd, H§726 m3no R2.,5d0q. ) 0, 60Csg

( 05nmMmo | 5mdl. %) of 3R @P AD1LO Mol , en..Q0 of64i ndol
were reacmte® amol77ididoxaneCatflod0 Bhe crude pr.
was purified by columhcHextBmB@Apgtapha@ST 0CFidO
(7. mInolr &%) of t he debs8iarse dr g@d odiulc.t

8 1614

M( :@HZ?N) 257 . gﬁ/ZmoI . 240 o - N/12 3
10

Ry ( Sk,€MHex/ Et30OAX = 0. 23.

'H-N MR (500 MHz), 0 [CDCT . 4£2334nd, 7. 7 Hz,0

7.10 3JueEd ,748= 1.7 HD), 1H, 0 & -7
2.68.61 (my7) 2H6 H s13335,6.H9 2H,
H6) , 1133%18H ms, -4H-3H-2)H, 1.6H9 -1(5:
0.90@. 85 3H, mIy

1E-NMR (126 MH2),i[@DP@L]8 7= 112),C 1511)5,1
(a46), 14®).,1612E)531Q@737 @1aOO
53.4340C 36&.)04 31683 2% 34¢(C
(aa5), 23.&T,(A51LB)4, (1&8) 11(C

FTl R ATR, V] =BZ8(lw) , (3w2)8 8 (30)0, 4(2s9)58( 2!
2854 ), (352 (2085 (w880 (InV)4,0 (1nd)
16217m), (1s5)7,9 (59462(56429 (M3 77 (1)
129(8m) , (1n2)4,9 (1n2)0,3 (1nm)4,0 (1nm)2,1 (1n9)
104(7m) , (19)3,1( ;h4 4 8@B, ( 82 6( ni)7,3( )
67(m), (A9 (mBA(MYL2( BB6

HRMS (EI Calcd* PpM®JF.2138, found: 257.2

GGMS m/iz (%) = 257 (31), 172 (100)
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11 Experiment al Part | Part 1: Phot oswitchabl e

112. 4Syontbhesost-F13t53i met hyl i(n8)adl eni ne

i. 1-octene, 9-BBN
! ii. Pd(PPhs),, CsCOs4
/ /
N 1,4-dioxane/water (1:1) N

6 4 58d
AccordiGrR@G6 9. 34 m8nol , en..1 MONn5THFRB B NSf. 58
(34 .m8nol , eny. dGoaxfenky . g77@ minol , ed1. 50266, 0Cspy5
(@3nmo |l 4mdadl. %) of 3ssRch @P O3 L ménol , en..Q0 of64i ndol

were redé@nles iadBnlL didoxand Catfm90Bhe crude pr
was purified by columhcHextBmMBA@APgt@daphayd ©$idO
(16 mnob ®w) of the debs8idrse da prreodd uocitl .

M( CH2N) 271 .g45mol . 1 o8 0 N/13 "
Ri (Sh@ex/ EROAX38 0. "
1H-N MR (500 MHz) i [QDpOT . 4£433ud, 7. 7 Hz,1

7.2x7 . 10n, 21HQ ,-1HH) , -2.62 ( m8) 2 H2
3H,-1#4) ,5-1.63n, 3M),, H1L. 30 -2 m3H X
H5, 6H-118) , -0. ®&3H, miy .

1E-NMR (10MHz, @DClppm]l84&. AA3)C 18®.)2
(a7), 1897.,11@K0)3 (I28)8 @aa)?2
(as), 38%).,7 IL)9 B®)8 £6)4 €,
29.23),C 24.4 (@)6) ,1-422. qu&4Q . (

FF R ATR, V¥ =B26afsw) , (3005 (21958 (2s9)2,4( 3!
207(5w) , (880 (wWN4 1 (w0, 0 (Iwe) 1,8 (1nd
146(25), (mM)29 (1M)7,7 (1mM)6,0 (1n2)9,9 (1n2)
1249m) , (1m2)0,4 (1nmM)4,0 (1m)2,1 (1n®)9,7 (1n®)
99¢m), (Mp4 (BBL6s) , ()7, 4(hp2 (&
640m), (MBA4(&FLO(EPB(HBOH(WLO

HRMS ( EI Cal cd* PpPNMHK,. 2f20uMld.:2291
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l1XExperi ment al PhlPatras Wi tPahrab lle

112.Be@r ot eocfAri yolnasni nGeener al protocol

alky|\©\ conc. HCI alkyl\©\
>
NHAc EtOH NH

6 2 56

2

(GP2)

Acet afi{deed0. ) was di s sColnwde€d iwmsEtadd.ed and t

cooling to r

was stirred at refl ux. Af ter

NaHGO The aq. phase was extracted

wer e dri edSQpvdri | Nar ed and t he

pressur e.

112. 4Sy/ntlhes+ihexgl a4bi6lbi ne

_ >
NHAc EtOH NH

62 a 56Db

2

sol vent

AccordGRg fL@205mmbo7 , eg.ofadc et ambder e
6. ML conc. Hel HEth@H6 . 505 .h 0gt9@5Saftddux quant .

thrice

reacted

the desir®@dboulodulte obtained as red | iquid.

M( CH1N) 177 .92 Mol 1/\3/\5/\8©\10

Ry ( Sh,Hex/ Et OAc 2:1) = 0.34.° .

H-N MR (500 MH2z)U p@DEG6 . 983Jund ,8. 4 HB) , 2
( d3Juu= 8.4 HZ29) ,2H,. 4H ()b,s, 2 .2340,=
8.z, 261),, Hl 3®m®= (7p.,7 H=,) ,2H,. 3K
H-2, 3H-4H, -®.®38 (ml) 3H,

1CT-NMR (126 MHz) p[ChgLhl44. N00C 133.,3
(8), 11%) 4 J&E)2 6)9 @®8)9 @,
22.82),Cc 14)2 (C

FF R ATR, V¥/=88m1 (w), 3220 (w), 301
2924 (m), 2854 (m), 2156 (w),
(w), 1378 (w), 1270 (m), 1179
551 ( m).

GGMS miz (%) = 177 (24), 106 (100)
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11 Experiment al

Part | Part 1: Phot oswitchabl e

HRMS (EI Calcd*171M™M]15%Dblumd.:1512

112. 4Sy/int2hes+shepofyl :6)d i ne

\/\/\/\©\ conc. HCI
B —
NHAc EtOH

62D

AccordGRg Le8Q07/mmobll , eq..

9. 50 conc. HneU

BthOM . f50r

U,

56¢C

00 of &Ceami deacted
4 b aimnbo@fII%)x .ofl.th7e

2

desired5prcodludt be asbtraidnéd qui d.

M( CH2N) 191.32 g/ mol . 2o 91011NH2

Rt ( Sp,eHex/ Et OAc 1:1) = 0.81.

'H-N MR (500 MHz),0 p@D¥6 . 98334nHd,8. 4 HB) ,?2
( d3J4n= 8.4 H2zL0)2H,3.HB 1 2)(,s,2 .230=
7.8z, 2H),, HL. %3 (mpf) 2HL.. BB ( m2
H-3, -4H-5H), 033897 (0, Hz1) 3H, H

1E-NMR (126 MHz) f[CDELh] = -1@8%, 118&8.,3
(8), 1I1%) 4 JE)2 6)9 G8)9 €€
22.82),C 14)2 (C

FF R ATR, V¥]=88®m1 (w), 3220 (w), 301
2924 (m), 2854 (m), 2156 (w),
(w), 1378 (w), 1270 (m), 11709
551 ( m).

LR-MS (EIl (Cal cd* 19d2Moun®1. 5.
L®ML. 1668, found: 191.1

HRMS ( EIl cal c d*
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l1XExperi ment al PhlPatras Wi tPahrab lle

112. 4Sy/int3hesfost gl adiGldi ne

/\/\/\/\@\NHAC

62c
g 706mnBo7 |,

conc. HCI

EtOH

Accor dGRBQ

T

en.. 00 of

2

56d

Ceeceami deact ed

8. M0 conc. nMHCIEtIiOH & or 4 ly 4 tmnBodf,| ux9 %.1). 400f
desired5pdodladt be obtained as red | iquid.
2 : 8 89

M( CH2N) 204. 35 g/ mol . 5 s a b

Ry (Sh,Hex/ Et OAc 1:1) = 0.81." e

IH-N MR (500 MH2)U0pEDEs. 983J4d,8. 4 HAQ)?2
( d3unw= 8.4 Hz1L,1)2H,3.B9 2)(,s,2 .23H0,=
7.8z, 2&),, Hl 3B&= (7p.,4 HZ7,) , 24, BA
10H;2 H3H-4H-5H-6H, 03848 T[TtO HA) .

1CT-NMR (126 MHz) D[CDOECM] = -12%, 11®8.,3
(ao), 113)4 @8)..2 )0 B8B)0 g€
29.44),C 28)4 @€)8 (€)2 (C

FF R ATR, V¥|=88®Hm2 (w), 2956 (w), 29:
1623 (m), 1516 (s), 1465 ((w)),,
(w), 822 (m), 552 (m).

HRMS (EI Cal §#205. 1f8®2&6805. 182 3.

The anal ydrie ailn daadviad hdda me@8Bi t er at ur e
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11 Experiment al Part | Part 1: Phot oswitchabl e s

112.Met8hyl:atGeomer al protocol (GP3)

alkyl Mel alkyl
/>/_ />/_

\

58 59
|l nd ®I18¢ 1 .e0q0. ) was dissolved ieaqMeChNaandddMed.
reacti on mi Xtur e was stirred at refl ux. Th

pressure and the residue was washed with MTB

112. 4Syntlhesbsat-12 5F,tF amet hyl i ndBlai um i odi de

/ /
N MeCN N© |©

58a 59a
Accor dem3l0agod4( 6nnol , en. Q0 ob8wang eact edd. WL t h
13.mnol , edq)0@Ff8Me IMad@N at r elf.ls7( fmano | 506 9h .
Lit.HU39500 the des59aeul pribefluchbt ai ned as a hy
sol i d.

13

2 4 15
5 1412

10
/ "

M( CH24 N) 357.28 g/ mol . Ao o

Ry ( Sk,He x/ Et20AX 36 O. ®

'H-N MR (500 MHz),U p@DET. 55304, 8. 3 HZ) ,1
(d¥3uw= 8.3 Hz, 16.)5 +H#z 28 Hm, &) H
(s, 3H,, B.07-1043%, 23B8HA.t9 HA)
1.61 (s1,3)6,H11 .50 ( m3) 2H1 3I#HE (7Th,
2H,2H, 03392 {[(t4 HA).3H, H

1C-NMR (126 MHz) [0 [CDpCrh] = -10%,7166.,0
(a4d), 184 .,0 12@). 5 (ZR5)9, (1149 .,9
(a2), 39)..4 J&)7 B8)6 B3}, (€2
17.211)C 113)..9 (C

FTl R ATR, V=Bd4m6 (w), 3008 (w), 29!
1630 (m), 1614 (m), 1598 ( m),
(w), 1161 (w), 1033 (w), 947
(m) .
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lXExperi ment al PhlPatras Wi tPaahrablle sur i

HRMS (ES Calcdl*] [2M0. 1903, found: 230.1

The anal ytriecaln dawotra atnrced® i t er atur e

112. 4Sy8nt2hes+shex@l 25F,tIF amet hyl i nB®R)i um i odi de

W Mel /\/\/\Cfi
/ /
N MeCN N© ©

\
58D 59b

Accor diGPg tlg 20 5mnod1 , el.. Q0 of5 8inedroel er eact ed

1. 0m ( In6no7 , e3.)0O0of Mal MeCN Oat reflug for

(5.mfo !l , 93%) of t h%9 bdewlid elle palwtdauictededs a
sol id.
15
2 4 6 17 14
1 3 5 ¢ 2 12
M( CH24 N) 385.33 g/ mol . . mN/@Ig
o\
Ry (S, Hex/ Et OAc 1:1) = 0.43. "
H-N MR (500 MHz),0 p@EDET. 53334@Hd,8. 3 HB) ,1

(BJnu= 8.3 H8B),1H, 3017, 4H251H
3.10 (s13)3,H,230Hk4d T t8 H#:,),2H,. 6
H15), -15%3(m,52H,-LH28 ( m2, BH-4F
0. 8®g=t ,6.8 HA).3H, H

1E&-NMR (126 MHz), [i[CDICh] 9 4. 852 £6. &) ( C
(a6), 140)0 (89,7 1@B7)l, (IGPJ. 8
(a4), 3I71)3, (3&W).,1 FK)7 GB)6 €,
23.415)C, 22).,7 (I3, ( C4)..2 (C

FT R ATR, ¥ =Béafsw), (3w0)0,8 (21955 (259)2,5( 3
202(8w), (M9L5 (1630 (1n6)1,4 (1nB)9,8 (14
146(5), (5436(m393 (1M8)7,7 (1M)6,6 (1n3)
1300w), (M2)69 (1236 (1209 (W7, 7 (Iwl
11402w), ()16 LP92 (W64 (M0)33( &)
946w), (PL(BRO (WHB (WRA(WBH (W,
638w), (GB6H( BH1

HRMS (ES Cal cdl/ [M &, 2f2dund: 258.2215.
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11 Experiment al Part | Part 1: Phot oswitchabl e

112. 4Sy8nt3hes+ihe polly 125t 3F,tF amet hy!l i n¢®P)ci um

Accor diGPgdg

58¢c

1. 8 ( 2n9.05 ,

( 6.n8n6o | ,

M( CHzd N)
R
IH-N MR

1CT-NMR

FH R

168

59c

tlg 90 /mn38 , ey.. Q0 of5 8ienedroel er eact ed
e4.)00o0f Men L MeCN 5at rhe.f | gx 7 4 or

93%) of t h59 cdoeuslidr ebde porbotdavicnted as a
16
1 3 5 T g 18 s
2 4 6 /13 14
399. 36 g/ mol . 91011N\®|®
(Sh&ex/ Et OAc 1:1) = 0.57. "
(500 MH2)U0pEDGA. 57334ad,8. 2 HAO)1

(d@3un= 8.2, 1.®)Hz F. BHHL,8HH s4. :
H12) ,1(s3. 3HH} , 2 .3%4= (8Hz9, , 2, 1.
6H, -H§ 1. 6B. 62 (m6)L28F. B4 8H, msH, -4
H-3, -2H, 0 .3®B@ (6t.,9 ,HAY . 3 H

(126

MHzs), JI [CDICthL 9 4( 61.3) 14681 1.

(€a7) 139 H) 179® )4 174 8) 1A 3) 5
(a5) 3¢0a2) 86g) 30187 30163 207
20 (@) 2@AB) 226 17a2) 14409

ATR,

V=8 ¢ 89w) , (3003, 0(3w0) 1 0 (2195, 6 (2s¢

2854 ), (w924 (w31 (w15 (w9 9 (1m)
146(4s), (W394 (MW3)7,7 (W3)6,1 (IW3)3,4 (1Iw2
127(5w) , (W36 (Iw)6,1 (W)4,2 (Iw0)9 2 (Iw0
103(4w) , (@p1(9pogow) , (B3 (BRL(W!
72ew) , (eB6(WyA(WB3(WBH( WP 2

HRMS (ES Cal cdlfj2f®™. 2372, found: 272.23

S

i odi d

W

r



lXExperi ment al PhlPatras Wi tPaahrablle sur i

112. 4Syntdhesost-i12 H3e,tFamet hyl i n@®B)i um 1 odi de
W Mel W
N MeCN N/®|®

\

58d 59d

Accor diGPg t4g 26 Inbmod1 , ely.. Q0O o f5 8idnedroel er eact ed w
2.9 (Mmool , e3.)0O0of Mel MeCN3Oat red.l uxmg. 3br i

(12mnmgol , 82%) of t h59 ddoeuslid ebde porbotdauicnted as a r

17

2 4 6 89191816
1 3 5 7 /14 15
M(£€H31 N) 413. 39 g/mol. 10 12N®|®
11 \

R ( Sh,eHex/ Et OAc 1:1) = 0.59. °
'H-N MR (500 MH2)U0pEDGA. 57334ad,8. 2 HA1)1

(PBlun= 8.1 HAD)IH7.BMI)s, 41H,71 5
3.11 (s13)3,H{2.H64 (m8) 2H1. 6I5-1(
1.39.24 (w7 HEH5H-4H-3H-2), 03388
6.9 Hz;1)3H, H

1E&-NMR (126 MHz) J[CDCML94. 640C 1446.,1
(as8), 138®)§ (I@&AP.)5 (1@&>D.)§ @a4a
54. 316)C, 3T73)3, (3H).,0 IL)8 B&)A9
(G),2R2@), 28)23.(XN)C2QRL§ 1Fasz
14 (%)

FT R ATR, ¥ =Bé¢6afdw), (3w0)10 (21956 (259)2,3( 3
1918w), (631 (we)15 (w59 8 (1mh)8 2 (1)
139(3w), (17,7 (1n8)6,6 (1w8)3,5 (1w3)0,0 (12
1236w), ()61 ()42 (w09 1 (w06 4 (1m0
990w), (ep8(eB2OmM), (WH7 (WR1(Ww,
636w), (GB7(&p1

HRMS (ES Cal cdlX]2BB. 2529, found: 286.25
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11 Experiment al Part | Part 1: Phot oswitchabl e s

112.3y®t he NimetdhfeNknyet hyl ami des: Gener al proto

CDl,
N, O-dimethylhydroxylamine o

alkyl OH alkylﬁ)l\N/O\
CH,CI
alkyl 2¥02 alkyl |
49 50

Car boxyl i 49 (dcéd. Wa s di ssol v€4H iAitA C @8-

di met hyl hydroggl amand e@DI)5 0We.r5e0 added and t he
stirred at rt. The reacti2Ohhmi Xbyeeswaerquaeasa
anhet.pgase was ext fCach®dc avmlhihne&€dH org. | ayers
withk BRCI and sastandamgi.ed®NadHwGOr TMgS©®Ool vent was

under reduced pressure.

112. 4SyYntlhesdes$ highe 2h eNknyet hy | but #§&n0dami de

CDI,

O
N, O-dimethylhydroxylamine
OH N/O\
CH,Cl, |

49 a 50a
AccordGhg 1g008nnol , eph. @ohyl butdyOraiacs eaaccitde d
wi tlh2¢g ( InEmo9d |, 1. 500@igmeéet hoyfl hydr oxy pgarilre 9an
mmol , 1.50 eqmL @Ho€BPrh.2rg1X®8. 10 mmoldit .94 %
84% of the desOweerdebpabpdedtas a colorless oil

The crude product was used without further p

M( &1NO2) 159 .g23mol . 4&2&,{0\6
5

R (SheHex/ EB:ORANO .5 2.

IH-N MR (500 MHz),0[@De&l] 3. 68 (6s),, 1K ,2 IBF
270b s, 1-B) 6M1L.95 m, 23H),, 31l .54 m,
H36), O0.®8=(7, 448z, H

1E&-NMR (126 MHz),U[QDMOi]76. 2)(C656)3 @)
36, (2>) 260G 1ea
FT R ATR, V]=34909w) , (3420 4 (2196 5 (2n9)3,6 (2v8

21003w), (1s6)52 (W§29 (15461 (1) 18 (1)
132(9m) , (1w2)5,6 (1n)7,7 (1m)5,6 (1m)1,4 (1n®)
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lXExperi ment al PhlPatras Wi tPaahrablle sur i

106(4m) , (1n@)4,1( 9P 6( B)5,7( B O ( &P 4 ( &)
838m), (Mp2 (M0 (HLO (G4 (YLD (6
58@m), ( BRO

GGMS m z (%) = 159 (9), 130 (8), 9!

112. 4SyYnt2hes4ps g@\N-me2t heNknyet hy | but #&n0gbmi d e

CDlI,

Q : : o)
N, O-dimethylhydroxylamine
OH N/O\
CH,Cl, |

49b 50b
AccordiGRPRg to®0 9nno( , eh. QWVpoopyl pentdhwas aci c
reactedl. @6lOhminol , 1. 5N0O-ckigmet hoyfl hy dr olx.y@ 9% mi ne
(10.mdmol , 1.50 elgdnl 6HOCBIh R.AY4L6( GnImo | 6%) Bf

the desirddtvops odbtcai ned as a colorless oil.

2 PIONG
M(CHNQ) 187.28 g/ mol . y TN
6
Rt ( Sp,eHex/ Et OAc 4:1) = 0. 38.
IH-N MR GOBMHz, §DEPmM]3.=70 (s7),3H3. 2HL-6]

2.87 (br2)%, 1LH63BOm, i12HA4H( m3
H4), 033 Tt BHHIY .

1E-NMR (126 MHz), i[O} 7%= A)(C6T)5 ¢Q)
34.93),C 3B)2 QR@8)9 (8)2 (C
FTl R ATR, V]=P8&7s), (2393229 7 3(2W)6,8 (1n7)

166(1s), (5464(M)15 (1s3)8,5 (MmI 18 (1m)
1176s), (m)49 (1mM)1,8 (1n0)8,6 (1s0)0,2( rA)
87¢m) , (MpB (MBI (MLO( HMYL2( )4
GGMS m/z (™98 =128 ,(5), 127 (74), 1:
57 (.100)
HRMS $IB Cal cdl”2[1¥. 187 90In&l.:1956.
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11 Experiment al Part | Part 1: Phot oswitchabl e

112. 4SyYnt3hesips oe\yme2t heNknyet hy | but #&nlacmi de

CDI,

o . . N
N, O-dimethylhydroxylamine
OH N~

49c 50c

AccordiGirgg t1®. 0 mgmo( 58e10. Q Gbaftexam o i c4 avir c&

react e@. @487 hmbno | , 1. 5NO-ckigmet hoyfl hydr oxyd ami ne

(10. 4

mmo | 1. 50mLe g owdrh@D23)63 @ .mdnd b %)

the desir2@weprredbd @ad¢thed as a colorless o

M( 2H2sN Q)

R
IH-N MR

1CT-NMR

FH R

HRMS
GGMS

172

( EI

O
1

215 .g34no | . °
( Sp,eHex/ Et OAc 4:1) = 0. 26.
GOMHz, ©§D@EPM3.68 (s8),3H3. 2H0-7{
2.82 (s2),1K)L.6668 ( m3) 2H1. HB)( m;
1.22 (m4d,-BM, B3B8 [t2 HB).6H,
(126 MHz) j[CDCh] = 117)8,. 281-8(400 4
(@), 32750 3(139,6 L4094 2587 1
( ®) .

ATR, V]=P@865{7s), (3929297 2(2m)5,9 (2w
1732m), (1s6)6,2 (5459(1M) 14 (1n3)8,6 (1)
117(5s), (M)49 (1mM)1,5 (1n9)8,8 ( 892 ( M)
784w) , (MRO(HMYIO(GLI( W7

Calcdly] [2M5. 1879 found: 216.19
m/ z (24 =(1), 155 (45), 127 (2

of

S



lXExperi ment al PhlPatras Wi tPaahrablle sur i

112. 4SyInGd hesi schhdi A okiggt ®enreesr a | p) ot ocol ( GP

0]

MeMgCl
alkyl 0 eMgC

- alky!

Et,0

alkyl ! alkyl

50 36
Ami &@®( 1.e00was di ssodOovechdi toBACd MeoMgORlg. (2. 5
2. 8 i nO)Etwas added Afoewi séeherirmgacatomt mi xt
guenched withCl3ae. |ager 8Hwer e separated and
extracteXd. wirhb Ebmbined org. | 20 easd weat. wa

NaCl and dri ed Tdhwers oMguSEt was removed under

112.10. 1 Syntetelsyi lsp-Boofn é16(b

? MeMgCI o
A&N/o\ _veger__ Aik
| Et20
50a 36Db

Accor dGhy 1go20@8nniod , e. 00 ob0wmmir dereact gd wi th
(20mnmo !l , ey.. 50 Me Mgntld Btnf o3r2 15 hg & témnmtadld., 08 ¥ %)
of the desB6warambrtoaducetd as col orl ess oil .

(0]

3
5 2y

M( &1 0) 114.19 g/ mol .

IH-N MR GOMHz, ©DEpm] =22.284 (m3) ,1H2. H
H-1) , 711..6566 ( m4) 2 H11l.5432 (m4o R H, (
3yn= 7.5 HB).6H, H

1E-NMR (126 MHz),i[®@Da] = -213.38J% ¢@4)
24.34)(,C 18)9 (C

FF R ATR, v 9 8m4(5m) , (2m9)6,0 (2n9)1,9 (2n8)
199(1w) , (1s6)4,9 (593 (k456 (374 (5.
1257s), (5227(5064 mM)21,7(823(s7)55( b
636s) .
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11 Experiment al Part | Part 1: Phot oswitchabl e

112.10. 2 Syntphrecsp ysl dx &n6jc

(0] (0]
o MeMgCl
\/\q\N’ ~ — \/\ﬁl\
| Etzo
500b 36¢C

S

Accor dGmhy 2lgo2@demnto2 , ef1. Q0 obO0OWwmrdereact g@gd wi th

(16mndo!l , ez.. 30 Me Mgntld Btnf 02r7 16 hg & tSmmdad., 08 Z M)

of the desB86wdr@@brtaduwunetd as colorlessooil.

6 4
3 > ,
5

M( &1 0) 142.24 g/ mol .

IH-N MR GOMHz, @DEpm] =22.489 (m3) 1H2. H
H-1) , 111.6502 ( m4) 2 Hill .48%24 ( m4d R Hi,
1.21 -bm, 4H) ,34¢= 9D. tHHB,) .6H, H

1CT-NMR (126 MHz),0[QDpOn] . 213 53)11@@,
28(a), 26)8 (6)3 (C

FH R ATR, V]=pem8 (s), 2932 (s), 28
1379 (m), 1353 (m), 1239 (w),
(w) .

GGCGMS m/z (19%)3 =(23), 98 (12), 69 (47

112.10. 3 Synthbuwetsy Ish-gopfn e2r6(d

MeMgClI

| Et,0

50c 36d

Accor déGmhy 3g8@InMmod , e. 00 obO0OWwWmr dereact gd wi th

(44mnmdo | , e21.. 50 Me Mgndl 8tnf 0553 7 hg a(t Indmb7 , 2 88 W)
the desir@@&@derreebdwdtnhed as colorl ess oil.

M( CH20) 170. 30 g/ mol .
Rf ( Sp,€Hex/ Et OAc 3:1) = 0.
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of



l1XExperi ment al PhlPatras Wi tPahrab lle

H-N MR

1C-NMR

FH R

GGMS

G0BDHz, ©DEpmM]2.42 (m3) 1H2. H1-1)
. 63.51 (m4) 2Hill .#B5 ( m4) 2 Hill .3¢C
(m, 464),, HL. 20-5( 1, BH,E&E8H (L, HT)
(126 MHz),i[®@DpPA3 13. 2)( C53).,3 1)
29.66)(,C 28)6 @8)8 &)9 (C

ATR, VW=P8H&(7s), (3930 2§ 7 3(2r8)5,9 (1w
1710s), (166 (1M)59 (1M)7,6 (1n8)51 (1)
121(9m) , (1mM)6,9 (1mM)3,6 (1m)1,5 (1n)6,9 (1n0)
946@m) , (1B (MB2( A7 ( PO ( )8

m/z (1990 =(1), 114 (59), I (B¥
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11 Experiment al Part | Part 1: Phot oswitchabl e

112.11 SynthemeshokypPphenydl) bjmdec ak3dni de (

i) NaNOg, HCI conc.

0
/O\©\ ii) Na,SOy, H,0 - \©\ ®
_NHj
NH N

2 H ¢

34 35

1090 ( &lmo2 , ey. QPaof si Iy ewafded mlo @2dnec. HCI
OAC. A so3.u@glC o&idmw? , eh. ONDadNf¥O n nL5.01 was added
dropwi se. The reaction mixtur ed wWgs( aBnor,ed f
4. @@ . )NaB@in mbOo® was addAeCd 4daltheO reacti on mi
heat edA€Cof d0 2 h. The soAQtdmdc twae rceoodletdi e
was filtered off a®d @9 s(Bcholdw; | "NEHOL Y 6f
the desirwerogpbt@ad netd as a yellow solid.

M(€EL1CI ) 174.63 g/ mol .

1H-N MR (300 MHz-do) DMB®] = 10. 12 (s 3ud=t
8.9 Hz MM2H7 .30uk= (8,9 ,HzH, 24#.3H1L
NH) , 3.85-lfis, 3H

1E-NMR (126 MHz),i[@DAI24&. 8)( 6 BY)., 53)

FH R ATR, v 4 68a13w), (2991 (2n9)3,2 (2n8)
269(1m) , (2wW)6,0 (w953 (1n6) 0,0 (1n5)9,1 (1vb
151(2s), (B9497(1M63 (Iw)3,6 (W14 (In3
1315w), (In®03 (1s2)5,4 (W3 Q0 (In) 7,6 (1w
110(6w) , (In)) 4,5 (1s0)3,2 (WQQ5(@B9 (@
89@&m), (&p7 (8R9(B)L4( B)06(Wp4 (M)
720m) , (MLO(BPOE(@BA(EHO(EFPA( B

The anal yarie ailn dadavaa hdameé& i t er atur e.
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112.1Ri scihedol e s yQGetnheersails :pGR)t oc ol (

_0 alkyl
® ketone o) alkyl
N NHy ——— 7

) V
H ¢ AcOH N

35 51

Foll owing a modiBadledo md'detedak zis @iy 6l . e00. )
wasdi ssol ved in gllThedtadn GltOeg. asawwded and t he

reaction mixture was stirred at refl ux. Th
pressuflke residue waCdaddswabtied wnt Bdhsnadt . aq
sat. aqgq. NaCl . exhe amdqiteLiGH e rc vmisi.hevdeosgwer e

dried oSvCeantNhae sol vent uwalserr enmodwecde d cpruasesur e

product was purified by column chromatograph

112.125ynt hesimet d©12x 53t,r3i me3Hh ynid 03 e (

_0
o) 3-methylbutan-2-one e
N,NH3 )
© AcOH
H ¢ ¢ N

35 33
AccordGRrR@glLEE.®0 ( MPmod , en..Q0 of hyal Bwazirmee aaant e d
with.mL (@l , ely. Bometf hyl-Danem nBL0 gl aci al acet.i
at reflux for 5 h. The crude product 2,was pu
cHex/ Et OAd:2)1to af fl@bwod1,6.928%4%, 9L7iv4). of t he d
prodludatwmabeige. sol i d

M(CHiNO) 189.26 g/ mol . v N/Gv
Rf (ShEHex/ Et OAc 2:1) = 0.44.
IH-N MR GOBMHz, @DCppnY. 43upd, 8. 2 HB) ,1

i6.80 (ma, AH), H3.837),s,2.3H4-1(
1.29 (s9).6H, H

1ET-NMR (126 MHzs) i[CPEML86. 6)(C 158) 0
(C10), 1€6§.6 12®).,0 (¥21)l, (LCag. 1
(€g), 58)7 €8)21(a&) .
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11 Experiment al Part | Part 1: Phot oswitchabl e s

FH R ATR, V]=32m2w), (21962 (2v®)2,9 (208 6,5 (28
2096w), (875 (W)0,8 (159 1 (1ns)1,3 (1s4
1433), (mM3I81 (1B)6,2 (337 (15286 (k.
1212s), (5379 (113 (1s0)6,9 (502 9( @
866m), (8L4(W)BDPwW), (WPB(WB3 (M)
58(m), (wpp(WLI

GGMS m/iz (%) = 189 (100), 174 (99)
(22), 108 (26), 89 (20), 77 (.

The anal ydrie ailn dadviada hdameé&3%i t er at ur e.

112.125y2nt he Si,-8Bi e t5hnyelt h e2xme t R3yH n d @5 19a

o) el
®
/u\ﬁ + \©\N’NH3 - s~ _O
S)
H ¢ AcOH N/

360D 35 51a
AccordGRg 0@5d@3nnmod , en..Q0 of hyald Bwzirei ummact ed
with gO. (38Bn08 , eqj.. )5 of3 6khelit.ofmie gl aci al acetic ac
for 4.5 h. The crude product was puri fied
cHex/ Et OAc 1:1)g t(olmatbdd pr 82%) 36f t helaswmsired
yell ow solid.

0.2 11 8
M(CHiNO) 217.31 g/ mol . 1 N/Gv
3 5
R (Sh&Mex/ Et OAc 1:1) = 0.40.
IH-N MR (500 MHz),u pgpDng]l7 . =4 13J4nd, 8. 4 ,HzZH

6. 823 0kd,8. 4, 2.8) Hz6 .44 (2.,6 I
H-4) , 3.83-Ils, 23H7 -s, InB8P2HH , !
il.73 (mM,2H 3B (7t.,HHHAH) .
1E-NMR (126 MHz) J[CDLMLI83F. )(C 15718, (
(), 143) 2 YED2H, 181). 8 1(08) 6
(8), 58)67@Rk®), 13)8 102 .(C
FF R ATR, V]=B8@&6 (br, w), 2936 (m),
(w), 1593 (m), 1579 (m), 1470
1176 (s), 1082 (m), 1029 (s),
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GGMS m/ z (248 =(13), 202 (100), 188
(7).
HRMS (ES Calcd.?*[ 2#H]. 1539, found: 218.

112.12Synt hesimet de2nget hR3y,iBi pr Spdy h d ¢5 19b

(0]
_0
Lo
+ ,NH3 —_— 0
N e) -
H ¢ AcOH )
N

36¢C 35 51b
AccordGREg 0@4@2nmod , en.. Q0 of hyal Bwzirei umact ed
with gl(38mol 10kYh. ) of36kdt.clmle gl aci al acetic a-
for 4.5 h. The crude product was puri fied
cHex/ Et OAc 1: 2)g t@&qnmb B Bo)d o®. t he desliassda prod

yell ow solid.

M( CH2NO) 245. 37 g/ mol . -
Ry ( Sk,&MHex/ Et OAc 1: 1) = 0.
1H-N MR (500 MHz)U pdDng]l7 . =4 03J4d, 8. 4 H=z,3"

6.8130kd,8.3, 2.8)HzpHUEHE, CHS |
H4), 3.83-1)s,i223.B113 H m7) 3 H1L .8746
2H,9H, 11784 (m9) 2HDO BAO ( ml0
H11), 0.621Q@)M, 2H, H

1E&-NMR (126 MHz) J[CDChL84&. $)(C 1572, (
(), L4#),1 11B83%, (LB).5 108) 7
(8), 54)6 $8)4 (TOD, (EH).,9 L4l

FT R ATR, vi 94 e@m56m), (2mM)3,1 (28)7,2 (1)
1580m), (1s4)7,6 (Mm3ITB6(3s), (BI9I6 (B
106(2m) , (1n@)3,3( ;MR 1 ( Mmp 8 ( MP 3

GGMS m/ z (245 =(54), 230 (6), 216 (

(100), 158 (22), 131 (15), 10:
HRMS (ES Calcd.*[ N#4]. 1852, found: 246.
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11 Experiment al Part | Part 1: Phot oswitchabl e s

112.12Synt hesi-di b&sngelt3h e2xme t R3yH n d oS 19c (

0 o
®
+ ,NH3 —_— le)
N o) -
H cl AcOH ,
N

36d 35 51c
AccordGRf bH@p5C3mod , en. Q00 of hyd3mwzirei umacdletd
with g5.(30%mod1 , eqy..)0 of36klent cdnlel | aci al acetic ac
for 4.5 h. The crude product was puwri fied
cHex/ Et OAc 1:1)g t(olmmdF pr 83 %) 98f theklaesared

yell ow solid.

M( CH2NO) 273.42 g/ mol . 17
Ry ( Sk,&MHex/ Et OAc 2:1) = 0.
1H-N MR (500 MHz)U pgDng]l7 . =4 13J4+d, 8. 4 Hz,4"

6.8230kd,8. 4, 2.B8B)Hzp LB, QHS5 |
H4), 3.841) s, 23H87Hs, 1382-99m,
(m, 2&H),, HI1.205 (mlOWNH, OMAA T t3
6H,-1M), i0.838 (ml1RPHIOHE2 ( ml1ly)

1E&-NMR (126 MHz) J[CDChL86. ) ( C AGT3 B,
(), 14%) 0 1ED4%, (LB).5 108) 7
(8), 548)6 @6)9 417, (€120)8, (X&K
13. 71 X)C

FT R ATR, vi 4 em56m), (22,9 (2vw8)7,2 (218

173(1w) , (MOL3 (1592 (1ns)7,9 (1vws)1,6 (1s<
143(7m) , (1M)7,8 (1w8)4,0 (1In®)7 7 (1s2)5,4 ( I
119(5m), (1s1)7,1 (W) 17 (1W)0,2 (w069 (1nD)
102(tm) , (YO (@RS (@BBOEW), (BAL(B)
81lQs), (WORS(wWwAp7(WP3(WwB7 (®@R4A (M
574w), (&B6
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GGMS m/z (23 =(52), 258 (6), 230 (4
174 (100), 158 (18), 145 (6),
(5).

HRMS (ES Calcd.*]™M+.H]l165%4d20Mm4d.:2.1650
Calcd. *[ M2N&.]1984857, found: =z

112.1B3emet hyl ation: oGeneralt(e®P d)

alkyl HBr (48%) alkyl

_0 alkyl HO alkyl
/ /
N N

51 40

Foll owing a KgmocaeduwuH&ro{ 48%) (4.00 eq.) was
indbll(el. 00 eq.). The reaction mixture was hee

was neutralized withheadaq. aghaNa HC&3taexdt r act
the combined org. | ayeaxa s TWersotivead wasr r BQ

reduced pressure and the crude product was p

112.3 Bynt he i, St, Bif me3HHh ynld®sd I(4 0)a

0 HBr (48%) HO
, ,
N N
33

40 a

Accortdem8.md (B38| , e4q. Q0 8 8B Irecact eldé gl t h
(84mmso | , ey. Q00 of33amma@bélCe f chrAf2t2er purification
chromat ogrzacbby/ ESOM®c gl :(15y6m@4. 8 86 FAt .8)4 % f t he
desiredda4Pme doecttai ned as beige solid.

M(CHiNO) 175.23 g/ mol . MONANS
/

R (Sh,Hex/ Et OAc 1:3) = 0.3%8:"

IH-N MR (500 MH2z)Uppoas8 .67 (sPHL1H.3%2= (&

Hz, , 2, 6.%84= (2.,4 HAH) , 1t . ? 8hnt
8.3, 2.4 Hz, ,18B), I 6BB-8(s, 3H
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11 Experiment al Part | Part 1: Phot oswitchabl e s

1€-NMR (126 MHzU[EpEU85=. &) (CHEER)L 14 7%,
145(4@) 12020 1144 @ 10(93)p 584
23.(B) 1660

FT R ATR, V]=8@25w), (2967 (292 7 (28 3,9 (2m6
1850w), (IwW)0,2 (w82 1 (1592 (1n8)8,2 (1wt
146(25), (M)29 (1M)8,7 (1m)5,9 (1s2)9,3 ( In2
122(0w), (101 (1s1)9,1 (W12 (106 1 (1w
996w), (A6 (9P83(4B) , (BLH(W)E5( W,
638w), (WR2( W) B8(wWpBI

GGMS m/z (®4)5 =(97), 160 (100), 146
(8), 94 (22), 89 (10), 77 (17

The anal ydarie ailn dadviad hda meé&3*i t er at ur e.

112.13.2 Syn3 hdishiuvgnye t h3pd n dd I(4 0)d

0 HBr (aq. 48%) HO
/ 7
N N
51c 40d

AccortdéscRd . 2nrk. (@ | , en0.) 0 oafqdBB4) Were reactec
2. 93 ( InOmo7 , en. Q0 of5liatdoA®®8 f ohr. 28X ter purific
column <chromat,ocleapBy OASid: ¢ InmndI 29 10 %) of
desireda4apnedaoghcttai ndock iagge sol i d.

M( CH2NO) 259.39 g/ mol .

Ry ( Sk,&MHex/ Et OAc 1: 1) = 0.

1H-N MR (500 MH2)0 p®DGA. = 23J4¢d , 8. 2 HB),, L1¢
i6.73 (mH 28, 2m4@HH, 11884
H-8) , 1.5, [GH 115380 (, mM ,2Hlm,3H

H6) , 111710 (m®M,2H 3Hy= (7t.,4 ,HzH1
0.90. 772H, mH) , O 3Jw= (7t.,4 ,HAH) ,3 H
i0. 602H, mIH) .
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1E&-NMR (126 MHz) U[QDpOn]L 88&. 6){E4. 2220 C
(), 148)7 (@1eD) 0 (EB)Q @1OD) 4
(), 3B)2 QO®)728BP) 26€D) 2GS
22 (9¢) 184A8) 168a1.0)

FT R ATR, vi 4 8a0o0w), (21960 (2n9)3,0 (2r8)
2 86(0m) , (2w)0,8 (18)7,5 (1s6)7,6 ( In§ Q 7 (1s5
152(2m) , (1s4)6,4 (1Y Q 2 (1n8)5,4 (1m2)8,8 (1s2
1210s), (E387(5358(m)17 (1M)0,5 (1nd)
106(6m) , (1nm)4,1( 05 ( M450Up, (BB I( B
82(@m), (Ep6(mME,7( MBI ( BB/ ( WP2

GGMS mi z (299 =(59), 216 (68), 202 (
(11), 103 (7), 77 (9), 55 (5)

112.1Bemet hyl at i o R Gefn eirmtd o taGd)

alkyl alkyl

alkyl alkyl
/O BBrj (1 Min CH20|2) HO
N CH,Cl, N

51 40

Foll owing a modi fSiteadc k pv &82edu n&lb(Ilheyed0. ) was
di ssol veCd. iARCOOBBr 2@ 1M i nn.CHHwas added. After
rt the reaction mixt2Ora@anwastgaknebddwwt hhsHt

The |l ayers were separated and theCtaqThephas
combined org. | ayer.SQwrdettei sdol veprpt WNas r e
reduced pressure. The crude product was puri

112.14.1 Synt hdeiseitg@nyelf h3pd 8 dBd I(4 0)b

_0 BBr3 (1 M in CH,Cl,) HO
/>/L />/i
N CH,Cl, N

51a 40b
Accor diGigg 068 (38nmol p0CLy. ) of5 lianedroel er eact ed w
3.4 (Inmb4 , ey, 0d@ MCEH nindH9EXHf orhl17After <col u
chromatogrzap W MeSOHD 19 :gl1)( 2an6d3, 8 3 %) of the
pr oddulciweroebt ai ned as yellow solid.
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M( $GHi7N O)
R
m. p.

H-N MR

1C-NMR

FH R

GGMS

203 .g28no | . 98
(ShOHCH MeQ@H : 1) .= 0.24 "N
15AC s

(500 MH2z)0p@EDET .=3 33Jupd ,8. 2 HB) ,1
(dédJnw= 8.2, 2.4L2)Hz 6 Wik (2d ,3 Hz
11), 2. 186)(,s2i118M, (20, -8 1i B.07 3
2H,8H .63 (s,0l1HPHBGH)7,. 4 HB) 6F
(126 MHz)u[QDOWL8ZF. &)(C 1580), (
(a), 148). 3 1XD),7 1E2)0 1EO1l)3,
(g), 28)7 @6)6 602 (C

ATR, V¥]=8em9 (br, m), 2961 (m),
(w), 2660 (w), 1621 (w), 1596
1286 (s), 1246 ( m), 1192 (s),
(s), 622 (w).

m/iz (203 =(61), 188 (100), 174
(6), 77 (10).

HRMS (ES Calcd.* [ 290H4] 1382, found: 204.

112.14. 2

Sy n t-meetsh3ysiBio p r Sig-iy h d»d |4 O)c

o BBrs (1 M in CH,Cl,) HO

N CH,Cl, NG

51D 40c

AccordiGRgy 0t @9l ( Immobd , ely.. Q0 of5 libmedroel er eact ed
5.0 (Snmw6éb , eny.,5d MCEH ninmH9YHf orhl17After colu

chromatograptheyx/ E$IOGc @: (dnndA 69 81 %) of t he

pr oddulcccoul d be obtained as beige sobid

M( BH2NO)
R

m. p.
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1H-N MR (500 MH2)0 p®DOG. 8 2344d,8. 0 HB),1
i6.71 (m2,-2®”), H2. 196)(,s,i11.38875 K
H-8 ) , 1700..8539 9H,m6H -118) .

1T-NMR (126 MHzs) U [CoDPICh]L 8 4. 5 ) ( C 15%)144 8
(11 44. B)(C1ER),7 YE4).,0 LCEO2)7,
(¢g), 38)4 (8)0 (®6)7 ((@€02.(C

FF R ATR, V]=B3386&i6w), (3w)4 1(3n)8 0 (295 8 (29
287(3w) , (2wm)4,2 (2Ww)0,4 (206)2,5 (1n6) 9, 4 (1ve
1582w) , (1m)6, 7 (1n3)8,1 (1wB)0,4 (1nR) 6,8 (1w
1193w), (W)09 (057 @p1( @R9( ®B7( S
770w), (WAZT(WG, (BRB( P77 (WB6

GGMS m/iz (292 =(56), 202 (62), 188 (
(11), 131 (8), 115 (6), 103 (!

HRMS (ES Calcd.* "Z23M>H]69DuBB82.. 1694
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112. O5Gl ycosyl ati ocemferiamd@lres 0ocol (GP9)

OAc

OAc alkyl
o0._,0._ _ccl alkyl
b Akl alkyl  BFOEY, 0. .0
NH o+ 1O B 4
RO “OAC 7 CH,Cl, RO™ “OAc N
OAc N OAc
R = Ac, acetylated galactose
4 3 40 45

SugdB8 1.e00) was di sKodwvedi AdaAlCHP. ) was added.
solution waACcao®EHRFte&0) was added dropwi se
at rt the reaction mixture was Tduwee nlcahyeedr swi W
separated and the agq. ph@ise TWas cexbr aededryg
were driefQovAefrteNra the solvent was removed u

crude product was purified by column chr omat

112.3 1 Synthek BsS Bf$S)-4-(2acet oxy-&@etdhyd ) 3Inet hyl
3H-i nd®Byil )oxy)te22HpyghBardtorSi yl t Adi5mcet ate (

HO
/
N

OAc 40 a OAc

0._,0._CCl, BF;0Et, 0.0
AcO OAc 2v12 AcO OAc
OAc OAc
43 a 45a
AccordGm@ .ty ( Imbmod , en. Q00 oA 0wedel eeact ggd wi t h
(15mn2ol , en. Q0 of43amgarinL0q Zn2nod , eX. 530 BtF n
45mL &R for 17 h at rt. Af ter purification
cHex/ Et OAc d: B )lImtmod 06 8 2 %) of t hed 5deosuilrde dbepr
obtained as a |ight beige solid.
OAc 16 1
4 O. 0.7 15 §
M(£HsNQ9 505.52 g/ mol . B5.s 12
AcO" “OAc o N
Rf ( Sk,€Hex/ Et OAc 1: 3) = 00A38
'H-N MR (500 MH2)UOpEPDCTT . =42. 41 (m9 ,1HG6 9K

(m, 28H,-1HH) , i15.258 (mé, BMH, B3IdZ
9.4 Hz;3)LHS53M8& (fd2 HB),1H,28y
= 12.3, 5-14) Hz,421BB= (B2d.,3, 2 -146
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3.87 Puhdd10.0, 5.4,22.

2. R5,-Ks

2.08 (sOQAB8H. 08 0OAc¢c 22H 5 0QOAc¢ 23
3H OQAc 1. 29 -1{4s,, 13.BH38 -1{4s.,

1E&-NMR (126 MHz) 0 [@pPCGil 8 E(Ca 1) ,

170. 5

(OAc), 169.4 (OAc), -15P, 314,
147.300C 1®0.1 1(18&)..,561¥K16), 98)
72.75),C 72)Q @T@)2 6G@)3 6@&)0
(@3), 2B4y,1(HBBG),7(20Ac), 20.7

(OAQP . (®Ac)1GA 2)

FT R ATR, V=Btafrw), (3051 (296 7 (2w)1 9 (1s
1615w), (w)64 (wh32 ()11 (InB)6 7 (1s2
112(0w), (In0)6 4 (1s0)3,4 @)8,5( @)L O( @R B ( &

696w), (@B6(WPI(WH3(WPS

HRMS( ESI )Cal ¢M+H§J06. 2G2UBO6. 2016 2.
Calcd. [ M=N&.]18401, found: 52¢

112. 4.9y5nt2hes( R S04 B, §-2-( acet ox y-f tRhRIY B,
6S)-4 ,-bi aceR-paxget oxy-Gethyd ) Ined3Hh nid®myl ) oxy)tetr a

hyd2Hpyr-8nl )oxy)t e2Hip g hBadtors5i vy |

HO
V,
N

40 a

t@5pcet at e

A A
c0 OAc c0 OAc
AcO o 0 ochLo, BF;0Et, AcO o 0.0
R .. NH CH,Cl, . . 4
AcO” Y YO ‘OAC AcO” Y YO ‘OAC N
OAc OA OAc OAc

C

43b 45D

AccordGhyl .t5p08( ol , eh. 00 oA O0Omwedel eeaét &8 with

8. mnol , en.. Q0 of43mumglarén: 12 .méno | ,
17mL e for 17 h at rt. Af ter
CHCY Me OH:1) B0 g5 8 .ndndo 19,90) o f t he

eql. 5:0 Btk n
purification
dedgdibineed epr od

obtained as a |ight beige solid.
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M( £Ha N Qs)
Rt
IH-N MR

1T-NMR

FH R

793 .97 imo | .

( S, OHCY Me OH )20 10. 2 3.

(500 MHz)U0ppQY . A3 . 40 (mL50LH, 6.
2H,-1#H,2H), 53436 8d5 HB,) , 1B
9.0 Hz;4)LH 55101 ( mlO0 23H)H, H5 3J06
7.6 HzA2)H, 4HEMH+ (WA, 4, 3.-B) Hz
( BJuu= 7.8 HZ,) ,1H4.186 ( m76,4H-5H
3.93.88 (m2,2aAH),H3. Y®HuH{ dd.d9,
Hz, , &, 2.26 -1K8s,, 28B.BH6 OQAc 2s, B
OAr2.08 (s, 3 H, OAc) , 2.08 (s
2.06 (sOAGH .97 QOAc¢ 13 R9 -X0s,, 13.t
3H, -2H) .

(126 MHz)Uu[PDPOILB8ZE. L 70C 170. 3
(OAc), 170.1 (OAc), 170.0 (OAc
( OAc) , 12514).,9 1(4C8B.)3 (1@1®6.)2 (1&A®
115. 20¢C 11M14)4 (@@&). 1 9@2, ( ¢x)
72.88,(4£¢C,5(7@), 70)91E€0G11), 6
5), 6Z2)0 6Q4)8 6499 1((&Bap(xoO0
2®8B. (QRr6) 7 ( OAcC) , 20. 7 ( OAq)OA
20. 5 (1BA(c3 8)

ATR, V¥]=B8®&m2 (w), 2966 (w), 21.
1581 (w), 1463 (w), 1431 (w),
(w), 1109 (w), 954 (w), 902 (
(w), 671 (w), 602 (m), 512 (w)

HRMS( ESI )Cal cd. T M4 86 oundd..2 87

188

Cal cd. *[8M46N®]6 8 UING.:R 6 6
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