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RESUME

Résumé

INTRODUCTION

Les amphiphiles a base de glucides représentent une importante classe de molécules non
seulement parce qu’ils sont largement présents dans la Nature (glycolipides) mais aussi du
fait de leur propriétés physico-chimiques liées a leur aptitude a I'auto-assemblage et I'auto-
organisation. Ces propriétés sont aussi celles qui donnent aux amphiphiles glucidiques leur
intérét industriel, avec par exemple des tensioactifs tels que les esters de saccharose et les

alkylpolyglycosides.

Les glycolipides sont largement distribués dans les membranes, et participent a de
nombreux mécanismes biologiques. Compte tenu du caractére organisé de la membrane
cellulaire, I'aptitude physicochimique des glycolipides a établir ou s’insérer dans des édifices
supramoléculaires est nécessairement un parameétre clé dans leur possibilité de remplir leur
réle biologique. L'état physique en question est celui de cristal liquide, aussi dénommé le
quatriéme état de la Nature (avec I'état solide, I'état liquide et I'état gazeux), et c’est ce qui

donne son importance au domaine des cristaux liquides glucidiques.

Par le processus d’auto-assemblage et/ou d’auto-organisation, ces molécules s’associent
pour former les mésophases possédant I'état cristal liquide. De tels amphiphiles peuvent
former des phases thermotropes (état pur) ou lyotropes (en présence d’eau). La formation
des phases thermotropes dépend beaucoup de la structure des molécules, alors que pour
les phases lyotropes, c’est surtout la concentration dans I'eau qui est le paramétre le plus
important. Les forces qui conduisent a I'établissement de ces phases sont notamment les
interactions polaires (liaisons hydrogéne) et les interactions hydrophobes (liaisons de van
der Waals). Des phases lamellaires, hexagonales, cubiques sont communément observées.
Les parameétres qui orientent vers telle ou telle géométrie de phase sont notamment les
surfaces de section respectives des tétes polaires sucre et des chaines hydrophobes, la
balance hydrophile-lipophile globale de la molécule, et les éléments qui affectent la forme de
la molécule tels que le degré de substitution ou la position de la chaine hydrophobe sur le

sucre.

Notre laboratoire s’est impliqué dans le domaine des cristaux liquides glycoamphiphiliques
depuis plusieurs années, dans le cadre d’'une collaboration avec le Professeur John Goodby

a I'Université de York, et précédemment, a I'Université de Hull au Royaume-Uni, impliquant
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RESUME

aussi le Professeur Grahame Mackenzie. L'objectif était en particulier d’apporter des
éléments sur la relation entre la structure des molécules et leurs propriétés, grace a la
conception et la synthése de diverses familles d’amphiphiles glucidiques. Le travail présenté
dans cette these est une nouvelle contribution & ce theme de recherche collaboratif qui vise
a une meilleure compréhension des aspects moléculaires des processus d’auto-assemblage

et auto-organisation des amphiphiles glucidiques.

Dans ce travail, on a développé deux nouvelles familles de molécules : une série de n-O-(2-
hydroxylalkyl)-a-D-glucopyranosides de méthyle (1) et une série de glucostéroides (2)
comportant un motif espaceur de type alkyle et pouvant présenter une deuxieme substitution

par une chaine hydrophobe en position O-2 (figure 1).

La premiere famille (1) est une série d’hydroxyalkylethers de I'a-D-glucoside de méthyle
possédant des chaines alkyle de différentes longueurs, monosubstitutués sur 'une des 4
positions disponibles sur le squelette sucre. Les comportements thermotrope et lyotrope de
ces produits ont été étudiés. Apres nos travaux qui avaient porté sur un systeme
disaccharidique (saccharose), et qui avaient mis en évidence l'influence des interactions
entre les deux parties du disaccharide lui-méme, l'objectif avec cette nouvelle série
monosaccharidique était d’établir des relations structure-propriété liées exclusivement a la
position de la chaine et a ces conséquences sur la compétition entre liaisons hydrogéne

inter- et intra-moléculaires.

Le cholestérol est un des lipides les plus fréquemment rencontrés, notamment au sein des
membranes, ou il coexiste avec d’autres types de lipides et glycolipides. De nombreuses
molécules possédant un sucre et un stéroide comme éléments structuraux principaux
existent également dans la Nature. Malgré cette occurrence, la physicochimie des
amphiphiles glycostéroidiques a été relativement peu étudiée, et en particulier le
comportement cristal liquide. C’est ce qui nous a guidés dans la conception de la deuxiéme
famille de dérivés étudiés dans ce travail, mettant a profit une stratégie de synthése basée
sur l'utilisation de synthons bicyclolactoniques (CMGLSs), développée dans notre laboratoire.
Comme illustré dans la figure 1, les glycostéroides (2) qui ont été préparés sont en fait
constitués de quatre éléments, le sucre, le stéroide, un espaceur de type alkyle de
différentes longueurs, et la position O-2 du sucre substituée ou non par une chaine grasse
de différentes longueurs. L’objectif était dans ce cas d’établir une voie d’accés aussi

modulable que possible pour faire varier la flexibilité du systéme et la nature des interactions

4

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2013ISAL0001/these.pdf
© [R. Xu], [2013], INSA de Lyon, tous droits réservés



RESUME

lipide-lipide, et observer les conséquences de ces variations sur le comportement

thermotrope.

OH N2
RIAVA

n

n=5,7,9,11,13
1. Methyl n-O-(2-hydroxylalkyl)-a-p-glucopyranoside

-

OH

2. Glucosteroid family

Fig. 1 : Structures des produits ciblés dans ce travail

RESULTATS ET DISCUSSION
Hydroxyalkylethers du méthyl glucoside

La premiére famille de glycoamphiphiles est une série de mono-hydroxyalkyléthers du
glucoside de méthyle sur les 4 positions possibles, et possédant des longueurs de chaine de
8 a 16 atomes de carbone, préparés par réaction d’un groupe hydroxy du sucre avec des
1, 2-epoxyalkanes. Dans des études précédentes sur le saccharose, il avait été mis en
évidence la difficulté de contréler a la fois le degré de substitution et la régiochimie de la
réaction, nécessitant des étapes de purification trés délicates et rendant difficile I'obtention
de composés parfaitement purs au niveau régioisomérique. C’est pourquoi il a été préféré
une stratégie totalement contrblée basée sur la préparation préalable des substrats
partiellement protégés du glucoside de méthyle possédant un seul groupe hydroxy libre. Elle

est décrite dans la figure 2.

O.

HO
HO PGO D\M/ PGO OH o
o] ' —0 OH A0 Deprotection N
HO Protecting group n P \
H
o n OMe n OMe

OMe OMe

Figure 2 : Synthése contrblée des hydroxyalkyléthers du glucoside de méthyle.
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RESUME

Pour les séries substituées sur 2-O et 3-O (Figure 3), le glucopyranoside de méthyle est
d’abord protégé en 4,6 par un acétal benzylidene, puis la monobenzylation conduit a un
mélange des deux produits possibles ayant soit OH-2 soit OH-3 comme seule position libre.
Celle-ci peut étre alors éthérifiée par réaction avec les 1,2-epoxyalkanes en présence de
DMAP et de DABCO dans le DMSO. Aprés purification par chromatographie sur colonne de
gel de silice, les produits ont été traités avec I'acide p-toluéne sulfonique pour couper le 4,6-
acétal, puis débenzylés par hydrogénolyse en présence de palladium sur charbon. Cette
séquence a été appliquée a partir des époxydes en C8, C10, C12, C14 et C16, et les
produits finaux correspondants ont été purifiés et parfaitement caractérisés. Rappelons que
chaque composé est en fait un mélange de deux isoméres au niveau de I'OH sur la chaine

éther, dans un rapport 1 :1 comme démontré par la RMN du carbone 13.

o
Ph\NO o Ph/?o o 3an=6 o 4an=6
0 80 3bn=8 HOHO 4bn=8
Bno 5 3cn=10 4cn=10
- 4dn=12
Oflie HO%( OMe 3dn=12 n

o
o 3en=14 HOAF OMe  4en=14
ChHan+1 C.H 1.p-TSA/MeOH /8 h, 72-
2 [7_ nt2n+l 82 % CoHanet
- >
DABCO , DMAP 2. H,, PdIC
DMSO, 110 °C MeOH-EtOAC (1:1, viv), 8 h, oH
16 h, 55-70 % 75-90%
, o
N ° Ph/vo (0] 6an=6 HO 0 7an=6
ao o) gb n = ?0 [e} 7bn=8
BnO HO*’( OBMove  edn=12 ( OH Jen=10
OMe C,H : H OMe 7dn=12
nHan+1 6en=14 0o CnHans1 7en=14

Figure 3 : Obtention des éthers en position 2 et 3

Pour la série avec la chaine en position 4-0O, le 4,6-benzylidene déja employé auparavant est
dibenzylé en position 2 et 3, puis I'acétal est ouvert en conditions réductrices, libérant ainsi la
position 4 et conservant la position 6 protégée par un éther benzylique. Les 4-O-(2-
hydroxylalkyl)-2, 3, 6-tri-O-benzyl-a-D-glucopyranosides de méthyle sont ensuite obtenus par

la méme réaction avec les époxydes terminaux, qui sont ensuite débenzylés (Figure 4).

1.9 >—CiHann

oH

Bn o DABCO, DMAP, DMSO on loan=6

1. BnBr, NaH, DMF, 8h, 72% o o 110°C.16h,60-65%  HanaCy 10bn-8
PN\ 0 o) Hoo 2. Hp , PAIC Y O 10cn=10
% 2. NaBH,CN, CHySO3H, 4 A B0 MeOH-EtOAC (L:1, Ho 10dn=12
o MS, THF, 3h, 85% OMe vIv) OH) 10en=14

OMe 8h, 7582 % OMe
8 9

Figure 4 : Obtention des éthers en position 4
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RESUME

Pour la derniére série substituée en O-6, OH-6 est d’abord protégé par un groupe ftrityle.
Puis, les autres groupes hydroxy sont benzylés et le trityle est déprotégé en conditions
acides. Le produit résultant est alors éthérifié avec les 1, 2-epoxyalkanes puis les groupes

benzyles sont hydrogénolysés (Figure 5).

(@]

1. Ph4CCl, Py, 50 °C, 6 h, 91 % 1' Coflansa
OH - Phy Py, , ) o OH O. 13an=6
2.BnBr, NaH, THF, reflux, DABDCO’ DMAP, DMSO o CnHans1 13bn=8
o 120,70 % o 110°C,16h, 60-65 % HO 13cn=10
HOo Bno, _— HO oo 13dn=12
OH 3. HCO,H-CHCljg (1:1) OBn 2.H,, Pd/C e 13en=14
OMe 15 min, 84 % OMe MeOH-EtOAc (1:1,
12 VIv)
11 8h, 75-82 %

Figure 5 : Obtention des éthers en position 6

Les propriétés thermotropes de ces éthers ont été étudiées par microscopie optique
polarisée et par calorimétrie différentielles (DSC). Les phases lamellaires (smectiques) de
type Sm A* sont I'unique type de phase observé pour toute la famille de molécules, ce qui
signifie que les tailles respectives de la partie sucre et de la partie aliphatique est de I'ordre
de 1:1 pour ce systeme. La longueur de chaine C12 est la limite a partir de laquelle les
molécules sont capables de former les mésophases. Pour les séries qui ont les chaines les
plus longues (14 et 16), les températures de transition entre la phase organisée et le liquide
isotrope (clearing point) varient avec la position de la chaine, diminuant quand la chaine est
déplacée de O-2 vers O-6. Pour la série en C12, les températures de transition sont plus
irrégulieres, avec le composé substitué en O-3 était ayant la plus haute température de
transition, et aucune mésophase observée pour de dérivé en O-4. Les études de
modélisation moléculaires et I'analyse des enthalpies et entropies de transition de phase,
permettent d’interpréter les variations de comportement en termes de capacité des différents
groupes hydroxyéther de s’associer de maniere intramoléculaire avec les autres OH du motif
sucre, ce qui modifie donc la compétition entre liaisons intra et intermoléculaires des tétes

polaires entre elles.

Les propriétés lyotropes ont été aussi étudiées, montrant successivement, quand on
augmente la quantité d’eau, des phases lamellaires, cubiques puis hexagonales, comme il

est attendu pour ce type de molécules.
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RESUME

Glucostéroides

Pour la famille de glucostéroides, on a utilisé les synthons carboxymethyl glycosyl lactones
(CMGL) pour attacher la partie sucre au systéme. Il a été montré que ces synthons, qui ont
été développés par notre groupe, peuvent étre facilement ouverts par divers types de
nucléophiles, notamment possédant une fonction amine. L’'ouverture de la lactone conduit a
I'obtention d’un OH libre sur position 2 qui peut étre alors sélectivement fonctionnalisé. Cette
méthode a permis d’obtenir divers types de pseudo glycoconjugués, tels que des
pseudodisaccharides, des glycosondes fluorescentes, des monomeéres pour polymérisation,
etc. Notamment, des travaux préliminaires avaient permis d’obtenir des composés dans
lesquels un stéroide et le sucre étaient couplés directement, mais ces produits étaient
quasiment incapables de former des mesophases. C’est pourquoi on s’est intéressé dans
cette thése a une nouvelle gamme de glycostéroides comportant un espaceur entre la partie
sucre et la partie stéroide. La substitution en position 2 a ensuite conduit & de nouveaux

bolaphiles. La séquence synthétique est illustrée dans la figure 6.

OAc OAc

Q Q
AcO -
CAC&' Cholesterol derivatives Atﬁ&v
o
P s YT,

(0]

O

1. Alkyl isocyanates Deprotection
2. Deprotection
OH
HO G O
"o i A AQ/

Figure 6 : Synthése pour obtenir des glucostéroides

Pour la série avec I'espaceur en C4, I'étape de couplage se fait par réaction de métathése
entre l'allylamide issu de I'ouverture de la lactone par l'allylamine et I'allylether du cholestérol,
suivie d’'une hydrogénation sélective de la double liaison isssue de la métathese par

I’hydrogéne en présence de Pd. La séquence synthétique est illustrée dans la figure 7.
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Figure 7 : Séquence de synthése des glucostéroides avec espaceur en C4

Pour les séries avec les espaceurs plus longs (C6, C8, C10, C12) une autre séquence a été
utilisée, basée sur l'ouverture de la lactone par des éthers de cholestérol possédant une
fonction terminale amino sur la chaine. Comme indiqué dans la figure 7, I'éthérification du
tosylcholestérol par les 1,o—diols de longueurs variées est suivie par la transformation de

I'OH terminal en amine via le mésylate, puis I'azido correspondant.

1. TsCl, DCM, r. t.
2. alkyl diol, p-diot#ne, 80 °C

3. MsCl, CH,Cl,, 1. t., 15h

4. NaNa, DMF, 60 °C /\wo
HO' 5. PPha, THF, H,0, r.t., 15h HzN o
19an'=5
19bn'=7
18 19cn'=9
lod n'=11
OAc
AcO O,
AcO
o
A
o]

OAc

AcO 0
AcO (0] 20n'
HO !

o M |
HN\/Q* .
o 23n

n

NN
NP
=]

RO~
[

Figure 8. Séquence vers les glycostéroides avec espaceurs 6, 8, 10 et 12
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L’ouverture de la CMGL par cette amine conduit aux produits de couplage qui peuvent étre
ensuite fonctionnalisés sur la position 2 par réaction avec des alkylisocyanates de diverses
longueurs soit dans le dichloromethane avec NEt; comme catalyseur basique, soit dans le
THF avec 1, 8-diazabicycloundec-7-ene (DBU) comme catalyseur. La deuxieme méthod a
permis d’utiliser moin d’isocyanate et de temp pour purifier des produits loin d’'urée. La
déprotection finale des groupes acétyles par NEt; dans un mélange d’eau et de MeOH

conduit aux nouveaux produits qui ont tous été parfaitement caractérisés.

7%,

AcO HO
Aco 0 HO Q
NEty/H;0/ MeOH = 1/1/ 8, HO 0
AcO Q r.t., 16h oH
OH _— . o o
NGV -

alkyl isocyanates ‘=
DBU, 40 °C, THF

oAc OH
ACO Q HO Q
AcO o HO o
5 NEta/H;0/ MeOH = 1/ 1/8, 5
o o 1. 16h o
HN ; - . HN

Aot 0
Rt Rt

m m

n'=530am=3 p'=7:3lam=3 Nh'=932am=3 n'=11:33am=3

"=3:29am=1 -
" zggrr:::s 30bm=5 3lbm=5 32bm=5 33bm=5
29cm=7 30cm =9 3lcm=7 32cm=7 33cm=7
29dm=9 30dm =11 31d m =11
29e m =11 30em =13 3lem =13
30fm =15 31f m =15

29fm =13
29g m =15

Figure 9 : Séquence vers les glycostéroides finaux

Les propriétés liquides cristallines de ces produits ont été étudiées. En premier lieu, il ressort
qgue les températures de transition entre la phase liquide cristalline et le liquide isotrope
décroit a mesure que la longueur de I'espaceur entre le sucre et le cholestérol augmente, en

raison de la plus grande flexibilité que cela apporte dans le systéme.

Pour ce qui concerne l'effet de la variation de la longueur de la chaine latérale en O-2, quand
cette chaine est courte, on observe des phases lamellaires (Sm A*) indiquant un équilibre
entre les tailles relatives de la téte sucre et de la partie hydrophobe (quand cette chaine
latérale passe de C4 a C12, on observe une diminution du clearing point). Dés la chaine
latérale est en C14 ou plus longue, une autre mésophase se forme, identifiee comme
colonnaire (hexagonale), avec augmentation de la température de transition vers le liquide

isotrope, signalant une stabilisation de la phase hexagonale a mesure que la chaine latérale
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augmente en taille. L’analyse par modélisation moléculaire indique que dans ces cas, les
molécules adoptent une forme de coin (wedge-shape), expliguant la préférence de
larchitecture hexagonale au niveau supramoléculaire. Les mésophases Sm A* sont
observées clairement dans la série avec espaceur en C4, elles persistent déja moins dans le
cas de la série avec espaceur en C6, alors que pour la série avec espaceur en C8, seule la
phase hexagonale est observée, sans passer par la phase SmA*. Toutes ces variations de
comportement illustrent les divers types d’interactions qui existent entre le cholestérol et la
chaine latérale, et ce en fonction de la flexibilité du systéme apportée par un espaceur plus

ou moins long.

Glycosondes fluorescentes

A la fin de cette thése, nous avons abordé brievement la synthése, par la voie CMGL,
d’autres dérivés possédant un motif sucre et une partie hydrophobe fluorescente, dans I'idée
d’obtenir des glycosondes destinées a l'imagerie. Le motif fluorescent est le laurdan (6-
dodecanoyl-2-(dimethylamino) naphthalene) (Figure 8). Le laurdan permet la fluorescense a
deux photons, mais sa faible solubilité dans l'eau peut étre une cause de mauvaise
performance. La modification par greffage d’'une partie sucre peut apporter cette solubilité et

une aptitude a l'insertion membranaire.

o
R,0O Q -
2 < cH
HO HO JK OO (CHa)10 OO (CH2)10
O ~

34R,=H 36
35 R, = B-o-glucoside

Figure 10 : Structures des glycosondes preparées.

Pour obtenir ces sondes (Figure 9), on a d’abord préparé le 6-dodecanoyl-2-bromo-
naphthalene par couplage du 2-bromonaphthalene avec le chlorure de dodecacanoyle, puis
le produit résultant a été couplé avec la (N-Boc-aminopropyl)méthylamine par amination de
Buchwald—Hartwig. L’amine terminale est ensuite déprotégée par le TFA et est alors
disponible pour ouvrir le cycle des CMGLs, conduisant aux glycosondes dont il reste a
déprotéger les groupes acetates (NEts/ H,O/MeOH, 1/1/8 , v /v), pour obtenir les produits

finaux dont la structure a été parfaitement caractérisée. Les sondes sont maintenant dans
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RESUME

les mains des collégues biochimistes qui procéderont aux évaluations physicochimiques et

biologiques.

(o}

)k 0
cl (CHa)10 (Cﬁz)lo
Br Nitrobenzne, r.t., 16h Br o
37 -
Pd,(dba)s, S-Phos, N (CH2)10
Cs,C04 Boc
\H/\/\"\‘

o Dioxane, 105 °C, 16h
o\<
N

—
38
HNT "N

‘ toluene, 60 °C H ‘ TFA, DCM,

r.t., 16h
NEt3/H,0/MeOH fo)
=1/1/8,rt., 16h AcO
OAc AcO
34 \ o]

/ T
=y ool &

A
H \
o
NEty/H,0/MeOH = 43
35 1/1/8,7t., 16h

Figure 11 : Synthese des nouvelles glycosondes

CONCLUSION

En conclusion, dans ce travail, on a synthétisé trois familles de neoglycolipides, deux
familles principalement destinées a apporter des éléments sur I'état liquide cristallin des
glycolipides, et une troisiéme famille permettant d’aborder I'étude de nouvelles glycosondes
fluorescentes. Plus de 50 produits finaux ont été synthétisés (et donc leurs trées nombreux
précurseurs) et caractérisés structuralement par spectroscopie RMN, de masse, et par
analyse élémentaire. Les propriétés liquides cristallines de ces nouveaux produits ont été

ensuite étudiées par microscopie optique et DSC.

L’étude des propriétés liquides cristallines de la famille d’éthers montrent que la localisation
de la chaine sur le squelette sucre modifie la répartition entre liaisons hydrogéne inter- ou

intra moléculaires entre tétes polaires sucres. L'analyse du comportement thermotrope des
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RESUME

glucostéroides, notamment ceux qui sont disubstitués, montre que les interactions lipide-
lipide sont également trés importantes. Il a été observé que ces systemes complexes
pouvaient adopter deux types d’architectures au niveau supramoléculaire en fonction de la
flexibilité du systeme, laissant plus ou moins aux trois motifs présents dans la molécule la
liberté de choisir leur préférence d’autoassociation. Les glycostéroides étant largement
rencontrés dans la Nature, on peut considérer que ces observations nouvelles qui ont été
apportées signalent que le comportement supramoléculaire de telles molécules est
potentiellement multiple. Enfin, une bréve exploration d’'une nouvelle famille de glycosondes

fluorescentes a été abordée.
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ABBREVIATIONS

Abbreviations

ABS Alkylbenzene sulfonates

Ac Acetyl

APGs Alkyl polyglucosides

ASG Acyl steryl glycosides

BbGL-I Cholesteryl 6-O-acyl-p-D-galactopyranoside

BbGL-II 1,2-di-O-acyl-3-O-a-D-galactopyranosyl-sn-glycerol

Bn Benzyl

Boc tert-butoxycarbonyl

Bz Benzoyl

CMC Critical micelle concentration

CMG Carboxymethyl glycoside

CMGL Carboxymethyl glycoside lactone

CNTs Carbon nanotubes

Coly Hexagonal columnar phases

Col, Oblique columnar phases

Col, Rectangular columnar phases

Cols Square columnar phases

COosy Correlation spectroscopy

DABCO 1,4-Diazabicyclo[2.2.2]octane

DCM Dichloromethane

DEPT Distortionless Enhancement by Polarization Transfer
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ABBREVIATIONS

DGDG
DMAP
DMF
DMPC
DMSO
DSC
FITC
FRET
FTIR
GGLs
GPPPs
GSLs
HLB
HMBC
HSQC
LABS
LMWGs
MELs
MeOH
MGDG
MWCNTs
NEt;

OSW-1

Digalactosyl-diacylglycerol
4-Dimethylaminopyridine
Dimethylformamide
1,2-dimyristoyl-sn-glycero-3-phosphocholine
Dimethyl sulfoxide

Differential scanning calorimetry
Fluorescein isothiocyanate
Fluorescence resonance energy transfer
Fourier transform infrared spectroscopy
Glycoglycerolipids

Glycosyl phosphopolyprenols
Glycosphingolipids

Hydrophilic/lipophilic balance
Heteronuclear multiple-bond correlation
Heteronuclear single-quantum correlation spectroscopy
Linear alkylbenzene sulfonates

Low molecular weight gelators
Mannosylerithritol lipids

Methanol

Monogalactosyl diacylglycerol
Multi-walled carbon nanotubes
Triethylamine

3B,16p,17a-trinydroxycholest-5-en-22-one 16-0-(2-O-4-
methoxybenzoyl-B-D-xylopyranosyl)-(1—3)-(2-O-acetyl-a-I-
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PDT
Piv
POM
PPh;
p-TSA
RAFT
SEC
SGs
Sm A*
S-Phos
TBAI
TFA
THF
TLC
TPEF
TrCl
XRD
a-CAG

H-bonding

ABBREVIATIONS

arabinopyranoside)

Photodynamic therapy

Pivaloyl

Polarized optical microscopy
Triphenylphosphine

p-Toluenesulfonic acid

Reversible addition fragmentation chain transfer
Size exclusion chromatography

Steroid glycosides

Smectic A*
2-Dicyclohexylphosphino-2',6'-dimethoxybiphenyl
Tetrabutylammonium iodide

Trifluoroacetic acid

tetrahydrofuran

Thin layer chromatography

two-photon excitation fluorescence
Triphenylmethyl chloride

X-ray diffraction

Cholesteryl 6’-O-acyl-a-glucopyranoside

Hydrogen bonding
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GENERAL INTRODUCTION

General introduction

Carbohydrate-based amphiphiles are important molecules not only because they are widely
distributed in nature (glycolipids), but also because they often behave as materials which
show specific physicochemical properties due to their self-assembling and self-organizing
ability. The mesophases shown by these amphiphiles were observed in the early age of
glycochemistry, but this liquid crystalline behavior was recognized as one of their major
properties only many years later. Nowadays, it is believed that this liquid crystalline state,
referred to as the fourth state of matter, has some relationships with the biological properties
shown by glycolipids. Also, glycoamphiphilicity is a basis for developing biobased surfactants
having interest in industry or biology.

This is why our laboratory has been involved in this topic for several years, in particular trying
to provide information of the structure-property relationships by designing and synthesizing
various series of sugar-based amphiphiles. This has been the object of collaboration with the
group of Pr. J. Goodby at the University of York, and prior to this, at the University of Hull.
The work achieved in this thesis which relates to two new families of glycoamphiphiles is a
new contribution to this collaborative project dedicated to understanding better the molecular

aspects of the self-organisation of carbohydrate-based amphiphiles.

The first family is a series of monosubstituted hydroxyalkylethers of a-methyl-D-glucoside (1
shown in Fig. 1) having alkyl chains of different lengths at one of four possible positions on
the sugar backbone. The liquid crystalline study of these compounds was performed in terms
of thermotropic and lyotropic aspects. After some previous work on a disaccharidic system
(sucrose), the present study on monosaccharidic ethers aimed at establishing some
structure-property relationships that would not relate to the intersaccharidic interactions (as it
happened in the disaccharidic series), but only to the positioning of the chain and the

resulting balance between intermolecular and intramolecular hydrogen bonding.

Among key lipidic compounds is cholesterol. Despite the extremely important presence of
cholesterol in supramolacular biological systems and the numerous natural products which
possess a sugar and a steroid as their main building blocks, very little has been reported

about glycoseroidic amphiphiles, notably in terms of liquid crystalline behavior. This has
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GENERAL INTRODUCTION

inspired the second family of compounds studied in this work, prepared using carboxymethyl
glycoside lactones (CMGLs) synthons, a strategy developed in our group which allows
straightforward preparation of disubstituted sugar derivatives. As depicted 2 in Fig 1, the
glycosteroids which have been prepared and studied involve actually four building blocks,
namely the sugar, the steroid, an alkyl chain spacer, and an optional alkyl side chain of
different length at O-2.The aim was here to elaborate a versatile strategy for reaching
compounds with variable flexibility and level of lipid-lipid interactions, and observing the

consequences on their thermotropic properties.

HO OH

X

OH 0
C,V/\/ﬁ 0 0
R,0
\Hj\/ “Ho o ()
n OMe Hoo\)j\ 2)10
NN
H |

R, = H or B-o-glucoside
n=5,791113

1. methyl n-O-(2-hydroxylalkyl)-a—o-glucopyranoside 3. Glycosyl laurdan

; OH
OH
o HO °
HO HO o)
HO o)
P O\)J\
HN

n'=3,57911 m

2. Glucosteroid family

Fig. 1: Chemical structures of desired compounds

In this document, a bibliographic section is firstly given, illustrating the basic aspects of
amphiphilicity, followed by focus on glycoamphiphiles and more specifically on carbohydrate-

based liquid crystals. Also, the scope of the CMGL synthon strategy is rapidly overviewed.

In the second “result and discussion” part, is described the synthesis and the study of the
liquid crystalline properties of the two series of new carbohydrate-based amphiphiles above
mentioned. Also in this part, it is included a short chapter dealing with some preliminary work
using the CMGLs strategy to prepare other carbohydrate-based amphiphiles, designed in the

context of a project aimed at developing new fluorescent probes, 3 in Fig 1.

In the final part of this thesis, we will document the experimental section, including the

experimental procedures, spectroscopic and physical data, and the references.
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Chapter 1

Carbohydrate based amphiphiles

1.1. Introduction

An amphiphilic molecule is constructed by two blocks with different affinities, where one
affinity, hydrophilic head, is towards the water and the other, hydrophobic tail, towards the
organic solvent, as illustrated in Fig. 1.1. The hydrophilic head could be charged, such as
those bearing a sulfate ion (anionic amphiphiles) or quaternary ammonium ion (cationic
amphiphiles), or uncharged, such as those involving a carbohydrate moiety (nonionic type).
The hydrophobic tail could be a long straight chain or branched alkyl groups with the chain
length ranging from 8 to 22 carbon atoms with possible unsaturations, like those coming from

vegetable oils, or alkyl substituted aromatic groups, or polymeric blocks, etc. ™

Hydrophilic
head

Hydrophobic tails

Fig. 1.1: Schematic illustration of an amphiphilic molecule

Among properties of amphiphiles there is the ability to self-assemble and self-organize

through specific interactions between polar heads, on one hand, and between non polar tails,

27

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2013ISAL0001/these.pdf
© [R. Xu], [2013], INSA de Lyon, tous droits réservés



CHAPTER 1

on the other hand, either in solution (formation of micelles) or as pure materials forming liquid

crystalline assemblies.

In this section, after a short basic overview on surfactants, we will focus on those who
possess a carbohydrate moiety, and develop particularly the specific field of liquid crystalline

glycolipids.

1.2. Surfactants

1.2.1. General aspects

Surfactants are used in every corner in daily life. Fig. 1.2 shows surfactant market demand in
the US in 2007./ Although the detergents and industrial areas remain two predominant parts
in surfactant consumptions, some other applications, like cosmetics,"® oil recovery process,™
®l medicine,®*® have seen rapid development recently. Special uses are also explored.”®
Fig. 1.3 shows a more detailed diversity of applications of surfactants.! Referring to
requirements for surfactant performance, besides some traditional ones, like stability,
foaming power, detergency, solubility, etc, other more specific properties have been
emphasized, like toxicity, skin irritability, and environmental performance. The requirements
of some important applications are listed in Table 1.1. These diverse functionalities may in

turn demand for diverse chemical building blocks and synthetic strategies.

B Household detergents
B Alimental industry
Personal care

M Industrial use

Fig.1.2: US surfactants market demand in 2007
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Detergents and cleaners

Paints, lacquers and ) Cosmetics and personal
other coating products care products

Oy <\
Pharamceuticals
Foods and packaging ! ! ! ! !
/) i i Plant protection

Adsorption
Paper and cellulose and pest control

products !
Medicine and
biochemical

Micelles research

Plastics and composite
materials

Metal processing —)

Textiles and fibers

J Leather and furs

Other “hi-tech™ areas

Emulsification

Qilfield chemicals

Mining and flotation

Chemical and other
industrial applications

Fig.1.3: Some important surfactant applications!™

Application Characteristics
Detergency Low CMC, good salt and pH stability, biodegradability, desirable
foaming properties
Emulsification Chemical stability, adsorption at surfaces
Mineral flotation Proper adsorption characteristics on the ore(s) of interest, low cost
Petroleum Proper wetting of oil-bearing formations, microemulsion formation and
recovery solubilization properties, ease of emulsion breaking after oil recovery
Pharmaceuticals Biocompatibility, low toxicity, proper emulsifying properties
Lubrication Chemical stability, adsorption at surface

Table 1.1: Typical characteristics for surfactants that must be evaluated for various

applications"

Soaps are a kind of surfactant that have been involved in human's history for a long time. In
China, the first record of manufacturing soap is in the Song Dynasty. At that time, people

smashed the seeds from Gleditsia sinensis, mixed with some perfume to form spherical
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pieces of matter, and sold to be used for personal care. In western history, the Phoenicians
were the first to be documented to sell the alkali metal soaps as early as 600 BC. The
Romans developed the manufacture process, which is, however, generally considered to be

from the Celts or some Mediterranean culture.™

In the modern time, with the development of science and technology, people began to think
about using chemical synthetic methods to design and manufacture useful surfactants. The
early example was the short-chain alkylnaphthalene sulfonates, created by the Germans,
during the World War |, showing a good wetting property. Then the surfactant industry has
seen a rapid growth that new surfactants emerged one after another, like long-chain alkyl
alcohol sodium sulfates, long-chain alkylaryl sulfonates, alkylbenzene sulfonates (ABS), and
linear alkylbenzene sulfonates (LABS). They are widely used in routine life at present.!"
Nowadays, the ecological harmony has become an important issue in the world, as well as
the as limitation of fossil fuel reserves, an alternative resource to replace the petrochemical
feedstocks must be identified. Thus the oleochemical feedstocks and a variety of other
renewable substrates have been of increasing interest as feedstocks for surfactant
production. Some research revealed that if the petro-originated surfactants were replaced by
renewable surfactants, the resulting reduction of CO, emission generated from the production
and utilization of surfactants could be up to 37%.!! Meanwhile, some unique properties
directed by oleochemical feedstocks, like versatile self-assembling and biochemical
properties, have been found one after another, providing some very interesting applications

in ecological and biological fields.

1.2.2. Classification and applications

Surfactants may be classified in several ways, either in terms of properties (emulsifier,
wetting agent...) or in terms of structure, in particular with respect to the type of hydrophilic

moiety, as it is done below.™

1.2.2.1. ANIONIC SURFACTANTS

As the only available for thousands of years, the anionic surfactants are the kind received
most attention. In 2012, the production of anionic surfactants in European Union is 1.219

2l The major head group of this class

million tons, nearly half in whole surfactant industry.
could be constructed by the alkali carboxylates or soaps, sulfates, sulfonates, and

phosphates, as shown in Table 1.2.
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Type name Formula Representative Characteristic

Good water solubility

ROSO;M* Sodium and surface activity,
Sulfate esters (R is aliphatic dodecylsulfate reasonable chemical
chain) (SDS) stability; easy-made,
low-cost, easy acess
alkylbenzene Good pH stability,
_ _ sulfonates (ABS), excellent water
Sulfonic acid salts R-SO;M*
linear alkylbenzene  solubility, good wetting
sulfonates (LABS) properties, low cost
R-COO'M*

: Less sensible to hard
(R is tallow, fatty
water and low pH, low

Carboxylate soaps acid condensed Classical soaps -
_ _ skin irritability,
with amino o
- low toxicity
derivatives)
_ _ RO-POsM* Lecithin, glyceryl Low foaming, good
Phosphoric acid _ _ o N
(R is long-chain esters containing water solubility,

esters
alcohol or phenol) one phosphate ester resistant to high pH

Table 1.2: Major types of anionic surfactants (M could be alkali metal or ammonium ion)

1.2.2.2. CATIONIC SURFACTANTS

There are two types of cationic surfactants based on the nitrogen-containing group, the first
is the alkyl nitrogen compounds, as shown in Fig. 1.4, and the second is the heterocyclic

amine surfactants, as shown in Fig. 1.5.

Cn H2n+1NHR2+X_
ChHon+1NR3™X
Cn H2n+1N8+R2 - 0%

Fig. 1.4: Structures of alkyl nitrogen compounds (R is H or low-molecular -weight alky!

groups, X could be halide, sulfate, acetate, etc)
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D="; R Nerx

N-alkylpyridinium salts Salts of alkyl-substituted pyridines

+
"?1
N

R24<j X / \ /Rl
N d NF %
|
R3

Imidazolinium derivatives Morpholinium salts

Fig. 1.5: Schematic representatives of heterocylic amino compounds (R is H or low-

molecular -weight alkyl groups, X could be halide, sulfate, acetate, etc)

They are used as fabric softeners in textile industry, modifiers for controlling the surface

tribological properties in the mineral flotation process, are also extremely important.
1.2.2.3. NONIONIC SURFACTANTS

Different from two types above with the head group charged, the nonionic surfactants are the
neutral kinds driven by hydrogen bondings (H-bondings) between the polar groups with the
solvent, particularly the water. These materials have some advantages such as lower
sensitivity to the electrolytes and pH, and easy designed properties. The most widely
produced and used non ionic surfactants are based on polyoxyethylene (POE). The general

formula for this type is:

RX(CH,CH,0O),H X =0, N, functional group
n>6

Fig. 1.6: Formula of polyoxyethelene

For these compounds, a characteristic is the inverse temperature-solubility relationship, that
is to say, when the temperature increases, the solubility of the molecule in the water
decreases. This phenomenon is mainly due to the change of hydrogen bonding interactions

between the molecules and the water.

Another source in this category is the derivatives of polyols, in which renewable hydrophilic

moieties are included, for example, glycerol or carbohydrates. Due to their low toxicity and
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biocompatibility, they are found use in foods and food emulsions, pharmaceuticals,
cosmetics, and agricultural applications of pesticides and herbicides. A more extended

discussion on the carbohydrate-based amphiphiles is given in the next section.

1.3. Carbohydrate Based amphiphiles

1.3.1 Introduction

Sugar-based amphiphiles rank high among compounds that are designed according to the
principles of green chemistry.™® The raw materials for producing sugar-based amphiphiles,
such as monosaccharides, disaccharides are abundant in the nature and of easy access, for
example for sucrose, by crystallization from concentrated sugarcane or sugar beet juice. []
Though plenty of methods have been tried out to bind the carbohydrate moiety to the
hydrophobic tails, in the industrial point of view, such as price and quality, only a few
carbohydrates derived surfactants could be brought into commercial. Thus, more convenient
and economically acceptable manufacturing procedures in industrial scale are still under
research. Nowadays, the best-known carbohydrate based surfactants are alkyl

s.131% Table 1.3 shows a survey

polyglycosides (APGs), sorbitan esters, and sucrose ester
on the production volume and cost of three big families in the carbohydrate surfactants,
exhibiting comparative counterparts towards the petroleum based surfactants in the industrial

perspective. !

Production Volume[t/a] Average Price[euro/kg]
Sucrose 150,000,000 0.25
Glucose 30,000,000 0.30
Sorbitol 650,000 1,80

Source: Lichtentaler, F. W., Methods and Reagents for Green Chemistry, Wiley-Interscience,

2007. (Price here could only be indications)

Table 1.3: Availability of Carbohydrate Raw Materials™?!

Another rich resource of carbohydrate amphiphiles is found in the natural organisms,*"?!

these glycolipids, the biological name of carbohydrate amphiphiles, are known to play key

roles in immune and endocrine systems, fertilization, brain development, prevation of
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pathogenesis and blood clotting.”> 22 The glycolipid biosurfactants discovered as the
metabolic compounds from fermentation of microorganisms are also found very important in
some specific domains. Owing to their biocompatibility and some ecological advantages,
they were firstly considered as the alternatives to chemical surfactants, but as their unique
properties explored recently and optimized conditions for large scale manufacturing, they will
be seen in great growth in the cosmetic, medical domains.*® Some examples will be shown

in the following sections.

Self-assembling and self-organizing mechanism is considered as the main theory to explain

2328 gelators,?2% and nanotubes?® ! by the carbohydrate

the formation of liquid crystals,t
amphiphiles. The resulting supramolecules will exhibit some interesting properties as not

possible for the individual molecules. Some pioneering work will be described, too.

1.3.2 Industrial manufacturing carbohydrate surfactants for

consumer products

1.3.2.1 Sorbitan esters

Known under the trade name of Span™ (sorbitan alkanoates) and Tween™ (ethoxylated

sorbitan alkanoates),*® the sorbitan esters find main applications in pharmaceuticals,?"

[35 36, 37]

cosmetic products, latex polymerization.!

There are two main processes to fabricate the sorbitan esters: batch and continuous
processes. Both processes employ the acid (NaH,PO; or p-TSA) as catalyst.*® Since the
easy-controlled conditions for continuous process, the appearance of resulting product would

be better.?*® Scheme 1.1 shows the general process of continuous process.
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OH

HO HO o HO o
HO -H,0, H* HO +RCOOH (R = C12, C18, C18:1) HO
OH HO HO o
-H,0
OH (o]
R
[e]
m L\

HO T°C
OH

R
\o R= C12,C18, C18:1)

(0]
R./O:I?[ R' = LOA%OH
HO o) n
OJQ

R

Scheme 1.1: Industrial synthetic procedure for obtaining sorbitan esters

1.3.2.2 Sucrose esters

The only commercially available surfactants using sucrose as the polar head are the sucrose
esters, which are found in the food emulsification, personal care and pharmaceutical
domains. Because of multifunctionalities as three primary alcohols, five secondary alcohols,

x,2 ¥ it js difficult to control the degrees of

and two anomeric carbons on the sucrose matri
substitution: 255 distinct possible isomers with varying degrees of substitution can be
obtained from acylation with a single fatty acid. However, due to rapid acyl group migration
towards primary positions,?? fatty chains are essentially found at the primary position in the

final products.

F, ™% in which the sucrose could

Early condensed process was performed in DMSO or DM
be dissolved, with K,CO3; as the basic catalyst, shown in Scheme 1.2. But the problematic
removal of solvent made it not easy to conduct, so an important know-how has been
developed to have this reaction optimized for industrial production, for example,
transesterification and solvent-free process. These methods have been proved to have a

good yield and facile workup.

OH OR
o ] .
HO OH C14-C18 fatty aC|Ing(r:lce)t3yl esters (FAME), RO o OR
HO
o oOH RO o OOR
o DMSO or DMF o
OH OH OR OR

R=H or C14-C18 fatty acyl chain

Scheme 1.2: Industrial manufacturing procedure for obtaining sucrose esters
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1.3.2.3 Alkyl polyglucosides (APGSs)

APGs are the most extensively studied carbohydrate based surfactants.” As the starting
materials are from fatty alcohol and glucose or starch, they are the first commercial series to
offer a variety of properties based on the green chemistry concept.*® The synthesis method
is known as the Fischer glycosydation reaction. Currently, the industrial available processes
are the direct glycosydation and double alcohol exchange.* The double alcohol exchange
process employs short chain alcohol, like butanol, as reagent to convert glucose into O-
alkylglucoside at the first step, which is the solvent in the following transglycosidation with
long chain fatty alcohol (C8~C16), as shown in Scheme 1.3. This process is not as popular
as direct glycosydation since the latter process could save time and control the selectivity. An
alternative is enzymatic synthesis, using B-glucosidase as catalyst which yields only the -

anomer though such processes are less easy to be used in large scale syntheses.

OR

RO

HO.

o)
OH
OH ) OH~¢
o 1) H,S0,, Butanol, >100 °C (optional) . RO S \/\/\R\

HO RO o . HO o
HO OH ) H,S0,, C8-C16 alcohol , >100 °C (optional) o o\/\/\ OH

OH H
OH

R=Glucose or H, R*=aliphatic chain
isolated as complex mixture with
monglucoside as major isomer,

Scheme 1.3: Industrial manufacturing procedure for obtaining alkyl polyglucosides

APGs are widely used as the liquid dishwashing agents and personal care products for

C12/14 series, cleaners for hard surface and industrial cleaning for C8/10 series.!*®

1.3.3. Glycolipids and glycolipid biosurfactants

1.3.3.1 Biologically occurring carbohydrate amphiphiles -
glycolipids

Glycolipids are widely found in the cell membranes.?? The most common seen glycolipids in
the organisms are glycosphingolipids (GSLs), glycoglycerolipids (GGLs) and glycosyl
phosphopolyprenols (GPPPs).* Among them, GSLs and GGLs are those which are the

most studied. GSLs are widely distributed in the eukaryotes, some prokaryotes and

36

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2013ISAL0001/these.pdf
© [R. Xu], [2013], INSA de Lyon, tous droits réservés



BIBLIOGRAPHY

viruses,*?*¥ containing a hydrophobic ceramide anchor N-acylsphingosine and a hydrophilic
head group composed of sugars, which could be sorted into three subgroups: cerebrosides,
globosides, and gangliosides.”** Since many important biological behaviors like cell-cell
recognition, ™ % %l membrane transport,*’*! are related to the activity of this species,
thousands of studies have been dedicated to this type of glycolipids. It was found that
absence or a too low level of GSLs may cause some physiological problems.*¥! GM1 (Fig.
1.7), a kind of GSLs, is found to one of important components forming a microdomain, “lipid

raft’, in the membranes for selective membrane transport."’ 4953

Fig. 1.7: Chemical structure of GM1 ganglioside

Glycoglycerolipids are found in chloroplasts of plants and eukaryotic algae and in
cyanobacteria.® *! Monogalactosyl- and digalactosyl-diacylglycerol (MGDG and DGDG) are
two major glycoglycerolipids found. The DGDGs are found to play a crucial role in plant
growth, thylakoid function and protein import into chloropalsts.®® 57 One of this kind of
compound digalactosyldiacylglycerol mono-estolides, isolated from oat seeds, is shown in
Fig. 1.8.58

Fig. 1.8: Digalactosyldiacylglycerol mono-estolides were reported in oat kernels 1°®
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Other glycolipids like steroid glycosides (SGs) are also found in many plants and fungi, some
animals and bacteria.® Some of SGs are considered as an active component in Chinese
traditional medicine.®®®? One such example, 3p, 16, 17a-trihydroxycholest-5-en-22-one 16-
O-(2-0O-4-methoxybenzoyl-p-D-xylopyranosyl)-(1 — 3)-(2-O-acetyl-a-I-arabinopyranoside), 1,
(OSW-1) is illustrated in Fig. 1.9.1% It was found in bulbs of Ornithogalum saudersiae, which
showed high antitumor activities. Acyl steryl glycosides (ASG) are usually referred to the SGs
where a monoglycoside conjugates with sterol in 33-O position while an additional acyl long
fatty chain attached in the position 6 of a glycoside.’*” For most compounds of this kind, they
are found in plants, while two kinds of cholesteryl glucosides were just reported recently from
some bacteria: one is the cholesteryl 6-O-acyl-B-D-galactopyranoside (BbGL-1),*®, 3, which is
from Borrelia burgdorferi. Accompanied with another glycolipid 1, 2-di-O-acyl-3-O-a-D-
galactopyranosyl-sn-glycerol (BbGL-Il), they were found to have activities towards Lyme
disease; the other kind is cholesteryl 6’-O-acyl-a-glucopyranoside (a-CAG), 2, which is from
H. pylori.®® ¢ |t is thought to be synthesized by the taking up cholesterol from the stomach
cells to couple with glucose moiety via a bacterial glucosyltransferase, Hp0421, the resulting

compounds of which are further enzymatically acylated.

C12H25 4

. A@ &ﬁ )i:tgj\/>_\_>7 )i:tgj\/>_\_>7
% [2] a-CAG [3] BbGL1

R = palmitoyl and oleoyl
[1]OSW-1

Fig. 1.9: Chemical structures of some steroid glycosides

1.3.3.2 Biotechnologically-produced carbohydrate-based

surfactants [68]

Another source for the glycolipids relies on the fermentation of microorganisms. Up to now,
the glycolipid biosurfactant categories include the mannosylerithritol lipids (MELs) mainly
from the genus Pseudozyma,® sophorolipids from the genus Candida,"® rhamnolipids from
the genus Pseudomonas aeruginosa,” trehalose lipids from the genus Rhodococcus!™
succinoyl trehalose lipids, cellobiose lipids, and oligosaccharide lipids. The Fig. 1.10 shows

the general structure of each glycolipids.
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Fig. 1.10: Chemical structures of glycolipd biosurfactants available in the market

They could be produced from some renewable resources and even waste materials, like the
byproducts of biodiesel production.”” For example, RL-1 and -2, two kinds of rhamonlipid,
could be produced from vegetable oils, like soybean oil, or corn oil. As the development of
biological technology, the yield of some types could surpass 100g I, like MELs and
rhamnolipids, though that for some other glycolipid surfactants is still less. Another
problematic issue in the industrial scale is the downstream processing since the isolation of

the products is not economic.™*”!
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In the traditional surfactant domain, studies showed that these biosurfactants could reduce
the surface tension of water from 72 mN/m to less than 25 mN/m. Further comparison
showed that STL-1, a kind of trehalose lipid, is highly efficient with a low critical micelle
concentration (CMC) at 5.6x10° M, which reduces the tension to 19 mN/m.' Extensive
applications of this kind could be found in the food additive industry,” enhancing

20. 72, 74 B formation and disruption of biofilm,["®

[68, 80, 81]

hydrocarbon degradation”

77-79

nanotechnologies,””" gene transfection, enhancing oil recovery.® &l One

interesting application involving such glycolipids is towards wound healing, as some
researches indicated that the additions of rhamnolipids may help the recovery in the

treatments of burns and ulcers. * &

1.3.4. Supramolecular systems

Self assembling and self organizing properties of glycolipids have attracted intense attention.
In such systems, non-covalent interactions drive these units to cluster together to form
supramolecular moieties. The forces vary in strength from hydrogen-bonding, CH-rn, n—=n

stacking to weak van der Waals attractions.
1.3.4.1. Hydrogel and organogels

Low molecular weight gelators (LMWGS) are an interesting family of small molecules which
could form reversible supramolecular gels to immobilize the organic fluids. The resulting soft

86-88] ' enzyme immobilization % %% etc.. A

matters could be used in the field of drug delivery
recent study showed that the galactoside amphiphile shown in Fig. 1.11, was very effective
to make gelation of various organic liquids, fuel oils, vegetable oils. Interestingly, it also
showed selective affinity towards organic phase against aqueous phase, as it could gel the
organic liquid, fuel oils in the mixture with water. In addition to this, it was found to remove

crystal violet as efficiency up to 97%, found to be very useful for the water purification.®

HO OBz
Q

HO OOOMG
OBz

Fig.1.11: Chemical structure of p-methyoxylbenze-2, 6-di-benzoyl-p-D-galactopyranoside
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1.3.4.2. Modified nanotubes

The carbon nanotubes (CNTs) have a wide range of biomedical applications,”®” including
biosensing,®® imaging,’® drug delivery and specifically targeting and killing of cancer cells.®®
However, their poor solubility in most solvents, above all water, has hindered the CNTs from
practical uses. Thus some madifications on the CNTs sidewalls introduced by covalent and
non-covalent bonds have been developed.”® The non-covalent method is preferred as the
covalent method may disrupt the n-network in the CNTs leading to the loss of electrical,
mechanical and biosensing properties.””! In addition, the n—n stacking strategy proved itself
as an efficient method to combine the functionalities onto the surface of carbon nanotubes.
One such example was carried out by Assali, M. et al..?¥ The compounds have shown a
stronger interaction with the multi-walled carbon nanotubes (MWCNTS) comparing with that
baring the conventional pyrene as an anchor group. By the test of affinity towards Arachis
hypogeal (peanut) lectin, compound 4 showed a positive action, while compound 5 was
negative, demonstrating the selectivity of ligand-lectin interactions simulating the situation of

glycoconjugates on a cell membrane, shown in Fig. 1.12.
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Fig 1.12: Schematic representation of (1) specific binding of peanut agglutin (PNA) to the
MWCNT-Tbf-PEG-Lac-8 surface, (Il) inhibition of the specific binding by soluble lactose, (111)

33

absence of binding of PNA to mannose coated nanoglycoarrays MWCNT-Tbf-PEG-Man-9. !

1.3.4.3. Liquid crystals

Another consequence of the self-assembling and self-organizing properties of carbohydrate-
based amphiphiles is their ability to exist in the physical state of liquid crystal. Lamellar,
columnar, cubic mesophases are three main liquid crystalline behaviors for carbohydrate-
based amphiphiles in a pure state, while in the solution state, a sequence of mesophases will
be observed according to the concentration. An extensive discussion on the carbohydrate-

based liquid crystal materials is given in the next section.

1.4. Carbohydrate-based liquid crystals

1.4.1 Introduction

“Carbohydrates are remarkable as a source of mesogens.”®!Commented by Jeffrey G. A.,
who was respected as a pioneer in the field of carbohydrate-based liquid crystal, as there are
not only a great variety of carbohydrate moiety itself, but also the versatility of possibilities to
access to polyfunctionality and adjustable degree of polymerization from mono-, di- to oligo-
and polymer. On the other hand, a growing knowledge on the mechanism of carbohydrate-

based amphiphiles in their biological activities makes people think that their physical state
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like liquid crystal should be argued as a factor responsible for these functionalities, too.® For
example, the disease caused by tubercle bacteria, was believed to have connections with
“Cord factor” appearance of extracted materials under the microscope, which was actually

related to their lyotropic liquid crystalline behaviors.?

The first synthesized carbohydrate derivative observed to show liquid crystalline behavior
was hexadecyl B-D-glucoside 6 (Fig. 1.13), which was prepared by E. Fischer et al. around
1911. In their report, the unusual melting behavior of this compound as it softened near 78 °C
and finally melted to the fluid at around 145 °C confused them.®” A similar melting pattern
was observed on a same polar head with longer aliphatic chain, named ceryl B-D-
glucopyranoside 7 (Fig. 1.13) two years later.**” |t was not until 1938 that people began to
realize this “double melting” behavior was due to the ability of alkyl B-D-glucopyranoside to
exhibit liquid crystalline behavior.’® Besides the synthetic sugar derivatives, the nature-
occurred glycolipids are also found to exhibit liquid crystalline phases. For instance, the 6, 6°-
dimycolic ester of a, a—trehalose 8 (Fig. 1.13), which possesses immunostimulant properties
and antitumour activity in cluster, exhibits a thermotropic cubic liquid crystal phase.” But in
many cases, these experiments are taken in the agqueous condition, since the functionalities
of glycolipids are more related to the water atmosphere. For example, the MEL-A mentioned
above was observed to show sponge, bicontinuous cubic, and lamellar phases according to

different concentrations.*%?

Ho HO HaC~(cHy), OH

0—~~o
HO R HO 0 /2 ° OH Q o
HO OCy6Has HO OCo6Hs3 o
OH oH OHOH

OH 0O
04 _CHs
(CH2)n

6] hexadecyl B-o-glucoside 7] ceryl B-o-glucoside
6] v Bog m yiBog [8] 6, 6°-dimycolic ester of a,a— trehalose

Fig. 1.13: Chemical structures of 3-D-glucoside lipids 6, 7 and 6, 6 -dimycolic ester of

o, o—trehalose 8

Today, as thousands of works contributed in this area, the mesogenic behavior has been

regarded as a common property of sugar amphiphilic derivatives.?¥
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1.4.2 Mesophase behavior based on the structure of the

qlycolipids

There are plenty of reviews dealing with the carbohydrate-based thermotropic and lyotropic
liquid crystalline behaviors. 2% 25 26.99.100. 103105 A early point of view towards these behaviors
relies on the microphase separation caused by the fact of amphiphilic structure, owing to the
different melting behaviors and affinities of sugar head and hydrophobic tails.®® %
Nowadays, based on the more broadened category of amphiphilic carbohydrate derivatives,
a modern attitude to examine these mesophases is the self assembling and self organizing
mechanism,”® which could be expressed in the terms that the units in the system
communicate with each other to found some ordered state under certain conditions."® This
mechanism could be used to explain the mesomorphic behaviors and to predict the

possibilities of mesophases formed by amphiphiles, as shown in Fig. 1.14.

Self-assembling
-

Microscopic

Individual

Self-organizing

Macroscopic

|T|_'I|"|.

Fig. 1.14: The structure formed by self-organizing and self-assembling liquid crystals

The means for these amphiphilic molecules to communicate with each other are the non-
covalent forces, like hydrogen bondings (H-bondings), CH-n, n—n (T-stacking), or van der
Waals attractions, where the H-bondings is caused by the interactions of sugar head and

others are by those of hydrophobic tails. In the traditional view of the requirements for
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mesogens, the structure of carbohydrate-based amphiphilic molecules seems to be softer
than the rod-like mesogen in monophilic systems. However, with the fact that the hydroxyl
groups of sugar head could be packed together via the intermolecular H-bondings to form the
hard core moiety as the benzyl groups do in the monophilic system, and a flexible
counterpart provided by the self-assembly of hydrophobic tails, the mesophases could be

induced in the carbohydrate-base amphiphilic system.

At this point, according to the competition between the hydrophilic and hydrophobic parts
during the self-assembling and self-organizing process, a tendency to form the layer or to
create the curvature to bend into other dimensions will affect the packing strategy, which will
be eventually observed in the different types of mesophases. Normally, this tendency could
be examined in terms of comparing the relative sizes of cross-sectional area of head group
to aliphatic chains and the resulting curvature, which refers to the molecular structure and

interactions with outer environment.

The effect of molecular structure could be seen in the thermotropic liquid crystalline
behaviors, since it is tested in the pure state of compound. According to the structure of
compound, they may show 1D, 2D, 3D molecular topology as will be shown in the following

discussions, thus the possible connections between structure and performance could be built

up.

In low curvature occasion, as the carbohydrate derivatives own competitive amounts of sugar
heads and hydrophobic tails, a lamellar mesophase is preferred. In this case, the relative
sizes of hydrophilic to hydrophobic parts in this system are nearly equal, leading to a rod-like
topological structure. These calamitic mesogens then aggregate paralleling to each other to
form the layers where the head groups self-assemble together via the intermolecular H-
bondings. These mesophases possess high viscosity, since the closely packing of layers.
Normally, the lamellar mesophases observed by the glycolipids are Sm A* where the
average of the long molecular axes parallels to normal (n) of layers, as shown A in Fig. 1.15 .
A typical defect texture is shown B in Fig. 1.15 under transmission optical microscope, which
shows the elliptical and hyperbolic lines. Some models of the possible packing styles were
proposed to support the experimental results in Fig. 1.16. The difference between these two
models is whether the H-bondings or van der Waals attractions devote more to the
stabilization of mesophases. As indicated in this figure, in the first model the H-bondings are
more important whereas in the second the hydrophobic parts stay inside the bilayer, the
mesophases are more stabilized by the interactions of fatty chains. In the case of the

carbohydrate-based amphiphiles showing regular and small changes in transition
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temperatures, the second model would be preferred. This might be due to the sensitivity of

H-bonding towards the increase of thermal energy than the van der Waals forces.

Calamitic
structure

y

Smh

Self assemble Self organsize

Fig. 1.15: A: lllustration of molecular structure and the packing type for lamellar (Sm A*)

103

phase;*® B: Typical defect image of lamellar phases (Sm A*) under light polarized

microscope!®!

~r D

v
o

:

=
=

Fig. 1.16: Proposed models for lamellar phases: A) the sugar heads stay inside of the bilayer,

N

QN"\(
o

v

the dashed lines stand for static H-bondings; B) the hydrophobic chains stay inside, the

dotted lines represent optimum van der Waals attractions®

If the ratios of relative sizes lean to either hydrophilic or hydrophobic fraction, for instance,
two sugar heads to one aliphatic chain or for an inverse construction, a wedge-shape
topology of molecule will be created (A, Fig. 1.17). Thus, assembling of these compounds
will lead to disc-like supra-structures or a lamellar structure formed by inserting alternatively,

B, Fig. 1.17. For glycolipids, the disc-like supra-structure is preferred. And the resulting disc-
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like group will be packed into columns, which will be further aggregated paralleling into 2D
mesophases, like hexagonal (Coly), rectangular (Col,), oblique (Col,) or square (Colg), as
shown in Fig. 1.18. As the packing forces between and within the columns are from the
interactions of the hydrophobic fraction of molecules, these disc-groups are easy to diffuse,
leading to the low viscosity. In the case of carbohydrate-based amphiphiles, the hexagonal
mesophases are normally observed compared to other columnar phases, the schematic

representation is shown in Fig. 1.18.

B Lamellar

/
\

Disc-like

Fig. 1.17: Illustration of molecular structure (A) and the packing type for hexagonal

mesophases (B) #*

Fig. 1.18: Schematic representation of packing style of hexagonal phases?®® **!

Cubic phases are less commonly observed in pure state of these amphiphiles. These phases
are shown when the molecular topology has a conical or bowlic shape, which will require the
molecular structure to be highly unbalanced to hydrophilic or hydrophobic part, as illustrated

in Fig. 1.19. These cones pack together to form objects, like micelles, possessing curvature
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in three dimensions. The organization of this type of compounds will form a cubic array,
which expresses the discontinuous cubic phases. Cubic phases are highly viscous and they
don’t show the birefringent property under the transmission light microscope, however, which
makes its identification very problematic. Thus, a supplementary dyeing technology or X-ray
diffraction experiment is needed to study these mesophases.

Bowlic
structure

Fig. 1.19: lllustration of molecular structure (up) and the packing type for cubic mesophases
(down) [23, 105]

The effect of molecular structure on the lyotropic behaviors of amphiphiles could still be seen,
but the effect of outer environment, in most cases the water, plays a key role in the formation
of mesophases. The curvature here will change rapidly according to concentration as well as
temperature, as a result a sequence of phases could be observed. For example, the alkyl -

[107

D-glucopyranoside,™®” with one single thermotropic phase as lamellar, shows a sequence of

mesophases in aqueous conditions, shown in Fig. 1.20.
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Fig 1.20: Phase diagram of alkyl B-D-glucopyranoside in water solution*%”!

In addition, some rare phases which could not be observed in pure state can be observed
under lyotropic conditions, like nematic, cholesteric and blue phase. This is because these
phases are very sensitive to small modifications of the curvature which are easier to provoke

by modification of solvation than by modifying the structure of the molecules.

From the discussion above, a schematic representation of relationship between curvature
and mesophase type could be drawn, as shown in Fig. 1.21. In the following section, these
models will be detailed into the discussion of different effects on the formation of
mesophases. Here we will mainly talk about the molecular structural diversities in the study

of thermotropic liquid crystalline behaviors, in which we are more interested in our studies.
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Fig. 1.21: The relation of curvature and mesophase types in thermotropic and lyotropic liquid

crystalline behaviors*%!

1.4.2.1 Hydrophilic/hydrophobic balance

The hydrophilic/hydrophobic balance (or hydrophilic/lipophilic, HLB) plays a core role in
surfactant performances of amphiphiles, and it is also an important factor in the liquid
crystalline behaviors. It could be examined in terms of ratio of head groups to tails and the
degree of substitution.

Many systematic studies employed a gradual increase of the number of methylene groups to
study the effect of HLB on the liquid crystalline behavior. For example, the thermotropic liquid
crystalline behaviors of alkyl B-D-glucopyranosides,®” shown in Fig. 1.22, were found an

increase of clearing point as the chain length increased.

—=a&— melting point
140 4 —e— clearing point '

— Iso
QO 120
o
OH o o
% S 1004 Sm A
HO =
o @©
HO OH ChHonet B
o 80 4
g 4
2 60 Cryst

6 % é é llO 1ll 1l2 ll3

alkyl chain length (n)
Fig. 1.22: The transition temperatures of alkyl -D-glucopyranosides!®”
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By summarizing the data obtained from these systematic observations, a general tendency
of transition temperatures depending on the aliphatic chains could be drawn,* Fig. 1.23 :
with short chain length, there are no mesophases; once the chain in long enough (thus
bringing equilibrium to the hydrophilic hydrophobic balance of the molecule, the mesophases
are observed, and as the chain extends, the transition temperature increases, as indicated in
A; And this tendency will meet a critical proportion B, from which the transition temperature

begins to decrease, as C, due to the randomization of increasing aliphatic chain length.

Fig. 1.23: Transition temperature (T) dependency on the aliphatic chain length (n) of

homologous series!**

Interestingly, the odd-even effects were found their influence on the clearing point, as shown
in the 6-O-alkyl-D-galactitols system, Fig.1.24.% The reason for this phenomenon is still

unknown. On the other hand, this effect is obvious on the system with shorter aliphatic chain.
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Fig. 1.24: The transition temperatures of 6-O-alkyl-D-galactitols as function of chain length!**”

The effect of the degree of substitution has been discussed in the previous section. Here we
will examine some examples. The psychosine, (1-B-D-galactosphingosine), exhibits the Sm
A* phase,*¥ but if a second long chain was attached on the amine group, like palmitoyl,
stearoyl, oleoyl and nervonoyl galactocerebrosides,™¥ they show thermotropic columnar
phases (Fig. 1.25).
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Fig.1.25: The chemical structures and liquid-crystalline properties of psychosine and its

cerebrosides derivatives™

Some of the glycolipids consisting of triple substituted aliphatic chain show double
mesophases during heating process. Like compound O-B-D-galactopyranosyl-tri-O-alkyl

pentaerythritols, %!

it was composed of three aliphatic chains and one galactose head. Its
decyl derivative show a passage from crystal-columnar-cubic-isotropic liquid phases across
the phase diagram as the temperature increases. The transition temperatures of the O-p-D-
galactopyranosyl-tri-O-alkyl pentaerythritols derivatives with different alkyl chain lengths are
shown in Table 1.4. At low temperature, the energy is not enough for the aliphatic chain to
move, they are more restricted to vibrate within a certain space; thus the topology of this
compound is wedge-like, a columnar phase was expected to adopt, the mesogenic units self-
organize into a cylindrical columnar arrangement. When the temperature goes up, the chains
could take up more dynamical motion, they were much expanded at this time. As a result, the
compound showed a conical shape, which was able to support the formation of the cubic

mesophase.
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OChHan 41
Q
Ho%o OCpHzn +1
OH
Han +1C0

n Cryst Col Cub Iso Liq
6 62.3
7 44.0 72.1 82.3
9 36.0 59.4 76.2
10 37.0 53.3 63.8
11 30.0 38.3 43.4
12 37.5 ( 32.0)
14 52.7
16 58.2

Table 1.4: Transition temperatures (°C) and phase classifications for O-p-D-galactopyranosyl-

tri-O-alkyl pentaerythritols!*°®!

1.4.2.2 Location of substitution

For the non-cyclic system, the family of x-O-dodecyl-(D or L)-xylitols was tested as the

dodecyl chain moved from position 1 to 3. The melting and clearing points increased as the

order of position 1 < 2, 4 < 3, sequentially, see Table 1.5.*? The explanation to this behavior

could be as the dodecyl chain moved from outer position inward, the ratio of the cross-

sectional area of hydrophilic to hydrophobic part increased, increasing the curvature during

the formation of mesophase. Another reason is that the flexibility of compound reduced as

the motion of aliphatic chain was disturbed by the steric hindrance.

Compound Cryst

Sm A*

Iso Liq

HO—

HO—|
—OC12Hzs

49.5

69.1

114.7

123.1

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2013ISAL0001/these.pdf
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OH
OH
C12Hp50 101.3 138.0
OH
OH

OH
OCqoHzs
HO 67.8 123.8
OH
OH

Table 1.5: Transition temperatures (°C) and phase classifications for x-O-dodecyl-(D or L)-

xylitols**?

A similar study was carried out on the cyclic glucosyl derivatives, the dodecyl
glucopyranoside and x-O-dodecy! a, B-D-glucopyranoses family, see Fig. 1.26. They showed
Sm A* phases, with a wide range of transition temperature, which was influenced by the

location of substitution.

OH OH OH
0 o} o}
HO Ho% Ho%OH
HmOCqus HO OH CuaHas0
oH OCi,Has OH
Cryst 80.4 Sm A* 143.4 °C Iso Lig Cryst 92.5 Sm A* 167.2 °C Iso Liq Cryst 127.5 Sm A* 141.8 °C Iso Liq
OH OCi,Hps OH
o) Q
HO HO O ,oH ClZHZSO% OH
HO HO HO
OH OH
OCyoHas
Cryst 77 Sm A* 151 °C Iso Lig Cryst 94 Sm A* 163 °C Iso Liq Cryst 109 Sm A* 140 °C Iso Lig

Fig 1.26: Thermotropic liquid crystalline behaviors of dedecyl glucopyranoside and x-O-

dodecyl a, B-D-glucopyranoses

An example of study on the sucrose showed that the location of substituent may eventually
change the molecular topology shape, thus two kinds of mesophases were observed.**! The
thermotropic liquid crystalline behaviors of this family were shown in Table 1.6. From the
study of molecule modeling, Fig. 1.27, the compounds substituted at the position of a and f
were more wedge-like, thus they could show the cubic and the columnar phases, thus the

observations were confirmed.
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a 132 135.9 147

c 125 167.3

e 154 1711

g 174 190.7

Table 1.6: Transition temperatures (°C) and phase classifications for the mono-O-(2-

hydroxydodecyl) sucroses™**?
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g
SmA*

Fig. 1.27: Molecular modelings on the effect of substitutions of n-O-(2-hydroxyldodecyl)-

sucroses!**®

1.4.2.3 Orientation of hydroxyl groups

As the carbohydrate units are full of chiral centers, one could expect cholesteric mesophases
to show up in this category like monophilic chiral compounds do. However, so far these
mesophases induced by the orientation of hydroxyl groups on the sugar head have not been
observed yet. In many cases, the effect of chirality in the category could be regarded as the
effect of conformation of hydroxyl groups on the sugar moiety. But still, the data obtained is

confusing.

For some systems, this effect on clearing point is not significant. For example, in the non-
cyclic polyol with mono-aliphatic chain system, the compound 9 and 10, 11 and 12 (Fig. 1.28),
showed the similar clearing points. But this factor did affect the melting behaviors, just as the

diversity of melting points of sugars.

[9] [10] [11] [12]
OH OCy2Hazs
OH HO
OH OH HO HO
HO OH HO OH
OH OH OH OH
OCy,H
12H25 OCyoHas OCyzHps OH
Cryst 52 Sm A* 71 °C Iso Lig Cryst 69 Sm A* 74 °C Iso Liq Cryst 142 Sm A* 169 °C Iso Liq Cryst 111 Sm A* 167 °C Iso Lig

Fig. 1.28: Thermotropic behaviors of acyclic polyols lipids

But for some systems, the conformation of hydroxyl group will change the cross-sectional
area of hydrophilic moiety, influencing the packing style of molecules; thus, a different
mesophase will be observed. A study was conducted on the 4-N, N-
didodecylaminophenylazo) phenyl as the hydrophobic tail coupling with different sugar heads,

gluocopyranoside, galactopyranoside, lactose, xylopyranoside, and mannopyranoside,[114]
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in which the glucose derivative showed columnar mesophases whereas galatose and
mannose derivatives showed lamellar phases, no mesophases observed for the other two
series. Compared the structures of these amphiphiles showing the mesophases, the hydroxyl
groups are all in equatorial position for glucose while there is one of the hydroxyl groups
stands in the axial position for the others. Thus, the head group of 14 is smaller than the
others, resulting in a larger relative size of hydrophobic to that of sugar head. In
consequence, the topological shape of glucose derivative is more wedge-like, inducing a

rectangular columnar, as shown in Fig. 1.29.

H OH H
w0 S 5
N EreHas H ‘h—@—hﬁu =
H OH N_QNt %

Hys
1H2s 127

f
- Suga Localisation of curvature
Moieties the layers causesa
Wedge-shaped molecules rectanguiar columnar
induce curvature into the lamellae structure to fom
-—— Azo-Moieties
446 A /\ /MY Microphase w w
Segregation

30A |
L Yo Microphase
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A= |/

Fig. 1.29: Proposed schematic representations of arrangements in the mesophases of 4-(4’-

N, N-didodecylaminophenylazo) phenyl B-D-galactopyranoside and 4-(4’-N, N-

didodecylaminophenylazo) phenyl p-D-glucopyranoside

1.4.2.4 Other effects

The configuration of the head group may see its effect in the thermotropic transition behavior
of homologue, e.g. the a- and B- octyl D-glucopyranoside and furanoside.™® Fig. 1.30

showed that clearing point of this array followed this order a-pyranoside > B-pyranoside > 3-
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furanoside > o-furanoside. But this pattern is not universal, since the formation of liquid
crystal phases depends strongly on balance of hydrophilic and hydrophobic parts, the order

could not be easily obeyed in other sugar systems.

octyl o-Glucofuranosides octyl o-Glucopyranosides

HO HO
OH OH
HO o HO o OCgH,7 o
H H HO HO 2 0CgHy
HO HO
OCgH;7 OH Yh
OH OH OCgH;7
Cryst 51 Sm A* 60.6°C Iso Liq Cryst 61 Sm A* 99.2°C Iso Liq  Cryst 72.3 Sm A* 116.3°C Iso Liq Cryst 67.1 Sm A* 106.4°C Iso Liq

Fig 1.30: Thermotropic behaviors of octyl D-glucofuranoside and octyl D-glucopyranoside!™®!

Besides the effect of molecular nature on the packing process, small modifications on the
structure may have impact, too. One example of this kind is the linkage between the
carbohydrate matrix and the hydrophobic part.''®! The comparison work was carried out on
the mono-substituted xylitol system with linkage of ether, thioether ester and amide,
respectively. The transition temperatures of these molecules as a function of alkyl chain
length are shown in Fig. 1.31, where it was found the efficiency of these functional groups to

stabilize the mesophases was shown as the order of RS->RCOO->RO-.

160 ———
. . ioethers
Temp Liquid
luc 14 0
12 O~ Esters
—ZCqHan+1 10 0~
-~ OH Ethers
HO 0
6 0 Smectic A*
—OH
—OH 4 0+
Z=0,0C0, S 2 0-
0 T ) T T T T

4 6 8 10 12 14 16 18
Number of Carbon Atoms [n

Fig. 1.31: The transition temperature of mono-substituted xylitol system with linkage of ether,

thioether ester and amide as the function of aliphatic chain length™*®!
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Even the pattern of attached aliphatic chain may affect the formation of mesophases. The
archaeal lipid mimics with two linear chains showed defined melting and clearing behavior,
shown in Fig. 1.32, while in the case of two branched aliphatic chains, the crystal state was
replaced by glassy state a very low temperature. In addition, it showed a lower the
isotropization point. These phenomena could be due to the steric hindrance by the additional

methyl groups which disturbed ordered packing of aliphatic chains.!**"!

o}
)
HO o

O
HO
HO

OH

Cryst 75.4 Col 124.8 °C Iso Liq
O
O
HO o
O
HO
OH
HO

Col 70 °C Iso Liq

Fig. 1.32: Chemical structures of archaeal lipid mimics with linear and branched aliphatic

substituents*”!

1.4.3 Methods to identify the liquid crystalline behavior

1.4.3.1 Polarized optical microscopy (POM)

For most of liquid crystalline materials, they possess a birefringent property, meaning that if
the polarized light enters these materials the orientation of light wave will be change, thus
some exotic images which are the reflection of the defects occurring during the formation of
mesophases could be observed. This method which was found by Friedel in 19224 is the
most widely used in identifying the type of liquid crystalline phases. The images, Fig. 1.33-
1.35, below show some conventional mesophases exhibited by carbohydrate-based
amphiphiles. Recent equipments include rather precise heating plates which allow estimating

the transition temperatures with 0.1 to 1°C accuracy.
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Fig. 1.33: Defect texture of lamellar mesophases with hyperbolic and elliptical lines (black
arrows) and oily streaks and fringes around air bubbles (here a Sm A* lamellar phase is

shown) B9

OH OH

Q OC7H5
o OC/H

OH OC7H;s

Fig. 1.35: Transition from cubic to columnar phases,® where the cubic phases were black

and the normal of columnar phases could be seen as the long rang of extension of long rod

61

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2013ISAL0001/these.pdf
© [R. Xu], [2013], INSA de Lyon, tous droits réservés



CHAPTER 1

1.4.3.2 Differential scanning calorimetry (DSC)

DSC is another useful tool to identify the transition temperatures. Since this method is very
sensitive to the heat absorption and emission, it gives a more precise data for the transition
temperatures, with accuracy close to 0.01°C. In addition, by measuring heat absorption and
emission, it also allows to calculate the corresponding transition enthalpies AH and entropies
AS. Melting point and clearing point are normally reported from the first heating cycle, as
possible hysteresis during the test can occur. In some cases, some transitions like crystal-

crystal which were not seen under the polarized light microscope can be identified here.

Fig. 1.36 shows a DSC curve for the first heating cycle of 6-O-tetradecyl-a-D-
galactopyranose, where the melting point is 114 °C and clearing point is 169 °C.[110]

=  15.0 7
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=
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— e 7 i = _—
0.0 \/
[ I I [ | [
25.0 50.0 75.0 100.0 125.0 150.0 175.0

Temperature /*C

Fig.1.36: DSC thermogram for the first heating cycle of 6-O-tetradecyl-a-D-galactopyranose,

scan rate 10 °C mint19
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1.4.3.3. X-ray diffraction spectroscopy (XRD)

When unclear or insufficient information is provided by microscopy when identifying the type
of mesophase, X-ray diffraction can be used as a supplementary means, as it could give
some information by providing diagnostic diffraction patterns. **® The relation between the

first reflections for different liquid crystalline phases could be shown as below:
Cubic: 1:1/N2:1~3:1N4:1N5:1/6:1/8...
Lamellar: 1:1/2:1/3:1/4...

Hexagonal: 1:1/N3:1/\4: 17 ...

1.4.4 Conclusion

In this section, we briefly described the carbohydrate-based liquid crystals, their self-
assembling and self-organizing properties and the effects that induce different formations of
mesophases. The intermolecular H-bondings and the relative cross-sectional area of sugar
heads to aliphatic tails are considered as two essential factors that govern the formation of
mesophases. Van der Waals and other types of interactions also contribute to the stability of
such mesophases. Though carbohydrates are chiral molecules, no cholesteric phases, like
chiral smectic, chiral discotic, have been yet discovered in the family of carbohydrate
surfactants. Elaboration of more complex systems involving sugar and lipidic moieties can

still enrich the field of carbohydrate based liquid crystals.

Such studies contribute to the understanding of the relationships between structures and
properties, which eventually can provide insights in their possible roles in some biological

processes.
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Chapter 2
Carbohydrate Bicyclic Lactones and Their

Applications

2.1 Introduction

During the last decade, our group has been involved in developing a new synthon based on
glycosyl lactones, namely carboxymethyl glycosyl lactones (CMGLSs). Over the years, we
have widened the scope of this synthetic strategy and applied it to several intermediates
towards functional compounds such as probes for fluorescent imaging, monomers for
polymerization, mesogens for carbohydrate liquid crystals, pseudoglycoconjugates and so on.
These efforts proved it to be a general and useful way to couple carbohydrate moieties with
other specific systems. What follows aims at reviewing briefly the field of carbohydrate

lactones with a focus on bicyclic ones.

Carbohydrate-based lactones are interesting compounds which have been used in many

fields and a topic for several reviews.****24

Monocyclic and bicyclic lactones are two main streams in the carbohydrate derived lactones.
The former ones are found to be in 1,4- (y) or 1,5- (8) configurations. In the latter system, the
lactones could be fused or linked to the sugar moiety. Both families contain a, B-unsaturated

examples.

Monocyclic lactones, or aldonolactones, from the carbohydrate resources are usually

prepared by the selective oxidation on the anomeric hydroxyl group. The resulting y and
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d lactones, under certain conditions, could be reversed, Fig. 2.1. Using traditional method, for
example, oxidized by bromine, the majority of resulting lactones will be aldono-1,4-lactones

(y-lactones), which are thermodynamic more stable, except for D-glucose.

OH

OH
[O] 15
HO HO
H

HO “on

O Yo

HO

o HO
Ho .0 (O] HO. .\ OH
M — o sl
OH

OH

Fig. 2.1: Formation of D-glucono-1,4-lactone and 1,5-lactone

In order to obtain the 1,5-lactones as major products, some efforts have been carried out. By
using the Schvo's catalytic system, where dimeric ruthenium complex [(C4,Ph,CO)(CO).Ruls,
18, as catalyst, cyclohexanone as hydrogen acceptor, the selectivity ratio in &-D-
galactonolactone reached 93%, whereas the &-D-mannonolactone reached to 9491129

Scheme 2.1 and Table 2.1 show the results.

Ph

Ph
OH o €O
HO [(C4Ph,CO)(CO),Rul, wo M Ph :FRU o \Ruupio
0 > 0C 4 Y
o velon o éi\ ol Oﬁé Ph
yclohexanone, HO Ph
HO “on HO Yo Ph
[17] [18] [(C,Ph,CO)(CO),Rul,

Scheme 2.1: Synthesis of 5-D-galactonolactone 17 catalyzed by dimeric ruthenium complex
[(C4Ph,CO)(CO),Ru], 18 in DMF!'?!

Time T  Conversion Isolated yield y/§(ratio of isolated produc
Glucose 16 45 98 86 99.9:0.1
Mannose 87 21 91 41 94 :6
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Galactose 87 21 92 54 93 :7

Table 2.1: Yields in lactones resulting from different sugars!**!

Whereas a similar system, where [RuH,(PPh3),] as catalyst and benzalacetone (trans-4-
phenylbut-3-en-2-one) as hydrogen acceptor, showed a reversed results. In this condition,
aldono-1,4-lactones were the major products, where even for the D-gluocose, no §-lactone

was obtained. [1%°!

HO
OH

RhH,(PPh3),, 0.05 eq. HO OH
HO O > O >0
HO Ph-CH=CHCHOCH;, 2 eq.

HO "oH OH

Scheme 2.2: Synthetic path for 1,4-D-gluconolatone*?®

Substrates Products Isolated yield (%)
OH HO
o HO
&O}/\/OH :@40 90
HO
OH HO
o) HO—|
OH OH H ° 90
HO
HO HO
OH
HO /—0 O\ _o
OH OH HO:W 90
HO HO
HO
OH
o S~ 0
OH OH HO:V 62
HO HO NHAC
NHAc
oTr TrO
o HO—
oH oH H =0 73
HO
OH HO
o o
>3] >
? ?&0 93
A\g A

Table 2.2: Results obtained from a variety of sugars and protected sugars in this condition'**®
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Another method by the ring-closed reaction of dihydroxyenoate was achieved. In this method,
2, 4-hexadienoates were employed as the starting materials, of which the second double
bond was dihydroxylation by Sharpless AD-mix reagents, followed by either direct ring-

closed reaction to obtain the y- L-galactonolactone or further protected to obtain the 6- L-

H 127, 128
galactonolactone, as shown in Scheme 2.3. ! ]
o OH o) OH o
R 1. (C14,C0),CO, py 1. AD-B* R
EtO = _0 pZ R 2/ on
OH 2. PMPOH, 0.5% 2. py, TSOH HO
Pd,(dba)s CHCI, OPMP
o AD-o* 29% PPh, [20]
EtOWR R = OBn, H, CHy
(9] o OH BnO

1. AD-B*
oBn @ @— " HO OHO
EtO = 2. py, TsOH . o
[21]

OH

Scheme 2.3: Synthetic paths for 1,5- and 1,4- L-galctonolactones 20 and 21 2 28]

The microorganisms are also employed to produce to aldonolactones. For example, the 6-D-
gluconolactone could be largely manufactured by oxidation of glucose associated by the
enzymes form bacteria of Pseudomonas and fungi of Asperigillus niger.?? In this case, a

lactonase enzyme is also needed for preventing further opening of lactone (Scheme 2.4).

lactonase enzyme

OH OH OH
Oxidation associated by enzyme
o . HO
HO S Te) O
HO HO OH
HO
OH HO N OH

Scheme 2.4: Oxidation of D-glucose by Aspergillus niger

More elaborated systems which are bicyclic though still including a carbohydrate lactone
have also been reported. When opened by a nucleophile, they offer the possibility to
conserve the skeleton of the carbohydrate-head in the resulting products, which can be
necessary for some biological purposes. Some efforts have thus been dedicated to

investigating possibilities of making the bicyclic carbohydrate-based lactones. In Fig. 2.2,
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several examples are shown, such as the uronic acid derived lactones, compounds 22 130
23M% and 24;1** fused C-branched lactones 253 and 26M™*¥: lactonized carboxyalky! ether
27 and 28,**! and the CMGLs. The synthesis and the uses of this latter family are further

detailed in the next section.

o
OH
OH
[e] O/O\ OH
[23] OBn o OH - oH
S NHAC BnO o 74 o
- - o) HO
o OH o BnO o H o o §2 O 28]
o o T e, o
HsC [e]
OH 5 J// [25] ) o [26] 3 L)< ome OHowme
[22] HO OH o e} o Fused C-branched lactones [27] Lactonized carboxyalkyl ether
[24]
Uronic acid derived lactones

Fig. 2.2: Chemical structures of representations of several bicyclic carbohydrate lactones

2.2. Development of carboxymethyl glycoside lactones

(CMGLSs)

2.2.1 Synthesis of the CMGLSs

The interest of our group for this topic originated from some work on the reactivity of sucrose.
Looking for new oxidation products by reaction with hydrogen peroxide and sodium tungstate,
a clean and efficient method already applied to the preparation of adipic acid from
cyclohexene via cylohehane diol, the low stability of sucrose in acidic conditions appeared as
an absolute drawback. However, we knew that isomaltulose, (6-a-D-glucopyranosyl-D-
fructofuranose), was significantly more stable under acidic conditions and we switched to this
other substrate, also a cheap and available sugar interesting starting material for
sucrochemistry, obtained by bioconversion from sucrose. It was found that the oxidation of
isomaltulose could lead to a glucopyranoside derived carboxylate, which was identified as
carboxymethyl a-D-glucopyranoside (a-CMG) (Scheme 2.5).'3% 337 Fyrther reaction with
acetic anhydride led to the 3, 4, 6-tri-O-acetyl-a-D-glucopyranoside 2-O-lactone (a-CMGL) by
a ring-closure reaction. Trehalulose, (1-a-D-glucopyranosyl-D-fructopyranose), a less
available other disaccharide also obtained from sucrose by bioconversion, could also be

used in this reaction.
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OH

HO /éé palatinose
HO
HO OH /gcﬁ

o) OH OH
o. o Ac,0 /Py ACO o
OH HO or o
H,0, HO o] Ac,0 /AcONa
OH HO o)
OH o - > o% > 0
OH o
HO o OH
HO
HO | 0 oH [29]
o
HO™ HO

trehalulose

Scheme 2.5: Synthesis for a-CMGL 29 originated from palatinose or trehalose

Various parameters affecting this oxidation reaction were studied. The results showed that
the pH value was essential. In the case of palatinose, at high pH, the yield of a-CMG was
very low, below 15%; but when the reaction took place at pH 2, the reaction took less time
and the yield was improved up to 35%. The effect of catalyst was investigated, too. The
presence of sodium tungstate (Na,WO,) would shorten the reaction time, but increasing
amount of tungstate was not found to help increase the yield of a-CMG. The result obtained
from trehalulose was better, where the yield of o-CMG could be up to 59% based on
recovery of starting material. However, thehalulose is not as available. Despite the modest
yield of this reaction, it appeared as a simple and direct method compared to multistep

selective construction by classical glycosylation sequences.

In the next step, the obtained a-CMG was subjected to the reaction with acetic anhydride in
pyridine, and underwent ring-closure. A possible mechanism of this step is proposed in
Scheme 2.6

OH

@ "~ Hg&%% " o o o chgwé%
JJa — A Qf S AN TN iy

o o
(s A,
Scheme 2.6: Mechanism of ring closed to form the a-CMG lactone
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To examine the factors affecting the oxidation of the disaccharides and optimize the
conditions for increasing the yield of lactones, a close supervision on each step was carried
out.® By monitoring the resulting byproducts, the study showed that a stable pH value at 4
where the glycosidic linkage was stable for preventing the hydrolysis to glucose and higher
temperature for complete oxidation of the fructose moiety were needed. Since the obtained
lactone was sensitive to the conditions, careful handling was needed for storage and use.
Before purification by silica gel column chromatography, the residue was washed by
ammonium chloride solution and dried over the sodium sulfate (Na,SO,) carefully. After
gaining the pure compound, a precipitation in pentane was needed to yield a white solid
which could be stored at 4 °C for months. Different protecting groups, like chloroacetyl,
pivaloyl and benzoyl, were used to yield the corresponding a-CMGLs with more or less

stable protecting groups, as shown in Fig. 2.3.

OR

o

R

%@ R = CICH,CO, Bz, Piv
¢}

PAN

0]

Fig. 2.3: Chemical structures of obtained a-CMGLs by different protecting group

Besides this straightforward oxidative degradation from disaccharides, other efforts by
modifications on the anomeric position have also been developed, from which the list of
sugars converted into lactones expanded. A first synthetic sequence was involved allyl
glycosides which were oxidized by sodium periodate (NalO,4) using ruthenium trichloride
(RuCly) as catalyst, followed by treating the resulting product with triethylamine (TEA) to yield
corresponding CMG residue.** The ring closed reaction was also carried out with acetic
anhydride in pyridine. The whole procedure is shown in Scheme 2.8. An alternative oxidation
can be ozonolysis to the aldehyde which is further oxidized in the presence of sodium
chlorite (NaClO,) to the carboxylic acid. This method offers a more straightforward sequence
to the desired lactones, without purifying the intermediates. The procedure is shown in
Scheme 2.9.
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OAc
R,
R; o
AcO
C)O
o=

[33] R; = OAc, R, = H

1. RuCly, OH [34] Ry = H, R, = OAc
OAc NalO,, Ry
1. allyl alcohol, R, CH,Cl,/CH3CN/ Ac,0, pyridine
BFy Et,0, reflux H,0, 2h, 1.t Ry 0
Glucose or » R o el » HO
Galactose AlcO O'HNEt;*
2. Ac,0, pyridine | 2. TEAIMeOH/H,0 HO g
AcO o r.t., 6h
o]
[29] R, = OAc, Ry =H [31] Ry =OH,R, =H OAc
[30] Ry =H, R, = OAc [32] Ry =H,R; =OH

[35] Ry = OAc, R, = H
[36] Ry = H, R, = OAc

Scheme 2.8: Synthesis of a- and B- glucopyranoside lactones 33 and 35, and «- and

B-galactopyranoside lactones 34 and 36 *°)

OH
OH R,
Rz

1. O3, MeOH, then DMS R, o Acz0, pyridine 23 34 35 36
Ho > 34,35,

|| 2. NaClO,, KH,PO,, HO o OH
HO O\/ H,0,0°C, thenr.t. /\n/

Ry o
HO

Y

[37]R, = OH,R, =H
[38] Ry = H, R, = OH

Scheme 2.9: Synthesis of the lactones 33, 34, 35, 36 via oxidation using O3

A Koenigs-Knorr-type reaction was tried to obtain the lactones with benzyl groups protected.
These lactones are less stable than the acetylated ones, however. For the B conformation,
the procedure went through a orthoester strategy to yield the resulting OH-2 free compounds

with benzyl groups protected in 3, 4, 6 position, which followed by the same route of previous
ozonolysis process, shown in Scheme 2.10.

OAc
o R, 1 MeONa/ MeOH 1. O3, MeOH, then DMS
Ac - Me! e 0B 2. NaClO,, KH,PO, OBn
R, ally alcohol, 2,6-lutidine (2 R, o 2. NaH (L.25 eq./OH), BnBr Ro/ oS H an oG thea .1 Rz
eq.), BuyNBr (1.2 eq), 4h AcO (1.25 eq.), DMF 20, ,thenr. t.
Ry 0 > 5 » R, o —_— - R; 0 o
AcO BnO o L BnO
0o 3.ally alcohol, BF;OEt n 3. Ac,0, pyridine
AcO \ Y 32 oH 20, py! o/@
Br o
[e]
[39] R; = OAC, Ry = H [41] R, = OAc,R, =H [43] Ry =0Bn, R, =H [45] R; =0Bn, R, =H
[40] Ry = H, Ry = OAC [42] Ry = H, R, = OAC [44] Ry =H, R, = OBn [46] R; = H, R, = OBn

Scheme 2.10: Synthetic process for benzylated p-D-glucopyranoside lactone 45, and -D-

galatopyranoside lactone 46
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The a lactones were prepared in a different way, where the 2-O-benzyl of allyl 2,3,4,6-tetra-
benzyl-O-a-D-glucopyranoside 49 and o-D-galatopyranoside 50 were cleaved by
triisobutylaluminium (TIBAL) to yield 2-OH, as shown in Scheme 2.11. This method was
applied to glucofuranoside, where the a-lactone 51 was obtained while B one was not. This

might due to the instability of these benzylated compounds.

1. 03, MeOH, then DM
OBn OBn Oz, MeOH, then DMS

|
Ry TIBAL (5 eq.), toluene, R 2. NaClO,, KH,PO,, R, !
50 °C, overnight z H,0,0°C, thenr.t. I BnO—oBn
Ry ° _ Ry Q _ Ry O | .0
BnO BnO |
BnO -
BnO ‘ HO ‘ 3. Ac,0, pyridine Oo ‘ o
° © P | ©
I
o i o
|
[471 R = 0Bn, Rz =1 [49] Ry =0Bn, Ry =H | [51] a-o-glucofuranoside

[48] Ry =H, R, = 0Bn [50] Ry = H, R, = 0OBn ! lactone

Scheme 2.11: Synthetic process for benzylated a-D-glucopyranoside and o-D-
galatopyranoside lactones 49 and 50, and the chemical structure of a-D-glucofuranside

lactone 51

A modified option is based on an anomeric alkylation with tert-butyl bromoacetate, which
proved to be very convenient and general in terms of starting carbohydrate (Scheme
2.12).2 Firstly, the peracetylated glucopyranoside was treated with NH,NH;OAc to
deprotect the anomeric OH, which was further reacted with tert-butyl bromoacetate in the
presence of K,COs to yield the acetal ether 48. At this stage, the o and B anomers were
obtained. The o anomer was preferred with the ratio a: f = 6.1: 1. After, the tert-butyl group
was selectively removed by TFA to the carboxymethyl acid. The lactones were obtained in
the same ring-closed conditions as described. This procedure was applied on other mono-

and di- saccharides and proved to be successful. (Table 2.3)

OAc OAc OAC
1. NHZ_NH3OAC, DMF, o
ACO o overnigth AcO o \)L )4 TFA,DCM, r. t., 3h ACO o (o]
AcO OAc AcO o o AcO O\)J\OH
2.K,COy, (2.5 -5 eq.),
AcO tert-butylacetate (2 eq.), AcO AcO
r.t., 48h [52] [53]

1. NaOH, MeOH, r. t., 1h
2. Ac,0, pyridine

33,35
Scheme 2.12 Synthetic process of o- and B-D-glucopyronside lactones by using the tert-butyl

bromoacetate*”
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Product Yield (%) Product Yield (%)

[e)

Ac OAc
03: éé/
o AcO o
o
@io 84 AcO AcO 73
OAc AcO ol
° PIAN
)

Table 2.3 List of sugars formed CMGLs!**”!

The conditions for starting from fully unprotected sugars were also studied. The glucose,
mannose, N-acetyl glucosamine, maltose, and lactose were treated with NaH in DMF
(Scheme 2.13). The yield was low compared with the corresponding acetylated ones, but the
reaction showed preference towards 3 conformation, as shown in Table 2.4.

OH OH
tert-butyl bromoacetate
HO o > HO o O )4
HO OH NaH, DMF HO 0\)J\o
HO HO

[54]

Scheme 2.13: Synthetic process of glucose with tert-butyl bromoacetate*%
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Yield (%) a:p

Glucose 50 1:2.8
Mannose 55 11
N-acetyl glucosamine 77 2.8:1
Maltose 49 1:1.8
Lactose 57 1:2

Table 2.4: Yields and o: p conformation ratios obtained by different sugars™*”

2.2.2 Construction and applications of conjugates obtained from
CMGLs

The lactones are known to be readily opened by nucleophiles, such as amines and alcohols.
Via this strategy, pseudo disaccharides, sugar amino acids, surfactants and monomers and
so on can be prepared. Using these bicyclic lactones, since the attack by nucleophiles would
not affect the sugar ring, the opening of lactone ring offers a convenient method for
conserving the cyclic pyranose or furanose skeleton into the target molecules, which could

be useful for bringing some biological function or at least some biocompatibility.

At first, this research started with amino acids, and simple alcohols, amines. With alcohols,
the reaction can be either promoted by acid or base catalysis. The reaction was applied to a
great variety of alcohols, Scheme 2.13. However, the newly created ester function is just as
unstable as other acetyl groups on the sugar, therefore making difficult subsequent
deprotection of adducts without cleaving as well the new connection. Using chloroacteyl

protected lactones, selective de protection of the sugar could be achieved.™*"!

OR OR
R fe) R'OH o R=AcorH
Ro RRo R' = Me, Et,
(0]
A. alcohol as solvent
o) or HO -CH(CH3),
o o) -CH,CH,CH3
B. DCM as _solvent (eq. of OR' -CH,CH=CH,
o) alcohol in brackets) -CH,C=CH
-(CH,),0C(0)C(Me)=CH,
[33] R=Ac

[55] R = CICH,CO

Scheme 2.14: Reactions of lactones 33 and 55 with alcohols™®”

75

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2013ISAL0001/these.pdf
© [R. Xu], [2013], INSA de Lyon, tous droits réservés



CHAPTER 2

The reaction proved to be much more general and useful using amines as nucleophiles. The
results showed that with amines the obtained yields were much higher than alcohols with a
short reaction time, and the resulting compounds were stable which could be further
deacetylated to yield the glucopyranoside derivatives. The conditions and types of amine
used are shown in Scheme 2.14. Starting from amino acid, an extended reaction time was
needed and the yields were fair, Scheme 2.15.

OH
OAc
HQ, 0
AcO o 1. R'NH,, DCM, DMAP, r.t. °© ¢}
Aco > oH \)J\ R
o 2. NEty/H,0/MeOH = 8/ 1/ 1, 1t. N
P "
o) R' =-Cy5Hzs,
-C14Ha9,
16H33,
. -CH,C=CH,
1. H,NR'NH,, DCM, DMAP, r.t. -(CH2),0C(0)C(Me)=CH,
2. NEty/H,0/MeOH = 8/ 1/ 1, r t.
OH

H o) HO OH
?40 o o o OH R = -Cy4Hg,
OO\)J\ jOH -CeH1o
R

Scheme 2.15:; Reactions of a-CMGL with amine and diamines!**”

OAc
OAc o GLY,R=H,R =Et
AQS LASP R = -CH,CO,Me, R’ = Me
o O HCOR GLU, R = -CH,CH,CO,Me, R’ = Me
ACO S o E PHE, R = -CH,CqHs, R = Me
Aco amino acid, DMAP, DCM OQJ\N R TYR| R = -CH,CoH,OtBU, R = tBu
o > N ASN, R = -H,CONH,, R' = tBu
)& LYS. R = (CH,),NHCbz, R' = Me
o
LYS, DMAP, DCM
OAc
0-ASP, DMAP, DCM o
Ao
C O  HCO,Me
[e) )
6 M 1
N
H
OAc
o AcO o
AcQ MeO,C H j/
ACO s o NH
OOQL oro
N A(:OA o
H CO,Me ¢
) . . . . 1 [137
Scheme 2.16: Reactions of a-CMGL with amino acids!™*”!
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Some pseudodisaccharides of glucose-glucose, glucose-galactose, and glucose-uridine
were formed by the amide linkage by ring-opening of a-CMGL.™* The yields of final product
were 72% 56, 72% 57, and 60% 58, respectively, as shown in Fig. 2.4.

OH OH

OH
o}
HO ° Ho 2 Hfio
o HO o
HO HO4 o "% %
o o 4 N | NH
/< NH NH k
NH Ho N~ o
o
“C’&C’W g&m
HO
HO OH Ho OH OH
OH
[56] [57] [58]

Fig. 2.4: Chemical structures of pseudodisaccharides of glucose-glucose 56, glucose-

galactose 57, glucose-uridine 58 by amide linkage

Some functional groups were also introduced on the sugar moieties via this strategy, like 59,
63, and the resulting OH-2 could be further functionalized, as shown in Fig. 2.5. For example,

).2% The compound was

59 could be used in Huisgen cycloaddition (‘click’ chemistry
anchored to the 5™-azido-5" deoxyuridine in the presence of Cu (I) catalysis. The procedure is

shown in Scheme 2.17.

OAc

OAc
HO O
Ohc HO (601 ACO o
[59] o} o o [63] 0 [64]
o o AcO
AcO o ;< L . AcO ol o
w!l o HOl o
N

o o NH H \\\ o - O\)J\ N~
L N R AL N~ \\
H x\\ R = -(CH,),Chyg, -(CHp)15CHs or H H
OAc H OAc OH H OAc
ACAOCO 0 162 AcAO Nsb t61] HO 0 tee AcO N%J (eel
co HO oS

oL oL =L oL
N o = _

&\ N x\\ u /\\\ NH, H 7 H —~

Fig. 2.5: The resulting compounds bearing the functional groups and possibilities of

functionnalizations on OH-2
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HO L. o (o]

OH
5'-azido-5" deoxyuridine(1.2 eq.), HO e} o
NEt3/ H,0/MeOH o CuS0y4 (0.01 eq.), sodium ascorbate HO
=1/1/8 HO (0.1 eq.), tBUOH/ H,0, .t. 12h Ho NH

—_— L
¥ 0§ Ly N
H\\\ : N:N/N °
OH OH
[67]
[139]

Scheme 2.17: An example of applications in ‘click’ chemistry

In the field of biological applications, the CMGLs were used to couple sugars with some
hydrophobic functional groups to improve their solubility in water along with biological
compatibility. For example, compound 68 was synthesized as a photosensitizer in the field of
photodynamic therapy (PDT)™? and fluorescent probes 69, 70 showed a good an affinity

towards membranes, as shown in Fig. 2.6.4

OH

HO ©
[68] R= HO
HO

CONH,CH,(CH,0CH,),CH,NHCOCH, or Ho

[70] N

R" =-CzHs NR", NR",

I
[e)
o

Fig. 2.6: Chemical structures of a-CMG amide probes*? 143!

By further oxidation at O-2 after lactone opening, a series of a, - unsaturated carbonyl
compounds derived from the CMGLs were synthesized.***! Their structures were shown in
Fig. 2.7. Among them, the compounds bearing dodecyl chain show the activity in the
antifungal and antibacterial tests, and interestingly compound 73 showed a low toxicity while

its a-isomer 76 was toxic.
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AcO o R
/
»NH AcO o] o
AcO ° 0 ? > OJ\ R
o p
&\OJL R N AcO N H
N AcO
[¢]

heo © H CO,Et
= = [74] R = CH,C=CH, [77] R = CH,C=CH,
FAR-gne " [75] R =Bn, [78] R =Bn,
[73]R = CyoHps [76] R = C1oHzs [79] R = CyoHps
OR;
OR;
R,0
h¥ 2 o [82] Ry =Ac,R, =B
R,0 80] R1 = Ac 1=AC, R, =Bn
HO (o] {81% R1=H R;0 [83] Ry = Ac, Ry = CH,(CHy)3CH=CH,
o Ho o [84] Ry =H, R, =Bn
\)LN o [85] Ry = H, Ry = CHy(CH,)sCH=CH,
N /Y\ \)LN
N—Bn N Y\
N :N/ N—R;
Nz,
N
AcO o o
< Jk AcO o) o
o
AcO N H/\&\Nan [86] &\OJKN (87]
N/ ACO o H/\&\ B
CO,Et N | \\N/N Bn

Fig. 2.7: Chemical structures of a, -unsaturated carbonyl compounds derived from
CMGLs!™

“Living” polymerization using monomers arising from o-CMGL derivatives has also been
explored.™! The obtained monomers 88 and 89 (Scheme 2.18) show a good ability to form
the polymers via the reversible addition fragmentation chain transfer (RAFT) polymerization.
They also showed a great trend in the “living” polymerization, as indicated in the size

exclusion chromatography (SEC) spectra that the elution volume continued to grow.

OH

1. TFA (16 eq.), DCM °

2. CH,=CHC(O)CI (1.25 eq.), HO

Et (iPr),N (4 eq.), THF, -5 °C HO Ho 0
o

N
o
OAc 3. NEty/ H,0/MeOH = 1/1/ 8 [88]

H,NCH,CH,NHBoc

1.5eq.), THF, r.t.

( q.) ACO o)

_—
33 AcO o
HOOQL N o 1. Tf,0, DCM, -5 ©
. 2Y% y "
H/\/ W 2. NaN3, DMF, 90 °C
o 3. CH,=CHC(O)CI (1.25 eq.),
Et (iPr),N (4 eq.), THF, -5 °C
HO
N3
HO 0
5. NEty/ H,0/MeOH = 1/ 1/ 8 HO o H ‘
OQJ\N AN
H
o

Scheme 2.18: Synthesis for glycomonomers 88 and 891*4°!
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Further study on the post-modification on the resulting glycopolymer 89 gained some exciting
results. With the azido group on the carbohydrate group, the possibility of bridging other
functional group bearing the triple bond became available. This work is the first time showing

that the preformed glycopolymer could afford a post modification (Scheme 2.19).

HO
HO OH

ascorbate, H,0

+ACPA
89
H,0, MeOH =5 /1, 70 °C
Mkm cuso, fsodium Q%\L \%

[90]
L jﬁw©
IS

Scheme 2.19: Polymerization of monomer 89 and post modification by CuAAC reaction***!

The possibility of trying polymerizations through this strategy was also studied by introducing
both the azido and alkynyl groups on the glucosyl matrix.'*® The monomers were derived
from a- and B-CMGLs, whose structures were shown in Scheme 2.19. The polymerization of
these monomers was performed in the DMSO-ds monitored by *HNMR. They all showed a
good ability to polymerize, and an example of polymerization of monomer 91 is shown in
Scheme 2.19.
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[91]
' HO
H/\\\ i Ho o
[92]

Cu (I

N3

/

o . L _J
Hgo o%u/\\\ : [94] ”

Scheme 2.20: Chemical structures of azido alkynyl compounds derived from CMGL and the

polymerization of compound 9114¢!

The long time interest of the collaborative project gathering the teams in Lyon, Hull then York
in the field of carbohydrate based liquid crystals led us to explore the application of the
glucoconjugates prepared by CMGLs strategy in this area. In order to study the effect of
relative cross-sectional areas of sugar head to aliphatic tails on the thermotropic liquid
crystalline behavior, glucopyranoside derivatives of a series of aliphatic amines (C6, C8, C10,
C12, C14, C16) and aminocholesterol, amino steroid with o and  conformations were
prepared.!” Table 2.5 shows the results observed by aliphatic series, Fig. 2.7 is the defect
texture of Sm A* phases shown by dodecyl amide methylcarboxyl glucopyranoside under

polarized light microscope.

\—QN/CHHZMJ
N
Chain length (n) Melting point (°C) Clearing point (°C)
6 63 /
8 74 /
10 81 94
12 89 122
14 92 178
16 100 192

Table 2.6: Transition temperatures of alkyl amide methylcarboxyl glucopyranoside!™*”
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Fig. 2.8: Sm A* defect textures of dodecyl amide methylcarboxyl glucopyranoside at 91.1 °C
(X 100) [147]

For steroidal series, structures of which were shown in Fig 2.9. Unlike the systems with the
fatty chain, the steroid moieties are bulky and rigid units, thus the transition temperature for
two cholestanyl compounds are very high while no mesophases were observed on the

cholesteryl derivatives, since the double bonds brought more rigidity to the system compared

to the cholestanyl mimics.

OH
HO o
HO o)
Ol
o) =
N\

Cryst 202 SmA* >230 °C Decomp

OH
HO Q
HO o
O
O

Cryst 181 SmA* >230 °C Decomp

T

Cryst >230 °C Decomp

&9&%

Cryst >230 °C Decomp

Fig. 2.9: Chemical structure of glucosteroid analogs and their transition temperatures!**”]
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2.3 Conclusion

Carbohydrate-based lactones are important synthons not only in the aspect of their easy way
to be introduced into the systems, but also in some special abilities they could bring, like
chirality, biocompatibility and water solubility and so on. The CMGLs were found to be a
useful type of synthons with various preparations, with versatile sources of sugars, and with

wide applications.
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RESULTS and DISCUSSION

Chapter 3
Study on the liquid crystalline behavior of
methyl n-O-(2-hydroxyalkyl)-

glucopyranosides

3.1 Introduction

In previous investigations of our group on sucrose hydroxyalkylethers, it was observed that
different topological shapes, as the 2-hydroxyldodecyl chain switched sequentially around
the sucrose moiety, led to different types of mesophases. (see page 52 in the first section)
This phenomenon was found to have a relation with the modification of the intramolecular
hydrogen bonding between the two monosaccharide moieties of the sucrose. The focus was
made on changes in the sucrose conformation, precisely on the way the two
monosaccharidic moieties of sucrose arrange spatially, but neither the role of the additional
hydroxyl group in the hydroxyalkyl ether linkage, nor the effect of the length of the alkyl chain
on the hydrophilic hydrophobic balance were studied. Thus, a systematical study with
respect to the aliphatic chain length and substitution position on a simple glucidic head was

undertaken for this purpose.
At this point, in this study, the simplest monosaccharide glucopyranose was chosen; and, as

to prevent conformational variations due to anomeric equilibrium, the system was locked as a
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methyl a-glucoside throughout the study. The hydrophobic reagents used were 1,2-
epoxyalkanes with alkyl chain length from 8 to 16 carbon atoms. As a matter of comparison,
two compounds having simple linear alkyl chains of 8 and 12 carbons atoms at the position 6

were also prepared.

Some of the compounds in this series were synthesized by Mr. Madan Kumar Singh during

his post-doc stay in the laboratory.

3.2 Synthesis procedure

The general scheme for the preparation of the desired monosubstituted hydroxyalkylethers is
shown in Scheme 3.1. It relies on the preparation of partially protected methyl glucoside
derivatives which have only one define hydroxyl group available for etherification. Indeed,
attempts for making directly the mono-substituted ether products from methyl glucoside
proved unsuccessful. After etherification by reaction with 1,2-epoxyalkane, deprotection led

to final monosubstituted ethers.

(e}

HO
HO PGO >~ PGO oH o
) CH ' -
HO Q Protecting group D\/O nTizn+l CH D\/O Deprotection /EVO‘D/\ﬁ
Ho 2n+1Cn OMe
OMe OMe OMe

Scheme 3.1: General synthetic procedure leading to the monosbstituted hydroxyalkylethers

Since the etherification reaction by base catalyzed opening of the 1,2-epoxyalkanes requires
rather high temperature and the presence of base, protecting groups having high stability in
such conditions were chosen, namely benzyl ethers and benzylidene acetal. The starting
materials with OH-2, OH-3, OH-4, and OH-6 as only hydroxyl group were obtained following
classical synthetic sequences, which proved to be convenient. The details of their syntheses

are shown in the sections below.

3.2.1 Synthesis of methyl 2-O-(2-hydroxyalkyl)-o-D-

glucopyranosides

The method we adapted for the OH-2 compound is by J. Xue et al..™*® In this method, the

methyl a-D-glucopyranoside was firstly reacted with benzaldehyde dimethylacetal and
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catalytic amount of camphorsulfonic acid in acetonitrile to get the methyl 4,6-O-benzylidene-
a-D-glucopyranoside, then the diol OH-2-OH-3 was monobenzylated via the intermediate tin
acetal obtained by reaction with dibutyltin oxide, using benzyl bromide and
tetrabutylammonium iodide in toluene, as shown in Scheme 3.2. The resulting product was a
mixture of ethers at O-2 and O-3 compounds. The major product 96, which has its OH-2 free,

was obtained in 42% yield, and easily separated by chromatography.

~ "0
Hgo o} PhCH(OMe)z CSA Ph/v 1. Bu,SnO, toluene ,16 h P % Q
HO BnO + other isomer
2.TBAI,BnBr, 16 h HO
OMe

HO CH3CN, r. t., 16h
OMe

[95] [96] 42%
Scheme 3.2: The synthetic procedure for obtaining the methyl 3-O-benzyl-4,6-O-

benzylidene-a-D-glucopyranoside 96

The structure of the obtained product was is agreement with published data, and was also
confirmed by analyzing the COSY, HSQC, and HMBC spectra, as shown in the Fig. 3.1-3.3

Using the COSY spectrum, the signal of proton on the H-2 of the glucopyranoside merges at
around & 3.75 ppm, with a shape of dd, and the signals of protons on the methylene of
benzyl group are at & 4.80 ppm and 5.00 ppm with a pattern of AB system. The proton of H-2
is corresponding to the 6 75 ppm on the carbon spectrum via the HSQC experiment, which
indicated the C-2. If the Bn group was attached on the C-2, then in the HMBC experiment,
the protons on the methylene group of the Bn substituent would have a response to the
carbon signal of 6 75 ppm. However, this response was not found. Instead, these protons

reply to the signal at 6 80 ppm, which reflects C-3 carbon.
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Fig. 3.1: 'H-'H COSY spectrum of methyl 3-O-benzyl-4,6-O-benzylidene-a-D-

glucopyranoside 96

[62
R ~ "0
Ph o lo) Las
BnO > 1
3 Ho 66
OMe

68

- - 70
CZ' H 2 72 £
—_ &
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—

C3- H 3 78

1 78
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LIS B B e s e L N B e s B s
5.28 526 5.24 5.22 5.20 5.18 5.16 5.14 5.12 5.10 5.08 5.06 5.04 5.02
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Fig. 3.2: *H-3C HSQC spectrum of methyl 3-O-benzyl-4,6-O-benzylidene-a-b-
glucopyranoside 96
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Ph/EO Q s
BnO—>7 1 °
8 HO
OMe 60

l

[65
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L f ]

C

80

a
N
@/

85
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Fig. 3.3: *H-"*C HMBC spectrum of methyl 2-O-benzyl-4,6-O-benzylidene-o-D-

glucopyranoside 96

The 2-OH of the compound reacted with 1,2-epoxyalkanes of various chain lengths in the
presence of DABCO/DMAP. The reaction took place in DMSO at 110 °C. After 16H, the
starting materials were converted into the corresponding methyl 2-O-(2-hydroxyalkyl)-3-O-
benzyl-4,6-O-benzylidene-a-D-glucopyranosides 97, with consistent yields between 65% and
70%. The deprotection of aromatic group was achieved in two steps: firstly, p-
Toluenesulfonic acid (p-TSA) was added to cleave the benzylidene group and then Pd-
catalyzed hydrogenolysis of the benzyl group in MeOH-EtOAc, as shown in Scheme 3.3.
Thus, methyl 2-O-(2-hydroxyalkyl)-a-D-glucopyranosides were obtained.

HO
Ph/EO 0 HO O
- 97a] n =6
. O%c . DABCO,DMAP BrO 1. p-TSA, MeOH, 8h Hc;o . {97&3% n=¢
o -
"2 DMSO, 110 °C, 16h, 65-70% HO, OMe  2.Hyp, PdIC, MeOH:EtOAC(1:1), OMe {33;} n=1
8h, 54-90% [97e] n = 14

Han+1Cy Hans1Cyl

Scheme 3.3: The synthetic path for the synthesis of methyl 2-O-(2-hydroxyalkyl)-o.-D-

glucopyranosides 97
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As the resulting compounds are amphiphilic, a mixture of CDCl; and MeOD at the ratio of 9
to 1 was used to dissolve them. Fig. 3.4 shows the **C NMR spectrum of methyl 2-O-(2-
hydroxydodecyl)-a-D-glucopyranoside 97c. It is observed that some peaks appear as pairs of
two peaks. The reason is that the etherification product is a mixture of two epimers, because
the configurations of the hydroxyl group resulting from the epoxy ring opening reaction either
upside or downside, as indicated in the Scheme 3.4. Separation of these two epimers was
not feasible in view of the very close R on the thin layer chromatography (TLC). According to
this 3C NMR, their proportion in the two products was close to 1:1, showing that the chance
of forming the two isomers was equal. Through the whole series of compounds studied, the
same thing was observed and the ratios of the two isomers in these series were nearly the
same. Thus, the mesomorphic behaviors of these compounds were studied as the state of

mixture at this hydroxyalkylether position.

HO > g £55000
HO, OOMe
50000
HerCud Fas000
40000
35000
30000
25000
C- 1’ , 20000
c2 | L&2
C_l / \ ‘ ! 10000
x i
LA MU ) L
-5000

————— T — T
98 96 94 92 90 88 86 84 82 80 78 76 74 72 70 68 66 64 62 60 58 56 54
fi (ppm)

Fig. 3.4: 13C NMR spectrum of methyl 2-O-(2-hydroxydodecyl)-a-D-glucopyranoside 97c

N o0
ph” N0 o CH o Q o o)
nti2n+1

o + OD/ BnO + BnO
BnO HO, o] HO, o]

Ho OMe
OMe
Han+1Ch

Han+1Cyf

OMe

Scheme 3.4: The two epimers arising from the ring-opening of epoxyalkanes
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The structure of the compounds with the ether at position 2 and varying in chain lengths was
studied by COSY, HSQC, and HMBC. Since all the structures of this series are very similar,
here we show only the detailed spectroscopic study of methyl 2-O-(2-hydroxydodecyl)-o-D-
glucopyranoside 97c, Fig. 3.6-3.8. As shown in the *"HNMR, the proton of H-2 appeared at &
3.25 ppm, corresponding to C-2 signals of two epimers found at 6 81.3 and 79.9 ppm by
HSQC method. These signals are found to interact with 6 3.65-3.51 ppm and & 3.42-3.23
ppm of the proton signals of H-8 on the aliphatic chain in HMBC spectrum. Thus, the

structure of the compound 97c could be confirmed.

k3.0
HO
HO O 1 s B g
et | 4+
o]
HO, 9 OMe . & 34
g8 7
H2:Ci1o 2
o
[-3.8
T
40 g
£ 4.2
Ha.4
Hl_H2 \ 4.6
: ® |
5.0

e T e T i e S
4.8 47 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 37 3.6 3.5 34 33 3.2 31
f2 (ppm)

Fig. 3.5: *H-'H COSY spectrum of methyl 2-O-(2-hydroxydodecyl)-a-D-glucopyranoside 97c
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Fig. 3.6: *H-"*C HSQC spectrum of methyl 2-O-(2-hydroxydodecyl)-a-b-glucopyranoside 97¢
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Fig. 3.7: *H-"*C HMBC spectrum of methyl 2-O-(2-hydroxydodecyl)-a-D-glucopyranoside 97¢c

3.2.2 Synthesis of methyl 3-O-(2-hydroxyalkyl)-o-D-

glucopyrano-sides

For methyl 3-O-(2-hydroxyalkyl)-a-D-glucopyranosides, the method introduced by Murphy et

al. was used.™ An intermediate in the previous synthesis, methyl 4,6-O-benzylidene-o.-D-
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RESULTS and DISCUSSION

glucopyranoside, was also used as starting material. It was reacted with benzyl bromide
(BnBr), tetrabutylammonium iodide (TBAI) and agueous NaOH in DCM at room temperature,
as shown in Scheme 3.5. Again both regioisomers were obtained, but this time, the product

with OH-3 free was the major one.

o
F’h/vo O BnBr , TBAI Ph/Eo o v
HO +isomer
Do HO
ag. NaOH, DCM, r. t., 8 h, 45% BnO
oM . OMe

e
[98]

Scheme 3.5: Synthesis of methyl 2-O-benzyl-4,6-O-benzylidene-a-D-glucopyranoside 98

The structure of methyl 2-O-benzyl-4,6-O-benzylidene-a-D-glucopyranoside 98 was also
studied by COSY, Fig. 3.8, HSQC, Fig. 3.9, and HMBC, Fig. 3.10. For this compound, the
anomeric proton appears at & 4.51 ppm in the *HNMR. The nearby proton in C-2 could be
found at 6 3.36 ppm from the connection of C-1, as a shape of dd, followed by C-3 at 6 4.06
ppm, triplet shape. Their carbon signals could be identified as & 80.2 ppm for C-2 and & 70.7
ppm for C-3 by HSQC. The protons of the methylene unit on the Bn group are found at &
4.70 and 4.60 ppm, respectively, which is because of AB system. From the HMBC, these
protons are found to have interaction with the signal at 6 80.2 ppm, which proves that the

OH-2 was protected.

1 (ppm)

i o O
o e [

T T T T
3.8 37 3.6 35

- T T T T T
4.5 4.4 4.3 4.2 4.1 4.0 3.9
f2 (ppm)

Fig. 3.8: 'H-'H COSY spectrum of methyl 2-O-benzyl-4,6-O-benzylidene-a-D-

glucopyranoside 98
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Fig. 3.9: *H-3C HSQC spectrum of methyl 2-O-benzyl-4,6-O-benzylidene-a-b-
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Fig. 3.10: *H-"*C HMBC spectrum of methyl 2-O-benzyl-4,6-O-benzylidene-a-D-

glucopyranoside 98
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RESULTS and DISCUSSION

The etherification of OH-3 with 1,2-epoxyalkanes was achieved under the same conditions

as for the 2-O-(2-hydroxyalkyl)-a-D-glucopyranosides, as shown in Scheme 3.6.

Ph/v HO o [99a] n =6
o CoHaons . DABCODMAP DABCO,DMAP 1. p-TSA, MeOH, 8h, 72-82% HO [99b] n =8
98 + D/ HO o ~ [99c] n =10

DMSO, 110 °C, Olme 2. Ha PAIC, MeOH:EtOAC (1:1), Owve el nZi
16h 56.70% gh, 75-90% ein=
6h, 55-70% H2n+1C Hans1Cp

Scheme 3.6: Synthetic procedure of methyl 3-O-(2-hydroxyalkyl)-a-D-glucopyranosides 99

The structures of final compounds were also confirmed by spectroscopic studies. The methyl
3-0-(2-hydroxydodecyl)-a-D-glucopyranoside 99c is detailed below as an example, Fig. 3.11-
3.13. From the COSY spectrum, the proton signal of H-3 could be identified at & 3.86 ppm.
And their corresponding carbon signals are at & 84.3, 83.6 ppm. They have been found from
HMBC spectrum to be related with 5 3.85-3.83 ppm and 3.50-3.48 ppm, where the protons of
H-7 and H7’, respectively in the *H NMR. Thus, the structure of the resulting compound 99¢

is confirmed.

HO 5 k3.0
HO
HO o ” 1 y 3.2
3 HO M
OMe 3 = 3.4
Hz1C10 s : e {

3.6

H 3" HZ 3 3.8

£

4.0 :“/
H 1'H2 Ha.2
S N

4.8

5.0

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
48 47 46 45 44 43 42 4140 39 38 37 I§ 35 34 33 32
f2 (ppm)

Fig. 3.11: *H-'H COSY spectrum of methyl 3-O-(2-hydroxydodecyl)-a-D-glucopyranoside 99¢

95

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2013ISAL0001/these.pdf
© [R. Xu], [2013], INSA de Lyon, tous droits réservés

[99d] n = 12



CHAPTER 3

HO
———1 o} tss
HO HO&V 1
9 2
3
HO

c}—a/ OMe 60

b  H21Cio @

[-65

(@)
X

1
I
X

fL (ppm)

/ 75
- X o
= Ce-Ha @4/_[_
e v~\ Cs-Hs

——— T :
3.95 3.90 385 3.80 3.75 3.70 3.65 3.60 3.55 3.50 3.45 340 3.35
2 (ppm)
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RESULTS and DISCUSSION

3.2.3 Synthesis of methyl 4-O-(2-hydroxyalkyl)-o-D-

glucopyranosides

The synthetic sequence toward this series was adapted from T. Nobuo et al..**” Firstly, the
4,6-0 benzylidene-a-D-glucopyranoside reacted with benzyl bromide at the presence of NaH
to obtain the methyl 4,6-O-benzylidene-2,3-di-O-benzyl-a-D-glucopyranoside. The resulting
compound was then treated with NaBH3;CN/CH3;SOzH in THF, to promote reductive selective
opening of the acetal, leading to methyl 2,3,6-tri-O-benzyl-o-D-glucopyranoside 100, as

shown in Scheme 3.7.

O (0] BnO
Ph/E 0 BnBr, NaH Ph/E o NaBH:CN, CH;SOzH, THF, 3h Ho 0
Ho _ BnO BnO
HO 9 A 9 BnO
Sve DMF, 8h, 72% Bnol - 4A VS, 85%

OMe
[100]

Scheme 3.7: Synthetic procedure for methyl 2,3,6-tri-O-benzyl-a-D-glucopyranoside 100

From the COSY spectrum, Fig. 3.14, we can easily identify the glucoside carbon atoms by
the H-H coupling. Here, the anomeric H is at 6 4.66 ppm, which links the H-2 at the & 3.55
ppm. Followed by this way, the H-4 could be identified at 5 3.63 ppm with a shape of triple.
Combining with the data on the HSQC spectrum, Fig. 3.15, the C-4 was found at & 70.49
ppm on the carbon spectrum. As the signals of the protons on the methylene groups of the
Bn groups show themselves at around 6 5.05 to 4.53 ppm, having no relations with C-4 on
the HMBC spectrum, Fig. 3.16, where they are seen to be connected with C-2, C-3, and C-6.
Thus, we confirm that the obtained molecule was the methyl 2,3,6-tri-O-benzyl-a-D-

glucopyranoside.
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Fig. 3.14: 'H-'H COSY spectrum of methyl 2,3,6-tri-O-benzyl-a-D-glucopyranoside 100
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Fig. 3.15: *H-'3C HSQC spectrum of methyl 2,3,6-tri-O-benzyl-a-D-glucopyranoside 100
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Fig. 3.16: 'H-"*C HMBC spectrum of methyl 2,3,6-tri-O-benzyl-o-D-glucopyranoside 100

Having the pure methyl 2,3,6-tri-O-benzyl-a-D-glucopyranoside 100 in hands, it was reacted
with 1,2-epoxyalkanes under the same conditions as previously. The resulting ethers were

then treated with H,/Pd to yield the desired deprotected products.

OBn OH
- 0. CoManyy DABCODMAP Hzmcn\r%/\o o H,, Pd/C Hzmcn\z/\o o
+ \>/ _
DMSO, 110 °C, OH BnO Bro MeOH: EtOAc(1:1), OH MO Ho
16h, 60-65% OMe 8h, 75-82% OMe
[101a] n=6
[101b] n=8
[101c] n =10
[101d] n =12
[101e] n =14

Scheme 3.8: The synthetic procedure for methyl 4-O-(2-hydroxyalkyl)-a-D-glucopyranosides
101

The structure of compounds is studied by the means of NMR spectroscopy. The example is
shown of methyl 4-O-(2-hydroxydodecyl)-a-D-glucopyranoside 101c. From the COSY
spectrum, Fig. 3.17, the proton of H-4 could be identified at & 3.28 ppm. And their
corresponding carbon signals are found at 6 78.4, 79.9 ppm, Fig. 3.18. These peaks are
seen from HMBC spectrum, Fig. 3.19, having relations with & 3.74-3.68 ppm, 3.50-3.48 ppm,
where the protons of H-8 and H-8’ of aliphatic chain respectively in the *HNMR.
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Fig. 3.17: *H-'H COSY spectrum of methyl 4-O-(2-hydroxydodecyl)-a-D-glucopyranoside
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Fig. 3.19: 'H-"*C HMBC spectrum for methyl 4-O-(2-hydroxyldodecyl)-a-D-glucopyranoside
101c

3.2.4 Synthesis of methyl 6-O-(2-hydroxyalkyl)-a-D-

glucopyranosides

In this procedure, the methyl a-D-glucopyranoside was reacted with triphenylmethyl chloride
(TrCl), which shows a preference for reacting with primary alcohols.® The obtained
compound was further protected by benzyl groups to afford methyl 2,3,4-tri-O-benzyl-6-trityl-
a-D-glucopyranoside 104. Detritylation was then achieved in the presence of formic acid in

Et,O in order to get the OH-6 compound. The scheme is shown as Scheme 3.8.

HO Tro TrO . HO
HO o] Ph3CCl, pyridine, 50 °C, 6h HO (o} BnBr, NaH, THF, 12h  BnO Q HCO,H/CHCl; (1:1), 15min BnO Q
- T
HO HO BnO I BnO
HO 91% HO 70% BnO 84% BnO

OMe OMe OMe
102
[102] [103] [104]

Scheme 3.9: Synthetic procedure for methyl 2,3,4-tri-O-benzyl-a-D-glucopyranoside 104

From the NMR spectra, Fig. 3.20 and Fig. 3.21, the H-2, H-3, H-4 could be traced in the
'HNMR spectrum as the & 3.60, 4.11 and 3.64 ppm, respectively. Their corresponding C-2,
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C-3, C-4 are also identified as & 80.5, 82.4 and 77.9 ppm. Since these three positions were
substituted by Bn, they may have responses to the proton signals of the methylene units,
which could be found in the HMBC spectrum. (Fig. 3.22)
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Fig. 3.20: 'H-'H COSY spectrum of methyl 2,3,4-tri-O-benzyl-a-D-glucopyranoside 104
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Fig. 3.22: 'H-"*C HMBC spectrum of methyl 2,3,4-tri-O-benzyl-a-D-glucopyranoside 104

From this 6-OH derivative, the same etherification reaction was carried out with the 1,2-
epoxyalkanes. The procedure is shown in Scheme 3.10.

HO

HO
H2n+1Cn\%/\O H2n+1Cn\z/\o

o, CoHon DABCO,DMAP . o H,, Pd/C HO o
104 + _— n HO
DMSO, 110 °C, BnO BrO MeOH: EtOAc (1:1), HO
n

16h, 60-65% Ome 8h, 75-82% [105a] n = 6 OMe
[105b] n =8
[105c] n = 10
[105d] n = 12
[105e] n =14

Scheme 3.10: Synthetic procedure for methyl 6-O-(2-hydroxyalkyl)-o.-D-

glucopyranosides 105

The structural identification resulted again from studies of the NMR spectroscopy data. It is
easy to identify the carbon signals of C-6, C-6’ at 6 70.1, 70.1 ppm and the C-7, C-7’ at
8 76.2, 76.0 ppm in the DEPT spectrum, Fig. 3.23. By analyzing the HSQC, Fig. 3.24 and
HMBC, Fig. 3.25 spectra, it is observed that these signals have relation with & 3.66-3.73 ppm,
3.43-3.50 ppm in the 'HNMR, corresponding to the hydrogen atoms on the C-8 position of
aliphatic chain. This correlation could be interpreted as a proof for attachment of the aliphatic

chain on the position 6.
103

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2013ISAL0001/these.pdf
© [R. Xu], [2013], INSA de Lyon, tous droits réservés



CHAPTER 3

PN NN

9 F1s00
HO Q
HO 1
HO

OMe
7 {1000

| T

N
I | 1 I I\ , ;
I - y 1 . A o b ik kA T ) b (b Wy ey
i Mol ‘J""\’ﬂ"i"a"“ﬂg‘ I,‘J'w\.‘W‘\"NJ\A\‘/!“JVU\\,V‘M\\‘L".”\'A“’M’»‘M e e e O L R

I ‘
| ‘
| 1 +-500

>

’ ’
C-8,C-8 C-6, C-6
1000
_— ¥ 77"
775 770 76.5 76.0 75.5 75.0 74.5 74.0 73.5 73.0 72.5 72.0 71.5 71.0 70.5 700
fi (ppm)

Fig. 3.23: DEPT spectrum of methyl 6-O-(2-hydroxydodecyl)-a-D-glucopyranoside 105c¢
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Fig. 3.25: 'H-"*C HMBC spectrum of methyl 6-O-(2-hydroxydodecyl)-a-D-glucopyranoside
105c

3.2.5 Synthesis of methyl 6-O-octyl- and dodecyl-o-D-

glucopyranosides

1-bromooctane and 1-bromododecane were selected to react with methyl 2,3,4-tri-O-benzyl -
a-D-glucopyranoside 104 to yield non-functional aliphatic chain systems for comparison. The

procedure followed the Scheme 3.11.

— o s Hz,, PdIC n °
104  + Br o) o)
N DMF, 8h, 77-84% Bno MeOH: EtOAC (1:1), Ho
n 8o 8h, 88-90% Ho
n OMe OMe
[106a] n =5
[106b] n = 10

Scheme 3.11: Synthetic procedure of methyl 6-O-alkyl-a-D-glucopyranosides 106

The resulting products 106a, 106b were examined by NMR, and their structure was

confirmed by comparison with the data reported in literature.*%>1%4
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3.3 Study on the thermotropic liquid crystalline behavior of

the methyl glucoside hydroxyalkyl ethers

The studies of thermotropic liquid crystalline behavior were carried out in collaboration of J.
W. Goodby’s group in the University of York. They were examined in three aspects: the
mesophases, the transition temperature, the transition AH and AS. The methods using for the
tests were polarized light microscopy and differential scanning calorimetry (DSC). Since the
mesophases were very characteristic in all series and easily identified with microscopy, the

X-ray diffraction (XRD) was not used.

3.3.1 DSC and polarized light microscopy results of these

ether compounds

The DSC tests were performed at the scan rate of 10 °C min™, and the heating and cooling
processes were repeated twice. Fig. 3.26 shows the DSC curves of methyl 3-O-(2-

hydroxyalkyl)-a-D-glucopyranosides 98:
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w40

Fig. 3.26: DSC curves of methyl 3-O-(2-hydroxyalkyl)-o-D-glucopyranosides 98

In this series, the shortest aliphatic chain with 8 carbon atoms was not observed to form a
mesophase. It was found to form a glassy state at -5.4 °C and melt into liquid at higher
temperature. The formation of glassy state, which is a typical state of sugar, indicates that
intermolecular H-bondings of the head groups are the main interactions in this system. As
the chain extended to 10 and 12 carbon atoms, the crystalline state appeared whereas the
glassy state could still be seen at low temperatures, which were higher than the shortest C8
chain. This behavior suggests that as the increase of hydrophobic proportion in the system,
the van der Waals interactions of the hydrocarbon chain began to compete with the
intermolecular H-bondings. Eventually, with the longer aliphatic chains of 14 and 16 carbon
atoms, the glassy state was replaced by the crystalline state. And a new heat absorbing peak
was observed, which indicated a mesophase was formed between the crystalline state and

isotropic liquid.

This result fits with the results observed by transmission polarized light microscopy as the
Smectic A* (Sm A*) phase. The compounds of all the series bearing longer chain were found
to show this mesophase, indicating that the topological shape of these molecules is rod-like.
Fig. 3.27 shows the defect image of compound 97e at 90 °C of the identical focal-conic

defects of elliptical and hyperbolic lines (which are inside the white circle). The formation of
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this defect is due to the fact that the aligning of the molecules was perpendicular to the plane
of the microscope slide. That is because of hydroxyl groups of glucoside head preferring to

interact with the glass surface while the aliphatic chain didn’t.

Fig. 3.27: Defect texture of compound 97e at 90 °C showing A) focal-conic domains and
the elliptical and hyperbolic lines (in the white circle); B) oily streaks and fringes around air

bubbles (arrow)

Combining the results from the DSC experiments and observations from transmission light
microscopy, the following tables (Table 3.1 to Table 3.5) summarize the thermotropic
behaviors of these series. The melting points and the clearing points are recorded in the first
heating and first cooling section, since these temperatures are sensitive to thermal history of
sample and possibility of decomposition during the heating.”” For example, the melting
points of methyl 3-O-(2-hydroxydodecyl)-a-D-glucopyranosides 99c in the first heating was
32.7 °C while that in the second heating was 12.9 °C. This is due to the fact that the crystal
melting in the first heating is from the solution whereas the crystal in the second heating is
from the crystallization in the bulk sample which follows a different energetical and structural
mechanism. The clearing points of some compounds are in the brackets, which is because

these transition temperatures were observed during the cooling process.
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Cpd No n
97a 6
97b 8
97c 10
97d 12
97e 14

K

Sm A* Iso Tg
49.4 —  — e -115
[127.57]
33.0 —- - « -115
[21.90]
59.7 (° 39.8) « 82
[87.39] [1.54]
62.8 . 73.7 <+ —
[71.69] [1.78]

69.2/78.2 . 94.8

[54.75/31.17]

[2.21]

Table 3.1: Transition temperatures (°C) and enthalpies (J g™*) of transition shown in square

bracket for the O-2 series

OH

“0%&
HO 0
}J OH

Han41Cq OMe

Cpd No n
99a 6
99b 8
99c 10
99d 12
99%e 14

K

Sm A*
81 — —
[3.48]
— . 4878
[3.35]
327 + 662
[34.37] [5.35]
439 + 850
[72.09] [2.35]

Iso

Tg
5.4
9.8

-6.6

Table 3.2: Transition temperatures (°C) and enthalpies (J g™) of transition shown in square

bracket for the O-3 series (8§ there is a second peak at 42.0 °C)
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OH

H2n+1Cn
Y o o
HO  Ho
OH

OMe

CpdNo n K Sm A* IsoTg
« 252/313 — — - -147
101a 6
[2.46/6.75]
* 64.2 —  — - -13
101b 8
[26.21]
« 337 — - s 42
101c 10
[65.77]
« 345 . 626 < —
101d 12
[53.02] [0.27]
- 397 . 813 - —
101e 14
[57.81] [1.68]

Table 3.3: Transition temperatures (°C) and enthalpies (J g™ of transition shown in square

bracket for the O-4 series

Hzr"C”Y\O
Ho- 0
Hg%
OMe
CpdNo n K Sm A* Iso Tg
105a 6 — — — = e —
e 479 — — . 21
105b 8
[55.51]
- 648 (+ 379 - 03
105c¢ 10
[81.1] [1.97]
« 713 (- 585) + —
105d 12
[83.64] [2.19]
. 728 . 790 + —
105e 14
[75.05] [1.60]

Table 3.4: Transition temperatures (°C) and enthalpies (J g™*) of transition shown in square

bracket for the O-6 series
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H2““C"‘0
HO 0
CpdNo n K SmA Iso Tg
106a 8 =+ 289 (+ 201) - -226
[0.82] [2.52]
106b 12 + 565 (+  33.3) -
[98.99] [2.48]

Table 3.5: Transition temperatures (°C) and enthalpies (J g™) of transition shown in square
bracket for the regular chains

For these 6-alkyl ethers (106), the Sm A* phase showed up when the aliphatic chains
consisted of 8 carbon atoms, where the equivalent of 105a was not observed. And with
longer chain, the two counterparts acted in a similar manner, the transition temperatures

were all at around 35 °C along with a very close enthalpy values.

Comparing these two distant results, the additional hydroxyl group may have a relatively
stronger impact on the shorter aliphatic to the longer ones. This result may be due to the
hydrophilic/ hydrophobic balance of the system. In the case of regular aliphatic chain, the
number of carbon atoms of 8 was enough to be competitive to the H-bondings induced by
the glucoside head group; but for the family with the additional hydroxyl group, the
hydrophilic/ hydrophobic balance at this stage was not enough to stabilize the mesophases
at this stage. Once the hydrophilic/ hydrophobic balance rebuilt where the effect of the
hydroxyl group was not significant, the liquid crystalline behavior may more rely on the

interaction of the hydrophobic part rather than the intermolecular H-bondings.

3.3.2 The effects of aliphatic chain and the substituted

position on the liguid crystalline behavior of the series

Fig. 3.28-3.31 illustrate the melting point and the clearing point as the function of chain length
of all the series. Examining these curves, we could find an increase of the clearing point
relative to the increasing methylene groups. This kind of behavior is similar with other
carbohydrate based liquid crystals, for example, the alkyl a-D-glucosides with short aliphatic
chains,? indicating that the van der Waals attractions also have effects on the formation of

thermotropic liquid crystalline phases.
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The substitution position has a significant effect on the melting points. The O-3 and O-4

series had relative lower melting points compared to O-2 and O-6 families. This kind of

behavior was also observed in other systems, for example the series of mono-O-dodecyl-

pyranoses, where the two middle positions showed higher melting points than the other outer

two positions.*>

100~

90 4

temperature (°C)

30

80 -

704

60 4

504

40+

—=a— Melting point
—e— Clearing point

Iso

Sm A*

8 10 12 14

alkyl chain length (n)

Fig. 3.28: The melting points and the clearing points as a function of chain length (n) of 2-O-

(2-hydroxyalkyl)-a-D-glucopyranosides 97
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Fig. 3.29: The melting points and the clearing points as a function of chain length (n) of 3-O-

(2-hydroxyalkyl)-a.-D-glucopyranosides 99
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—a— Melting point
—e— Clearing point

Iso

Sm A*

temperature (°C)

Cryst

6 8 10 12 14

alkyl chain length (n)

Fig. 3.30: The melting points and the clearing points as a function of chain length (n) of 4-O-

(2-hydroxyalkyl)-a-D-glucopyranosides 101

—=a— Melting point
80 4 —e— Clearing point
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alkyl chain length (n)

Fig. 3.31: The melting points and the clearing points as a function of chain length (n) of 6-O-

(2-hydroxyalkyl)-a-D-glucopyranosides 105

For the clearing points, the effect of substitution positions is not as significant as that on the
melting points, but it conveys some interesting information. As shown in Fig. 3.32, for the
longer chains (14, 16), these compounds behaved a consistent decreasing manner as the
order of 97 > 99 > 101 > 105. But the equivalents bearing the chain length of 12 carbons
behaved a strange manner. At this chain length, the 99c showed the highest clearing point,
no mesophases were observed in the 101c compound, and 97c and 105¢ compounds had a

similar isotropization temperature which was lower than the 99c. This unusual manner could
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be regarded as the boundary where the hydrophilic/hydrophobic balance met its limit. At this
point, the inter- and intra-molecular H-bond played a central role in the formation of
mesophases. And this difference of the interaction may eventually enhance the liquid

crystalline behavior for O-3, or suppress the liquid crystalline behavior in the case of O-4.

100 4 —a—n=10

—e—n=12
] \\i
80 -

704

temeperature (°C)

.\\
T ®-
60 4
50 4
4o, /

97 99 101 105
position

Fig. 3.32: The clearing points as a function of substitution positions

3.3.3 Structure study by modeling

In order to understand the possible structure-properties relationships in these series, the
energy minimized models of the molecules with C8 chain, 97a, 99a, 10la, 105a, were
examined in the gas phase at absolute zero, as shown in Fig. 3.33, with two epimers
respectively. The effect of intra- and inter-molecular H-bondings was investigated in terms of
effective distance between the hydroxyl group on the aliphatic chain and the neighboring
hydroxyl groups on the sugar head. The closest interaction distances are shown in the
models. For 97a, the hydroxyl group in the alkyl chain has one possible interaction with the
OH-3 with an effective H-bonding distance of 4.2 A for one epimer and 5.0 A for the other. A
similar situation was detected in the case of compound 105a where the possible interaction
is at 4.2 A and 3.6 A, respectively. Since the aliphatic chain of 99a is located inbetween the
0O-2 and 0O-4 position, the possibility of the additional hydroxyl group interacting with the OH-
2 and OH-4 is largely increased, with the effective distance at 3.0 A and 5.6 A for one epimer,
5.3 A and 3.9 A for the other. In this case, a preference of forming the intramolecular H-

bondings is much higher than the 97a and 105a. A similar conclusion could also be drawn for
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the compound 10la. As a consequence, these configurations may employ a more rigid
structure, where the alkyl chain and glucoside unit are more likely to fixed together,

compared to the 97a and 105a.

Fig. 3.33: Energy minimized models of 97a, 99a, 101a and 105a

So in the 99 and 101 series, which kind of H-bonding will be preferred in the system? To
answer this, an insight study on enthalpies and entropies of the transition for the compounds
showing the liquid crystalline behaviors was carried out. The investigation was focused on
comparing the enthalpies as function of aliphatic chain length and substitution position, along
with the AS/R, where R is the constant value of 8.314 J K mol . The results are listed in
Table 3.6. Observed in other systems, the enthalpy of transition increases as the chain
length extends, which indicates that the mesophase is becoming more organized and less

like the liquid, the rule could also be applied for these series as the methylene groups
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increased. When comparing with these values in regarding of substitution positions, the
compound 101d possesses a lowest enthalpy value, along with the AS/R, which could be
interpreted as that the compound is more disorganized than the others. This may be the
reason for why the Sm A* was not observed for the 101c. And it also suggests that the H-
bondings in this system is intra- rather than inter-, that is to say, the additional hydroxyl group
would have more chance to interact with the hydroxyl groups inside the molecule. Once this
intramolecular H-bonding was formed, the compound may create a pseudo-six member ring,
which reduces the hydrophilic /hydrophobic balance. As a result, the msophase stability was
reduced. And for the longer chain, since the hydrocarbon chain began to dominate the
transition behavior, the formation of pseudo-six ring would be interrupted by the flexibility of

aliphatic chain.

In contrast, the 99 series exhibited relative high enthalpy values, which met their summit at
chain length of C14. This array of values indicate that hydroxyl groups in this series are
preferred the intermolecular H-bondings, suggesting that the mosophase is formed easily

and stabilized well.

Compound  AH/J mol™ T/K AS/J mol*K™ DS/R
97c 617.93 312.8 1.9755 0.2376
97d 764.12 346.7 2.204 0.2651
97e 1010.66 367.8 2.7479 0.3305
99c 1344.19 321.7 4.1784 0.5025
99d 2296.66 339.2 6.7708 0.8143
99e 1074.69 358 3.0019 0.361
101d 115.91 335.6 0.3454 0.0415
101e 768.29 354.3 2.1685 0.2608
105¢ 790.46 310.9 2.5425 0.3058
105d 940.13 3315 2.836 0.3411
105e 731.7 352 2.0787 0.25

Table 3.6: Enthalpies (J mol™) and entropies for compounds showing liquid crystalline

mesophases

The effective H-bondings could also be used to explain the melting behaviors of these
compounds. An obvious explanation could be given as the additional hydroxyl group in the

aliphatic chain substituted in the middle positions of the sugar has more chance to form
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intramolecular H-bonding than the outer couples. At lower temperature, the effective hydroxyl
groups in these compounds to bridge with other molecules are less, thus the ratio of
intermolecular H-bonding is low, leading to less stable crystal state. As a result, the melting
points of compounds of 99 and 101 are lower than that of 97 and 105. A more insightful
comment stands on the global structure of the molecule. In the 97 and 105 series, since the
orientations of hydroxyl groups on the sugar head are the same, they could take part in
building up the interactions with other molecules. This process might not be disturbed as the
aliphatic chain could be packed aside. In other two systems, because of the location of
substitution is inbetween those with hydroxyl groups, the opportunities of disturbing the
intermolecular H-bonding by the alkyl chain is much higher, leading to the lower melting

points.

3.4 Lyotropic study

The lyotropic liquid crystalline behaviors of these compounds were also investigated. The
experiments were carried out by examining contact preparations, which is designed as a
small amount of water is added into the space by the coverslip and glass plate where the
sample is. As a result, from contact frontier to inside solid, the glucoside sample forms a
gradient of concentration from high to low. The plate is then examined under the

transmission light microscope. The results are listed in Table 3.7.

97 99 101 105
) Lamellar _ Lamellar
Cubic _ Cubic )
Cubic Cubic
Hexagonal Hexagonal
Hexagonal Hexagonal

. Lamellar Lamellar
Cubic Lamellar _ _
c _ Cubic Cubic
Hexagonal Cubic
Hexagonal Hexagonal

Lamellar Lamellar Lamellar
Cubic Cubic Cubic

e Insoluble Insoluble Insoluble Insoluble

d Cubic

Table 3.7: Lyotropic behaviors of compounds 97, 99, 101, 105
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As observed, according to different concentrations, the molecules formed hexagonal, cubic
and lamellar mesophases, which are similar to some simple sugar head derivatives.™> *%°!
The Fig.3.34 shows the defect images of lyotropic liquid crystalline mesophases as lamellar,

cubic, and hexagonal of compound 101c.

Hexagonal
- N

‘14,"' ’\ .
&f/lncreasing Curvature

Fig. 3.34: Defect textures of mesophases shown by compound 101c: A) view from the

microscope; B) view from microscope with a waveplate (X100 magnification)

A general tendency for these compounds is that as the aliphatic chain length increased, the
types of mesophases were limited. For example, for the compounds 101b with the shorter
chain, the molecule showed hexagonal and cubic phases. When the chain extended for 14,
101d, the mesophases observed was just the cubic, Fig. 3.35. These phenomena indicate
that as the alkyl chain extended, the relative cross-sectional area of the sugar head to the
alkyl chain decreased, resulting that the curvature of the system was not sufficient to support

the formation of mesophases.
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Becke line

Fig. 3.35: Lamellar and cubic phases of compound 101d (X100 magnification)

And since the aliphatic chain became to dominate the portion of molecule, the compound

was turned to be hydrophobic which was not soluble in water.

Interestingly, compounds where the alkyl chain is attached in the O-2 position exhibited
increased curvature compared to the other compounds. This indicates that the cross-
sectional area of the sugar is larger for these materials in comparison to the other
homologous series. The 99 series showed a tendency for lower curvature than the other
analogues, where the hexagonal phase was only observed for the shortest chain lengths,
which disappeared the chain length reached C10.

3.5 Conclusions

A new family of methyl n-O-(2-hydroxylalkyl)-a-D-glucopyranosides have been synthesized
and characterized. The synthesis methods involved partially protecting the hydroxyl groups
on the glucopyranoside head to make target position available, followed by being etherified
with different chain lengths of 1,2-epoxyalkanes. The final products were obtained by
removing the protecting groups. The structures of final products were identified by NMR and

mass spectroscopy to be the desired compounds.
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Their thermotropic liquid crystalline behaviors were investigated by means of transmission
light microscopy and DSC experiment. As observed, the Sm A* phases are the dominant
phases. Comparing with our previous investigation of similar systems based on sucrose, ™
these compounds show relatively low transition temperatures. The substitution position has

little effect on the mesophase formation, yet a significant one on the melting points.

The clearing point increases as the aliphatic chain extends. When the chain length is 14 or
16, the transition temperature decreases as the substituted chain moved from O-2 to O-6.
For the C12 series, the effect of position is different, possibly due to a preference for
intermolecular H-bonding, as indicated by significantly higher transition enthalpies for all O-3
compounds, while in the case of O-4 compounds, intramolecular H-bondings would be the
dominant factor. Moreover, for these latter O-4 compounds, modeling shows that the
hydroxyl group of the aliphatic chain and the sugar hydroxyl groups may have a very
approaching distance.
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Chapter 4
Synthesis and thermotropic liquid
crystalline behavior of new glycosteroidic

amphiphiles

4.1 Introduction

Cholesterol is abundant in the membranes of most mammalian cells.*®” For example, it
covers 15% of total weight of skin surface lipids."™*® The role of cholesterol associating with
sphingolipids in the concept of “lipid rafts” is well known.!*” %% %% Cholesterol’'s unique
structure, where two different facial geometrical graphs as the hydroxyl group on the C-3 and
methyl substituents on the C-10, C-13, and C-17 are orientated in 3 face, is considered to be

responsible for these properties. Molecular modeling is shown as A in Fig. 4.1.51

Cholesterol is also an important mesogen in the liquid crystal domain. It is a topic of several

[162. 1631 Qyer 3300 cholesterol-based LCs with a variety of structures have

reviews recently.
been tested and studied. Due to its chirality with 8 chiral centers on the moiety and rigid
structure, the cholesterol-based LCs could form cholesteric mesophases, showing unique

optical properties in the forms of helical supra-structure, shown as B in Fig. 4.1.
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HO" Y /m

Alpha face

2P

Beta face

CELESS

Alpha face

- __ Cholesteric liquid
crysalline molecule

Fig. 4.1: (A) The molecular structure (upper), molecular modeling (middle), and space-filling

of cholesterol;*®" (B) Helical structure of cholesteric liquid crystal*®?

Its conjugates with carbohydrates, in the big family namely steroidal glycosides, are
ubiquitous compounds. The structures of two recently found compounds in this family are
shown in Fig. 1.9.%% ¢ Some efforts have been dedicated to investigating the ability of
synthetic glycosyl cholesterol to show the liquid crystalline phases. Like compound GIcNAc-
Es-cholesterol, Fig. 4.2, it was found to show Sm A* in pure state and an array of phases

according to the concentrations, illustrated in B in Fig. 4.2, under lyotropic conditions. ™
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Fig. 4.2: A) Chemical structure of GIcNAc-E4-cholesterol and B) its performance in water
solution according to the concentration (lines are guides for the eyes, but the error of their

positions in terms of glycolipids percentage is +5%)1!%%
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Our lab being involved in projects dedicated to the study of glycolipidic liquid crystalline
materials, and taking into account these natural compounds and their importance in terms of
biological functions, it was thus interesting to include cholesterol among hydrophobic

moieties used in such systems.

A first series of compounds coupling a sugar to a cholesterol moiety (Fig 4.3) was prepared
via the CMGLs in 2007 (see bibliographic section). The connection between the two moieties
was directly achieved by reaction of aminocholesterol with CMG lactone. However their liquid
crystalline behavior was very limited because of decomposition at high temperature and also

attributed to a lack of flexibility of the system.

OH

Fig. 4.3: Chemical structures of cholesteryl amide glucosides

In the present work, we prepared a series of novel glycosteroidic systems with an alkyl chain
spacer between the sugar and the cholesterol varying from 4 to 12 carbon atoms. For C4
spacer, we used the olefin metathesis; whereas for the other four spacers 6, 8, 10, 12, we
introduced a terminal amino group on the steroid alkylether for opening the a-CMGLs. The
procedure is indicated in Scheme 4.1. In this aspect, we could get the information about the
effect of flexibility on the liquid crystalline behaviors. Taking advantage of the CMGL strategy,
it was also easy to add a second chain into these glycosteroid systems, by reaction of OH-2
with alkylisocyanates. These disubstituted compounds, named as bolaphiles, having two
hydrophobic moieties connected through a polar head, might convey other information how
the interactions of lipids might affect the liquid crystalline behaviors. The schematic
representation of the whole synthetic procedures is shown in Scheme 4.1. Mrs Fahima
Alirachedi and Mr Nuno Xavier contributed to this part of the work during their internships in

the lab by preparing compounds in the the C4 linker series.
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Scheme 4.1: Schematic representation of the synthetic procedures

4.2 Synthesis of monosubstituted glycosteroids

4.2.1 Synthesis of C4 spacer

The key step towards the C4 linker compound is the olefin cross-metathesis between the
allyamide obtained from CMGL, and the allyl cholesteryl ether. This metathesis reaction was
discovered around the 1950s, and the main contributors to the discovery, Yves Chauvin,
Robert H. Grubbs, and Richard R. Schrock, received the Nobel Prize in 2005. The accepted
mechanism of this reaction is shown in Fig. 4.4, as the olefin being firstly coordinated with a
metal alkylidene to form a metallacyclobutane intermediate, which further exchanges with the

other olefins to generate the more entropic stable product. [®!
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Fig. 4.4: Catalystic cycle of olefin metathesis™®

Nowadays, the ruthenium-based catalysts are the most widely used in olefin metathesis,
since they show a good tolerance towards oxygen, water and functional groups and a good
catalytic activity. In this synthesis, we employed the Grubbs-Hoveyda catalyst 2" generation.

The structure is shown in Fig. 4.5.

CHs HyC

[\
N_ _N
ch/@/ T \Qcm

CHs

CHs3

Grubbs-Hoveyda catalyst 2nd generation

Fig. 4.5: Chemical structure of olefin metathesis catalyst

The starting material 107 was synthesized by the reaction of allyl amine and the a-CMG
lactone. Evidence for the lactone ring opening is that the H-2 at 4.40 ppm in the lactone
"HNMR disappears to the benefit of a signal at 3.78 ppm. Also, in carbon spectrum, the C-2
appears at 70.3 ppm instead of 76.3 ppm. The compound 108 was synthesized by reaction

of allyl bromide with cholesterol in the presence of NaH, the yield of which was 72 to 80%.
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The NMR data fits with what was reported in literature.™®® Coupling of carbohydrate olefin
107 and cholesteryl olefin 108 was carried out in DCM in the presence of Grubbs-Hoveyda

catalyst, and the desired glycosteroid was obtained in 72% yield, Scheme 4.2.

OAc

OA
AcO
AcO 5% Hoveyda Grubbs Il pcor 0
AcO o]
Qk A~ \/\o CH2C|2 rt., 24h, 72% HO QJ\ _ o
NN
M

[107] [108] [109]

Scheme 4.2: Synthetic procedure for spacer 4 with double bonds

In proton NMR spectrum, Fig. 4.6, the realization of coupling is identified by the
disappearance of multiplet peaks of double bond of cholesteryl olefin disappears at 6 5.85
ppm to the benefit of a signal around 5.68 ppm, indicating a new double bond was formed.

And the corresponding carbon signals are found at § 129.7 and 128.2 ppm.
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Fig. 4.6: 'HNMR spectrum of compound 109
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At 6 5.54 ppm, there is a small peak indicating that the resulting product was a mixture of two
epimers. Further investigation concerning the structure and the ratio of these two epimers
was carried out by the NMR experiment. The process is shown in Fig. 4.7. Firstly the peak at
around 5.54 ppm was selectively excited. As shown in Fig 4.7.B, a tocsy 1D experiment was
carried out to identify the nearby proton signals. The peak at 5.68 ppm could be identified as
the other proton on the double bond, meaning that the integration of this peak in Fig. 4.7
contains part of this compound. Homodecoupling of CH, gives the coupling constant of these
two protons as 10 Hz, showing in C, which confirms this configuration is Z. As a result, the

ratio of E/Z could be calculated as 23/2.

A excitation selective

0 .
T T T 0 B v T T = T T T T
6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 ppm
B
tocsy 1D
T T T T T Rl R e e e e e
6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 ppm
C &Rss
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@ © ™~ >
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\|

tocsy 1D + homodec CH2

||
|
|

I

N R 7 T T i ki I T T e
6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2

.0 15 1.0 ppm

Fig. 4.7: Identification of Z configuration by NMR spectroscopy: A) selective excitation of
peak at 5.54 ppm; B) tocsy 1D spectrum to find the nearby =CH; C) homodecoupling of CH,

to identify the coupling constant

Then the hydrogenation of double bond was treated with hydrogen in the presence of Pd/C

led to the C-4 spacer system, as shown in Scheme 4.3. In this condition, the double bond of
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the cholesterol would be also affected, thus a careful following of the reaction by TLC was
applied. The product was purified on the silica gel with the eluent of toluene/acetone (7/3)
with a yield of 82%.

OAc

AcO O
AcO o
HO

O%HW _°

OAc
AcO Q
AcO (o]
oo ML
N

[110]

H,, Pd/C, THF, r.t. 1h

82%

Jo sy

Scheme 4.3: Selective hydrogenation on the double bond of spacer

The reduction of the double bond was confirmed in proton spectrum (Fig. 4.8) by the
disappearance of the peak at 6 5.68 ppm of protons on the double bond whereas two new
peaks appeared at around 3.30-3.52 ppm. The peak at 5.22 ppm belonging to H-6” indicating
that the intracyclic double bond still existed in the compound.

OAc I%LM,
AcO Q
AcO o)
HO 9
O\)k NN O
N &
H 12

M ;.l \ M‘

N

Fig. 4.8: "HNMR spectrum of compound 110
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RESULTS and DISCUSSION

The acetyl groups were then removed by NEt; in a mixture of MeOH and H,O, Scheme 4.4,
The reaction was monitored by TLC using the eluent of. Removal of acetyl groups could be
seen in the 'H NMR and *C NMR. In the proton NMR, the three single peaks around & 2.03
ppm belonging to CH; of acetyl group in the spectrum of starting material disappeared in that
of the final compound, while in carbon NMR, the disappearing of three peaks around 174.5
ppm belonging to C=0 also indicated the cleavage of ester bond. All other H and C atoms
were found in the spectra. The mass measured by mass spectrometry of the resulting

compound at 678.2 (M+ H) confirmed the structure of the compound.

o (0)

OAc OH
o NEty/ H,0/MeOH = 1/ 1/ 8 HO 0
AcO -
AcO o > HO o) P
HO % v 40°c, 3h, 87% HOOQL o
PN\ N/\/\/
N H

N
[111]

Scheme 4.4: Removing acetyl groups on the sugar head

4.2.2 Synthesis of C6 and longer spacers

When applying the same method using olefin metathesis for synthesizing the longer linkers
series, the attempts failed as the reaction outcome was in favor of the homocoupling process
and not the desired cross-coupling one. This might be due to the loss of electronic effects on
the carbohydrate olefin where the nitrogen of amide group could no longer improve the
activity of double bonds since more carbon atoms were set between them. Thus, we
developed an alternative synthetic strategy, which relied on the connection of -

aminoalkylethers of cholesterol with a-CMGL.

This necessitated the prior synthesis of these w-aminoalkylethers of cholesterol. Firstly we
followed a method reported by Cha S.W et al.’®” to get the w-hydroxyalkylethers of
cholesterol. The tosylated cholesterol 112 was reacted with a large amount of 1, w-akyldiol
(30 eq.) in anhydrous 1,4-dioxane leading to the cholest-5-en-33-yl w-hydroxyalkyl ether 113.
The diols were soluble in dioxane at the reaction temperature, thus the reaction was carried
out in the homogeneous atmosphere. After the reaction, since the diols were not well soluble
in cool dioxane, the excess diol would precipitate. As a result, a large amount of excess diols

would be separated from the product by filtration. The desired compound was then purified
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by column chromatography with the eluent of DCM/ acetone (9.8/ 0.2). The procedure is

shown in Scheme 4.5.

o 1,e-alkyldiol

Il
HaC @ﬁfo p-dioxane, 80 °C, 16h, 72-75% HOMO
o

n

[112] [113a] n
[113b] n
[113c] n
[113d] n

W
~Nowe

Scheme 4.5: Synthetic procedure giving cholest-5-en-3B-yl o-hydroxyalkyl ethers 113

The structure of these compounds were confirmed by NMR spectroscopy and by comparing
the data with the ones reported in literature.**”! The product had only the p configuration at
the C-3 of cholesterol, owing to the mechanism of the reaction. As indicating in Fig. 4.9, the
bond between tosyl group and the steroid is easily broken by the presence of a proton,
generating the carbocation at the C-3 of cholesterol. Then the nearby double bond is cleaved
and an intermediate with the carbocation at the C-6 position is formed. This mechanism is

1681 Since the reaction is

called “mesomerical stabilization” in steroid chemistry.!
thermodynamically controlled, the nucleophiles will attack at the C-3; and for stereoelectronic

reasons, the bond will be exclusively formed from the upper side (B) of the steroid molecule.

Fig. 4.9: Mechanism explaining the retention of coupling™®®
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RESULTS and DISCUSSION

The next step is to convert the terminal OH group to an amino group. This was accomplished
in three steps. First, the hydroxyl was treated with methanesulfonyl chloride (MsCI) to obtain
the mesylate, which is a very good leaving group. The resulting compound was washed with
saturated NaCl solution several times until the solution was neutral. Solvents were
evaporated off and the residue was used directly with sodium azide (NaN3) in DMF to get the
corresponding azido compound, as shown in Scheme 4.6.

/—\—>7 1. MsCl, CH,Cly, 1. t., 15h

2. NaNg, DMF, 60 °C
HO —_ N;
[e) [0)

n

>

[113a] n
[113b] n
[113c] n
[113d] n

[114a] n = 1, 80%
[114b] n = 3, 80%
[114c] n = 5, 72%
[114d] n = 7, 75%

~NTwe

Scheme 4.6: Synthetic procedure giving cholest-5-en-3p-yl w-azidoalkyl ethers 114

The information provided by *HNMR showed some traces of the newly formed structure as
the proton signal of the methylene next to the OH group of the starting material at 5 3.63 ppm
disappeared to the benefit of a signal at 3.24 ppm. The existence of the azido group was
confirmed by Fourier transform infrared spectroscopy (FTIR), as it has a diagnostic
absorption peak at 2095 cm™. The Fig. 4.10 shows the FTIR spectrum of cholest-5-en-3p-yl
6-azidohexyl ether 114a. The high resolution mass spectroscopy confirms this where the

highest peak at 534.4398 (M + Na") indicating the cholest-5-en-3p-yl 6-azidohexyl ether.
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Fig. 4.10: FTIR spectrum of cholest-5-en-3p-yl 6-azidohexyl ether 114a

With azido compounds in hands, the amino analogues were obtained by treatment with
triphenylphosphine (PPh;z) and water in THF, the standard conditions for the Staudinger
reaction, shown in Scheme 4.7. From the TLC plate, the R; of the resulting amino
compounds were near 0.3 using the eluent of DCM/ MeOH (9/1 vol.), and the spot shape
was not a dot but an ellipse, typical of amino compounds which have strong interaction with
the silica gel. Thus a small amount of NEt; was added (0.5 % vol.) to improve the alkalinity of
the eluent. The residue was then submitted to column chromatography using the same

condition to get the pure compound, and the yields of amino compounds were up to 96%.

PPh; (1.3 eq.), H,O/ITHF
=1/4 (vv), . t., 16h

_
Ns HoN
MO 90-96% MO/

1 [115a] n =1
3 [115b] n =3
5 [115¢c]n=5
7 [115d] n=7

[114b] n =
[114c] n=
[114d] n =

Scheme 4.7: Synthetic procedure giving cholest-5-en-3p-yl m-aminoalkyl ethers 115
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RESULTS and DISCUSSION

In the proton NMR of the amino analogues, the H of the methylene group near the amino
appeared around 62.71 ppm instead of & 3.25 ppm in the spectrum of starting azido
compounds. Also in carbon NMR, the signal of CH,NH, appeared at 6 39.9 ppm when
compared to 51.6 ppm of CH,Na;. Fig. 4.11 shows proton and carbon NMR spectra of cholest-
5-en-3B-yl 6-aminohexyl ether 115a. The mass data of 486.3 (M+H") for cholest-5-en-3p-yl 6-
aminohexyl ether also confirms the formation of amino group, which fits with the data

described in the literature.[*%%

%
%,

HZNV\/\/\
(0)

Fig. 4.11: NMR spectra of cholest-5-en-3p-yl 6-aminohexyl ether 115a. A) *HNMR; B)
“CNMR

Carboxymethyl tri-O-acteyl-a-D-glucopyranoside 2-O-lactone (CMGL), prepared by the

[137. 138 \yas added to a solution of cholesteryl o-

procedure described in the literature,
aminoalkyl ethers in anhydrous DCM. The mixture was stirred under Ar at room temperature
overnight. After the reaction, the solution was concentrated under vacuum and purified by the

column chromatography using the eluent of DCM/ acetone (9/1).
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[©)

N DCM, r.t., 14h
[115a] n =1
[115b] n =3
[115¢c]n=5
[115d] n =7

OAc

c (o}
A&%&ﬁ o
Ol
%ANHMO

[116] n = 1, 56%
[117] n = 3, 60%
[118] n =5, 41%
[119] n = 7, 63%

Scheme 4.8: Ring opening reaction of CMGL by cholesteryl o-aminoalkyl ethers

The proof of opening of the lactone ring could be seen in NMR spectroscopy. Fig. 4.12

shows the examples of the C6 linker series. In the *"H NMR, the signal of H-2 appeared at &

3.81 ppm instead of 4.40 ppm for the starting lactone whereas the C-2 at 8 70.4 ppm instead

of 76.3 ppm in lactone in the **C NMR. A signal of NHC=0 is also seen in § 7.44 ppm

indicating that the cholestryl w-aminoakyl ether was attached to the carboxyl group of lactone.

Other peaks were just similar to the spectrum of C4 linker compound. The high resolution
mass of 832.5540, 860.5852, 888.6162, and 916.6475 (M + H") for spacers of C6, 8, 10, 12,

respectively, indicated the products to be the desired ones.

NHC=0 H;

[ VPN Y U

JUJJM TR ,h:Jﬁru m MW‘WUM

o

G

lww

Fig. 4.12: NMR spectra of compound 116. A) *HNMR; B) **CNMR
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RESULTS and DISCUSSION

The procedure of using the amino products without purification to open the lactone ring was
also tried. In this procedure, the cholest-5-en-3p-yl 8-azidooctyl ether was employed. After
reduction of the azido to an amino group, the solvent was evaporated under vacuum and the
residue was dried over the pump. Then it was dissolved in DCM and reacted with the lactone
(1.3 eq.) to get the final product in nearly 50% yield from the starting azido compound,

similarly to the previous examples.

The same reaction conditions as the one used for the C4 linker compound was employed for
the deacetylation of these longer linkers, as shown in scheme 4.9. The disappearance of 3
singlet peaks of CH; around 1.99 ppm in *H NMR and 3 peaks of C=0 of acetyl group
around 170 ppm in the **C NMR indicates the deprotection of hydroxyl groups on the sugar
head, whereas all other C and H atoms were identified in the spectra.

OH

OAc
AT 0 Y 2
o NEty/H,0/MeOH = 1/1/8,rt., 16h  HO o
OHOA M OHO\)k
NH NHM
n O o)

=1 [120] n = 1, 93%
[117]n=3 [121] n = 3, 81%
=S [122] n =5, 91%
= [123] n =7, 81%

Scheme 4.9: Deacetylation of compounds with C6, C8, C10, and C12 spacers

4.3 Synthesis of disubstituted glycosteroids by O-2

carbamatation

The tri-O-acetyl protected glycosteroids, having their OH-2 as the only free OH, were
submitted to reaction with alkyl isocyanates of different chain lengths. The final glucosteroidic
bolaphiles were then obtained by deacetylation with NEt; in the condition previously
described. Scheme 4.10 shows the procedure of this step. Table 4.1 lists the yields of final
compounds with different n and m values. Compounds will be referred to as LnhSm in the

following sections.
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AcOr OCN AcO
OHO\)k Base O O\)L
v ho Oy
H n o N{-I H n
CpH
[110]n=4 mMi2m+1
[116]n=6
[117]n=8
[118] n = 10
[119] n =12

NEty/H,0/MeOH = 1/ 1/ 8, r.t., 16h

n=4:[124a)m=4 n=6:[125a]m=6 n=8:[126a]lm=6

OH [124b] m =8 [125b] m =8 [126b] m =8
[124c] m = 10 [125¢] m =12 [126c] m =12
o [124d] m =12 [125d] m = 14 [126d] m = 14
H%o [124e] m = 14 [125e] m = 16 [126e] m = 16
o [124f[ m = 16 [125f] m = 18 [126f] m = 18
o \)k [124g] m =18
[e} /ﬁ
O kg
o N{" H n n=10: [127a] m =6 n=12:[128a] m =6
CrmHam+1 [127b]m =8 [128b] m =8
[127c] m =12 [128c] m =12

Scheme 4.10: Synthetic procedure of glucosteroidic bolaphiles

(n=4,6,8,10,12and m =4, 6, 8, 10, 12, 14, 16, 18)

Linker (n)
Side (m) 8 10 12
6 50% 61% 75% 69%
8 61% 61% 66% 70%
12 87% 67% 80% 67%
14 52% 52%
16 53% 41%
18 50% 52%

Table 4.1: The yields of glucosteroidic bolaphiles with different spacers and side chains after

two steps

In order to attach the alkyl isocyanates, two methods were employed. One was at room
temperature in the presence of NEt; as the catalyst and the other one was at 45 °C with 1,8-
diazabicycloundec-7-ene (DBU). By applying these two methods on a same compound, it
was found that the yields from these two methods were competitive. Table 4.2 shows the

yields of some examples obtained by both methods.
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RESULTS and DISCUSSION

NEt; DBU
L (linker)6 S (side chain) 8 70% 61%
L12S8 64% 70%

Table 4.2: Yields of L6S8 and L12S8 obtained by two methods

However, the first method using NEt; used 10 equivalents of isocyanate against 1.5 eq. in
the one using DBU, and the urea formed by excess isocyanates is problematic for the
purification of final products. This urea was formed by undesired hydrolysis of isocyanates
which was difficult to prevent even though being careful to exclude water from the solvents
and reagents. It was found that the urea was not well soluble in the organic solvents, such as
DCM, EtOAc, toluene or pentane, or their binary mixtures. This allowed the removal of a
large amount of urea by filtration. However, after the purification on silica gel column, some

urea was still present as an impurity, detected by mass spectroscopy.

It has also been tried to get rid of urea by combining the attaching of alkyl isocyanates and
deactetylation steps together, where large proportion of urea was filtered after the first step.
After the deacetylation, as the polarity of eluent using for purifying the final products was
much higher than that used in the first step, it was thought that the urea might come before
the product so that the separation could be done. But it did not allow to excluding all the urea
impurity easily. Thus several successive chromatography columns were necessary to finally
get the pure desired disubstituted compounds which were free of urea as demonstrated by

absence of the typical urea peak in mass spectroscopy.

When we switched to the method using the DBU as the base for synthesizing the linker 6
and 8 series with longer side chains, from 14 to 18 carbon atoms, it was found that though
the urea was still a problem in this method, less time was needed to get the pure final

compounds.

When the final molecule was not well soluble in CDCl;, a mixture of CDCl; and MeOD was
used for the NMR characterization. Here shows the example of compound 125e (L6S16). In
the proton spectrum, Fig. 4.13, the signal of H-2 appears at 8 4.43 ppm instead of 3.81 ppm
in the starting 116, indicating that a substitution did occur in the position 2. And the new peak
of 156.3 ppm in the ®*CNMR belongs to the C=0 in the carbamate group. By analyzing
HMBC spectrum, Fig. 4.14, this peak is found to be related to the H-2, confirming that the
attachment of hexadecyl isocyanate happened uniquely on the position 2. The peaks of
973.8 (M+H") and 995.8 (M+Na") in mass spectrum fit with the desired molecular weight of

product.
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Fig. 4.13: "HNMR spectrum of compound 125e (L6S16)
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Fig. 4.14: *H-C HMBC spectrum of compound 125e (L6S16)
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RESULTS and DISCUSSION

4.4 Thermotropic liquid crystalline behavior study of the

glucosteroid

4.4.1 Phases identification and transition behaviors

The thermotropic liquid crystalline behaviors of these compounds were studied by polarized
light microscopy and DSC.

As observed under polarized optical microscope, upon heating the glucosteroid amphiphiles
(without side chains) Sm A* mesophases were observed, which were identified by the streak
textures and homeotropic regions, image A in Fig. 4.15. Once the compounds were heated
to the isotropic liquid and cooled slowly, the Sm A* phase was primarily observed in a
homeotropic orientation where the sugar moiety is orienting with the surface due to hydrogen
bonding, see image B in Fig. 4.15.

Fig. 4.15: Defect textures (X 100 magnification) of Sm A* phases showing by A) 111 at
200 °C and B) 124b at 170 °C

In the bolaphiles series, a same type of thermotropic behaviors was observed by the
compounds with short side chains, 6, 8, 12 carbon atoms, while for compounds bearing
longer side chains of 14, 16, 18 carbon atoms in the series of linker 4, 6, 8, a new type of
mesophases were observed. These phases are classified as hexagonal columnar phases
and appear from the isotropic liquid as large platelets, image A in Fig. 4.16. The platelets
have well defined boundaries and do not contain any striations which would indicate

rectangular columnar phases. Upon cooling from the columnar to Sm A* phase transition the
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platelet texture collapses rapidly and many parabolic defects appear, image B in Fig. 4.16.
The optical texture continues to become more homeotropic once into the Sm A* phase and
this is accompanied by a fan texture, image C in Fig. 4.16. Due to the nature of the phase
transition it is not possible to observe the typical ellipse and hyperbola defects normally
associated with focal conics. Interestingly, the appearance of the columnar phase changes
dramatically as the side-chain length is increased and the platelet domains become less well
defined.

Fig 4.16: Defect textures (X 100 magpnification) of 124e A) Col, phase at 158 °C; B) phase
transition Col,, to Sm A*; C) Sm A* phase at 140 °C. D) Col, phases of 124f at 164 °C

The (DSC) measurements were then carried out to study these molecules. The resulting
DSC curves of these compounds are listed in Appendix. The transition temperatures and the
transition enthalphies of the compounds are summarized in the following tables and curves.

The corresponding curves based on these data are drawn after each table.
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O.
O%\NH
X R = CHame
50 290
111 - . . — _ °
[188.34] [9.57]
94 178
124b 8 o ] — — Y
[21.51] [1.19]

110 159
124d 12 L] [ — — Y

[26.59] [0.70]

124 150 176

124f 16 . . .
[14.13] [1.51] [1.15]

Table 4.3: Phase transitions temperature (°C) and enthalpies (J g*) of transition shown in

square bracket for L4 linker series

280 4

Iso
240 4

N

o

o
1

y

160 4 Co
Sm A*

120+
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80+ Cryst

40

0O 2 4 6 8 10 12 14 16 18
alkyl chain length (m)

Fig. 4.17: Thermotropic behaviors for L4 series as function of side chain lengths
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R R =CpnHom+1
Cpd m K Sm A* Col, Iso. Liq.
50 269
120 - . . °
[20.45] [5.54]
123 193
125a 6 [ ] ) °
[31.91] [2.66]
109 178
125b 8 o (] °
[17.61] [2.03]
127 145
125c 12 o . o
[26.30] [0.40]
132 126 155
125d 14 . . o .
[24.43] [0.44] [0.53]
138 129 170
125e 16 . . o
[29.94] [0.31] [1.07]
138 138 180
125f 18 . o o o
[22.23] [3.48] [1.08]

Table 4.4: Phase transitions temperature (°C) and enthalpies (J g™) of transition shown in

square bracket for L6 linker series

280 +

N

N

o
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N
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o
1
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(o2}

o
1
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80 4

40

0 é All é é 1l0 1l2 1l4 1l6 ll8
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Fig. 4.18: Thermotropic behaviors for L6 series as function of side chain lengths
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R R =CpHom+1
Cpd m K Sm A* Col, Iso. Liq.
60 244
121 — ° . — _ .
[48.84] [3.43]
154 192
126a 6 . . o
[37.22] [3.81]
126 188
126b 8 . . o
[33.02] [3.28]
131 156
126¢ 12 . . .
[16.92] [0.86]
123 144
126d 14 . _ _ . .
[23.05] [0.47]
125 150
126e 16 . _ _ o
[18.41] [0.89]
131 170
126f 18 . _ _ o .
[23.15] [1.22]

Table 4.5: Phase transitions temperature (°C) and enthalpies (J g*) of transition shown in

square bracket for L8 linker series

N

N
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o
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Fig. 4.19: Thermotropic behaviors for L8 series as function of side chain lengths
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%\O )
(e} NH
&
R =CnHom+1
Cpd m K Sm A* Iso. Lig.
75 246
122 - . ° .
[52.49] [5.90]
137 194
127a 6 o ° °
[34.39] [5.11]
152 181 °
127b 8 . °
[36.40] [4.71]
117 160
127c 12 . . o
[21.53] [2.36]

Table 4.6: Phase transitions temperature (°C) and enthalpies (J g™) of transition shown in

square bracket for L10 linker series

2404 ~_
Iso

200 4 ~
—~ ..
(0] "
S 160+ SmA ~e
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Q
€ 1201
]
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80 4
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alkyl chain length (m)

Fig. 4.20: Thermotropic behaviors for L10 series as function of side chain lengths
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@)

& R = CHomer
Cpd m K Sm A* Iso. Lig.
100 239
123 - . ° .
[13.50] [6.33]
136 192
128a 6 . o o
[35.49] [6.45]
177
118
128b 8 . . [5.82] .
[23.29]
118 159
128c 12 . o o
[30.96] [4.23]

Table 4.7: Phase transitions temperature (°C) and enthalpies (J g™) of transition shown in

square bracket for L12 linker series
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Fig. 4.21: Thermotropic behaviors for L12 series as function of side chain lengths

As observed from these tables and curves, a decrease of transition temperatures from Sm A*
to isotropic liquid was observed when a side chain is present, and consistent decrease of this
transition temperature upon increasing side chain length. At the same time, the margins
between the melting points and the clearing points are narrowing, as shown in Fig. 4.17 to
Fig. 4.21. Since the O-2 was not substituted, the relative sizes of hydrophilic to hydrophobic
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were much bigger than those of the substituted ones. It could also be considered as the
molecules without side chain are more rod-like than those of substituted ones where the
addition of side chains hindered the tendency of molecules to close packing. Thus, the
transition temperatures of Sm A* to isotropic liquid of the amphiphiles are the highest. For the
bolaphiles, as the side chain extends, the increasing carbon atoms make the molecules more
difficult to pack together, leading to the decrease of stability of Sm A*. As a result, the
transition temperatures decreased. During cooling processes, the compounds bearing the
side chains of 4, 6, 8 carbon atoms were found to transform from a liquid crystalline state to a
glassy state, which was a typical sugar behavior. The glassy state disappeared as the side
chain extended to 12 carbon atoms, where Sm A* would transform to a crystal state. At this
stage, the hydrophobic part of the system became to be dominated in the crystallization
process. A hexagonal columnar phase appeared during the heating process for the
homologues bearing side chain of 14, 16, and 18 carbon atoms, as a result of increasing
space of two lipid parts in the system. At this point, the topological shapes of the molecules
are more wedge-like, leading to the curvature to stabilize the columnar phases. And an
increase manner of clearing points was observed as the chain extended. Compared the
thermotropic behaviors of these compounds showing the columnar phases in terms of linkers,
the Sm A* phase was clearly observed during the heating process for L4 series and this
phases were just observed during the cooling process for L6 series, while no Sm A* phases

were observed for L8 series.

The melting point enthalpies, which are large compared with the clearing point enthalpies,
indicate that these values correspond to the breaking of a three dimensional crystal lattice
primarily held together by intermolecular H-bondings between the carbohydrate moieties.
The small clearing point enthalpies indicate that the Sm A* phase is less order than the
crystal, and the forces to stabilize Sm A*, which are the van der Waals forces, are relative
small in comparison with intermolecular hydrogen bonding. The values of the transition
enthalpies are agreed with the conventional Sm A* to isotropic liquid transitions, although the
variations are quite large (0.37~7.031 J mol™). The high enthalpies may be due to the

residual H-bondings in the system.
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L (n)
S @m) 4 6 8 10 12

0 14.116 7.847 4.673 7.742 8.011
0.37 (S4) 3.193 4.424 5.746 7.031

8 1.428 2.357 3.688 5.134 6.156

12 0.787 0.436 0.91 2.424 4.224

14 0.61 0.465

16 1.597 0.318

18 2.537 3.475

Table 4.8: Transition enthalpies (J mol™) of Sm A* to liquid or columnar phases of all the

series

The transition enthalpies of columnar to isotropic liquid are small as shown in Table 4.9.
They are weak which indicates that the hexagonal columnar phase is disordered. If the
phase was more ordered (crystal like), a much higher lattice enthalpy would show. The polar
interactions of the head groups are contributing to the centre of the column but the phase is
being driven by steric factors which occur because the side-chain is filling space making the
molecule appear wedge-like. For the L4 and L6 series, the transition enthalpies with side
chain of 16 were the highest, while for the L8, an increasing manner of enthalpies as the side
chain extends were found. These results may be due to the interactions of additional

aliphatic chain and the cholesterol moiety.

-0 4 6 8
S (m)
14 0.785 0.561 0.483
16 1.597 1.099 0.889
18 1.284 1.078 1.185

Table 4.9: Transition enthalpies (J mol™) of columnar phases to liquid of compounds bearing

long side chains
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4.4.2 Effect of the length of linker and side chain on the

liquid crystalline behaviors

Comparing the transition temperatures of non substitution homologues, they firstly decrease
rapidly as the linker extends from L4 to L8, and then the decrease goes by a slower manner
as the chain extends further. This kind of behavior could be seen in the many carbohydrate-
based liquid crystals of a long chain substitution like 18 to 26, where the aliphatic moiety
dominates the transition behavior as hydrophilic/hydrophobic balance leans towards the
hydrophobic part of the system. The increasing amount of carbon atoms also brought into the
system more flexibility, which decoupled the effects of the sugar group from the cholesteryl
moiety. Thus, the role of bulky cholesterol moiety in this system is more like a long aliphatic

chain with a very rigid level, which is the reason of the high transition temperature.

Interestingly, when the side chain was attached, the resulting clearing point was shown to
depend more on the length of the side chain rather than the linker. The transition
temperature decreases as the side chain extends. With the same side chain, the transition
temperatures of different linkers did not change with very rough increase or decrease
manner, rather fluctuating within a small range. For the side chain S6 series, this range is
even at 2 °C, however, a dramatic increase of transition enthalpies (>1 J mol™) as a function

of linker lengths could be seen from the DSC experiments, shown in Table 4.8.
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Fig. 4.22: The clearing points of different side chains as function of the length (n) of linkers
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Another interesting manner could be seen as the length of side chain and the linker has an
inverse effect on the formation of columnar phase. The trend of transition temperature as the
function of linker with different side chain length is shown in Fig. 4.23. In this figure, we can
see that the increasing side chain may bring the transition temperature to go up while the

extension of linker lowers down the transition temperature.

185+ —=-m=14

180 ] T —e—m=16

—4A—m=18
175 - \

165 -

-
N
=

160 4
1554

temperature (°C)

150 4
145 -

140

6
chain length of spacer (n)

Fig. 4.23: The transition temperatures of columnar phases to isotropic liquid with different

side chains as function of the length (n) of linkers

4.4.3. Molecular modeling study

In order to well understand the structure/performance relation in the glucosteroid series, the
molecular modeling study could offer some structural information to support the previous

observations.

As shown above, for the C4, C6, C8 linker, the side chain with 14 carbons is the limit where
the columnar phases are formed. This indicates that at this stage the molecular shape begins
to change. The following study was based on the C4 linker. At no or short chain length (C4-
C12) only a Sm A* phase is evident which indicates that the molecule is rod-like in shape
and the alkyl chain must occupy space alongside the spacer and cholesterol unit, Fig. 4.24.
However, once the chain length is increased (C14-C18) the chain is now large enough that at
higher temperatures where the chain has more dynamic freedom to move it prefers to orient
away from the spacer and cholesterol unit and hence the molecular shape changes from rod-
like to wedge-like and a phase transition from Sm A* to hexagonal columnar occurs. The

energy minimised molecular model shown in Fig. 4.25 for compound 124e demonstrates how
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the spacer overlaps with terminal alkyl chain of the cholesteryl unit in a rod-like shape
whereas when the chain is allowed greater freedom for motion the molecular shape becomes
more wedge-like than rod-like. It is expected that the structure of the hexagonal columnar
phase consists of several molecules orienting together to form discs and these discs form the
column where the centres of the columns are occupied by the sugar units and the outer parts
are filled with the cholesteryl and alkyl moieties. When this shape change occurs there is a
stabilisation of the columnar liquid crystal mesophase and instead of a decrease in clearing

point an increase with chain length is now observed.

Fig. 4.24: Minimum energy molecular model showing the rod-like appearance for compound
124d

Fig. 4.25: Minimum energy molecular model for compound 124e showing A) the rod-like

appearance; B) the wedge-like appearance at higher temperature
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For C8 linker, as the aliphatic chain bearing the cholesteryl moiety was long enough to
minimize the effect of the cholestryl part as the bulky rigid moiety which covered the side
chain in shorter linker system, the Sm A* phase was not observed while the columnar phase

was the unique liquid crystalline phase shown in this chain length.

4.4. Conclusion

In this chapter, we described the synthesis of a family of glucosteroids with a spacer which is
of different length of 4, 6, 8, 10 and 12 carbon atoms between the carbohydrate ring and the
cholesterol moiety. Also 2-O derivatives from these compounds of an aliphatic side chain
length varying from 4 to 18 carbon atoms were synthesized taking advantage of CMGLs
strategy. For the spacer C4, it was adapted by olefin cross-metathesis to couple the allyl
glucoside and allyl cholesteryl blocks together. For other lengths of spacers, the aliphatic
chains were first etherified with the cholesterol, followed by being converted the terminal
group into amino group, which were further used to open the lactone ring. The combination
of aliphatic side chains are conducted by the carbamation of alkyl isocyantes with OH-2. The
structures of compounds of each step were characterized by NMR spectroscopy, mass
spectroscopy and for some special compounds, for example the azido intermediates, the

FTIR spectroscopy was used to identify the structure.

Their thermotropic liquid crystalline behaviors were investigated by the means of polarized
optical microscopy, and DSC. The results of this studied could be summarized in two aspects,

no or the short side chain species and long side chain species.

For the no side chain or short side chain species, where the length of side chain is within 12
carbons, the Sm A* phases were dominated, indicating these compounds owned a rod-like
shape. The clearing points of these compounds were decreasing as the chain length
extended. In comparison of the compounds with no side chains, the clearing points also
showed a decrease tendency as the chain length extended. Both of these observations could
be explained by the flexibility brought by the increasing carbon atoms or the randomization

during the packing of aliphatic chains.

For long side chain species, where the lengths of side chain are from 14 to 18, the exhibition
of Sm A* mesophases was observed in a more limited temperature range as the spacer
extended, and finally at C8, no Sm A* mesophases were observed. These observations
could be related to a less rod-like structure shown with longer spacer series. Also in these
species, a second hexagonal columnar mesophases were shown, indicating the topology

structures of these compounds are wedge-like. Structural modeling study showed an
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expanded structure was formed by the lipid and steroid parts. And the transition

temperatures of columnar phases to isotropic liquid increased as the side chain length

extended.
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Chapter 5
Synthesis of neoglucosyl laurdans and
their evaluation in fluorescence

microscopy

5.1. Introduction

Fluorescent technology is widely used nowadays as an efficient approach to study the live
routine of the organisms.'"*" This technology has several advantages over the traditional
way of studying the cell biology, for example, it could be used to observe the events in the
cells in situ™™* ™ and follow the molecular dynamics in the functional area, like “lipid raft’,
with a minimization of impact of the probe itself on the studied phenomena.”” "% ") Many
probes have been developed for this purpose, which could be categorized into some types
with respect to their brightness and emission wavelength, as shown in Fig. 5.1. Some
microscopic technologies are developed, too, to reveal better image, like fluorescence
resonance energy transfer (FRET), fluorescence lifetime microscopy, two-photon excitation
fluorescence (TPEF) microscopy.'™® '8 Several requirements are needed for the probe

applied, like wavelength, brightness, stability, and pharmacokinetics. *"*
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Fig. 5.1: Standard fluorescent probes ranked according to brightness and maximum emission

wavelength (color of the compounds)™*™

Since some probes are hydrophobic, the introduction of hydrophilic moiety to make it soluble
in water is necessary. Among the choices, the carbohydrate moiety is very ideal, since it

enhances the solubility of the final compound.

Our initial idea of developing the new probe is to investigate the microdomain in the
membranes, referring to “lipid raft”. The structure of this new probe was adapted of the
previous glucosteroid studied in this thesis. Since a cholesterol moiety was in the structure,
we expected it would have some interactions towards this microdomain rich in the

cholesterols. The fluorescent probe we chose was the fluorescein isothiocyanate (FITC),
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taking advantage of its high quantum yield and good water solubility. The structure of target

molecule is shown in Fig. 5.2.

()

\/o\/\/H N on
N N
T

COO\ 0

(¢]

Fig. 5.2: Chemical structure of designed compound

The synthesis involved the ring opening of a-cellobioside lactone and the linker to attach the
fluorescein. The final compound was achieved. However, the condition for coupling the probe
and the sensitivity of final compound to the environment made it not ideal. As a consequence,
we switched to a more stable fluorescent moiety. This was achieved within a new
collaboration with the teams ODMB and CO2GLYCO of ICBMS, under the leadership of Prof
Buchet and Goekjian, together with Dr Marcillat and Dr Gueyrard. This project is dedicated to
the synthesis of new laurdan containing probes, and our part is to propose a glycolipidic type

of compounds in this series.

Laurdan, commercial name for 6-dodecanoyl-2-(dimethylamino) naphthalene, compound 129
in Fig. 5.3, was found to have very good quantum vyield in TPEF microscopy.*’® 18 181
However, its hydrophobic property made it less efficient for this study. A recent attempt by
modifying the laurdan by introducing a hydrophilic carboxylic acid was performed,!8? 183
compound 130 in Fig. 5.3, and received a good result in solubility and stronger two-photon
excited fluorescence emission. A first series of probes was prepared in Professor Peter
Goekjian's lab with hydrophilic parts introduced such as sarcosine ethyl ester 131, N-
methylpiperazine 132, aminoacetaldehyde 133 N-methyl aminoacetaldehyde dimethylacetal
134, and N-methylallylamine 135,. In the light of previous studies on carbohydrate-based
fluorescent probes in our lab,™¥ we thought that combining a sugar moiety to the laurdan
part, taking advantage of water solubility and fluorescent stability, would be an interesting

modification of the system.
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Fig. 5.3: Chemical structures of laurdan and modified laurdan derivatives

5.2. Synthesis procedure

To achieve this goal, two structures bearing the carbohydrate moieties were proposed firstly
to be tested, one was based on glucose 136 and the other was based on cellobiose 137, Fig.
5.4.

N
H

Q o
HO Q HO 2 o o
HO N © OO CiiHas HO Yo HoMSY  © OO CiaHas
0\)J\ /\/\T O\)J\ /\/\,l\,

[137]
Fig. 5.4: Chemical structures of desired probes based on glucose and cellobiose scaffolds
136 and 137

To realize this, we proposed a synthetic path as described here. 6-dodecanoyl-2-bromide
naphthalene was obtained by the Friedel-Crafts coupling of 2-bromonaphthalene with 6-
dodecacyl! chloride, followed by reaction with the N*-Boc-N?-methyl-1,3-diaminopropane via
Buchwald—Hartwig amination. The resulting compound was then deprotected to yield the

amine, which was further used to open the lactone ring. For the final step, the obtained
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compounds were deacetylated to get the desired products. The whole procedure is shown in
Scheme 5.1.

Q o

[
Br Br Q
cH 1. deprotection
11H23
Amination > 8 OO D igg
Boc (P > ™ 2. lactone

N N
H I
9

HzN/\/\’l\‘H —_— BOC\H/\/\TH

Scheme 5.1: General procedure for obtaining carbohydrate-based laurdans

5.2.1. Synthesis of 6-dodecanoyl-2-bromonaphthalene

The synthesis of this compound was adapted the method explored by Kim, H. M et al.'®3,

The compound they reported was 6-hexanoyl-2-methoxynaphthalene, but we found that
bromide has a same localized effect like methyoxyl group which resulted in a same

substitution position of dodecanoyl group.

The synthesis was using the typical Friedel-Crafts reaction catalyst, AlCl;, and nitrobenzene
as the solvent. After the reaction, the nitrobenzene was removed in vacuum, and the final

product was purified by crystallization from the cold MeOH.
(o]
o AICI3, r.t, 16h OO CiiHas
Br + C|)J\/\/\/\/\/\ Br
Scheme 5.2: Synthetic procedure of 6-dodecanyol-2-bromoanphthalene

The structure of the compound was confirmed by M. Mouhdine CHENIOUR in his thesis.®*
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5.2.2. Synthesis of the N}-Boc-N3-methyl-1,3-

diaminopropane

Inspired by the work of Rannard S. P. et al. '®! the Boc anhydride was firstly reacted with
imidazole to obtain Boc-imidazole, followed by the selectively coupling with primary amine of

N-methyl 1,3-diaminopropane. The synthetic procedure is shown in Scheme 5.3.

HNT "Nk

(o] (o] [e]
)J\ )J\ DCM, r.t., 2h /[( | Boc
,rt., o AN
+O o o + HN/\\N —. AV NN = H TH
IQ/ 98% |§/N toluene anhydrous, 60 °C, 95%

[139] [140]

Scheme 5.3: Synthetic procedure for N'-Boc-N-methyl-1,3-diaminopropane 140

Compared to the process described in the paper, the condition of present first step was mild.
After 2h, the reaction was finished as only one spot was shown by thin layer chromatography
(TLC). The solution was then washed with the saturated NaCl solution. Then the obtained
organic phase was dried and filtered, followed by the evaporation of the solvent to get the

white solid. The yield of this step was high, up to 98%.

With this intermediate in hands, we went through the second step where the Boc group went
to protect the primary amine of N-methyl-1,3-diaminopropane, following the literature
procedure. Since the bond of the imidazole and the carboxyl group is fragile, water at high
temperature might cleave this bond, which would result in imidazole, t-butanol and CO,.t8
Thus, anhydrous toluene was used and the compound 139 was carefully dried under the
pump. With careful handling, the yield of final compound 140 was up to 95% according to

"HNMR. The signals are agreed with the data reported in the literature.!*8®!

5.2.3. Amination of 6-dodecanoyl-2-bromonaphthalene and

Ni-Boc-N?-methyl-1,3-diaminopropane

The palladium-involved C-N cross coupling, or Buchwald-Hartwig amination, has become
very popular as it offers a great efficiency towards the constitution of aromatic C-N bonds,

which is widely used in the pharmaceutical field."®”! This system commonly consists of four
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components: ligands; palladium precursors; base; solvents. A possible mechanism of this

reaction is shown in Fig. 5.5.

Pd (0)
|

Ln

Oxidative
addition

Reductive
elimination

R=Pd (I X
ror
R,

Transmetallation

Salt

Fig. 5.5: Proposed mechanism of C-N coupling &

In this experiment, the tris(dibenzylideneacetone)dipalladium(0)[Pd,(dba)s] was used as the
catalyst, along with 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl (S-Phos) as the ligand.
The reaction took place at 105 °C in the anhydrous p-dioxane in the Schlenk flask. The yield

of 141 was 64%. The procedure is shown in Scheme 5.4.

o

[e]
C11H23 Boc\N/\/\NH Pd;(dba)s, S-Phos, Cs,CO4 OO CiiHa3
+
H
Br | BNy
H |

Dioxane, 105 °C

[141]

o O
NN PCY
Pd2 MeO l OMe

3

Pd,(dba),

S-Phos

Scheme 5.4: Synthetic procedure of amination and the chemical structure of Pd,(dba); and
S-Phos
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For this reaction, a careful control was needed. Though some reports demonstrated that

[189]

water might improve the reaction performance, it was found to hinder the reaction in this

experiment. Thus, the dried amino product was crucial to this reaction.

From the **C NMR spectrum, we could see a significant shift of C-3” from & 136.4 ppm of the
original to 148.8 ppm in the product. And this peak could also be found to have relation with
H-9 and H-8 in the HMBC spectrum, Fig. 5.6.

H-8 H-9

1 C3”'H8

[145

c-3” Q @

C3”—H9 155

-~
. OO (CHa)o Ligs
Boc
\N/\/\N >

165

—>
f1 (ppm)

———

3.4 3.
f2 (ppm)

Fig. 5.6: *H-**C HMBC spectrum of compound 141

5.2.4. Synthesis of CMG derived probes

The compound 141 was then N-deprotected in the presence of TFA for 16h. After removal of
excess TFA under the vacuum, the amino compound was then reacted with glucose and
cellobiose derived lactones, followed by the deacetylation in the mixture of MeOH/ H,O/ NEt;
at the ratio of 8/1/1. The target compounds were obtained. The procedure is shown in
Scheme 5.5.
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Scheme 5.5: Synthesis of glucosyl and cellobiosyl laurdan derivatives 136 and 137

The structure of the resulting compound was studied by NMR spectroscopy. Here we show
the example of compound 143. The spectra firstly shown are the acetylated one. Compared
with the proton NMR spectrum of cellobioside derived lactone, the signals of H-2, H-7 of the
product are shifted. H-2 has moved from 6 4.28 ppm of the lactone to & 3.61 ppm of the
compound as well as that of H-7 is from 4.62 and 4.42 to 4.13 and 3.97, as indicated in the
Fig. 5.7.
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Fig. 5.7: *H-'H COSY spectrum of compound 143
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CHAPTER 5

Changes also could be found in carbon spectra, as the C-2isd 76.1 ppm and C-7 is 6 67.4

ppm, where C-2 is 6 72.0 ppm and C-7 is & 64.5 ppm for the lactone, Fig. 5.8.
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Fig. 5.8: *H-*3C HSQC spectrum of compound 143

The carbon signal of carboxyl group C-8 of amide also shifted from 6 163.6 ppm of lactone to

6 169.0 ppm, which could be found in response to H-9 on the linker, Fig. 5.9. Upon these

observations, the structure of compound 143 was approved.
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RESULTS and DISCUSSION

After deacetylation, the disappeared proton signals around & 1.90 to 2.08 ppm of CH; of
acetyl groups are very obvious in product *HNMR spectrum. Another proof could be seen as

the carbon signals of C=0 of acetyl groups around & 174.5 ppm disappeared in the *C NMR.

5.3 Fluorescence properties

The fluorescence properties of two compounds were studied first by measuring the
fluorescence in various solvents of different polarities and then when included in liposomes in
order to have a preliminary information of their behavior within a supramolecular system

considered as a membrane model.

5.3.1 Characterization of fluorescence in various solvents.

Since the environments in which the probes should be used are complex in terms of polarity,
a series of solvents having various polarities was chosen for mimicking this situation, namely
from low to high polarity THF, DMF, DMSO, ethanol, and water. The excitation wavelength
was set at 385 nm, while the emission wavelengths were detected in the range of 400 nm to
600 nm. The normalized emission curves of these two probes are shown in Fig. 5.10 and

5.11, respectively.

1.24 —— THF

—— DMF
1.0 —— DMSO
—— Ethanol
—H,0

0.8 1

0.6 1

0.4 4

0.2 1

0.0

wavelength (nm)

Fig. 5.10: Normalized emission spectra of 136 in different solvents
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Fig. 5.11: Normalized emission spectra of 137 in different solvents

As seen in the figures above, the spectra of these probes show gradual bathochromic shifts
as the polarity of solvent increases. The M. of water is the highest while that of THF is the
lowest, and the difference between the two is nearly 70 nm, showing that these two probes
have a high sensitivity to the polarity of environment. The spectra of the probes in water
contain a lot of noise, because of the very low fluorescence intensities detected by the
equipment. The probes were found to be well soluble in water at this concentration, so this
low intensity is not the result of a low concentration, but the classical consequence of the
high polarity of the solvent. The un-normalised fluorescence intensities for probe 136 are
shown in Fig. 5.12, where the curve in purple is the solution in water with the highest
intensity at 549.574. In contrast, the fluorescence intensities shown in other solvents were
within the same order of magnitude which is more than 40000 and relatively high compared
to water. A similar result was also obtained for probe 137. These results indicate that since
the probes would be applied to the membrane whose condition is hydrophobic, they should

be useful because of providing a good contrast under the microscope.
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Fig. 5.12: The fluorescent intensities of probe 136 of same concentration in different solvents

5.3.2 Fluorescent tests of probes in model membrane

Liposomes constructed by bilayer association of dimyristoylphosphatidylcholine (DMPC), as
shown in Fig. 5.13, were prepared by extrusion according to a standard procedure.**” In this
experiment, the liposome of LUV (large unilamellar vesicles) was selected, whose diameter
is ranging from 80 to 800 nm. The probes were firstly dissolved in ethanol and mixed with the
DMPC at the concentration of 1/400 molar ratio (probe/lipid). After the hydration and
extrusion of lipids, the fluorescence performance of labeled liposomes was measured in
terms of emission wavelengths recorded in the range of 420 to 550 nm under the condition of
a scanning excitation wavelength from 300 and 420 nm. The data were obtained at every 5
degree in the range of temperature of 15 to 45 °C, based on which a 3D spectrum could be
drawn. Two examples of probe 136 at different temperatures are shown Fig. 5.14, where a

shift of the maximum emission wavelength from low to high temperature is seen.
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liposome

phospholipid
molecule

2 2007 Encyclopsdia Britannica, Ine.

Fig. 5.13: Schematic presentation of LUV bilayer and the structure of DMPC

Fig. 5.14: 3D spectra of excitation and emission properties of probe 136 in DMPC liposomes
at A) 20 °C and B) 45 °C

From these spectra, the maximum excitation and emission wavelengths were obtained. It
was observed that by increasing the temperature, the excitation wavelength decreased on a
small range (<10 nm) whereas the emission wavelength increased on a larger range (30 nm).
A similar behavior was observed for probe 137. The maximum emission wavelengths of
these probes were investigated as a function of temperatures, as shown in Fig. 5.15 and
5.16. At low temperature, the liposomes were tightly packed, forming a hydrophobic

environment, as a result the maximal emission wavelength was low; whereas at high
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RESULTS and DISCUSSION

temperature, the alkyl chain of DMPC had more freedom to fluid around, the space between
the lipids expanded where more water had penetrated into the liposome. At this stage, the
LM ax was found red shifted. These results show that these probes are sensitive to their

environment, in agreement with the observations in the solvents of different polarities.
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Fig. 5.15: Performance of probe 136 in DMPC liposomes (purple for first trial; dark blue for

second trial)
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Fig. 5.16: Performance of probe 137 in DMPC liposomes (pink for first trial; red for second

trial)

According to the preliminary results recorded above, the transition temperatures of liposomes
in these experiments were around 34 °C. This is higher than the transition temperature of this

model membrane for which the transition temperature is normally of 23 °C based on literature
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and previous experiments in the ODMB team. Further work is needed to understand this
behavior and estimate how much the characteristics of the liposomes are affected by the

inserted probes.

5.4 Conclusion

In this chapter, we reported two new neogluco-laurdan probes for the purposes of detecting
microdomains in the membrane. The synthesis involved Buchwald amination and CMGLs
strategy, which were well performed. The products were characterized by NMR and mass

spectroscopy to be the desired compounds.

The fluorescence properties of the probes were investigated in different solvents and when
applied to liposomes, unveiling their sensitivity to the environment. In polar solvents,
corresponding to the high temperature in liposomes experiments, the max emission

wavelength was higher than that in unpolar solvents or liposomes at low temperatures.

Further investigations by preparing other liposomes system involving phospholipids will be
conducted, and investigations on the fluorescent efficiency of the probes in real cells are also

scheduled.
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General conclusion

In this study, we have synthesized two families of new carbohydrate-based amphiphilic
derivatives: a series of alkyl glucoside ethers varying in terms of chain length and position on
the sugar, and a series of glucosteroids varying in terms of alkyl spacer and, for the
disubstituted systems, in terms of alkyl side chain length. By the means of analytical methods,
such as NMR spectroscopy, mass spectroscopy and elementary analysis, the structure of all
the compounds was carefully established, as well as their purity. Their liquid crystalline
behaviors were studied by the means of transmission light microscopy and differential

scanning calorimetry.

The liquid crystalline studies of these two families showed that the formation of mesophases
were strongly dependent on the structural factors, such as hydrophilic/hydrophobic balance,
intra-and inter-molecular H-bondings and relative cross-sectional area of sugar head to

aliphatic tails.

For the methyl glucoside ethers family, the Sm A* phases were the unique thermotropic
mesophases observed by these compounds, indicating that the cross-sectional areas of
hydrophobic part relative to that of sugar head approached to 1:1. The C12 chain length was
found to be the limit where the molecules could form the mesophases. For chain length C14
and longer, the clearing points show a consistent decrease as the aliphatic chain moved from
0O-2 to O-6, sequentially. The C12 series, the behavior was more irregular: the clearing point
for the O-3 ether was the highest, and no mesophases was observed for O-4. Structural
modeling studies allowed to discuss these observations, notably with respect to possible

inter- or intramolecular H-bonding interactions.

The lyotropic liquid crystalline behaviors of these compounds were also studied. Upon
increasing the amount of water added to the compounds, a sequence of mesophases, from
lamellar, cubic and hexagonal, was observed, which was expected for such monosubstituted

systems.

For the thermotropic behaviors of the glucosteroids, as the spacer length extended, where
more flexibility was introduced in the systems, the clearing points decreased. This tendency
was enhanced as the additional side chain was attached. With a short side chain, the Sm A*
phases were observed due to the similar relative cross-sectional areas of sugar head to

hydrophobic moieties. For the C-4 spacer series, when the side chain extended to C14, a
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second type of mesophases appeared, which were identified as hexagonal columnar phases.
Modeling suggested that partition of the lipidic moieties, either showing cholesterol- alkyl
chain interactions, or preferring cholesterol — cholesterol and alkyl chain — alkyl chain

packing could be the main driving force for this behavior.

In the case of the C6 spacer series, same observations were made however with Sm A*
phases showing more limited temperature range. For the C8 spacer series, only the
columnar phase was observed. All these observations were discussed in terms of

interactions between cholesterol and the aliphatic chain.

The two families of compounds which have been studied illustrate how much the behavior
can be essentially related to polar interactions (H-bonding), therefore to the sugar moiety, for
the ether series, or to hydrophobic interactions (lipid-lipid) in the glucosteroid series. In this
latter series, preference for either steroid-steroid or steroid alkyl packing appears as an
insight in understanding the behavior of complex lipids, showing potentially more than one
conformational structure with important consequences on the supramolecular level, therefore
to their potential biological role. This could be regarded as “lipid denaturation” by analogy to
the protein denaturation. Also, when we see that compounds like the glycosteroids having an
long chain ester a-CAG, BbGL-I, are found to exist in Nature, and how much glycolipid-
cholesterol interactions were recently shown to be critical in some biological processes, it is
hoped that our observations can provide a new vision angle for the study of complex lipids

and glycolipids.

As a start to develop new probes targeting the “lipid raft” microdomain in membranes, we
also explored a sequence towards carbohydrate laurdan hybrids. Further development of this
strategy and evaluation of the biological properties is programmed within new collaborative

projects.
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Experimental section

A. General aspect

The solvents used for reactions and chromatography were bought from SDS, Carolo Erba,
and Sigma-Aldrich. Most of the solvents used in the syntheses were distilled before use,

dichloromethane over the P,Os, THF over Na and benzophenone, and DMF over CaH..

The reagents used in this thesis were bought from Aldrich and used directly without

purification.
The TLC plates are from Merck 60F, coated with silica gel GF,s4 (0.25 mm).

The purification using the chromatographies is by column of silica gel flash Merck (60, 40-63

um)

NMR spectroscopy: Bruker AC or DRX spectrometers at 75.47 MHz (100.61 MHz, or
125.77 MHz) for *C NMR and 300.13 MHz (or 400.13 MHz, or 500.13 MHz) for '"H NMR.
Chemical shifts (8) are given in parts per million (ppm) and were measured relative to the

signal of tetramethylsilane (5 = 0)

The peak of remaining chloroform is at 7.26 ppm, which was used as a calibration of spectra
using CDCl; as the uniqud solvent. In case of mixture, the peak of TMS was used as
calibration. The chemical shift was determined in ppm. The abreviations used in the list of
NMR characterization are: s (singulet); Is (large singulet); d (doublet); t (triplet); dt (doublet
and triplet); dd (doublet of doublet); q (quadruplet); m (multiplet).

Mass spectroscopy: The spectra were recorded by Centre de Spectrométrie de Masse of

the Université Claude Bernard (Villeurbanne) using electrospray (ESI) technique

Optical rotation: Perkin Elmer 241 polarimeter at 589 nm (sodium D line). The

measurements were carried out at 20 °C and the concentrations are reported in g/100 mL

Elementary analysis: The measurements were performed by the Service Central d’Analyse
of CNRS (Vernaison)
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B. Characterizations of liquid crystalline behaviors

Polarized optical microscopy: Phase identification and determination of melting point and
transition temperatures were carried out by thermal polarized light microscopy using a Zeiss
Axioskop 40 polarizing transmitted light microscope equipped with a Mettler FP82HT
microfurnace in conjunction with a FP90 Central Processor.

Differential scanning calorimetry: Differential scanning thermograms (scan rate 10° min-1)
were obtained using a Mettler DSC822° operating on the Star® software. The results obtained
were standardized to indium (measured onset 156.68 °C, AH 28.47 Jg™, lit. value 156.60 °C,
AH 28.45 Jg™.

C. Fluorescent properties of probes

Probes features in solvents: Absorption spectra were recorded on a Hewlett-Packard 8453
diode array spectrophotometer. Fluorescence measurements (excitation and emission
spectra) were performed with a Hitachi F4500 fluorometer. The spectra were recorded at 25

°C using a 1 cm path length thermostated quartz micro-cuvette.

Probes features in LUV (Large Unilamellar Vesicles) at different temperatures:
Liposomes were prepared by pure DMPC according to a standard procedure. Fluorescence
data were obtained using a Hitachi F4500 fluorometer. Emission spectra were recorded
between 420 and 550 nm for each excitation wavelength between 300 and 400 nm and at
several temperatures between 15 to 45 °C. The probes were initially dissolved in ethanol and
were added to the liposomes to reach a 3 uM final concentration, corresponding to a 1:400

(probe: phospholipids) molar ratio.
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D. Synthetic procedures and characterizations of all the

products studied

D. 1 Methyl n-O-(2-hydroxyalkyl)-a-D-glucopyranosides

D. 1.1 Synthesis of 2-O-(2-hydroxylalkyl)-a-p-glucopyranosides and
3-0O-(2-hydroxylalkyl)-a-D-glucopyranosides

Monobenzylated methyl 4, 6-O-benzylidene-a-D-glucopyranoside can be obtained by two
methods, either via the stannylene by reaction with dibutyltin oxide or in the presence of
tetrabutylammonium iodide and agueous NaOH in DCM at room temperature.Both methods
give mixtures of the two possible monobenzylated products at O-2 (major compound for the
first method) or at O-3 (major compound for the second method). Reaction of 1,2-
epoxyalkanes with methyl 2- or 3-O-benzyl-4,6-O-benzylidene-a-D-glucopyranosides, in the
presence of DABCO/DMAP/DMSO vyielded methyl 3-O-benzyl-2-O-(2-hydroxyalkyl)-4,6-O-
benzylidene-a-D-glucopyranosides or 2-O-benzyl-3-O-(2-hydroxyalkyl)-4,6-O-benzylidene-a-
D-glucopyranosides in 55-70% yield. Deprotection by acidic treatment (cat. p-
toluenesulphonic acid in methanol) followed by Pd-catalyzed hydrogenation in MeOH-EtOAc
afforded methyl 2-O-(2-hydroxyalkyl)-a-D-glucopyranosides and 3-O-(2-hydroxyalkyl)-a.-D-

glucopyranosides

Methyl 2-O-(2-hydroxyoctyl)-a-D-glucopyranoside (97a)

White solid

'HNMR (400 MHz, CDCls) :
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3:4.82 (d, 1H, J = 3.6 Hz, H-1), 3.88-3.68 (m, 4H, H-3, H-9, H-6), 3.60-3.10 (m, 6H, H-2, H-4,
H-5, H-8a, H-8b, H-8a’, H-8b’ ), 3.43 (s, 3H, OCH5;), 1.41-1.26 (m, 10 H, H-octyl ether), 0.87
(t, 3H, J = 7.2 Hz, CHj)

3CNMR (100 MHz, CDCl,) :

§: 97.9 (C1+C1’), 81.3 (C2+C2), 76.3 (C8), 73.2 (C3), 71.5 (C5), 71.2 (C9), 70.1 (C4), 61.7
(C6+C8'), 55.3 (OCH3), 33.0, 31.9, 29.5, 25.6, 22.8, 14.2

m/z (HRMS) :

calcd for C15H3007Na: 345.1884; found: 345.1878

Methyl 2-O-(2-hydroxydecyl)-a-D-glucopyranoside (97b)

White solid

'HNMR (400 MHz, CDCl) :

§: 4.82 (s, 1H, H-1), 4.24 (s, 4H, OH), 3.88-3.65 (m, 4.5H, H-3, H-9, H-6, H-8a), 3.58-3.40 (m,
3H, H-4, H-5, H-8a’, H-8b’), 3.40 (s, 3H, OCHy), 3.30 (m, 1.5H, H-2, H-8b), 1.42-1.25 (m, 14H,
H-decyl ether), 0.87 (t, 3H, J = 7.2 Hz, CHy)

3CNMR (100 MHz, CDCl,) :

8: 97.8 (C1), 97.7 (C1’), 81.1 (C2), 79.6 (C2)), 76.2 (C8), 74.2 (C8), 73.1 (C3), 72.6 (C3),
71.4 (C5), 71.3 (C5+C9), 70.2 (C9’), 70.0 (C4), 69.8 (C4’), 61.5 (C6), 61.4 (CB’), 55.3
(OCH3), 33.0, 32.0, 29.9, 29.8, 29.7, 29.5, 25.9, 25.7, 22.8, 14.2

m/z (HRMS) :

calcd for C17H3407Na: 373.2197; found: 373.2193
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Methyl 2-O-(2-hydroxydodecyl)-a-D-glucopyranoside (97¢)

White solid

'HNMR (300 MHz, CDCl5) :

§: 5.59 (s, 1H, OH), 5.11 (s, 1H, OH), 4.77 (m, 1H, H-1), 4.35 (m, 1H, OH), 3.88-3.65 (m,
4.5H, H-3, H-9, H-6, H-8a), 3.60-3.45 (m, 3H, H-4, H-5, H-8a’, H-8b’), 3.35 (s, 3H, OCHy),
3.26 (m, 1.5H, H-2, H-8b), 1.37-1.21 (m, 18H, H-dodecyl ether), 0.83 (t, 3H, J = 6.9 Hz, CHy)

3CNMR (75 MHz, CDCl,) :

8: 97.7 (C1), 97.6 (C1’), 81.0 (C2), 79.5 (C2'), 76.1 (C8), 74.2 (C8), 73.0 (C3), 72.5 (C3),
71.4 (C5), 71.2(C5'), 70.1 (C9), 69.9 (C9'), 69.8 (C4), 69.7 (C4’), 61.4 (C6), 61.3 (C6'), 55.2
(OCHs), 32.9, 32.0, 29.9, 29.8, 29.7, 25.8, 25.6, 22.7, 14.1

m/z (HRMS) :

calcd for C1gH3307Na: 401.2510; found: 401.2506

Methyl 2-O-(2-hydroxytetradecyl)-a-D-glucopyranoside (97d)

White solid

'HNMR (400 MHz, CDCls) :
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6: 4.82 (s, 1H), 3.88-3.70 (m, 4.5H, H-3, H-9, H-6, H-8a), 3.61-3.43 (m, 3H, H-4, H-5, H-8a’,
H-8b’), 3.68-3.31(m, 5.5H, H-2, H-8b, 40H), 3.40 (s, 3H, OCHg), 1.40-1.25 (m, 22H, H-
tetradecyl ether), 0.86 (t, 3H, J = 6.8 Hz, CHy)

3CNMR (100 MHz, CDCl,) :

8: 97.8 (C1), 97.6 (C1’), 81.3 (C2), 79.6 (C2"), 76.3 (C8), 74.3 (C8), 73.1 (C3), 72.6 (C3),
71.4 (C5), 71.2 (C5'+C9), 70.2 (C9"), 70.1 (C4), 69.9 (C4’), 61.7 (C6+C8’), 55.3 (OCH;), 32.9,
32.1,29.9, 29.8, 29.8, 29.7, 29.5, 25.9, 25.7, 22.8, 14.3

m/z (HRMS) :

calcd for C,1H420O7Na: 429.2823; found: 429.2815

Methyl 2-O-(2-hydroxyhexadecyl)-a-D-glucopyranoside (97e)

White solid

'HNMR (400 MHz, CDCls) :

6: 4.82 (m, 1H, H-1), 3.90-3.73 (m, 4.5H, H-3, H-9, H-6, H-8a),3.61-3.43 (m, 7H, H-4, H-5, H-
8a’, H-8b’, 40H), 3.40 (s, 3H, OCHjs3), 3,31 (m, 1.5H, H-2, H-8b), 1.40-1.25 (m, 26H, H-
hexadecyl ether), 0.88 (t, 3H, J = 7.2 Hz, CH5)

*CNMR (100 MHz, CDCls) :

8. 97.8 (C1), 97.6 (C1), 81.3 (C2), 79.6 (C2"), 76.3 (C8), 74.3 (C8’), 73.1 (C3), 72.6 (C3),
71.4 (C5), 71.2 (C5'+C9), 70.2 (C9), 70.1 (C4), 69.9 (C4’), 61.7 (C6+C6’), 55.3 (OCHj), 32.9,
32.1,29.9, 29.8, 29.8, 29.7, 29.5, 25.9, 25.7, 22.8, 14.3

m/z (HRMS) :

calcd for Cy3H4s07Na: 457.3136; found: 457.3130.
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Methyl 3-O-(2-hydroxyoctyl)-a-D-glucopyranoside (99a)

Colorless soft matter

'HNMR (400 MHz, CDCl5) :

8: 4.75 (d, 1H, J = 3.6 Hz, H-1), 3.88 (m, 0.5H, H-8a), 3.79 -3.69(m, 3.5H, H-6, H-9, H-8a’),
3.68-3.38 (m, 5H, H-2, H-3, H-4, H-5, H-8b, H8b’), 3.42 (s, 3H, OCHj), 1.40-1.27 (m, 10H, H-
octyl ether), 0.87 (t, 3H, J = 7.2 Hz, CHy)

CNMR (100 MHz, CDCly) :

§: 99.8 (C1+C1’), 84.4(C3), 83.8 (C3), 78.1 (C8), 72.6 (C2), 72.4 (C2’), 71.7 (C5+C5), 71.4
(C9), 71.1 (C9’), 70.4 (C4), 70.0 (C4’), 62.2 (CB), 62.1 (C6’), 55.5 (OCH3), 33.1, 31.9, 29.5,
25.7,25.6, 22.7, 14.2

m/z (HRMS) :

calcd for C15H3007Na: 345.1884; found: 345.1881

Methyl 3-O-(2-hydroxydecyl)-a-D-glucopyranoside (99b)
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White solid

'HNMR (300 MHz, CDCls) :

5:4.73 (d, 1H, J = 3.3 Hz, H-1), 3.90 (d, 0.5H, J = 9.1Hz, H-8a), 3.85-3.71 (m, 3.5H, H-6, H-
9, H-8a’), 3.65-3.40 (m, 5H, H-2, H-3, H-4, H-5, H-8b, H8b’), 3.39 (s, 3H, OCHj3), 1.37-124
(m, 14H, H-decyl ether), 0.86 (t, 3H, J = 6.9 Hz, CHj5)

*CNMR (100 MHz, CDCl5) :

§: 99.8 (C1+C1’), 84.1 (C3), 83.3 (C3'), 78.0 (C8), 72.4 (C2), 72.3 (C2)), 71.6 (C5), 71.5 (C5),
71.4 (C9), 70.9 (C9’), 70.0 (C4), 69.6 (C4’), 61.7 (C6+C6’), 55.4 (OCH,), 33.1, 32.0, 29.9,
29.8,29.7, 29.4, 25.7, 25.6, 22.8, 14.2.

m/z (HRMS) :

calcd for C17H3407Na; 373.2197; found: 373.2189

Methyl 3-O-(2-hydroxydodecyl)-a-D-glucopyranoside (99c)

Colorless soft matter

'HNMR (300 MHz, CDCls) :

6. 4.73 (d, 1H, J = 2.7 Hz, H-1), 3.93 (d, 0.5H, J = 10.8Hz, H-8a), 3.86-3.70 (m, 3.5H, H-6, H-
9, H-8a’), 3.65-3.40 (m, 5H, H-2, H-3, H-4, H-5, H-8b, H8b’), 3.40 (m, 3H, OCHy), 1.37-1.24
(m, 18H, H-dodecyl ether), 0.86 (t, 3H, J = 6.9 Hz, CH3)

3CNMR (75 MHz, CDCls) :
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8: 99.8 (C1+C1’), 84.1 (C3), 83.4 (C3'), 78.0 (C8), 72.4 (C2), 72.3 (C2’), 71.6 (C5), 71.5 (C5),
71.0 (C9+C9), 70.0 (C4), 69.6 (C4’), 61.8 (C6), 61.7 (C6'), 55.4 (OCH3), 33.1, 32.0, 29.9,
20.8, 29.5, 25.8, 25.7, 22.8, 14.2

m/z (HRMS) :

calcd for C1gH3307Na: 401.2510; found: 401.2498

Methyl 3-O-(2-hydroxytetradecyl)-a-D-glucopyranoside (99d)

White solid

'HNMR (300 MHz, CDCls) :

6:4.72 (d, 1H, J = 3.3 Hz, H-1), 3.93 (d, 0.5H, J = 9.3Hz, H-8a), 3.85-3.70 (m, 3.5H, H-6, H-
9, H-8a’), 3.63-3.43 (m, 5H, H-2, H-3, H-4, H-5, H-8b, H8b’), 3.40 (m, 3H, OCH3), 1.35-1.22
(m, 22H, H-tetradecyl ether), 0.86 (t, 3H, J = 6.9 Hz, CH5)

3CNMR (75 MHz, CDCls) :

§: 99.8 (C1+C1’), 83.9 (C3), 83.2 (C3’), 78.0 (C8), 72.3 (C2), 72.2 (C2"), 71.6 (C5), 71.4 (C5),
71.0 (C9+C9’), 69.8(C4), 69.4 (C4’), 61.6 (C6), 61.5 (C6), 55.3 (OCHS3), 33.0, 32.0, 29.9,
29.8,29.7, 29.5, 25.8, 25.7, 22.8, 14.2

m/z (HRMS) :

calcd for C,1H4,07Na: 429.2823; found: 429.2811

Methyl 3-O-(2-hydroxyhexadecyl)-a-D-glucopyranoside (99e)
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White solid

'HNMR (300 MHz, CDCl5) :

8:4.75 (d, 1H, J = 3,4 Hz, H-1), 3.97 (d, 0.5H, J = 9.1Hz, H-8a), 3.88-3.70(m, 3.5H, H-6, H-9,
H-8a’), 3.68-3.40 (m, 5H, H-2, H-3, H-4, H-5, H-8b, H8b’) 3.35 (m, 3H, OCHy), 3.21 (s, 4H,
OH), 1.40-1.25 (m, 26H. H-hexadecyl ether), 0.87 (t, 3H, J = 6.8 Hz, CHy3)

CNMR (75 MHz, CDCly) :

8: 99.8 (C1+C1’), 84.3 (C3), 83.6 (C3'), 78.0 (C8), 72.5 (C2), 72.4 (C2’), 71.6 (C5), 71.4 (C5),
71.1 (C9+C9), 70.3 (C4), 69.9 (C4’), 62.1 (C6), 62.0 (C6), 55.5 (OCH3), 33.1, 32.1, 29.9,
20.7, 29.5, 25.7, 25.6, 22.8, 14.3

m/z (HRMS) :

calcd for Cy3H4s07Na: 457.3136; found: 457.3128
D. 1. 2 Synthesis of 4-O-(2-hydroxyalkyl)-a-D-glucopyranosides

Methyl 4,6-O-benzylidene-a-D-glucopyranoside was reacted with benzyl bromide in the
presence of NaH/DMF followed by selective reductive opening of the benzylidene ring with
NaBH3;CN/CH3;SO3H/THF to give methyl 2,3,6-tri-O-benzyl-a-D-glucopyranoside. It was
reacted with 1, 2-epoxyalkanes in the presence of DABCO/DMAP/DMSO to yield benzylated
4-0-(2-hydroxyalkyl)-ethers of methyl glucoside, which were deprotected by Pd-catalysed
hydrogenation in MeOH-EtOAc to afford methyl 4-O-(2-hydroxyalkyl)-a-D-glucopyranosides

Methyl 4-O-(2-hydroxyoctyl)-a-D-glucopyranoside (101a)
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Colorless soft matter

'HNMR (300 MHz, CDCl) :

5:4.72 (d, 1H, J = 3.6Hz, H-1), 4.08 (s, 4H, OH), 3.86-3.64 (m, 5H, H-3, H-6, H-8a, H-8a’, H-
9), 3.60-3.45 (m, 3H, H-2, H-5, H-8b, H-8b’), 3.42-3.39 (m, 1H, H-4), 3.36 (m, 3H, OCHjy),
1.39-1.24 (m, 10H, H-octyl ether), 0.85 (t, 3H, J = 6.9 Hz, CH3)

3CNMR (75 MHz, CDCl,) :

§: 99.7 (C1+C1’), 79.5 (C4), 78.0 (C4’), 77.9 (C8), 76.2 (C8"), 74.0 (C3), 73.8 (C3), 72.4 (C2),
72.3 (C2)), 72.1 (C9), 71.2 (C5), 71.1 (C5’), 70.9 (C9), 61.5 (C6+C6), 55.3 (OCHs3), 33.1,
32.9,31.9, 29.5, 25.8, 25.6, 22.8, 14.1

m/z (HRMS) :

calcd for C15H3007Na: 345.1884; found: 345.1881

Methyl 4-O-(2-hydroxydecyl)-a-D-glucopyranoside (101b)

OH

9 8
WO lo)
OH HO !
HO

OMe
7

Colorless soft matter

'HNMR (400 MHz, CDCls) :

8: 4.76 (d, 1H, J = 3.6 Hz, H-1), 3.90 (s, 4H, OH), 3.88-3.65 (m, 5H, H-3, H-6, H-8a, H-8a’, H-
9), 3.61-3.45 (m, 3H, H-2, H-5, H-8b, H-8b’), 3.46-3.38 (m, 1H, H-4), 3.39 (s, 3H, OCHy),
1.41-1.25 (m, 14H, H-decyl ether), 0.86 (t, 3H, J = 6.8 Hz, CHs)

3CNMR (100 MHz, CDCl,) :
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§: 99.4 (C1), 99.3 (C1), 79.6 (C4), 78.1 (C4’), 77.4 (C8), 76.4 (C8'), 74.5 (C3), 72.8 (C3),
72.7 (C2), 72.6 (C2"), 72.3 (C9), 71.2 (C5), 71.1 (C5), 70.9 (C9’), 61.7 (C6), 61.6 (C6'), 55.5
(OCHs), 33.1, 32.9, 32.0, 29.8, 29.7, 29.4, 25.8, 25.6, 22.8, 14.2

m/z (HRMS) :

calcd for C17H3407Na; 373.2197; found: 373.2188

Methyl 4-O-(2-hydroxydodecyl)-a-D-glucopyranoside (101c)

White solid

'HNMR (300 MHz, CDCl5) :

8:4.72 (d, 1H, J = 3.6 Hz, H-1), 3.85-3.67 (m, 5H, H-3, H-6, H-8a, H-8a’, H-9), 3.63-3.45 (m,
3H, H-2, H-5, H-8b, H-8b’), 3.46-3.28 (m, 1H, H-4), 3.39 (s, 3H, OCHy), 1.40-1.23 (m, 18H,
H-dodecyl ether), 0.86 (t, 3H, J = 6.9 Hz, CHy)

3CNMR (75 MHz, CDCl,) :

8: 99.6 (C1), 79.7 (C4), 78.0 (C4"), 76.2 (C8), 74.2 (C3), 73.9 (C3), 72.5 (C2), 72.4 (C2)),
72.2 (C9), 71.2 (C5), 71.1(C5’), 70.9 (C9), 61.6 (C6+C6’), 55.4 (OCHa), 33.1, 32.9, 32.0,
29.9, 29.8, 29.5, 25.9, 25.7, 22.8, 14.2

m/z (HRMS) :

calcd for C1gH3307Na: 401.2510; found: 401.2525

Methyl 4-O-(2-hydroxytetradecyl)-a-D-glucopyranoside (101d)
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OMe

White solid

'HNMR (400 MHz, CDCly) :

8: 4.75 (d, 1H, J = 3.1Hz, H-1), 3.88-3.67 (m, 5H, H-3, H-6, H-8a, H-8a’, H-9), 3.62-3.50 (m,
3H, H-2, H-5, H-8b, H-8b’), 3.45 (m, 1H, H-4), 3.40 (s, 3H, OCH,), 3.35 (s, 4H, OH), 1.42-
1.25 (m, 22H, H-tetradecyl ether), 0.87 (t, 3H, J = 6.9 Hz, CH3)

3CNMR (100 MHz, CDCl,) :

8: 99.6 (C1), 99.5 (C1’), 79.7 (C4), 78.8 (C4’), 77.9 (C8), 76.3 (C8), 74.5 (C3), 74.2 (C3),
72.7 (C2), 72.6 (C2)), 72.3 (C9), 71.2 (C5), 71.1 (C5’), 70.9 (C9’), 61.8 (C6), 61.7 (C6’), 55.5
(OCHs5), 33.1, 32.9, 29.9, 29.8, 29.5, 25.8, 25.7, 22.8, 14.3

m/z (HRMS) :

calcd for C,1H4207Na: 429.2823; found: 429.2823

Methyl 4-O-(2-hydroxyhexadecyl)-a-D-glucopyranoside (101e)

OH

g 8
AN\W\O lo)
oW HO !
HO
OMe
7

Colorless soft matter

'HNMR (400 MHz, CDCls) :

8: 4.75 (d, 1H, J = 3.6 Hz, H-1), 3.88-3.68 (m, 5H, H-3, H-6, H-8a, H-8a’, H-9), 3.63-3.45(m,
3H, H-2, H-5, H-8b, H-8b’), 3.45-3.38 (m, 1H, H-4), 3.40 (s, 3H, OCHs), 3.22 (s, 4H, OH),
1.42-1.25 (m, 26H, H-hexadecyl ether), 0.87 (t, 3H, J = 6.8 Hz, CHs)
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3CNMR (75 MHz, CDCl,) :

8: 99.5 (C1), 99.4 (C1’), 79.7 (C4), 78.2 (C4), 77.9 (C8), 76.3 (C8), 74.6 (C3), 74.3 (C3),
72.7 (C2), 72.6 (C2)), 72.3 (C9), 71.2 (C5), 71.1 (C5)), 70.9 (C9’), 61.8 (C6), 61.7 (C6), 55.5
(OCHs), 33.1, 32.9, 32.1, 29.9, 29.8, 29.7, 29.5, 25.9, 25.7, 22.8, 14.3

m/z (HRMS) :

calcd for Cy3H4607Na: 457.3136; found: 457.3128
D. 1. 3 Synthesis of 6-O-(2-hydroxyalkyl)-a-D-glucopyranosides

Tritylation and subsequent benzylation of methyl o-D-glucopyranoside afforded methyl 2,3,4-
tri-O-benzyl-6-trityl-a-D-glucopyranoside which was deprotected under acidic conditions to
give compound (only OH-6 is available). The structure of this compound was confirmed by
comparison to an identical compound obtained from an alternative reductive opening of the
benzylidene. It was reacted with 1,2-epoxyalkanes in presence of DABCO and DMAP in
DMSO at 110 °C for 16 h followed by catalytic hydrogenation to give the desired methyl 6-O-
(2-hydroxyalkyl)-o-D-glucopyranosides

Methyl 6-O-(2-hydroxyoctyl)-a-D-glucopyranoside (105a)

/\/\/\%ABO

9
HO Q
HO 1
HO

OMe
7

Colorless soft matter

'HNMR (400 MHz, CDCls) :

8. 4.76 (d, 1H, J = 2.4 Hz, H-1), 3.80-3.63 (M, 2.5H, H-6, H-9,), 3.63-3.55 (m, 2H, H-3,H-5),
3.55-3.47 (m, 1.5H, H-8a, H-4), 3.47-3.32 (m, 2.5H, H-2, H-8a’, H-8b’, H9' ), 3.40 (s, 3H,
OCHj), 3.27 (t, 0.5H, J = 9.3Hz, H-8b), 1.41 -1.22 (m, 10H, H-octyl ether), 0.87 (t, 3H, J = 7.2
Hz, CHa)
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3CNMR (100 MHz, CDCl,) :

8: 99.9 (C1), 99.8 (C1’), 76.5 (C8), 76.2 (C8), 74.8 (C3), 74.3 (C3), 72.1 (C2+C2"), 70.9 (C5),
70.8 (C5'), 70.8 (C9), 70,3 (C9), 70,3 (C6), 70.2 (C4), 70.2 (C6’), 69.7 (C4’), 55.4 (OCHj),
33.2, 31.9, 29.5, 25.7, 25.6, 22.8, 14.2

m/z (HRMS) :

calcd for C15H3007Na: 345.1884; found: 345.1886

Methyl 6-O-(2-hydroxydecyl)-a-D-glucopyranoside (105b)

White solid

'HNMR (300 MHz, CDCls) :

8: 4.75 (m, 1H, H-1), 3.80-3.63 (m, 2.5H, H-6, H-9,), 3.63-3.55 (M, 2H, H-3, H-5), 3.55-3.47
(m, 1.5H, H-8a, H-4), 3.47-3.32 (m, 2.5H, H-2, H-8a’, H-8b’, H9" ), 3.33 (s, 3H, OCHj), 3.27
(t, 0.5H, J =9.3Hz, H-8h), 1.40-1.20 (m, 14H, H-dectyl ether), 0.85 (t, 3H, J = 6.3 Hz, CHa)

3CNMR (75 MHz, CDCls) :

§: 99.9 (C1), 99.8 (C1), 76.4 (C8), 76.2 (C8), 74.1 (C3), 74.0 (C3), 71.9 (C2), 70.9 (C5),
70.8 (C5), 70.6 (C9), 70.1 (C9'+C6+C6'+C4), 69.5 (C4’), 55.3 (OCHS3), 33.2, 32.0, 29.8, 29.7,
29.4, 25.8, 25.7, 22.7, 14.2

m/z (HRMS) :

calcd for C17H3,07Na: 373.2197; found: 373.2199

Methyl 6-O-(2-hydroxydodecyl)-a-D-glucopyranoside (105c)
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Colorless soft matter

'HNMR (300 MHz, CDCl5) :

d: 4.74 (m, 1H, H-1), 3.85-3.63 (m, 2.5H, H-6, H-9,), 3.63-3.55 (m, 2H, H-3, H-5), 3.55-3.47
(m, 1.5H, H-8a, H-4), 3.47-3.32 (m, 2.5H, H-2, H-8a’, H-8b’, HY’ ), 3.36 (s, 3H, OCHz), 3.23
(t, 0.5H, J = 9.3 Hz, H-8b), 1.40-1.20 (m, 18H, H-dodecyl ether), 0.84 (t, 3H, J = 6.9 Hz,
CHy)

3CNMR (75 MHz, CDCl,) :

8: 99.9 (C1), 99.8 (C1’), 76.4 (C8), 76.2 (C8), 74.1 (C3), 74.0 (C3), 71.9 (C2+C2"), 70.9 (C5),
70.8 (C5’), 70.6 (C9), 70.2 (C9'+C6+C6’), 69.5 (C4+C4’), 55.3 (OCHS3), 33.2, 32.0, 29.9, 29.7,
29.4, 25.8, 25.7, 22.7, 14.2

m/z (HRMS) :

calcd for C1gH3507Na: 401.2510; found: 401.2504

Methyl 6-O-(2-hydroxytetradecyl)-a-D-glucopyranoside (105d)

White solid

'HNMR (300 MHz, CDCl5) :
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d: 4.74 (m, 1H, H-1), 3.90-3.63 (m, 2.5H, H-6, H-9), 3.63-3.55(m, 2H, H-3, H-5), 3.55-3.47
(m, 1.5H, H-8a, H-4), 3.47-3.30 (m, 2.5H, H-2, H-8a’, H-8b’, HY’ ), 3.36 (s, 3H, OCHj), 3.25
(t, 0.5H, J = 9.3 Hz, H-8b), 1.42-1.20 (m, 22H, H-tetradecyl ether), 0.87 (t, 3H, J = 6.9 Hz,
CHs,)

3CNMR (75 MHz, CDCl,) :

§: 100.0 (C1), 99.9 (C1’), 76.5 (C8), 76.3 (C8), 74.2 (C3), 74.1 (C3), 72.0 (C2+C2), 71.0
(C5), 70.9 (C5), 70.7(C9), 70.3 (C9'+C6), 70.2 (C6'), 69.6 (C4+C4’), 55.4 (OCHs), 33.3, 32.1,
30.0, 29.9, 29.8, 29.5, 25.8, 25.7, 22.8, 14.2

m/z (HRMS) :

calcd for C,1H42,0O7Na: 429.2823; found: 429.2804

Methyl 6-O-(2-hydroxyhexadecyl)-a-D-glucopyranoside (105e)

HO g4

O.

9
HO Q
HO 1
HO

OMe
7

Colorless soft matter

'HNMR (300 MHz, CDCl5) :

8: 4.75 (s, 1H, H-1), 3.85-3.63 (M, 2.5H, H-6, H-9), 3.63-3.55 (m, 2H, H-3, H-5), 3.55-3.47 (m,
1.5H, H-8a, H-4), 3.47-3.32 (m, 2.5H, H-2, H-8a’, H-8b’, HY’ ), 3.40 (s, 3H, OCHy), 3.26 (t,
0.5H, J = 9.3 Hz, H-8b), 1.41-1.20 (m, 26H, H-hexadecyl ether), 0.87 (t, 3H, J = 6.9 Hz, CH5)

3CNMR (75 MHz, CDCl5) :

§: 100.0 (C1), 99.9 (C1’), 76.5 (C8), 76.3 (C8), 74.2 (C3), 74.1 (C3), 72.1 (C2+C2’), 70.9
(C5+C5’), 70.7 (C9), 70.3 (C9'+CB6), 70.2 (C6’), 69.7 (C4+C4’), 55.4 (OCH), 33.3, 32.1, 29.9,
29.8, 29.5, 25.8, 25.7, 22.8, 14.3

m/z (HRMS) :
calcd for Cy3H4s07Na: 457.3136; found: 457.3121
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D. 2 Glucosteroids

D. 2. 1 Synthesis for the C4 linker compound

To a solution of (N-Allylcarbamoyl) methyl 3,4,6-tri-O-acetyl-a-D-glucopyranoside (100 mg,
0.24 mmol) and allyl cholesteryl ether (530 mg, 1.24 mmol) in dichloromethane (1.5 mL),
Grubbs-Hoveyda 2™ generation catalyst (5%, 0.0078 g, 0.0124 mmol) was added. The
reaction was stirred under nitrogen at RT for 24h to be directly chromatographied on silica
gel using a toluene/acetone (7:3) eluting mixture and gave compound 109 (0.143 g, 72%,
E:Z = 23:2) as a yellow foam

18 %

26" (27")

Yellow foam

'HNMR (500 MHz, CDCls) :

8:7.36 (t, 1 H, J =5.4 Hz, N-H), 5.74 (m, 2H, H-10, H-11), 5.33 (m, 1H, H-6"), 5.26 (t, 1H, J =
9.6 Hz, H-3), 5.00 (t, 1H, J = 9.6 Hz, H-4), 4.89 (t, 1H, J = 9.4 Hz, H-3), 4.89 (d, 1H, J = 3.0
Hz, H-1), 4.28 (dd, 1H, J = 4.6 and 12.3 Hz, H-6a), 4.22 (d, 1H, J = 15.9 Hz, H-7a), 4.09-3.96
(m, 6H, H-6b, H-7b, H-5, CH,-12, H-9a), 3.80-3.77 (m, 3H, H-9b, H-2, OH), 3.10 (m, 1H, H-
37), 2.34 (m, 1H, H-4"a), 2.19 (m, 1H, H-4"b), 2.08, 2.06, 2.02 (3s, 9 H, 3 x CHs-Ac), 2.01-
0.84 (m, 38 H, H-Cholesterol), 0.66 (s, 1H, CH3-18")

®CNMR (125 MHz, CDCls) :

§: 171.4, 170.7, 169.7, 168.7 (3xC=0 in Ac, C8), 140.7 (C5”), 128.8, 129.9 (C10, C11), 122.0
(C6"), 99.2 (C1), 79.1 (C3"), 73.4 (C3), 70.3 (C2), 68.2 (C5), 68.0 (C4), 67.9 (C12), 67.4 (C7),
61.9 (C6), 56.8 (C14”), 56.2 (C17”), 50.2 (C19"), 42.4 (C13"), 40.3 (C9), 39.8 (C16”), 39.6
(C24), 39.1 (C4"), 37.2 (C1”), 36.9 (C10”), 36.3 (C22"), 35.9 (C20"), 32.1 (C7"), 32.0 (C8),
28.5 (C2"), 28.3 (C127), 28.1 (C25"), 24.4 (C15”), 23.9 (C23”), 22.9 (C26"), 22.6 (C27"), 21.2
(C11”), 21.0, 20.8, 20.7 (3CH,CO), 19.4 (C19), 18.8 (C21"), 11.9 (C18")
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EXPERIMENTAL SECTION

Elemental analysis:

Found: C, 67.24; H, 9.22; N, 2.03. C4sH7101:1N requires C, 67.39; H, 8.92; N, 1.75

m/z (ESI) :

824.4 (M + Na")

[a]p*®

+52 (c 0.9 in CHCly)

To a solution of neoglucolipid 109 (420 mg, 0.52 mmol) in THF (5 mL), 10% Pd on charcoal
(60 mg) was added. The suspension was stirred under H, and the reaction was carefully
monitored by TLC. The reaction was stopped after 2 hours when only one spot remained on
the TLC. The suspension was filtrated over a silica gel pad and the solvent was evaporated.
The obtained crude residue was chromatographied on silica gel using a toluene/acetone

(7/3) mixture and gave compound 110 (0.345 mg, 83%) as a white solid.

18" %

26" (27")

White solid

'HNMR (300 MHz, CDCls) :

8: 7.66 (t,1H, J = 5.4 Hz, N-H), 5.29-5.23 (m, 2H, H-6", H-3), 4.95 (t, 1H, J = 9.6 Hz, H-4),
4.83 (d, 1H, J = 3.5 Hz, H-1), 4.28-3.99 (m, 5H, H-5, H-6a, H-6b, H-7a, H-7b), 3.76 (dd, 1H, J
= 3.5 and 9.8 Hz, H-2), 3.51-3.38 (m, 3H, H-9a, CH,-12), 3.14-3.06 (m, 2H, H-9b, H-3"), 2.31
(m, 1H, H-4"a), 2.10 (m, 1H, H-4"b), 2.03, 1.99, 1.98 (3s, 9H, 3 x CH3-Ac), 1.89-0.80 (m, 43H,
H-Cholesterol, CH,-10, CH,-11), 0.63 (s, 1H, CH3-18")

3CNMR (75 MHz, CDCl5) :
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EXPERIMENTAL SECTION

8: 170.6, 170.5, 169.5, 169.2 (3xC=0 in Ac, C8), 140.3 (C5”), 121.8 (C6”), 99.4 (C1), 79.2
(C3"), 72.7 (C3), 69.3 (C2), 68.1 (C5), 67.9 (C4), 67.4 (C12, C7), 61.6 (C6), 56.6 (C14”), 56.0
(C177), 50.0 (C9”), 42.2 (C13”), 39.6 (C9), 39.4 (C16”), 38.8 (C24”), 38.5 (C4”), 37.1 (C1’),
36.7 (C10”), 36.1 (C22"), 35.7 (C20"), 31.8 (C7’), 31.7 (C8"), 28.3 (C2’), 28.1 (C12"), 27.9
(C25"), 27.1 (C11), 25.7 (C10), 24.1 (C15”), 23.7 (C23"), 22.7 (C26"), 22.5 (C27”), 20.9
(C11”), 20.7, 20.6, 20.5 (3CHCO), 19.3 (C18), 18.6 (C21"), 11.7 (C19”)

miz:
826.0 (M + Na")
[a]o®

+55 (c 0.5 in CH3CI)

Elemental analysis:

Found: C, 67.21; H, 9.20; N, 2.01. C4sH;301:N requires C, 67.22; H, 9.15; N, 1.74

D. 2. 2 Synthese of C6, C8, C10, C12 linker

D.2.2.1 Synthesis for cholest-5-en-3B-yl w-azidoalkyl ether

To a solution of cholest-5-en-33-yl o-hydroxyalkyl ether and Et3N (1.2 eq.) in CH,Cl, (20 mL)
0°C, MsCI (1.2 eq.) was added. The mixture was maintained at 0°C for 10 min and was then
stirred at RT for 15h. Water (20 mL) was added and the mixture was extracted with CH,ClI,
(3x15 mL). The organic layers were combined, washed with H,O (2x20 mL) and dried over
Na,SO,. After evaporation, the obtained crude residue was dissolved in DMF (20 mL) and
NaN; (1.3 eq.) was added and the solution was stirred at 60°C for 15h. Water (10 mL) was
added and the mixture was extracted with CH,Cl, (3x10 mL). The organic layers were
combined, washed with H,O (2x20mL) and dried over Na,SO,. After evaporation, the
obtained crude residue was chromatographied on silica gel using a pentane/CH,Cl, (3/2)

mixture and gave corresponding cholest-5-en-3p-yl m-azidoalkyl ether

Cholest-5-en-33-yl 6-azidohexyl ether (114a)
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EXPERIMENTAL SECTION

26" (27")

80%, White solid

'HNMR (300 MHz, CDCl5) :

§:5.30 (M,1H, H-6"), 3.45 (t, 2H, J = 6.7 Hz, H-6), 3.26 (t, 2H, J = 6.9 Hz, H-1), 3.14 (m, 1H,
H-3"), 2.38-2.10 (m, 2H, H-4"), 2.00-0.80 (m, 47H, H-Cholesterol, CH»-2 to CH,-5), 0.64 (s,
3H, CH,-18");

®CNMR (75 MHz, CDCly) :

§: 141.3 (C5”), 121.6 (C6”), 79.2 (C3’), 68.0 (C6), 56.9 (C14”), 56.3 (C17”), 51.6 (C1), 50.4
(C9"), 42.5 (C13"), 40.0 (C16”), 39.7 (C24”), 39.4 (C4”), 37.4 (C1”), 37.1(C10”), 36.3 (C22’),
35.9 (C20”), 32.1 (C7”), 32.0 (C8), 30.2, 29.0 (C-hexyl), 28.6 (C2), 28.4 (C12), 28.2 (25"),
26.7, 26.0 (C-hexyl), 24.4 (C15”), 24.0 (C23"), 23.0 (C26"), 22.7 (C27"), 21.2 (C11’), 19.5
(C19”), 18.9 (C21”), 12.0 (C18”)

m/z (HRMS):

534.4398 (M + Na*, C33Hs,ON3zNa requires 534.4394).

[a]p*®

-23 (¢ 0.9 in CH,Cl,)

Cholest-5-en-3B-yl 8-azidooctyl ether (114b)

26"(27")

White solid
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'HNMR (300 MHz, CDCl) :

8: 5.34 (m, 1H, H-6"), 3.45 (t, 2H, J = 6.8 Hz, H-8), 3.25 (t, 2H, J = 6.9 Hz, H-1), 3.12 (m, 1H,
H-3"), 2.35-2.05 (m, 2H, H-4"), 2.00-0.75 (m, 51H, H-Cholesterol, CH,-2 to CH,-7), 0.61 (s,
3H, CHs-18")

3CNMR (75 MHz, CDCls) :

§: 141.3 (C5”), 121.6 (C6”), 79.2 (C3”), 68.2 (C8), 56.9 (C14”), 56.3 (C17”), 51.6 (C1), 50.4
(C9”), 42.5 (C13”), 40.0 (C16”), 39.7 (C24"), 39.4 (C4"), 37.4 (C1”), 37.1 (C10"), 36.3 (C22"),
35.9 (C20”), 32.1 (C7”), 32.1 (C8"), 30.3, 29.5, 29.2, 29.0 (C-octyl), 28.6 (C2”), 28.4 (C12),
28.2 (C25%), 26.7 , 26.3 (C-octyl), 24.4 (C15”), 24.0 (C23"), 22.7 (C26"+27"), 21.2 (C11"),
19.5 (C19”), 18.9 (C21"), 12.0 (C18")

m/z (HRMS) :

562.4704 (M + Na*, C3sHe;ONsNa requires 562.4707)
[a]o™

-24 (¢ 0.6 in CH,Cl,)

FTIR :

2095 cm "t (N)

Cholest-5-en-3p-yl 10-azidodecyl ether (114c)

26"(27")

White solid

'HNMR (300 MHz, CDCl) :
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EXPERIMENTAL SECTION

§:5.27 (m, 1H, H-6"), 3.37 (t, 2H, J = 6.8 Hz, H-10), 3.27 (t, 2H, J = 7.0 Hz, H-1), 3.05 (m, 1H,
H-3"), 2.34-2.06 (m, 2H, H-4"), 2.42-0.75 (m, 55H, H-Cholesterol, CH,-2 to CH-9), 0.61 (s,
3H, CH;-18")

3CNMR (75 MHz, CDCl,) :

§: 141.3 (C5’), 121.5 (C6”), 79.1 (C3”), 68.2 (C10), 56.9 (C14”), 56.3 (C17”), 51.6 (C1), 50.4
(C9”), 42.5 (C13”), 40.0 (C16”), 39.7 (C24”), 39.4 (C4”), 37.4 (C1”), 37.1 (C10"), 36.3 (C22"),
35.9 (C207), 32.1 (C7”), 32.0 (C8”), 30.3, 29.6, 29.6, 29.5, 29.3, 29.0 (C-decyl), 28.6 (C12"),
28.1 (C 12+25%), 26.7, 26.3 (C-decyl), 24.4 (C15”), 24.0 (C23"), 23.0 (C26), 22.7 (C26"),
21.2 (C117), 19.5 (C19”), 18.9 (C21"), 12.0 (C18")

m/z (HRMS) :

590.5018 (M + Na*, Cs7HesON3zNa requires 590.5020)
[a]p®

-25 (c 1.2 in CH,Cl)

ETIR:

2095 cm ™t (N)

Cholest-5-en-3B-yl 12-azidododecyl ether (114d)

26"(27")

White solid

'HNMR (300 MHz, CDCls) :

6: 5.27 (m, 1H, H-6"), 3.37 (t, 2H, J = 6.8 Hz, H-12), 3.18 (t, 2H, J = 7.0 Hz, H-1), 3.05 (m,
1H, H-3"), 2.33-2.05 (m, 2H, H-4"), 1.99-0.76 (m, 59H, H-Cholesterol, CH,-2 to CH,-11), 0.61
(s, 3H, CH;-18")
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EXPERIMENTAL SECTION

3CNMR (75 MHz, CDCl,) :

§: 141.3 (C5”), 121.5 (C6”), 79.0 (C3), 68.2 (C12), 56.9 (C14”), 56.3 (C17”), 51.6 (C1), 50.3
(C9”), 42.4 (C13”), 39.9 (C16”), 39.6 (C24”), 39.3 (C4"), 37.4 (C1”), 37.0 (C10"), 36.3 (C22"),
35.9 (C20”), 32.1 (C7”), 32.0 (C8"), 30.3, 29.7, 29.6, 29.6, 29.6, 29.6, 29.2, 28.9 (C-dodecyl),
28.6 (C2”), 28.3 (C127), 28.1 (257), 26.8, 26.3 (C-dodecyl), 24.4 (C15”), 23.9 (C23"), 22.9
(C267), 22.7 (C277), 21.2 (C117), 19.5 (C19”), 18.8 (C21"), 12.0 (C18)

m/z (ESI)

596.4 (M+H")

[a]p®

-27 (c 0.5 in CH,CI)
FTIR:

2094 cm™ (N3)

D.2.2.2 Cholest-5-en-3B-yl m-aminoalkyl ether

The cholest-5-en-33-yl w-azidoalkyl ether (0.1 mmol) was dissolved in THF/H,O (2.5 ml, 4:1)
and triphenylphosphine (1.1 eq.) was added. The mixture was stirred at 50°C with addition of
0.1% of NEts. After completion of the reaction, monitored by TLC (9:1, DCM: MeOH), the
solvent was evaporated and the crude was purified by column chromatography on silica-gel
(9:1, DCM: MeOH with 0.5% vol. of NEtj).

Cholest-5-en-3B-yl 6-aminohexyl ether (115a)

26"(27")

Yellow soft matter
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'HNMR (300 MHz, CDCl) :

§: 5.34-5.33 (m, 1H, H-6"), 3.45 (t, 2H, J = 6.6 Hz, H-6), 3.11 (m, 1H, H-3"), 2.71 (t, 2H, J =
6.9 Hz, H-1), 2.45-2.00 (m, 4H, H-4”, NH;), 2.00-0.80 (m, 47H, H-Cholesterol, CH,-2 to CH,-
5), 0.64 (s, 3H, CH;-18");

3CNMR (75 MHz, CDCls) :

§: 141.3 (C5”), 121.6 (C6”), 79.1 (C3”), 68.1 (C6), 56.9 (C14”), 56.3 (C17”), 50.4 (C9”), 42.5
(C13"), 39.9 (C1), 39.9 (C16”), 39.7 (C24”), 39.4 (C4"), 37.4 (C1"), 37.0 (C10”), 36.3 (C22"),
35.9 (C20), 32.1 (C7”), 32.0 (C8”), 30.3, 29.6 (C-hexyl), 28.6 (C2"), 28.4 (C12"), 28.2 (C25"),
26.8, 26.2 (C-hexyl), 24.4 (C15"), 24.0 (C23"), 23.0 (C26"), 22.7 (C27), 21.2 (C11"), 19.5
(C19"), 18.9 (C21”), 12.0 (C18")

m/z (ESI) :

486.3 (M+H")

[a]o™

-29 (c 0.8 in CH,Cl,)

Cholest-5-en-33-yl 8-aminooctyl ether (115b)

26"(27")

Yellow soft matter

'HNMR (300 MHz, CDCl5) :

8: 5.34-5.33 (m, 1H, H-6"), 3.45 (t, 2H, J = 6.8 Hz, H-8), 3.12 (m, 1H, H-3"), 2.80-2.60 (m, 2H,
H-1), 2.40-2.00 (m, 4H, H-4", NH,), 2.00-0.75 (m, 51H, H-Cholesterol, CH,-2 to CH,-7), 0.61
(s, 3H, CH;-18")

BCNMR (75 MHz, CDCl5) :
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8: 141.3 (C5”), 121.5 (C6”), 79.1 (C3”), 68.3 (C8), 56.9 (C14”), 56.3 (C17"), 50.4 (C9”), 42.5
(C13”), 39.9 (C1+C16"), 39.7 (C24”), 39.4 (C4”), 37.4 (C1”), 37.0 (C10”), 36.3 (C22"), 35.9
(C20”), 32.1(C7”), 32.0 (C8”), 30.3, 29.6, 29.5 (C-octyl), 28.6 (C2”), 28.4 (C12"), 28.1(C25"),
26.9, 26.3 (C-octyl), 24.4 (C15”), 24.0 (C23”), 23.0 (C26’), 22.7 (C27"), 21.2 (C11"), 19.3
(C19%), 18.9 (C21”), 12.0 (C18")

m/z (ESD):

514.3 (M+H")

Cholest-5-en-33-yl-10-aminodecyl ether (115c)

Yellow soft matter

'HNMR (300 MHz, CDCl5) :

8: 8.30-7.62 (s, 2H, NH,), 5.34-5.32 (m, 1H, H-6"), 3.43 (t, 2H, J = 6.8 Hz, H-10), 3.11 (m, 1H,
H-3"), 3.02 (t, 2H, J = 7.7 Hz, H-1), 2.40-2.08 (m, 2H, H-4"), 2.08-0.75 (m, 55H, H- H-
Cholesterol, CH,-2 to CH,-9), 0.67 (s, 3H, CH;-18")

Cholest-5-en-3p-yl-12-aminododecyl ether (115d)

26" (27")

Yellow soft matter
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EXPERIMENTAL SECTION

'HNMR (300 MHz, CDCl) :

8: 8.23 (s, 2H, NHy), 5.35-5.30 (m, 1H, H-6"), 3.44 (t, 2H, J = 6.8 Hz, H-1), 3.11 (m, 1H, H-3"),
2.74 (s, 2H, H-12), 2.40-2.10 (m, 2H, H-4”), 2.10-0.75 (m, 59H, H-Cholesterol, CH,-2 to CH,-
11), 0.67 (s, 3H, CH;-18")

3CNMR (75 MHz, CDCls) :

8: 141.6 (C5”), 121.7 (C6”), 79.3 (C3”), 68.5 (C12), 57.2 (C14”), 56.6 (C17”), 50.6 (C9"), 42.7
(C13"), 42.0 (C1), 40.1 (C16”), 39.9 (C24”), 39.6 (C4"), 37.7 (C1"), 37.3 (C10"), 36.6 (C22"),
36.2 (C20”), 32.5 (C7”), 32.3, 32.3, 30.6, 30.0, 29.8, 28.9, 28.9 (C- dodecyl), 28.6 (C2"), 28.6
(C12"), 28.4 (C25"), 27.2, 26.6 (C-dodecyl), 24.7 (C15"), 24.2 (C23"), 23.2 (C26"), 23.0
(C277), 21.4 (C11”), 19.5 (C19”), 18.9 (C21"), 12.0 (C18")

m/z (ESD):

584.4 (M+Na*), 570.4 (M+H")

D.2.2.3 Ring opening of CMGL by cholest-5-en-3B-yl m-aminoalkyl

ether
To the cholest-5-en-33-yl w-aminoalkyl ether dissolved in anhydrous CH.Cl, (c 2 M), the

CMGI solid (1.3 eq.) was then added. After overnight of reaction (16h), the residue was
purified by CCM using eluent of DCM/acetone (4/1) to obtain the pure compound.

Acetyl-Glu-L6-cholesterol (116)

8 %

26"(27")

White solid

'HNMR (300 MHz, CDCl5) :
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8: 7.44 (t, 1H, NH), 5.27 (m, 1H, H-6"), 5.21 (t, 1H, J = 9.8 Hz, H-3), 4.95 (t, 1H, J = 9.9 Hz,
H-4), 4.83 (d, 1H, J = 3.7 Hz, H-1), 4.26-3.92 (m, 5H, H-5, H-6a, H-6b, H-7a, H-7b), 3.75 (dd,
1H, J = 3.8 and 9.5 Hz, H-1), 3.38 (t, 2H, J = 6.6 Hz, H-16), 3.20 (m, 2H, H-9), 3.06 (m, 1H,
H-3"), 2.45-0.70 (m, 62H, H-Cholesterol, 3xAc, CH,-10 to CH,-15), 0.61 (s, 3H, CH3-18")

CNMR (75 MHz, CDCly) :

8: 170.7, 169.7, 168.8 (3xC=0 in Ac, C8), 141.1 (C5’), 121.6 (C6”), 99.2 (C1), 79.1 (C3"),
73.6 (C3), 70.4 (C2), 68.2 (C5), 67.9 (C4), 67.4 (C14, C7), 61.9 (C6), 56.8 (C14”), 56.2(C17"),
50.3 (C9’), 42.4 (C13”), 39.9 (C9), 39.6 (C16”), 39.2 (C24”), 39.2 (C4’), 37.3 (C1’), 37.0
(C10”), 36.3 (C22"), 35.9 (C20”), 32.0 (C7”), 32.0 (C8”), 30.1, 29.4 (C-hexyl), 28.5 (C2’), 28.3
(C127), 28.1 (C25”), 26.8, 26.1 (C-hexyl), 24.4 (C15”), 23.9 (C23"), 22.9 (C26"), 22.6 (C27"),
21.1 (C117), 21.0, 20.8, 20.7 (3CH;CO), 19.5 (C19”), 18.8 (C21”), 11.9 (C18")

m/z (HRMS):

832.5540 (M + H", C47H7sNOy; requires 832.5569)

[a]p*®

+40 (c 0.8 in CH,Cl,)

Acetyl-Glu-L8-cholesterol (117)

18" %

26"(27")

White solid

'HNMR (300 MHz, CDCl5) :

8: 7.14 (t, 1H, NH), 5.28 (m, 1H, H-6”), 5.21 (t, 1H, J = 9.7 Hz, H-3), 4.95 (t, 1H, J = 9.8 Hz,
H-4), 4.84 (d, 1H, J = 3.5 Hz, H-1), 4.26-3.92 (m, 5H, H-5, H-6a, H-6b, H-7a, H-7b), 3.75 (dd,
1H, J = 3.7 and 9.9 Hz, H-2), 3.37 (t, 2H, J = 6.7 Hz, H-18), 3.20 (m, 2H, H-9), 3.06 (m, 1H,
H-3"), 2.34-0.74 (m, 66H, H-Cholesterol, 3xAc, CH,-10 to CH,-17), 0.61 (s, 3H, CHz-18")
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3CNMR (75 MHz, CDCl,) :

§: 171.7, 170.7, 169.6, 169.5 (3xC=0 in Ac, C8), 141.1 (C5"), 121.5 (C6"), 99.0 (C1), 79.0
(C3"), 73.7 (C3), 70.6 (C2), 68.2 (C5), 68.2 (C4), 68.0 (C16), 67.9 (C7), 61.9 (C6), 56.8
(C14”), 56.2 (C17”), 50.3 (C9"), 42.4 (C13”), 39.9 (C9), 39.6 (C16”), 39.3 (C24"), 39.3 (C4"),
37.4 (C1”), 37.0 (C10”), 36.3 (C22”), 35.9 (C20"), 32.0 (C7”), 32.0 (C8"), 30.2, 29.5, 29.5,
29.3 (C-octyl), 28.3 (C2’+12"), 28.1 (C25”), 26.9, 26.2 (C-octyl), 24.4 (C15”), 23.9 (C23’),
22.9 (C26”), 22.6 (C27"), 21.1 (C11”), 21.0, 20.8, 20.7 (3CHsCO), 19.5 (C19”), 18.8 (C21”),
11.9 (C18”)

m/z (HRMS) :

860.5852 (M + H", C49Hg;NOy; requires 860.5882)

[a]p®

+38 (c 0.8 in CH,Cl,)

Acetyl-Glu-L10-cholesterol (118)

18"

26"(27")

White solid

'HNMR (300 MHz, CDCl») :

8: 7.14 (t, 1H, NH), 5.28 (m, 1H, H-6"), 5.21 (t, 1H, J = 9.7 Hz, H-3), 4.95 (t, 1H, J = 9.8 Hz,
H-4), 4.84 (d, 1H, J = 3.5 Hz, H-1), 4.26-3.92 (m, 5H, H-5, H-6a, H-6b, H-7a, H-7b), 3.75 (dd,
1H, J = 9.9 Hz, 3.7, H-2), 3.37 (t, 2H, J = 6.7 Hz, H-18), 3.20 (m, 2H, H-9), 3.06 (m, 1H, H-
3"), 2.34-0.74 (m, 66H, H-Cholesterol, 3xAc, CH,-10 to CH,-17), 0.61 (s, 3H, s, CHs-18")

CNMR (75 MHz, CDCls) :

§: 171.7, 170.7, 169.6, 169.5 (3xC=0 in Ac, C8), 141.1 (C5”), 121.5 (C6"), 99.0 (C1), 79.0
(C3”), 73.7 (C3), 70.6 (C2), 68.2 (C5), 68.2 (C4), 67.9 (C18, C7), 61.9 (C6), 56.8 (C14”), 56.2
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(C177), 50.3 (C9”), 42.4 (C13”), 39.9 (C9), 39.6 (C16”), 39.3 (C24"), 38.9 (C4"), 37.4 (C1"),
37.0 (C10”), 36.3 (C22”), 35.9 (C20”), 32.0 (C7”), 32.0 (C8”), 30.3, 29.8, 29.5, 29.6, 29.5,
29.5, 29.3 (C-decyl), 28.6 (C27), 28.3 (C12”), 28.1 (C25”), 26.9, 26.2 (C-decyl), 24.4 (C15”),
23.9 (C23"), 22.9 (C26"), 22.6 (C27”), 21.1 (C11"), 21.0, 20.8, 20.7 (3CH;CO), 19.5 (C19”),
18.8 (C21”), 11.9 (C18”)

m/z (HRMS) :

888.6162 (M + H, C5;HgsNOy; requires 888.6195)

[a]p®®

+38 (c 0.8 in CH,Cly)

Acetyl-Glu-L12-cholesterol (119)

18" =

OAc

6
AcO G
AcO 1 ©
R
HN

26"(27")

White solid

'HNMR (300 MHz, CDCl5) :

§: 7.16 (t, 1H, NH), 5.34 (m, 1H, H-6"), 5.25 (t, 1H, J = 9.7 Hz, H-3), 5.02 (t, 1H, J = 9.9 Hz,
H-4), 4.89 (d, 1H, J = 3.7 Hz, H-1), 4.32-3.97 (m, 5H, H-5, H-6a, H-6b, H-7a, H-7b), 3.80 (dd,
1H, J = 3.8 and 9.8 Hz, H-2), 3.43 (t, 2H, J = 6.8 Hz, H-20), 3.25 (m, 2H, H-9), 3.11 (m, 1H,
H-3"), 2.38-0.74 (m, 70H, H-Cholesterol, 3xAc, CH,-2 to CH,-19), 0.66 (s, 3H, CH;-18")

®CNMR (75 MHz, CDCly) :

§: 171.7, 170.7, 169.6, 168.7 (3xC=0 in Ac, C8), 141.2 (C5"), 121.5 (C6"), 99.0 (C1), 79.0
(C3"), 73.8 (C3), 70.6 (C2), 68.2 (C5), 68.2 (C4), 67.9 (C20), 67.3 (C7), 61.9 (C6), 56.9
(C14"), 56.2 (C177), 50.3 (C9”), 42.4 (C13”), 39.9 (C9), 39.6 (C16”), 39.3 (C24"), 38.9 (C4"),
37.4 (C17), 37.0 (C10"), 36.3 (C227), 35.9 (C20”), 32.0 (C7"), 32.0 (C8), 30.3, 29.9, 29.9,
29.7,29.7, 29.6, 29.6, 29.5, 29.5, 29.4 (C-dodecyl), 28.6 (C2”), 28.3 (C12"), 28.1 (C25”), 27.0,
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26.3 (C-dodecyl), 24.4 (C15”), 23.9 (C23”), 22.9 (C26”), 22.6 (C27"), 21.1 (C11”), 21.0, 20.8,
20.7 (3CH,CO), 19.5 (C19”), 18.8 (C21"), 11.9 (C18")

m/z (HRMS) :

916.6475 (M + H*, Cs3HgoNO;; requires 916.6508)

[a]p®®

+37 (C 1.5in CH2C|2)

D.2.2.4 Synthesis for glucosteroid amphiphiles

The partially protected compound acetyl-Glu-L,-cholesterol (0.1mmol) was dissolved in a
MeOH/Et;N/H,O (8/1/1, 10 mL) mixture and was further stirred at RT for 15 hours. The
reaction was then coevaporated three times with water and the obtained white residue was
subjected to silica gel chromatography using a CH,Cl,/MeOH (95/5) to give the

corresponding neoglycolipid.

Glucosteroid L4 amphiphile (111)

18" %

26" (27")

White solid

'HNMR (300 MHz, CDCls/MeQD) :

§: 5.35 (m, 1H, H-6"), 4.80 (d, 1H, J = 3.7 Hz, H-1), 4.17 (d, 1H, J = 15.8 Hz, H-7a), 4.00 (d,
1H, J = 15.8 Hz, H-7b), 3.83-3.68 (m, 3H, H-3, H-6a, H-6b), 3.56 (m, 1H, H-5), 3.53-3.49 (m,
3H, H-2, CH,-12), 3.40 (m, 1H, H-4), 3.28 (m, 2H, CH,-9), 3.17 (m, 1H, H-3"), 2.36 (m, 1H, H-
47a), 2.17 (m, 1H, H-4"b), 1.99-0.70 (m, 42H, H-Cholesterol, CH,-10, CH,-11), 0.69 (s, 3H,
CHs-18")

3CNMR (75 MHz, CDCl3/MeQD) :
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8: 170.7 (C8), 140.9 (C5”), 122.1 (C6’), 100.0 (C1), 79.6 (C3”), 73.8 (C3), 72.8 (C5), 71.9
(C2), 70.3 (C4), 67.8 (C12), 67.0 (C7), 61.6 (C6), 57.0 (C14”), 56.4 (C17”), 50.5 (C9"), 42.6
(C13”), 40.0 (C9), 39.8 (C16"), 39.3 (C24”), 39.1 (C4”), 37.4 (C1”), 37.1 (C10”), 36.4 (C22”),
36.1 (C20%), 32.2 (C7’+8’), 28.6 (C2"), 28.5 (C12"), 28.2 (25”), 27.6, 26.2 (C-butyl), 24.5
(C15”), 24.0 (C23”), 22.9 (C26"), 22.6 (C27”), 21.3 (C11"), 19.5 (19”), 18.8 (21"), 12.0 (18”)

m/z (ESD):
678.2 (M+H")

Elemental analysis:

Found: C, 67.30; H, 9.99; N, 2.01. C39Hg;OgN<H,0O requires C, 67.58; H, 9.77; N, 2.15
[a]p™®

+38 (c 0.8 in CHCl3/MeOH, 7/3)

Glucosteroid L6 amphiphile (120)

18" %

26" (27")

White solid

'"HNMR (400 MHz, CDCl3/MeOD) :

d: 5.27 (m, 1H, H-6"), 4.72 (d, 1H, J= 3.7 Hz, H-1), 4.08 (d, 1H, J = 15.9 Hz, H-7a), 3.91(d,
1H, J = 15.9 Hz, H-7b), 3.73-3.60 (m, 3H, H-6a, H-6b, H-3), 3.57-3.32 (m, 5H, H-2, H-4, H-5,
CH;-14), 3.22-3.01 (m, 3H, CH,-9, H-3"), 2.32-2.03 (m, 2H, H4"), 1.96-0.77 (m, 49H, H-
Cholesterol, CH,-10 to CH,-13), 0.60 (s, 3H, CH3-18")

*CNMR (100 MHz, CDCls/MeOD) :

§: 170.5 (C8), 141.1 (C5”), 122.0 (C6”), 99.8 (C1), 79.5 (C3”), 73.9 (C3), 72.6 (C5), 71.9 (C2),
70.3 (C4), 68.3 (C14), 67.1 (C7), 61.7 (C6), 57.1 (C14”), 56.4 (C17”), 50.5 (C9”), 42.6 (C13"),
40.1 (C9), 39.8 (C16”), 39.3 (C24"), 39.3 (C4”), 37.5 (C1"), 37.1 (C10"), 36.5 (C22"), 36.1
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(C207), 32.2 (C7”), 32.2 (C8"), 30.2, 29.3 (C-hexyl), 28.7 (C2), 28.5 (C12"), 28.3 (C25"), 27.0,
26.1 (C-hexyl), 24.5 (C15”), 24.1 (C23”), 23.0 (C26”), 22.8 (C27"), 21.3 (C11"), 19.6 (C18"),
19.0 (C217), 12.1 (C18")

m/z (HRMS) :

706.5262 (M + H+, C41H7203N reCIUireS 7065252)

[a]p®

+33 (c 0.5 in CH,Cl,/MeOH, 9/1)

Glucosteroid L8 amphiphile (121)

White solid

'HNMR (300 MHz, CDCls/MeQD) :

§: 5.28 (m, 1H, H-6"), 4.72 (d, 1H, J= 3.7 Hz, H-1), 4.08 (d, 1H, J = 15.9 Hz, H-7a), 3.91 (d,
1H, J = 15.9 Hz, H-7b), 3.74-3.60 (m, 3H, H-6a, H-6b, H-3), 3.57-3.32 (m, 5H, H-2, H-4, H-5,
CH;-14), 3.22-3.01 (m, 3H, CH,-9, H-3"), 2.32-2.03 (m, 2H, H4"), 1.96-0.77 (m, 54H, H-
Cholesterol, CH,-10 to CH,-13), 0.60 (s, 3H, CH3-18")

3CNMR (75 MHz, CDCl;/MeQD) :

8:170.1 (C8), 140.8 (C5”), 121.5 (C6”), 99.4 (C1), 79.1 (C3”), 73.6 (C3), 72.3 (C5), 71.6 (C2),
69.9 (C4), 68.1 (C16), 66.7 (C7), 61.4 (C6), 56.7 (C14”), 56.1 (C17”), 50.1 (C9"), 42.3 (C13”),
39.7 (C9), 39.5 (C16”), 39.1 (C24”), 39.0 (C4”), 37.2 (C1”), 36.8 (C10”), 36.1 (C22”), 35.7
(C20”), 31.9 (C7”), 31.8 (C8”), 30.0, 29.3, 29.2, 29.1 (C-octyl), 28.3 (C2’), 28.2 (C12"), 27.9
(C25”), 26.8, 26.0 (C-octyl), 24.2 (C15”), 23.8 (C23), 22.7 (C26”), 22.4 (C27”), 21.0 (C11”),
19.3 (C19”), 18.6 (C21”), 11.8 (C18”)

m/z (HRMS) :
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734.5552 (M + H*, C43H-60gN requires 734.5565)

[a]p®

+34 (c 1.4 in CH,Cl,/MeOH, 9/1)

Glucosteroid L10 amphiphile (122)

18" %

26" (27")

White solid

'HNMR (300 MHz, CDCl;/MeOD) :

3: 5.28 (m, 1H, H-6"), 4.72 (d, 1H, J= 3.7 Hz, H-1), 4.09 (d, 1H, J = 15.9 Hz, H-7a), 3.91 (d,
1H, J = 15.9 Hz, H-7b), 3.74-3.60 (m, 3H, H-6a, H-6b, H-3), 3.57-3.32 (m, 5H, H-2, H-4, H-5,
CH,-14), 3.22-3.01 (m, 3H, CH,-9, H-3"), 2.32-2.03 (m, 2H, H4"), 1.96-0.77 (m, 59H, H-
Cholesterol, CH,-10 to CH,-13), 0.60 (s, 3H, CH3-18")

CNMR (75 MHz, CDCl,/MeOD) :

8: 170.0 (C8), 140.9 (C5”), 121.5 (C6”), 99.4 (C1), 79.1 (C3”), 73.5 (C3), 72.3 (C5), 71.6 (C2),
69.9 (C4), 68.2 (C18), 66.7 (C7), 61.4 (C6), 56.7 (C14”), 56.1 (C17”), 50.1 (C9"), 42.3 (C13”),
39.8 (C9), 39.7 (C16”), 39.5 (C24”), 39.5 (C4”), 39.1, 39.0, 37.2 (C10"), 36.8 (C22"), 36.1
(C20”), 31.9 (C7’), 31.8 (C8”), 29.5, 29.5, 29.4, 29.2 (C-decyl), 28.2 (C2’+12"), 27.9 (C25”),
26.9, 26.1 (C-decyl), 24.2 (C15”), 23.8 (C23”), 22.7 (C26"), 22.5 (C27”), 21.0 (C11”), 19.3
(C19”), 18.6 (C217), 11.8 (C18”)

m/z (HRMS) :
762.5870 (M + H", C45HgoNOg requires 762.5878)
[a]p®®

+29 (¢ 0.7 in CH,Cl,/MeOH, 9/1)
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Glucosteroid L12 amphiphile (123)

15 %

26" (27")

White solid

'HNMR (300 MHz, CDCl3/MeOD) :

d: 5.27 (m, 1H, H-6"), 4.72 (d, 1H, J= 3.7 Hz, H-1), 4.09 (d, 1H, J = 15.9 Hz, H-7a), 3.91 (d,
1H, J = 15.9 Hz, H-7b), 3.72-3.60 (m, 3H, H-6a, H-6b, H-3), 3.57-3.32 (m, 5H, H-2, H-4, H-5,
CH,-14), 3.22-3.01 (m, 3H, CH;-9, H-3"), 2.32-2.03 (m, 2H, H4"), 1.96-0.77 (m, 63H, H-
Cholesterol, CH,-10 to CH,-13), 0.60 (s, 3H, CH3-18")

*CNMR (75 MHz, CDCl,/MeQOD) :

§: 170.0 (C8), 140.9 (C5”), 121.5 (C6”), 99.4 (C1), 79.0 (C3”), 73.5 (C3), 72.3 (C5), 71.6 (C2),
69.9 (C4), 68.2 (C20), 66.7 (C7), 61.3 (C6), 56.7 (C14”), 56.1 (C17”), 50.1 (C9”), 42.3 (C13"),
39.7 (C9), 39.4 (C16”), 39.1 (C24”), 39.0 (C4"), 37.2 (C1”), 36.8 (C10”), 36.1 (C22"), 35.7
(C207), 31.9 (C7”), 31.8 (C8"), 30.0, 29.5, 29.5, 29.4, 29.3, 29.2 (C-dodecyl), 28.3 (C2"), 28.2
(C12"), 27.9 (C25%), 26.9, 26.1 (C-dodecyl), 24.2 (C15"), 23.8 (C23"), 22.7 (C26"), 22.4
(C27"), 21.0 (C11”), 19.3 (C19”), 18.6 (C21"), 11.8 (C18")

m/z (HRMS) :

790.6182 (M + H+, C47H84N08 reqUireS 7906191)

[a]p®

+30 (c 0.8 in CH,Cl,/MeOH, 9/1)

D.2.2.5 Synthesis of glucosteroid bolaphiles

To a solution of acetyl-Glu-L,-cholesterol in CH,Cl, (0.1 mol L™), the proper alkyl isocyanate
(10 eq.) and catalytic amounts of triethylamine (50 pL) were added under nitrogen. The

mixture was stirred for 3 days at room temperature, the white solid formed during the
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reaction was filtrated and the solvent was evaporated. The obtained residue was dissolved in
a MeOH/Et;N/H,O (8/1/1, 10 mL) mixture and was further stirred at 40°C for 3 hours. The
reaction was then coevaporated three times with water and the obtained white residue was
subjected to silica gel chromatography using a CH,Cl,/MeOH/Acetone/H,O (78/5/15/2) to
give the corresponding desired urethanes

Or:

To a solution of starting material in THF (0.1 mol L), DBU (1.5 eq.) and alkyl isocyanate (1.5
eq.) were added. The mixture was stirred overnight at 45 °C under N,. Then the THF was
removed under vacuum, the obtained solid was purified by SiO, gel column chromatography
(DCM/Acetone, 95:5). The obtained compound was dissolved in a mixture of MeOH/NEt/H,0
(8:1:1), stirring overnight. After evaporation, the residue was purified by SiO, gel column
chromatography (DCM/MeOH, 95:5)

Glucosteroid L4S4 bolaphile (124a)

18" 2,

26" (27")

White solid

'"HNMR (400 MHz, CDCl3/MeOD) :

§: 7.17 (t, 1H, J = 5.6 Hz, NH), 6.57 (t, 1H, J = 5.3 Hz, NH), 5.26 (m, 1H, H-6"), 4.91 (d, 1H, J
= 3.5 Hz, H-1), 4.45 (dd, 1H, J = 3.5 and 10.1 Hz, H-2), 4.07 (d, 1H, J = 15.4 Hz, H-7a), 3.90
(d, 1H, J = 15.4 Hz, H-7b), 3.80-3.71 (m, 2H, H-3, H-6a), 3.64 (dd, 1H, J = 5.5 and 12.3 Hz,
H-6b), 3.50 (m, 1H, H-5), 3.46-3.40 (m, 2H, CH,-12), 3.37 (t, 1H, J = 9.6 Hz, H-4), 3.24-3.17
(m, 2H, CH,»-9), 3.13-2.97 (m, 3H, H-3", CH,-14), 2.27 (ddd, 1H, J = 13.1 4.5 and 2.0 Hz,H-
473), 2.09 (m, 1H, H-4"b), 1.99-0.70 (m, 49H, H-Cholesterol, CH,-10, CH,-11, CH,-15 to CH,-
17), 0.61 (s, 3H, CHz-18")

*CNMR (75 MHz, CDCl,/MeQOD) :
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8: 169.7 (C8), 156.3 (C13), 140.1 (C5’), 121.4 (C6”), 96.9 (C1), 79.0 (C3’), 73.1 (C2), 72.4
(C5), 70.8 (C3), 69.8 (C4), 67.1 (C12), 66.1 (C7), 60.8 (C6), 56.4 (C14”), 55.8 (C17”), 49.8
(C9”), 41.9 (C13”), 40.2 (C14”), 39.4 (C24”), 39.1 (C16”), 38.6 (C9), 38.4 (C4”), 36.8 (C1"),
36.4 (C10”), 35.7 (C22), 35.4 (C20”), 31.5 (C7”), 31.4 (C8"), 31.3, 27.9, 27.7, 27.5, 26.8,
25.8, 23.8 (C23”), 23.3 (C26"), 22.0, 21.8 (C27"), 20.6 (C11”), 19.4 (C19”), 18.7 (C21”), 18.0
(C16), 12.9 (C17), 11.2 (C18”)

m/z (HRMS) :

799.5446 (M + Na*, C44H76N2Og requires 799.5449)

[a]p®

+11 (c 0.4 in CHCly/MeOH, 1/1)

Glucosteroid L4S8 bolaphile (124b)

18" %,

26" (27")

White solid

'"HNMR (300 MHz, CDCl:/MeOD) :

§:7.16 (t, 1H, J = 5.6 Hz, NH), 6.57 (t, 1H, J = 5.3 Hz, NH), 5.26 (m, 1H, H-6"), 4.91 (d, 1H, J
= 3.6 Hz, H-1), 4.91 (dd, 1H, J = 3.6 and 10.1 Hz, H-2), 4.06 (d, 1H, J = 15.6 Hz, H-7a), 3.90
(d, 1H, J = 15.6 Hz, H-7b), 3.79-3.71 (m, 2H, H-3, H-6a), 3.64 (dd, 1H, J = 4.9 and 12.0 Hz,
H-6b), 3.50 (ddd, 1H, J = 2.3, 4.9, and 12.0 Hz, H-5), 3.42-3.34 (m, 3H, CH,-12, H-4), 3.21-
3.19 (M, 2H, CH,-9), 3.12-2.98 (m, 3H, H-3”, CH,-12), 2.27 (m, 1H, H-4"a), 2.09 (m, 1H, H-
47b), 1.96-0.76 (m, 57 H, H-Cholesterol, CH,-10, CH,-11, CH,-15 to CH,-20, CH3-21), 0.60 (s,
3H, CH4-18")

*CNMR (75 MHz, CDCl,/MeOD) :

207

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2013ISAL0001/these.pdf
© [R. Xu], [2013], INSA de Lyon, tous droits réservés



EXPERIMENTAL SECTION

8: 176.4 (C8), 169.8 (C13), 140.5 (C5”), 121.4 (C6”), 97.3 (C1), 79.3 (C3’), 73.4 (C2), 72.5
(C5), 71.2 (C3), 70.1 (C4), 67.5 (C12), 66.5 (C7), 61.2 (C6), 56.7 (C14”), 56.1 (C17”), 50.2
(C9"), 42.3 (C13"), 41.0 (C14), 39.7 (C24”), 39.5 (C16”), 39.0 (C9), 38.8 (C4"), 37.2 (C1’),
36.8 (C10”), 36.1 (C227), 35.7 (C20”), 31.9 (C7’), 31.8 (C8’), 29.7 , 29.7, 29.6, 29.3, 28.3
(C27), 28.2 (C12%), 27.9 (C25”), 27.2, 26.8, 26.2 , 24.2 (C15”), 23.8 (C23”), 22.6 (C26”), 22.6 ,
22.4 (C27”), 21.0 (C117), 19.1 (C19”), 18.0 (C21"), 13.4 (C21), 11.2 (C18)

m/z (ESI) :

856.7 (M + Na")

[a]o*

+52 (c 0.5 in CHCl/MeOH, 1/1)

Elemental analysis:

Found: C 68.45; H 10.17; N 3.33. C4sH7301:N + 0.5 H,O requires C 68.72; H 10.15; N 3.23

Glucosteroid L4S10 bolaphile (124c)

18 %

26" (27")

White solid

'HNMR (400 MHz, CDCls/MeOD) :

8: 7.03 (t, 1H, NH), 6.26 (t, 1H, NH), 5.25 (m, 1H, H-6"), 4.92 (d, 1H, J = 3.7 Hz, H-1), 4.46
(dd, 1H, J = 3.7 and 10.1 Hz, H-2), 4.06 (d, 1H, J = 15.5 Hz, H-7a), 3.89 (d, 1H, J = 15.6 Hz,
H-7b), 3.80-3.70 (m, 2H, H-3, H-6a), 3.67 (M, 1H, H-6b), 3.50 (M, 1H, H-5), 3.46-3.36 (M, 3H,
CH,-12, H-4), 3.24-3.17 (m, 2H, CH,-9), 3.13-2.97 (m, 3H, H-3", CH,-12), 2.27 (m, 1H, H-
47a), 2.10 (m, 1H, H-4"b), 2.00-0.73 (m, 61 H, H-Cholesterol, CH,-10, CH,-11, CH,-15 to
CH,-20, CH3-21), 0.61 (s, 3H, CH;-18")

SCNMR (75 MHz, CDCl3/MeOD :
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8: 169.8 (C8), 156.3 (C13), 140.4 (C5”), 121.7 (C6”), 97.2 (C1), 79.2 (C3’), 73.3 (C2), 72.3
(C5), 71.1 (C3), 70.5 (C4), 67.4 (C12), 66.4 (C7), 61.1 (C6), 56.6 (C14”), 56.0 (C17”), 50.1
(C9"), 42.2 (C13”), 40.9 (C9), 39.6 (C16”), 39.3 (C24”), 38.9 (C4"), 38.8, 38.7, 37.0 (C1"),
36.7 (C10”), 36.0 (C22”), 35.6 (C20"), 31.7 (C7”), 29.6 (C8), 29.5, 29.4, 29.2, 29.2, 28.2
(C27), 28.0 (C12”), 27.8 (C25”), 27.1, 26.7, 26.1, 24.1 (C15”), 23.6 (C23), 22.5 (C26”), 22.2
(C277), 20.9 (C11”), 19.1 (C19”), 18.4 (C21”), 13.8 (C23), 11.6 (C18")

m/z (HRMS) :

883.6390 (M + Na", CsoHggN20g requires 883.6388)

[a]p®

+25 (¢ 0.5 in CHCly/MeOH, 1/1)

Glucosteroid L4S12 bolaphile (124d)

18" %

26" (27")

White solid

'"HNMR (300 MHz, CDCl3/MeOD) :

§: 5.28 (m, 1H, H6”), 4.91 (d, 1H, J= 3.6 Hz; H-1), 4.45 (dd, 1H, J = 10.1 Hz, H-2), 4,06 (d,
1H, J = 15.6 Hz, H-7a), 3.88 (d; 1H, J = 15.6 Hz, H-7b), 3.76-3.68 (m, 3H, H-3, H-6a, H-6b),
3.52-3.37 (M, 4 H, H-5, H-4, CH,12), 3.20 (m, 2 H, CH,-9), 3.08-2.98(m, 3 H, H-3", CH,14),
2.26 (M, 1 H, H-4"a), 2.09 (m, 1 H, H4"b), 1.96-0.77 (m, 65 H, H-Cholesterol, CH,-10, CH,-11,
CH,-15 & CH,-24, CHa- 25), 0.60 (s; 3 H, CH;-18")

*CNMR (75 MHz, CDCls/MeQD) :

§: 169.8 (C8), 156.5 (C13), 140.6 (C5”), 121.8 (C6"), 97.3 (C1), 79.4 (C3"), 73.4 (C2), 72.4
(C5), 71.2 (C3), 70.1 (C4), 67.5 (C12), 66.5 (C7), 61.2 (C6), 56.7 (C14”), 56.1 (C17”), 50.2
(C9”), 42.3 (C13), 41.0 (C14), 39.7 (C24”), 39.5 (C16”), 39.0 (C9), 38.8 (C4"), 37.2 (C1"),
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EXPERIMENTAL SECTION

36.8 (C10”); 36.2 (C22"), 35.7 (C20”), 31.9 (C7”), 31.8 (C8”), 29.7, 29.7, 29.7, 29.7, 29.6,
29.6, 29.3, 29.3, 28.3 (C27), 28.2 (C12"), 27.9 (C25"), 27.2 (C11), 26.8 (C23), 26.2 (C10),
24.2 (C15”), 23.7 (C23”), 22.7 (C26"), 22.6 (C24), 22.4 (C27"), 21.0 (C11”), 19.2 (C19"), 18.6
(C217), 13.9 (C25), 11.7 (C18")

m/z (ESI) :

912.7 (M + Na")

[a]p®®

+41 (c 0.4 in CHCly/MeOH, 1/1)

Elemental analysis:

Found: C 69.57; H 10.44; N 3.12. Cs;Hg,0O9N, +0.5 H,O requires C 69.66; H 10.44; N 3.16

Glucosteroid L4S14 bolaphile (124€)

18" %

26" (27")

White solid

'"HNMR (300 MHz, CDCl3/MeOD) :

§: 7.03 (t, 1H, NH), 6.17 (t, 1H, NH), 5.35 (m, 1H, H-6"), 4.98 (d, 1H, J = 3.5 Hz, H-1), 4.54
(dd, 1H, J = 3.5 and 10.1 Hz, H-2), 4.14 (d, 1H, J = 15.6 Hz, H-7a), 3.96 (d, 1H, J = 15.6 Hz,
H-7b), 3.87-3.77 (m, 3H, H-3, H-6a, H-6b), 3.60-3.47 (M, 4H, CH,-12, H-4, H-5), 3.28 (m, 2H,
CH,-9), 3.21-3.04 (m, 3H, H-3", CH,-14), 2.34 (m, 1H, H-4"a), 2.17 (m, 1H, H-4"b), 2.03-0.80
(m, 69 H, H-Cholesterol, CH,-10, CH,-11, CH,-15 to CH,-26, CH3-27), 0.68 (s, 3 H, CH3-18)

*CNMR (125 MHz, CDCls/MeOD) :

§: 169.6 (C8), 156.4 (C13), 140.7 (C5’), 121.9 (C6”), 97.4 (C1), 79.4 (C3"), 73.5 (C2), 72.3
(C5), 71.4 (C3), 70.3 (C4), 67.6 (C12), 66.7 (C7), 61.4 (C6), 56.8 (C14"), 56.2 (C17”), 50.2
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EXPERIMENTAL SECTION

(C9"), 42.4 (C13”), 41.2 (C9), 39.8 (C16”), 39.6 (C24”), 39.1 (C4"), 38.8, 37.3 (C1"), 36.9
(C10”), 36.2 (C227), 35.8 (C20”), 32.0 (C7’), 31.9 (C8), 29.8-29.2, 28.4 (C2"), 28.3 (C12"),
28.0 (C257"), 27.3, 26.9, 26.3, 24.3 (C15"), 23.9 (C23"), 22.8 (C26"), 22.7, 22.5 (C27’), 21.1
(C11”), 19.4 (C19”), 18.7 (C21”), 14.1 (C27), 11.9 (C18")

m/z (HRMS) :

939.7013 (M + Na", CsqHgsN,Og requires 939.7014)

[a]p®

+29 (c 0.4 in CHCly/MeOH 5/1)

Glucosteroid L4S16 bolaphile (124f)

18" %

HO 26" (27")

o
o ! 9
13 O. /\/\/O 3"
3] 02
(o] NH 12

Mzg

White solid

'"HNMR (500 MHz, CDCl3/MeOD) :

8: 5.35 (M, 1 H, H-6"), 4.92 (d, 1H, J = 3.0 Hz, H-1), 4.54 (dd, 1H, J = 3.0 and 9.9 Hz, H-2),
4.15 (d, 1H, J = 15.8 Hz, H-7a), 3.95 (d, 1H, J = 15.8 Hz, H-7b), 3.80-3.74 (m, 3H, H-3, H-6a,
H-6b), 3.58-3.49 (m, 4H, CH,-12, H-4, H-5), 3.28 (m, 2H, CH,-9), 3.16-3.09 (m, 3H, H-3’,
CH,-14), 2.36 (m, 1H, H-4"a), 2.18 (m, 1H, H-4’b), 2.05-0.80 (m, 63H, H-Cholesterol, CH,-10,
CH,-11, CH,-15 to CH,-28, CH3-29), 0.68 (s, 3H, CH3-18”)

*CNMR (75 MHz, CDCls/MeQD) :

§: 169.9 (C8), 156.5 (C13), 140. 7 (C5”), 122.9 (C6’), 97.4 (C1), 79.5 (C3”), 73.5 (C2), 72.5
(C5), 71.4 (C3), 70.2 (C4), 67.7 (C12), 66.7 (C7), 61.3 (C6), 56.9 (C14”), 56.3 (C17”), 50.3
(C9”"), 42.4 (C13”), 41.2 (C9), 39.9 (C16”), 39.6 (C24”), 39.2 (C4”), 38.9, 37.3 (C1"), 36.9
(C10”), 36.3 (C22"), 35.8 (C20”), 32.0 (C7”), 32.0 (C8”), 29.9-29.5 (12 x CH,), 28.5 (C2"),
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EXPERIMENTAL SECTION

28.3 (C127), 28.1 (C25”), 27.4, 27.0, 26.4, 24.4 (C15"), 23.9 (C23”), 22.9 (C26”), 22.8, 22.6
(C277), 21.2 (117), 19.4 (C19”), 18.8 (C21"), 14.2 (C29), 11.9 (C18")

m/z (HRMS) :

967.7329 (M + Na*, CsgH10009N; requires 967.7327)
[o]o®

+38 (C 0.4 in CHCly/MeOH, 5/1)

Elemental analysis:

Found: C 71.42; H 10.66; N 3.13. CsgH10009N, requires C 71.14; H 10.66; N 2.96

Glucosteroid L4S18 bolaphile (1249)

8 %

26" (27")

31

White solid

'"HNMR (300 MHz, CDCl:/MeOD) :

§: 7.16 (t, 1H, NH), 6.46 (t, 1H, NH), 5.35 (m, 1H, H-6"), 5.01 (d, 1H, J = 3.6 Hz, H-1), 4.54
(dd, 1H, J = 3.6 and 10.1 Hz, H-2), 4.15 (d, 1H, J = 15.6 Hz, H-7a), 3.97 (d, 1H, J = 15.6 Hz,
H-7b), 3.88-3.77 (m, 3H, H-3, H-6a, H-6b), 3.61-3.45 (m, 4H, CH,-12, H-4, H-5), 3.29 (m, 2H,
CH.-9), 3.13 (m, 3H, H-3”, CH,-14), 2.36 (m, 1H, H-4"a), 2.20 (m, 1H, H-4’b), 2.05-0.85 (m,
77 H, H-Cholesterol, CH,-10, CH,-11, CH,-15 to CH,-30, CH;-31), 0.68 (s, 3H, CH;-18")

3CNMR (125 MHz, CDCl:/MeOD) :

§: 169.6 (C8), 156.3 (C13), 140. 7 (C5’), 121.9 (C6’), 97.4 (C1), 79.4 (C3’), 73.4 (C2), 72.3
(C5), 71.4 (C3), 70.2 (C4), 67.6 (C12), 66.7 (C7), 61.4 (C6), 56.8 (C14”), 56.2 (C17”), 50.2
(C9"), 42.4 (C13”), 41.2 (C9), 39.8 (C16”), 39.5 (C24”), 39.1 (C4”), 38.8, 37.2 (C1"), 36.9
(C10%), 36.2 (C22"), 35.8 (C20”), 32.0 (C7’), 32.0 (C8”), 29.8-29.4 (14 x CH,), 28.4 (C2’),
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EXPERIMENTAL SECTION

28.3 (C12), 28.0 (C25"), 27.3, 27.3, 26.3, 24.3 (C15”), 23.9 (C23"), 22.8 (C26"), 22.7, 22.5
(C277), 21.1 (C11”), 19.4 (C19”), 18.7 (C21"), 14.1 (C31), 11.9 (C18")

m/z (HRMS) :

995.7641 (M + Na+, Cs6H10009N> requires 9957640)

[a]p®®

+28 (c 1.0 in CHCIly/MeOH, 8/1)

Glucosteroid L6S6 bolaphile (125a)

18" ;

26" (27")

White solid

'HNMR (400 MHz, CDCls/MeQD) :

§: 5.35 (m, 1H, H-6"), 5.01 (d, 1H, J = 3.7 Hz, H-1), 4.55 (dd, 1H, J = 3.6, 10.2 Hz, H-2), 4.14
(d, 1H, J = 15.6 Hz, H-7a), 4.00 (d, 1H, J = 15.6 Hz, H-7h), 3.90-3.75 (m, 3H, H-6a, H-6b, H-
3), 3.61-3.52 (M, 4H, H-5, H-4, CH,-14 ), 3.25 (t, 2H, J = 7.3 Hz, CH,-9), 3.19-3.04 (m, 3H,
CH,-16, H-3"), 2.40-2.10 (m, 2H, H-4”), 2.08-0.80 (m, 57 H, H-Cholesterol, CH,-10 to CH,-13,
CH,-17 to CHs-21), 0.68 (s, 3 H, CH3-18")

*CNMR (100 MHz, CDCls/MeOD) :

§: 169.5 (C8), 156.4 (C15), 140.9 (C5”), 121.7 (C6"), 97.3 (C1), 79.2 (C3"), 73.5 (C2), 72.3
(C5), 71.3 (C3), 70.3 (C4), 68.0(C14), 66.6 (C7), 61.4 (C6), 56.8 (C14”), 56.2 (C17"), 50.3
(C9”), 42.4 (C13”), 41.2 (C9), 39.8 (C16”), 39.6 (C24”), 39.1 (C4”), 39.1, 37.3 (C1"), 36.9
(C10”), 36.2 (C22"), 35.8 (20”), 32.0 (C7”), 31.9 (C8), 31.5, 30.0, 29.7, 29.5, 28.5 (C2"), 28.3
(C12"), 28.1 (C25), 26.8, 26.5, 25.9, 24.3 (C15”), 23.9 (C23"), 22.8 (C26”), 22.6, 22.6 (C27"),
21.1 (C117), 19.4 (C19”), 18.7 (C21"), 14.0 (C21), 11.9 (C18")

m/z (ESI) :
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EXPERIMENTAL SECTION
833.6 (M+H"), 885.6 (M+Na")

To]p®
+36 (c 0.7 in CH,Cl,/MeOH (9/1))

Elemental analysis:

Found: C 68.60, H 10.45, N 3.25. C43Hs4N,O9+H,0 requires C 68.45, H 10.17

Glucosteroid L6S8 bolaphile (125b)

18" =

26" (27")

White solid

'"HNMR (400 MHz, CDCl:/MeOD) :

§:5.35 (m, 1 H, H-6”), 5.01 (d, 1 H, J = 3.7 Hz, H-1), 4.55 (dd, 1H, J = 3.6 and 10.1 Hz, H-2),
4.14 (d, 1 H, J = 15.6 Hz, H-7a), 3.98 (d, 1H, J = 15.6 Hz, H-7b), 3.88-3.74 (m, 3H, H-6a, H-
6b, H-3), 3.61-3.52 (m, 4H, H-5, H-4, CH»-14), 3.25 (t, 2 H, J = 7.3 Hz, CH,»-9), 3.19-3.04 (m,
3 H, CH,-16, H-3"), 2.40-2.10 (m, 2 H, H-4"), 2.08-0.80 (m, 61 H, H-Cholesterol, CH,-10 to

CH,-13, CH,-17 to CH3-23), 0.68 (s, 3 H, CH;-18")

3CNMR (100 MHz, CDCl:/MeOD) :

8: 169.5 (C8), 156.3 (C15), 140.8 (C5”), 121.6 (C6”), 97.2 (C1), 79.1 (C3’), 73.5 (C2), 72.3
(C5), 71.2 (C3), 70.1 (C4), 67.9 (C14), 66.5 (C7), 61.3 (C6), 56.7 (C14”), 56.1 (C17”), 50.2
(C9"), 42.3 (C13”), 41.1 (C9), 39.7 (C16”), 39.5 (C24”), 39.0 (C4”), 39.0, 37.2 (C1"), 36.8
(C10%), 36.1 (C22”), 35.7 (C20”), 31.9 (C7’), 31.8 (C8”), 31.7 , 29.9, 29.7, 29.3, 29.2, 29.2,
28.3 (C27), 28.2 (C12"), 27.9 (C25"), 26.8, 26.7, 25.8, 24.2 (C15"), 23.8 (C23”), 22.7 (C26"),

, N 3.33

22.6 (C), 22.4 (C27”), 21.0 (C11"), 19.3 (C19”), 18.6 (C21"), 14.0 (C23), 11.8 (C18”)

m/z (ESI) :
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861.7 (M+H"), 883.7 (M+Na")

[a]p®
+33 (¢ 0.7 in CH,Cl,/MeOH, 9/1)

Elemental analysis:

EXPERIMENTAL SECTION

Found: C 69.01, H 10.31, N 3.22. CsoHggN2O9+0.5H,0 requires C 69.12, H 10.56, N 3.07

Glucosteroid L6S12 bolaphile (125c¢)

White solid

'"HNMR (400 MHz, CDCl3/ MeOD) :

180 %

26" (27")

8:5.35(m, 1 H, H-6"), 5.01 (d, 1H, J = 3.6 Hz, H-1), 4.55 (dd, 1 H, J = 3.6 and 10.0 Hz, H-2),
413 (d, 1 H,J=15.6 Hz , H-7a), 3.98 (d, 1 H, J = 15.6 Hz, H-7b), 3.88-3.74 (m, 3 H, H-6a,
H-6b, H-3), 3.61-3.44 (m, 4 H, H-5, H-4, CH,-14), 3.25 (t, 2 H, J = 7.3 Hz, CH,-9), 3.19-3.04
(m, 3 H, CH;-16, H-3"), 2.40-2.10 (m, 2 H, H-4"), 2.08-0.80 (m, 69 H, H-Cholesterol, CH,-10

to CH,-13, CH,-17 to CH3-27), 0.68 (s, 3 H, CH318")

*CNMR (100 MHz, CDCls/MeOD) :

8. 169.5 (C8), 156.3, 140.8 (C5’), 121.6 (C6"), 97.2 (C1), 79.1 (C3"), 73.5 (C2), 72.3 (C5),
71.2 (C3), 70.2 (C4), 67.9, 66.5 (C7), 61.3 (C6), 56.7 (C14”), 56.1 (C17"), 50.2 (C9"), 42.3
(C13"), 41.1 (C9), 39.7 (C16”), 39.5 (C24”), 39.0 (C4”), 39.0, 37.2 (C1"), 36.8 (C10”), 36.1
(C22"), 35.7 (C20”), 31.9 (C7”), 31.8 (C8”), 29.9, 29.7, 29.7, 29.6, 29.6, 29.6, 29.4, 29.3, 28.4
(C2”), 28.2 (C12”), 28.0 (C25"), 26.8, 26.7, 25.8, 24.2 (C15”), 23.8 (C23"), 22.7 (C26"), 22.6,
22.4 (C277), 21.0 (C11”), 19.3 (C19”), 18.6 (C21”), 14.0 (C27), 11.8 (C18")

m/z (ESI) :
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EXPERIMENTAL SECTION

917.7 (M+H"), 939.6 (M+Na")

[a]p®®
+34 (c 0.7 in CH,Cl,/MeOH, 9/1))

Elemental analysis:

Found: C 70.49, H 10.76, N 2.96. Cs4HgsN,Og requires C 70.70, H 10.55, N 3.05

Glucosteroid L6S14 bolaphile (125d)

18"

26" (27")

White solid

'"HNMR (400 MHz, CDCl3/ MeOD) :

5:5.21 (m, 1 H, H-6”), 4.86 (d, 1 H, J= 3.5 Hz, H-1), 4.39 (dd, 1 H, J= 3.4 and 10.0 Hz, H-2),
4.00 (d, 1 H, J = 15.5 Hz, H-7a), 3.83 (d, 1 H, J = 15.6 Hz, H-7b), 3.74-3.60 (m, 3 H, H-6a, H-
6b, H-3), 3.50-3.30 (m, 4 H, H-5, H-4, CH,-14 ), 3.11 (t, 2 H, J = 7.3 Hz, CH,-9), 3.08-2.92 (m,
3 H, CH,-16, H-3"), 2.30-2.00 (m, 2 H, H4"), 1.96-0.77(m, 73 H, H-Cholesterol, CH,-10 to
CH,-13, CH,-17 to CH3-29), 0.54 (s, 3 H, CH3-18")

CNMR (100 MHz, CDCIs/MeOD) :

§:169.5 (C8), 156.3, 140.7 (C5”), 121.6 (C6”), 97.2 (C1), 79.1 (C3"), 73.4 (C2), 72.3 (C5),
71.2 (C3), 70.1 (C4), 67.9, 66.4 (CT7), 61.2 (C6), 56.7 (C14”), 56.1 (C17”), 50.1 (C9"), 42.3
(C13"), 41.1 (C9), 39.7 (C16”), 39.4 (C24”), 39.0 (C4”), 39.0, 37.2 (C1"), 36.8 (C10”), 36.1
(C22"), 35.7 (C207), 31.9 (C7”), 31.8 (C8"), 29.9, 29.7, 29.6, 29.6, 29.6, 29.3, 28.3 (C2"),
28.2 (C12%), 27.9 (C25"), 26.8, 26.7, 25.8, 24.2 (C15”), 23.7 (C23"), 22.7 (C26’), 22.6, 22.4
(C27"), 21.0 (C117), 19.3 (C19”), 18.6 (C21"), 14.0 (C29), 11.7 (C18")
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EXPERIMENTAL SECTION
m/z (ESI) :
946.5 (M+H"), 968.5 (M+Na")
[o]o®
+29 (c 0.9 in CH,Cl,/MeOH, 9/1)

Elemental analysis:

Found: C 70.41; H 10.59; N 2.91. CsgH100N209+0.5H,0 requires C 70.41; H 10.59; N 2.94

Glucosteroid L6S16 bolaphile (125€)

26" (27")

31

White solid

'HNMR (400 MHz, CDCls/ MeOD) :

§:5.21 (m, 1 H, H-6"), 4.86 (d, 1 H, J = 3.5 Hz, H-1), 4.39 (dd, 1 H,, J = 3.4 and 10.0 Hz, H-2),
4.04 (d, 1 H, J = 15.6 Hz, H-7a), 3.88 (d, 1 H, J = 15.6 Hz, H-7b), 3.74-3.60 (m, 3 H, H-6a, H-
6b, H-3), 3.50-3.30 (M, 4 H, H-5, H-4, CH»-14), 3.11 (t, 2 H, J = 7.3 Hz, CH,-9), 3.04-2.92 (m,
3 H, CH,-16, H-3"), 2.30-2.00 (m, 2 H, H-4"), 1.96-0.77 (m, 77 H, H-Cholesterol, CH,-10 to
CH,-13, CH,-17 to CHs-31), 0.54 (s, 3 H, CH;-18")

*CNMR (100 MHz, CDCls/MeOD) :

§: 169.5 (C8), 156.3 (C15), 140.7 (C5”), 121.6 (C6"), 97.1 (C1), 79.1 (C3”), 73.4 (C2), 72.3
(C5), 71.2 (C3), 70.0 (C4), 67.9 (C14), 66.4 (C7), 61.2 (C6), 56.7 (C14"), 56.1 (C17”), 50.1
(C9”), 42.2 (C13”), 41.1 (C9), 39.7 (C16”), 39.4 (C24”), 39.0 (C4”), 39.0, 37.2 (C1”), 36.8
(C10”), 36.1 (C22”), 35.7 (C20”), 31.9 (C7"), 31.8 (C8"), 29.9, 29.7, 29.7, 29.6, 29.6, 29.3,
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EXPERIMENTAL SECTION

28.3 (C2"), 28.2 (C12"), 27.9 (C25"), 26.8, 26.7, 25.8, 24.2 (C15”), 23.7 (C23"), 22.7 (C26"),
22.6, 22.4 (C277), 21.0 (C117), 19.3 (C197), 18.6 (C21”), 14.0 (C31), 11.8 (C18")

m/z (ESI) :

973.8 (M+H"), 995.8 (M+Na")
[o]o®

+27 (c 1 in CHCly/MeOH, 9/1)

Elemental analysis:

Found: C 69.05; H 10.51; N 2.65. CsgH104N,O9+2H,0 requires C 69.05; H 10.70; N 2.78

Glucosteroid L6S18 bolaphile (125f)

18" 2

White solid

'"HNMR (400 MHz, CDCl3/ MeOD) :

8. 5.23 (m, 1 H, H-6"), 4.86 (d, 1 H, J = 3.5 Hz, H-1), 4.40 (dd, 1 H, J = 3.4 and 10.1 Hz, H-2),
3.98 (d, 1 H, J = 15.6 Hz, H-7a), 3.82 (d, 1 H, J = 15.6 Hz, H-7h), 3.74-3.60 (m, 3 H, H-6a, H-
6b, H-3), 3.50-3.30 (M, 4 H, H-5, H-4, CH»-14), 3.11 (t, 2 H, J = 7.3 Hz, CH,-9), 3.05-2.90 (m,
3 H, CH»-16, H-3”), 2.30-2.00 (m, 2 H, H-4”), 1.96-0.77 (m, 81H, H-Cholesterol, CH,-10 to
CH,-13, CH,-17 to CH;-33), 0.53 (s, 3 H, CH;-18")

*CNMR (100 MHz, CDCl,/ MeQD) :

§: 169.5 (C8), 156.3 (C15), 140.7 (C5”), 121.6 (C6"), 97.2 (C1), 79.1 (C3”), 73.4 (C2), 72.3
(C5), 71.2 (C3), 70.1 (C4), 67.9 (C14), 66.4 (C7), 61.2 (C6), 56.7 (C14"), 56.1 (C17”), 50.1
(C9”), 42.3 (C13”), 41.1 (C9), 39.7 (C16”), 39.4 (C24”), 39.0 (C4”), 39.0, 37.2 (C1”), 36.8
(C10”), 36.1 (C22”), 35.7 (C20”), 31.9 (C7"), 31.8 (C8"), 29.9, 29.7, 29.7, 29.6, 29.6, 29.5,

218

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2013ISAL0001/these.pdf
© [R. Xu], [2013], INSA de Lyon, tous droits réservés



EXPERIMENTAL SECTION

29.5, 29.3, 29.3, 28.3 (C2), 28.2 (C12"), 27.9 (C25"), 26.8, 26.7, 25.8, 24.2 (C15"), 23.8
(C23), 22.7 (C26”), 22.6, 22.4 (C27”), 21.0 (C11”), 19.3 (C19”), 18.6 (C21”), 14.0 (C33), 11.8
(C18”)

m/z (HRMS) :

1001.8(M+H"), 1023.8 (M + Na")
[o]o®

+30 (c 0.5 in CH,Cl,/MeOH, 9/1)

Elemental analysis:

Found: C 7086, H 1073, N 2.66. C60H108N209+H20 reC]UireS C 7072, H, 1080, N, 2.75

Glucosteroid L8S6 bolaphile (126a)

18" %

26" (27")

White solid

'HNMR (400 MHz, CDCls/ MeOD) :

§:5.21 (m, 1 H, H-6"), 4.86 (d, 1 H, J = 3.5 Hz, H-1), 4.39 (dd, 1 H, J = 3.4 and 10.0 Hz, H-2),
4.04 (d, 1 H, J = 15.6, H-7a), 3.88 (d, 1 H, J = 15.6 Hz, H-7b), 3.74-3.60 (m, 3 H, H-6a, H-6b,
H-3), 3.50-3.30 (M, 4 H, H-5, H-4, CH,-14), 3.11 (t, 2 H, J = 7.3 Hz, CH,-9), 3.04-2.92 (m, 3
H, CH,-16, H-3"), 2.30-2.00 (m, 2 H, H-4”), 1.96-0.77 (m, 77 H, H-Cholesterol, CH,-10 to
CH,-13, CH,»-17 to CHs-31), 0.54 (s, 3 H, CH;-18")

*CNMR (100 MHz, CDCl,/ MeQD) :

§: 169.5 (C8), 156.3 (C17), 140.7 (C5”), 121.6 (C6”), 97.1 (C1), 79.1 (C3”), 73.4 (C2), 72.3
(C5), 71.2 (C3), 70.0 (C4), 67.9 (C16), 66.4 (C7), 61.2 (C6), 56.7 (C14"), 56.1 (C17”), 50.1
(C9”), 42.2 (C13”), 41.1 (C9), 39.7 (C16”), 39.4 (C24”), 39.0 (C4”), 39.0, 37.2 (C1”), 36.8
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(C10”), 36.1 (C22”), 35.7 (C20”), 31.9 (C7’), 31.8 (C8"), 29.9, 29.7, 29.7, 29.6, 29.6, 29.3,
28.3 (C2"), 28.2 (C12"), 27.9 (C25"), 26.8, 26.7, 25.8, 24.2 (C15”), 23.7 (C23"), 22.7 (C26"),
22.6, 22.4 (C277), 21.0 (C117), 19.3 (C19”), 18.6 (C21”), 14.0 (C23), 11.8 (C18")

m/z (ESI) :

973.8 (M+H"), 995.8 (M+Na")
[o]o®

+34 (¢ 0.6 in CH,Cl,/MeOH, 9/1)

Elemental analysis:

Found: C 68.27, H 10.47, N 3.03. CsoHggN,Og+H,0 requires C 68.30, H 10.32, N 3.19

Glucosteroid L8S8 bolaphile (126b)

18" k

26" (27")

White solid

'HNMR (400 MHz, CDCls/ MeOD) :

§:5.35 (m, 1 H, H-6"), 5.01 (d, 1 H, J = 3.6 Hz, H-1), 4.53 (dd, 1 H, J = 3.4 and 10.0 Hz, H-2),
4.13 (d, 1 H, J = 15.6 Hz, H-7a), 3.91(d, 1 H, J = 15.6 Hz, H-7b), 3.88-3.73 (m, 3 H, H-6a, H-
6b, H-3), 3.61-3.44 (m, 4 H, H-5, H-4, CH,-16), 3.25 (t, 2 H, J = 7.2 Hz, CH,-9), 3.19-3.04 (m,
3 H, CH,-18, H-3"), 2.39-2.13 (m, 2 H, H-4"), 2.08-0.80 (m, 65 H, H-Cholesterol, CH,-10 to
CH,-15, CH,-19 to CH3-23), 0.68 (s, 3 H, CH3-18")

3CNMR (100 MHz, CDCls/ MeOD) :

§: 169.4 (C8), 156.3 (C17), 140.9 (C5”), 121.6 (C6”), 97.2 (C1), 79.1 (C3"), 73.5 (C2), 72.3
(C5), 71.2 (C3), 70.1 (C4), 68.1 (C16), 66.4 (C7), 61.3 (C6), 56.7 (C14”), 56.1 (C17”), 50.2
(C9"), 42.3 (C13”), 41.1 (C9), 39.7 (C16”), 39.5 (C24”), 39.1 (C4”), 39.0, 37.2 (C1”), 36.8
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(C10”), 36.1 (C22”), 35.7 (C20”), 31.9 (C7’), 31.8 (C8"), 31.7, 30.0, 29.7, 29.5, 29.4, 29.2,
29.2, 28.4 (C27), 28.2 (C12"), 27.9 (C25"), 26.8, 26.8, 26.1, 24.2 (C15"), 23.8 (C23"), 22.7
(C267), 22.6, 22.4 (C27"), 21.0 (C117), 19.3 (C197), 18.6 (C21”), 14.0 (C25), 11.8 (C18")

m/z (ESI) :

889.7 (M+H"), 911.7 (M+Na")
[o]p®®

+36 (c 0.7 in CH,Cl,/MeOH, 9/1)

Elemental analysis:

Found: C 68.93, H 10.46, N 3.06. C52H92N209+H20 requires C 68.84, H 10.44, N 3.09

Glucosteroid L8S12 bolaphile (126¢)

18"

26" (27")

White solid

'HNMR (400 MHz, CDCls/ MeOD) :

§:5.35 (M, 1 H, H-6"), 5.01 (d, 1 H, J = 3.6 Hz, H-1), 4.55 (dd, 1 H, J = 3.6 and 10.1 Hz, H-2),
4.13 (d, 1 H, J = 15.6 Hz, H-7a), 3.96 (d, 1 H, J = 15.6 Hz, H-7b), 3.87-3.74 (m, 3 H, H-6a, H-
6b, H-3), 3.61-3.52 (M, 4 H, H-5, H-4, CH,-16), 3.25 (t, 2 H, J = 7.4 Hz, CH,-9), 3.19-3.04 (m,
3 H, CH,-18, H-3"), 2.39-2.13 (m, 2 H, H-4"), 2.08-0.80 (m, 73 H, H-Cholesterol, CH,-10 to
CH,-15, CH,-19 to CH;-27), 0.68 (s, 3 H, CH;-18")

®CNMR (75 MHz, CDCl,/ MeOD) :

8: 169.5 (C8), 156.3 (C17), 140.8 (C5”), 121.6 (C6”), 97.1 (C1), 79.1 (C3"), 73.4 (C2), 72.3
(C5), 71.2 (C3), 70.0 (C4), 68.1 (C16), 66.4 (C7), 61.2 (C6), 56.7 (C14”), 56.1 (C17”), 50.1
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(C9"), 42.3 (C13"), 41.0 (C9), 39.7 (C16”), 39.4 (C24”), 39.1 (C4”), 39.0, 37.2 (C1"), 36.8
(C10”), 36.1 (C22”), 35.7 (C20”), 31.9 (C7’), 31.8 (C8"), 31.4, 30.0, 29.6, 29.4, 29.4, 29.2,
28.3 (C2"), 28.2 (C12"), 27.9 (C25"), 26.8, 26.4, 26.0, 24.2 (C15”), 23.7 (C23"), 22.7 (C26"),
22.5, 22.4 (C277), 21.0 (C117), 19.3 (C19”), 18.6 (C21”), 13.9 (C29), 11.8 (C18")

m/z (ESI) :

945.7 (M+H"), 967.7 (M+Na")
[a]p®®

+35 (c 0.7 in CH,Cl,/MeOH (9/1))

Elemental analysis:

Found: C 71.14, H 10.66, N 2.96. CsgH100N2Og requires C 71.14, H 10.66, N 2.96

Glucosteroid L8S14 bolaphile (126d)

18 %

26" (27")

White solid

'HNMR (400 MHz, CDCls/ MeOD) :

§:5.21 (m, 1 H, H-6”), 4.86 (d, 1 H, J=3.5 Hz, H-1), 4.40 (dd, 1 H, J = 3.4 and 10.1 Hz, H-2),
4.00 (d, 1 H, J = 15.6 Hz, H-7a), 3.83 (d, 1 H, J = 15.6 Hz, H-7b), 3.74-3.60 (m, 3 H, H-6a, H-
6b, H-3), 3.50-3.30 (m, 4 H, H-5, H-4, CH,-16), 3.11 (t, 2 H, J = 7.3 Hz, CH,-9), 3.06-2.93 (m,
3 H, CH,-18, H-3"), 2.26-2.00 (m, 2 H, H4"), 1.96-0.77 (m, 77 H, H-Cholesterol, CH,-10 to
CH,-15, CH,-19 to CH3-31), 0.54 (s, 3 H, CH3-18")

*CNMR (100 MHz, CDCl,/ MeOD) :
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§: 169.5 (C8), 156.2 (C17), 140.8 (C5”), 121.5 (C6”), 97.1 (C1), 79.1 (C3"), 73.4 (C2), 72.3
(C5), 71.2 (C3), 70.1 (C4), 68.1 (C16), 66.4 (C7), 61.2 (C6), 56.7 (C14”), 56.1 (C17”), 50.1
(C9"), 42.3 (C13”), 41.1 (C9), 39.7 (C16”), 39.4 (C24”), 39.1 (C4”), 39.0, 37.2 (C1”), 36.8
(C10”), 36.1 (C22”), 35.7 (C20”), 31.9 (C7’), 31.8 (C8”), 30.0, 29.7, 29.6, 29.6, 29.6, 29.6,
29.5, 29.4, 29.4, 29.3, 29.2, 28.3 (C2"), 28.2 (C12"), 27.9 (C25’), 26.8, 26.8, 26.0, 24.2
(C15%), 23.7 (C23”), 22.7 (C26”), 22.6 , 22.4 (C27’), 21.0 (C11”), 19.3 (C19"), 18.6 (C21”),
14.0 (C31), 11.8 (C18")

m/z (ESI) :

973.8 (M+H"), 995.8 (M+Na")
[a]o®

+30 (c 0.9 in CH,Cl,/MeOH (9/1))

Elemental analysis:

Found: C 70.66, H 10.71, N 2.71. CsgH104N,O9+H,0 requires C 70.30, H 10.71, N 2.83

Glucosteroid L8S16 bolaphile (126e)

18"

26" (27")

White solid

'HNMR (400 MHz, CDCls/ MeOD) :

§:5.23 (m, 1 H, H-6"), 4.86 (d, 1 H, J = 3.5 Hz, H-1), 4.40 (dd, 1 H, J = 3.4 and 10.1 Hz, H-2),
3.98 (d, 1 H, J = 15.6 Hz, H-7a), 3.83 (d, 1 H, J = 15.6 Hz, H-7b), 3.74-3.60 (m, 3 H, H-6a, H-
6b, H-3), 3.50-3.30 (M, 4 H, H-5, H-4, CH»-16), 3.11 (t, 2 H, J = 7.3 Hz, CH-9), 3.05-2.93 (m,
3 H, CH,-18, H-3"), 2.25-2.00 (m, 2 H, H-4"), 1.96-0.67 (m, 81 H, H-Cholesterol, CH,-10 to
CH,-15, CH,-19 to CH;-33), 0.54 (s, 3 H, CH;-18")
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®CNMR (100 MHz, CDCls/ MeOD) :

§: 169.5 (C8), 156.2 (C17), 140.8 (C5”), 121.6 (C6”), 97.1 (C1), 79.1 (C3"), 73.4 (C2), 72.3
(C5), 71.2 (C3), 70.1 (C4), 68.1 (C16), 66.4 (C7), 61.2 (C6), 56.7 (C14”), 56.1 (C17”), 50.2
(C9"), 42.3 (C13”), 41.1 (C9), 39.7 (C16”), 39.4 (C24”), 39.1 (C4”), 39.0, 37.2 (C1"), 36.8
(C10”), 36.1 (C22”), 35.7 (C20”), 31.9 (C7’), 31.8 (C8"), 30.0, 29.7, 29.7, 29.6, 29.6, 29.5,
29.5, 29.4, 29.4, 29.3, 29.2, 28.3 (C2"), 28.2 (C12"), 27.9 (C25”), 26.8, 26.8, 26.0, 24.2
(C15%), 23.7 (C23"), 22.7 (C26”), 22.6, 22.4, 22.3 (C27”), 21.0 (C11”), 19.3 (C19’), 18.6
(C21”), 14.0, 13.9 (C33), 11.8 (C18”)

m/z (ESI) :

1001.8(M+H"), 1023.8 (M + Na*)
[o]o®

+26 (c 1 in CH,Cl,/MeOH, 9/1)

Elemental analysis:

Found: C 7042, H 1070, N 2.68. C60H108N209+H20 reC]UireS C 7072, H 1080, N 2.75

Glucosteroid L8S18 bolaphile (126f)

18"

26"(27")

White solid

'HNMR (300 MHz, CDCls/ MeOD) :

8:5.23 (m, 1 H, H-6"), 4.86 (d, 1 H, J = 3.6 Hz, H-1), 4.40 (dd, 1 H, J = 3.6, 10.1 Hz, H-2),
4.00 (d, 1 H, J = 15.6 Hz, H-7a), 3.83 (d, 1 H, J = 15.3 Hz, H-7b), 3.74-3.60 (m, 3 H, H-6a, H-
6b, H-3) 3.50-3.30 (m, 4 H, H-5, H-4, CH,-16), 3.11 (t, 2 H, J = 7.3 Hz, CH,-9), 3.05-2.90 (m,
3 H, CH;,-18, H-3"), 2.30-2.00 (m, 2 H, H-4"), 1.96-0.67 (m, 85 H, H-Cholesterol, CH,-10 to
CH,-15, CH»-19 to CH3-35), 0.53 (s, 3 H, CH5-18")
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3CNMR (75 MHz, CDCls/ MeOD) :

8: 169.5 (C8), 156.2 (C17), 140.8 (C5"), 121.5 (C6”), 97.1 (C1), 79.1 (C3’), 73.5 (C2), 72.3
(C5), 71.2 (C3), 70.1 (C4), 68.1 (C16), 66.4 (C7), 61.2 (C6), 56.7 (C14”), 56.1 (C17”), 50.2
(C9"), 42.3 (C13"), 41.1 (C9), 39.7 (C16”), 39.4 (C24”), 39.1 (C4”), 39.0, 37.2 (C1"), 36.8
(C10”), 36.1 (C22”), 35.7 (C20”), 31.9 (C7’), 31.8 (C8"), 30.0, 29.7, 29.6, 29.6, 29.4, 29.4,
29.3, 29.2, 28.3 (C2"), 28.2 (C12"), 27.9 (C25”), 26.8, 26.8, 26.1, 24.2 (C15”), 23.7 (C23"),
22.7 (C26%), 22.6, 22.4 (C27’), 21.0 (C11”), 19.3 (C19"), 18.6 (C21"), 14.0 (C35), 11.8 (C18”)

m/z (ESI) :

1029.8 (M+H"), 1051.8 (M + Na")
[o]o®

+29 (c 0.9 in CH,Cl,/MeOH, 9/1)

Elemental analysis:

Found: C 7172, H 1087, N 2.61. C62H112N209+0.5H20 reqUireS C 7168, H, 1098, N 2.70

Glucosteroid L10S6 bolaphile (127a)

18" %

26" (27")

° \/R/ N

White solid

'HNMR (400 MHz, CDCls/ MeOD) :

§: 5.35 (m, 1H, H-6"), 5.02 (d, 1H, J = 3.6 Hz, H-1), 4.55 (dd, 1H, J = 3.5 and 10.1 Hz, H-2),
4.15 (d, 1H, J = 15.6 Hz, H-7a), 3.98 (d, 1H, J = 15.6 Hz, H-7b), 3.89-3.75 (m, 3H, H-6a, H-
6b, H-3), 3.61-3.52 (M, 4H, H-5, H-4, CH,-18 ), 3.25 (t, 2H, J = 7.2 Hz, CH,-9), 3.19-3.04 (m,
3H, CH,-20, H-3"), 2.40-2.10 (m, 2H, H-4"), 2.08-0.80 (m, 67H, H-Cholesterol, CH,-10 to
CH,-17, CH,»-21 to CH;-23), 0.69 (s, 3H, CH3-18")
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®CNMR (100 MHz, CDCls/ MeOD) :

8: 169.5 (C8), 156.3 (C19), 140.9 (C5’), 121.5 (C6”), 97.1 (C1), 79.0 (C3’), 73.4 (C2), 72.3
(C5), 71.2 (C3), 70.0 (C4), 68.1 (C18), 66.4 (C7), 61.2 (C6), 56.7 (C14”), 56.1 (C17"), 50.2
(C19”), 42.3 (C13”), 41.0 (C9), 39.7 (C16”), 39.4 (C24”), 39.1 (C4”), 39.0, 37.2 (C1"), 36.8
(C10”), 36.1 (C22”), 35.7 (C20"), 31.9 (C7’), 31.8 (C8"), 31.4, 30.0, 29.6, 29.5, 29.5, 29.5,
29.4, 29.3, 29.3, 28.3 (C2), 28.2 (C127), 27.9 (C25"), 26.9, 26.4, 26.1, 24.2 (C15"), 23.7
(C23), 22.7 (C26”), 22.5, 22.4 (C27”), 21.0 (C11”), 19.3 (C19”), 18.6 (C21”), 13.9 (C25), 11.8
(C18”)

m/z (HRMS) :

889.6868 (M + H, C5,Hg3N,0g requires 889.6876)
[o]o®

+34 (c 0.7 in CH,Cl,/MeOH, 9/1)

Elemental analysis:

Found: C 70.22, H 10.78, N 3.00. Cs;Hg;N,Oq requires C 70.23, H 10.43, N 3.15

Glucosteroid L10S8 bolaphile (127b)

18" %,

26" (27")

White solid

'"HNMR (400 MHz, CDCl3/ MeOD) :

8: 5.35 (m, 1H, H-6”), 5.01 (d, 1H, J = 3.5 Hz, H-1), 4.55 (dd, 1H, J = 3.3 and 10.1 Hz, H-2),
4.13 (d, 1H, J = 15.7 Hz, H-7a), 3.97 (d, 1H, J = 15.6 Hz, H-7b), 3.89-3.71 (m, 3H, H-6a, H-
6b, H-3), 3.61-3.52 (M, 4H, H-4, H-5, CH,-18 ), 3.25 (t, 2H, J = 7.3 Hz, CH,-9), 3.19-3.04 (m,
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3H, CH,-20, H-3"), 2.40-2.10 (m, 2H, H-4"), 2.08-0.80 (m, 71H, H-Cholesterol, CH,-10 to
CH,-17, CH,-21 to CH3-25), 0.68 (s, 3H, CH3-18")

*CNMR (100 MHz, CDCls/ MeQD) :

8. 169.6 (C8), 156.4 (C19), 141.0 (C5"), 121.6, 97.3 (C1), 79.2 (C3"), 73.6 (C2), 72.4 (C5),
71.3 (C3), 70.3 (C4), 68.3 (C18), 66.6 (C7), 61.4 (C6), 56.9 (C14”), 56.2 (C17"), 50.3 (C9”),
42.4 (C13"), 41.2 (C9), 39.9 (C16”), 39.6 (C24”), 39.2 (C4”), 39.2, 37.3 (C1"), 37.0 (C10"),
36.3 (C22”), 35.9 (C20”), 32.0 (C7”), 32.0 (C8”), 31.9, 30.1, 29.8, 29.6, 29.6, 29.6, 29.4, 29.3,
29.3, 28.5 (C2”), 28.3 (C12”), 28.1 (C25”), 27.0, 26.9, 26.2, 24.4 (C15”), 23.9 (C23"), 22.8
(C267), 22.7, 22.6 (C27’), 21.1 (C11"), 19.4 (C19"), 18.8 (C21"), 14.1 (C27), 11.9 (C18")

m/z (ESI) :

917.7 (M+H"), 939.7 (M+Na")
[a]p*®

+30 (c 0.8 in CH,Cl,/MeOH, 9/1)

Elemental analysis:

Found: C 69.48, H 10.65, N 2.95. Cs4HgsN,O9+H,0 requires C 69.34, H 10.56, N 2.99

Glucosteroid L10S12 bolaphile (127c)

5%

26" (27")

White solid

'"HNMR (400 MHz, CDCls/ MeOD) :

§: 5.35 (m, 1H, H-6"), 5.01 (d, 1H, J = 3.6 Hz, H-1), 4.55 (dd, 1H, J = 3.4 and 10.0 Hz, H-2),
4.13 (d, 1H, J = 15.6 Hz, H-7a), 3.97 (d, 1H, J = 15.6 Hz, H-7b), 3.88-3.74 (m, 3H, H-6a, H-
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6b, H-3), 3.61-3.52 (M, 4H, H-4, H-5, CH,-18 ), 3.25 (t, 2H, J = 7.4 Hz, CH,-9), 3.19-3.04 (m,
3H, CH,-20, H-3"), 2.40-2.10 (m, 2H, H-4"), 2.08-0.80 (m, 79H, H-Cholesterol, CH,-10 to
CH,-17, CH,-21 to CH3-29), 0.68 (s, 3H, CH3-18")

*CNMR (100 MHz, CDCls/ MeQD) :

§: 169.6 (C8), 156.4 (C19), 141.0 (C5”), 121.7 (C6"), 97.3 (C1), 79.2 (C3"), 73.6 (C2), 72.4
(C5), 71.4 (C3), 70.3 (C4), 68.3 (C18), 66.6 (C7), 61.4 (C6), 56.9 (C14”), 56.2 (C17”), 50.3
(C9”), 42.4 (C13”), 41.2 (C9), 39.9 (C16”), 39.6 (C24”), 39.2 (C4”), 39.2, 37.3 (C1”), 37.0
(C10”), 36.3 (C22"), 35.9 (C20"), 32.0, 32.0, 30.2, 29.8, 29.7, 29.7, 29.7, 29.6, 29.6, 29.6,
29.4, 28.5 (C2”), 28.3 (C12”), 28.1 (C25”), 27.0, 26.9, 26.2, 24.4 (C15”), 23.9 (C23"), 22.8
(C26%), 22.7, 22.6 (C27”), 21.1 (C11”), 19.4 (C19"), 18.8 (C21"), 14.1 (C31), 11.9 (C18")

m/z (HRMS) :

973.8 (M+H"), 995.8 (M+Na")
[o]o®

+31 (c 0.8 in CH,Cl,/MeOH, 9/1)

Elemental analysis:

Found: C 71.37, H 10.96, N 2.71. CsgH104N2Og requires C 71.56, H 10.77, N 2.88

Glucosteroid L12S6 bolaphile (128a)

T

26" (27")

27

White solid

'HNMR (400 MHz, CDCls/ MeOD) :

§: 5.35 (M, 1H, H-6"), 5.01 (d, 1H, J = 3.7 Hz, H-1), 4.54 (dd, 1H, J = 3.5 and 10.1 Hz, H-2),
4.13 (d, 1H, J = 15.6 Hz, H-7a), 3.98 (d, 1H, J = 15.6 Hz, H-7b), 3.88-3.74 (m, 3H, H-6a, H-
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6b, H-3), 3.61-3.52 (m, 4H, H-5, H-4, CH,-20), 3.25 (t, 2H, J = 7.5 Hz, CH,-9), 3.19-3.08 (m,
3H, CH,-22, H-3"), 2.39-2.14 (m, 2H, H-4"), 2.08-0.80 (m, 71H, H-Cholesterol, CH,-10 to
CH,-19, CH,-23 to CH3-27), 0.68 (s, 3H, CH3-18")

*CNMR (100 MHz, CDCls/ MeQD) :

§: 169.6 (C8), 156.4 (C21), 141.0 (C5”), 121.6 (C6"), 97.3 (C1), 79.2 (C3"), 73.6 (C2), 72.4
(C5), 71.4 (C3), 70.2 (C4), 68.3 (C20), 66.6 (C7), 61.4 (C6), 56.9 (C14”), 56.2 (C17”), 50.3
(C9”), 42.4 (C13”), 41.2 (C9), 39.9 (C16”), 39.6 (C24”), 39.2 (C4”), 39.2, 37.3 (C1”), 37.0
(C10”), 36.3 (C22”), 35.9 (C20”), 32.0 (C7”), 32.0 (C8"), 31.9, 31.5, 30.1, 29.8, 29.8, 29.7,
29.6, 29.6, 29.4, 29.3, 29.3, 28.5 (C2”), 28.3 (C12"), 28.1 (C25”), 27.0, 26.9, 26.5, 26.2, 24.4
(C15"), 23.9 (C23"), 22.8 (C26”), 22.7, 22.6, 22.6 (C27’), 21.1 (C11”), 19.4 (C19’), 18.8
(C217), 14.1, 14.0 (C27), 11.9 (C18")

m/z (HRMS) :

917.7 (M+H"), 939.7 (M+Na")
[o]o®

+31 (c 0.7 in CH,Cl,/MeOH, 9/1)

Elemental analysis:

Found: C 70.67, H 10.73, N 2.88. Cs4HgsN,Og requires C 70.70, H 10.55, N 3.05

Glucosteroid L12S8 bolaphile (128b)

18" %

26" (27")

White solid

'"HNMR (400 MHz, CDCls/ MeOD) :
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8: 5.34 (m, 1H, H-6"), 5.00 (d, 1H, J = 3.6 Hz, H-1), 4.52 (dd, 1H, J = 3.6 and 10.1 Hz, H-2),
4.12 (d, 1H, J =15.6 Hz, H-7a), 3.96 (d, 1H, J = 15.6 Hz, H-7b), 3.87-3.73 (m, 3H, H-6a, H-6b,
H-3), 3.59-3.50 (M, 4H, H-5, H-4, CH,-20), 3.23 (m, 2H, CH-9), 3.17-3.06 (m, 3H, CH,-22,
H-3"), 2.37-2.12 (m, 2H, H-4"), 2.06-0.78 (m, 75H, H-Cholesterol, CH,-10 to CH,-19, CH,-23
to CH3-29), 0.66 (s, 3H, CH3-18”)

3CNMR (100 MHz, CDCls/ MeOD) :

8: 169.6 (C8), 156.3 (C21), 140.9 (C5”), 121.5 (C6”), 97.1 (C1), 79.0 (C3’), 73.4 (C2), 72.3
(C5), 71.2 (C3), 70.1 (C4), 68.2 (C20), 66.4 (C7), 61.2 (C6), 56.7 (C14”), 56.1 (C17”), 50.2
(C9"), 42.3 (C13"), 41.1 (C9), 39.7 (C16”), 39.4 (C24”), 39.1 (C4”), 39.0, 37.2 (C1"), 36.8
(C10”), 36.1 (C22”), 35.7 (C20”), 31.9 (C7’), 31.8 (C8"), 31.7, 30.0, 29.7, 29.6, 29.6, 29.5,
29.5, 29.4, 29.3, 29.2, 29.2, 28.3 (C2"), 28.2 (C12"), 27.9 (C25’), 26.9, 26.8, 26.1, 24.2
(C15%), 23.7 (C23"), 22.7 (C26"), 22.5, 22.4 (C27"), 21.0 (C11”), 19.3 (C19”), 18.6 (C21"),
13.9 (C29), 11.8 (C18")

m/z (HRMS) :

967.7290 (M + Na*, CsgH100N,Og requires 967.7321)
[a]o*

+31 (c 0.7 in CH,Cl,/MeOH, 9/1)

Elemental analysis:

Found: C 69.84, H 10.85, N 2.83. C56H100N209+H20 reqUireS C 69.81,H10.67, N 2.91

Glucosteroid L12S12 bolaphile (128c)

18"

26" (27")

White solid

230

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2013ISAL0001/these.pdf
© [R. Xu], [2013], INSA de Lyon, tous droits réservés



EXPERIMENTAL SECTION

'"HNMR (400 MHz, CDCl3/ MeOD) :

8: 5.36 (m, 1H, H-6"), 5.02 (d, 1H, J = 3.6 Hz, H-1), 4.55 (dd, 1H, J = 3.5 Hz, 10.1, H-2), 4.13
(d, 1H, J = 15.6 Hz, H-7a), 3.98 (d, 1H, J = 15.6 Hz, H-7h), 3.88-3.74 (m, 3H, H-6a, H-6b, H-
3), 3.61-3.52 (m, 4H, H-5, H-4, CH,-20), 3.25 (t, 2H, J = 7.5 Hz, CH,-9), 3.19-3.08 (m, 3H,
CH,-22, H-3"), 2.39-2.14 (m, 2H, H-4"), 2.08-0.80 (m, 83H, H-Cholesterol, CH,-10 to CH,-19,
CH,-23 to CH;-33), 0.68 (s, 3H, CH;-18")

*CNMR (100 MHz, CDCls/ MeQD) :

§: 169.4 (C8), 156.2 (C21), 141.0 (C5”), 121.5 (C6"), 97.2 (C1), 79.1 (C3"), 73.5 (C2), 72.2
(C5), 71.3 (C3), 70.2 (C4), 68.2 (C20), 66.5 (C7), 61.3 (C6), 56.8 (C14”), 56.2 (C17”), 50.2
(C9”), 42.3 (C13"), 41.1 (C9), 39.8 (C16”), 39.5 (C24”), 39.1 (C4™+), 37.3 (C1”), 36.9 (C10"),
36.2 (C22”), 35.8 (C207), 31.9 (C7”), 31.9 (C8”), 30.1, 29.7, 29.6, 29.5, 29.4, 29.3, 29.2, 29.1,
28.4 (C27), 28.2 (C12"), 28.0 (C25”), 26.9, 26.8, 26.1, 24.3 (C15”), 23.8 (C23”), 22.7 (C26"),
22.6, 22.5 (C277), 21.0 (C11"), 19.3 (C19”), 18.7 (C21”), 14.0 (C33), 11.8 (C18")

m/z (ESI) :

1001.8 (M+H")

[o]o®

+25 (¢ 0.4 in CH,Cl,/MeOH, 9/1)

Elemental analysis:

Found: C 71.15, H 11.12, N 2.64. CgoH108N,O9+0.5H,0 requires C 71.31, H 10.87, N 2.77

D.3 Synthesis of glucosyl and cellobiosyl probes

D.3.1 Synthesis for 6-dodecanoyl-2-bromonaphthalene (138)

o]
-
OO (CH2)10
Br

C22HngrO
Exact Mass: 388.14
Mol. Wt.: 389.37
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2-bromonaphthalene (2.0 g, 1mmol) was dissolved in 9.6 ml of nitrobenzene under Ar, which
was placed in an ice bath. Lauroylchloride (2.8 mol, 11.64 mL) was then added dropwised.
After the addition, the reaction mixture was added by 1.4 g of AICI;. At this stage, the ice bath
was removed and the reaction continued at room temperature for 2 h, which was quenched
with 40 ml of distilled water. Extracted 3 times with ethyl acetate (30 mL), the organic phases
were combined and washed with brine (30 mL) 3 times. Then the organic phases were dried
over Na,SO, and concentrated under reduced pressure. The desired compound were then

obtained by recrystalizing in cold ethanol as white solid (1.1 g, 30 % of yield)

White solid

! HNMR (300MHz, CDCl,)

§: 8.42 (s, 1H, H-9”), 8.05 (m, 2H, H-7", H-1"), 7.81 (m, 2H, H-6", H-2"), 7.62 (s, 1H, H-4"),
3.07 (t, 2H, J = 7.5 Hz, H-12"), 1.79 (m, 2H, H-13"), 1.37-1.26 (m, 16H, H-14"-21"), 0.88 (t,
3H, J = 6.6 Hz, H-22")

¥ CNMR (75MHz, CDCl5)

0: 200.3 (C-117), 136.5 (C-3”), 134.9 (C-57), 131.2 (C-1"), 131.2 (C-8”), 130.4(C-9”), 130.1
(C-67), 129.5 (C-10"), 127.6 (C-7”), 125.3 (C-27), 122.8 (C-4"), 38.8, 32.0, 29.7, 29.8, 29.8,
29.7, 29.6, 29.5, 27.2, 22.8, 14.2 (C-lauroyl)

m/z (HRMS) :

389.1471 (M + H*, CxH3BrO requires 389.1475)

D.3.2 Synthesis for N*-Boc-N*laurdan-N?-methyl-diaminopropane
(141)

(o]

)
e o2 SO
ocC
\H/\/\N

I
9
C31HagN2O3
Exact Mass: 496.37
Mol. Wt.: 496.72
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In a Schlenk tube was added 100 mg of compound 138, 69 mg of N'-Boc-N?-methyl-1,3-
aminopropane, 18.7 mg of Pd(dba)s;, 18.2 mg of S-Phos and 300 mg of Cs,COs. The tube
was then degassed by classic process, followed by enveloping the tube with Ar. After
injection of 1 mL of anhydrous dioxine, the tube was heat up to 105 °C and stirred for 16h.
The product was purified by silica gel using the eluent of ethyl acetate/ petroleum ether
(5/95).

Yellow solid

1 HNMR (400MHz, CDCl»)

8. 8.22 (s, 1H, H-9”), 7.92 (d, 1H, J = 7.9 Hz, H-7"), 7.80 (d, 1H, J = 9.1 Hz, H-1"), 7.62 (d,
1H, J = 8.3 Hz, H-6"), 7.17 (s, 1H, H-2"), 6.89 (s, 1H, H-4"), 4.65 (s, 1H, H-NH), 3.52 (t, 2H, J
= 7.2 Hz, H-8), 3.32-3.15 (m, 2H, H-6), 3.08 (s, 3H, H-9), 3.03 (t, 2H, J = 7.4, H-12"), 1.84 (m,
2H, H-7), 1.77 (m, 2H, H-13"), 1.45 (s, 9H, H-CH3X3), 1.49-1.13 (m, 16H, H-14"-21"), 0.88 (t,
3H, J = 7.4 Hz, H-22")

¥ CNMR (100MHz, CDCl5)

o: 200.3 (C-117), 156.2 (C-5), 148.8 (C-3”), 137.6 (C-5”), 131.1 (C-1”), 130.9 (C-8”), 129.8
(C-9”), 126.4 (C-6”), 125.5 (C-10”), 125.0 (C-7"), 116.3 (C-2"), 105.3 (C-4"), 79.6 (C-4), 50.4
(C-8), 38.8 (C-6), 38.6 (C-9), 38.5 (C-12”), 32.0, 29.8, 29.8, 29.8, 29.7, 29.6, 29.5 (C-lauroyl),
28.5 (C-CH3 Boc), 27.2 (C-217), 25.0 (C-7), 22.8 (C-13”), 14.2 (C-22”)

m/z (HRMS) :

497.3721 (M + H', C3;H49N,05 requires 497.3738)

D.3.3 Synthesis of partially protected glucosyl and cellobiosyl
laurdan probes (142, 143)

The 141 was N-deprotected in DCM (1 mL) using TFA (1 mL). The mixture was stirred at
room temperature for 16h, followed by evoparation of solvent in vacuum. A small amount of
toluene (1 mL) was then added and the solution was evaporated in vacuum and this process
was repeated 3 times to remove the trace of TFA. After that, the residue was dissolved in

anhydrous DCM (3 mL), which was added the solid of CMGLs. The reaction was carried on
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for 16h at room temperature. Then the product was purified by silica gel chromatography

using the eluent of DCM/acetone (8/2).

Acetyl-Glu-laurdan (142)

OAc

1 TS
AcO™ O N 107 -
C o . (CH
0 SO
o
NNy
7 H |
12

CaoHsgN20O11
Exact Mass: 742.4
Mol. Wt.: 742.9

L HNMR (500MHz, CDCls,)

8 8.31 (s, 1H, H-9”), 7.93 (s, 1H, H-7"), 7.79 (s, 1H, H-1"), 7.62 (s, 1H, H-6"), 7.45-7.30 (s,
1H, H-NH), 7.14 (s, 1H, H-2"), 6.83 (s, 1H, H-4"), 5.30 (s, 1H, H-3), 5.03 (t, 1H, J = 9.8 Hz,
H-4), 4.91 (d, 1H, J = 3.6 Hz, H-1), 4.30-4.00 (m, 5H, H-5, H-6a, H-6b, H-7a, H-7b), 3.83 (m,
1H, H-2), 3.50 (m, 2H, H-11), 3.46-3.24 (m, 2H, H-9), 3.08 (s, 3H, H-12), 3.02 (t, 2H, J = 7.3
Hz, H-12"), 2.09-2.04 (m, 9H, H-Ac), 1.86 (m, 2H, H-10), 1.75 (m, 2H, H-13"), 1.48-1.20 (m,
16H, H-147-21"), 0.81 (t, 3H, J = 6.9 Hz, H-22")

3 CNMR (125MHz, CDCl5)

d: 200.5 (C-117), 171.9, 170.8, 169.5 (C-C=0CHj3), 169.2 (C-8), 152.9 (C-3"), 137.7 (C-5"),
130.9 (C-17), 130.5 (C-87), 129.8 (C-9”), 126.2 (C-6"), 125.1 (C-10"), 124.9 (C-7"), 116.2 (C-
2”), 105.1 (C-4”), 99.2 (C-1), 73.7 (C-3), 69.9 (C-2), 68.2 (C-4), 67.9 (C-5), 67.4 (C-7), 61.7
(C-6), 50.5 (C-11), 39.0 (C-12), 38.6 (C-12"), 37.1 (C-9), 32.0 (C-20"), 29.8, 29.8, 29.8, 29.7,
29.6, 29.5 (C-lauroyl), 25.0 (C-10), 24.9 (C-13”), 22.8 (C-21"), 21.1, 20.9, 20.8, (C-C=0CHs),
14.3 (C-22%)

m/z (HRMS) :

743.419 (M + H+, C40H59N2011 reqUires 7434113)
[a]p*®

+58 (¢ 0.7 in CH,Cl,)
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Acetyl-Cello-laurdan (143)
OAcC

OAc
" O "
AcO o 1 o 1 10" 23
AcO Q 1 0 ()
OAc ACO HO \)J\ 1 11" 2)10
O.
NNy
7 H |

12
Cs2H74N2019
Exact Mass: 1030.49
Mol. Wt.; 1031.15

! HNMR (500MHz, CDCl5)

§: 8.22 (s, 1H, H-9”), 7.83 (d, 1H, J = 8.5 Hz, H-7"), 7.70 (d, 1H, J = 8.8 Hz, H-1"), 7.55 (d,
1H, J = 8.4 Hz, H-6"), 7.30-7.25 (s, 1H, H-NH), 7.05 (d, 1H, J = 8.2 Hz, H-2"), 6.76 (s, 1H, H-
47), 5.14 (t, 1H, J = 9.5 Hz, H-3), 5.08 (t, 1H, J = 9.4 Hz, H-3), 5.02 (t, 1H, J = 9.6 Hz, H-4),
4.87 (t, 1H, J = 8.1 Hz, H-2)), 4.75 (d, 1H, J = 3.8 Hz, H-1), 4.45 (d, 1H, J = 7.9 Hz, H-1),
4.32 (dd, 1H, J = 1.9, 12.0 Hz, H-6a), 4.13 (dd, 1H, J = 4.1, 12.4 Hz, H-6'a), 4.13 (d, 1H, J =
15.9 Hz, H-7a), 4.13 (dd, 1H, J = 5.0, 12.0 Hz, H-6b), 4.01-3.92 (m, 2H, H-7b, H-6'b), 3.81 (m,
1H, H-5), 3.65-3.56 (M, 3H, H-2, H-4, H-5'), 3.43 (m, 2H, H-11), 3.40-3.16 (m, 2H, H-9), 2.99
(s, 3H, H-12), 2.94 (t, 2H, J = 7.4 Hz, H-12"), 2.05-1.92 (m, 18H, H-Ac), 1.80 (m, 2H, H-10),
1.69 (m, 2H, H-13"), 1.37-1.13 (m, 16H, H-14”-21"), 0.81 (t, 3H, J = 6.9 Hz, H-22")

¥ CNMR (125MHz, CDCl5)

0. 200.5 (C-117), 172.0, 170.6, 170.4, 170.3, 169.5, 169.3 (C-C=0OCH), 169.0 (C-8), 152.9
(C-37), 137.7 (C-5”), 131.0 (C-1"), 130.7 (C-8”), 129.9 (C-9”), 126.2 (C-6"), 125.2 (C-10"),
124.8 (C-77), 116.2 (C-2”), 105.4 (C-4”), 101.0 (C-1’), 98.9 (C-1), 76.1 (C-2), 73.6 (C-3), 73.0
(C-3’), 72.0 (C-5’), 71.7 (C-2’), 71.0 (C-4), 69.1 (C-5), 67.9 (C-4’), 67.4 (C-7), 61.9 (C-6), 61.8
(C-6’), 50.4 (C-11), 38.5 (C-12), 38.5 (C-12”), 37.1 (C-9), 32.0 (C-30”), 29.8, 29.8, 29.8, 29.7,
29.6, 29.5 (C-lauroyl), 27.2 (C-10), 25.0 (C-13”), 22.8 (C-21”), 21.0, 20.9, 20.8, 20.7, 20.7
(C-C=0CHjy), 14.2 (C-227)

m/z (HRMS) :

1031.4937 (M + H*, Cs3H7sN,0319 requires 1031.4959), 1053.4753 (M + Na*, Cs;HzsN2NaO1g
requires 1053.4778)

[a]p®®

+31 (c 0.8 in CH,Cl,)
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D.3.4 Synthesis of glucosyl and cellobiosyl laurdan probes (144,
145)

The deactylation of compounds 142 and 143 was carried out in MeOH/H,O/NEt; (8/1/1) for
16h. The reaction was then coevaporated three times with water (10 mL) and the obtained
residue was subjected to silica gel chromatography using a CH,CIl,/MeOH (95/5) to give the

corresponding products.

Glu-laurdan probe (144)

OH

1" i 23"
"o & 1 o s (o)
W e T
O
TN

12
CyoHs58N2011
Exact Mass: 742.4
Mol. Wt.: 742.9

! HNMR (400MHz, CDCl;+MeOD)

§: 8.32 (s, 1H, H-9”), 7.87-7.78 (m, 2H, H-1", H-7"), 7.62 (d, 1H, J = 8.8 Hz, H-6"), 7.30-7.66
(m, 1H, H-NH), 7.20 (dd, 1H, J = 2.4, 9.2 Hz, H-2"), 6.76 (s, 1H, H-4"), 4.84 (m, 1H, H-1),
4.20 (d, 1H, J = 15.8 Hz, H-7a), 4.02 (d, 1H, J = 15.8 Hz, H-b), 3.82 (dd, 1H, J = 2.2, 12.0 Hz,
6a), 3.76-3.68 (M, 2H, H-3, H-6b), 3.63-3.49 (m, 4H, H-2, H-5, H-11), 3.40-3.31 (m, 3H, H-4,
H-9), 3.09 (s, 3H, H-12), 3.04 (t, 2H, J = 7.4 Hz, H-12"), 1.90 (m, 2H, H-10), 1.73 (m, 2H, H-
13”), 1.46-1.18 (m, 16H, H-14"-21"), 0.86 (t, 3H, J = 6.8 Hz, H-22")

*C NMR (101 MHz, CDCl3+MeOD)

8: 203.9 (C-11”), 172.7 (C-8), 151.1 (C-3"), 139.8 (C-5”), 132.6 (C-1"), 132.0 (C-8"), 131.8
(C-9”), 127.9 (C-6"), 126.8 (C-10”), 126.0 (C-7”), 118.0 (C-2”), 106.8 (C-4”), 101.4 (C-1),
75.3 (C-3), 74.5 (C-4), 73.5 (C-2), 71.7 (C-5), 68.4 (C-7), 62.8 (C-6), 51.6 (C-9), 40.0 (C-12),
39.8 (C-12”), 38.6 (C-11), 33.6, 31.2, 31.1, 31.1, 31.0, 31.0 (lauroyl), 28.4 (C-10), 26.8 (C-
13”), 24.3 (C-21"), 15.4 (C-22").
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m/z (HRMS) :
617.3778 (M + H", C34Hs3N,0g requires 617.3796)
[a]p®®

+36 (C 0.6 in CH,Cl,/MeOH, 4/1)

Cello-laurdan (145)

OH OH
" O u
HO Q = 0, " o /23
HO! 1
Yo HOM Nt © " OO A CTHM
O\)J\

|
CyoHg2N2013 *2
Exact Mass: 778.43
Mol. Wt.; 778.93

Yellow solid

! HNMR (500MHz, CDCI3 /MeOD= 9/1)

8: 8.24 (s, 1H, H-9”), 7.81 (d, 1H, J = 1.6, 8.7 Hz, H-7"), 7.73 (d, 1H, J = 9.2 Hz, H-1"), 7.55
(d, 1H, J = 8.7 Hz, H-6"), 7.10 (dd, 1H, J = 2.2, 9.1 Hz, H-2"), 6.80 (s, 1H, H-4"), 4.73 (d, 1H,
J=3.7 Hz, H-1), 4.34 (d, 1H, J = 7.9 Hz, H-1"), 4.08 (d, 1H, J = 15.9 Hz, H-7a), 3.93 (d, 1H, J
= 16.0 Hz, H-7b), 3.85-3.78 (m, 2H, H-6a, H-6’a), 3.82 (t, 1H, J = 9.2 Hz, H-3), 3.70 (dd, 1H,
J = 2.6, 12.2 Hz, H-6b), 3.65-3.58 (m, 2H, H-5, H-6'b), 3.54-3.45 (m, 4H, H-2, H-4, H-11),
3.36-3.20 (m, 6H, H-9, H-2’, H-3', H-4’, H-5), 3.02 (s, 3H, H-12), 2.97 (t, 2H, J = 7.5 Hz, H-
12”), 1.83 (m, 2H, H-10), 1.68 (m, 2H, H-13”), 1.37-1.13 (M, 16H, H-14"-21”), 0.80 (t, 3H, J =
6.9 Hz, H-22")

13 CNMR (125MHz, CDCI3 /MeOD= 9/1)

8: 203.0 (C-117), 171.8 (C-8), 150.6 (C-3"), 139.2 (C-5”), 132.3 (C-1"), 131.9 (C-8”), 131.5
(C-9”), 127.6 (C-6”), 126.7 (C-10"), 125.9 (C-7"), 117.5 (C-2"), 106.8 (C-4”), 104.5 (C-1),
100.8 (C-1), 80.9 (C-4), 77.9 (C-3'), 77.8 (C-4’), 73.5 (C-2’), 73.0 (C-3), 72.9 (C-2), 72.5 (C-5),
71.2 (C-5)), 68.3 (C-7), 62.6 (C-6), 62.0 (C-6), 51.5 (C-9), 39.8 (C-12), 39.8 (C-12”), 38.2 (C-
11), 33.2, 31.0, 30.9, 30.8, 30.8, 30.7 (lauroyl), 28.1 (C-10), 26.4 (C-13"), 24.0 (C-21"), 15.3
(C-22")
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EXPERIMENTAL SECTION

m/z (ESI) :
779.4 (M + H"), 802.4 (M + Na")
[a]p®®

+27 (c 0.4 in MeOH)
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APPENDIX

Appendix

A. DSC curves of n-O-(2-hydroxyalkyl)-a-D-

glucopyranosides

Glass Transition
Cinzet 1524 ¢
Midpoint -1147 T

Glass Transtion
Onzet T4 T

Glass Transition
Onset -BBS T
Midpoint  -1278 1

Delta Cp  -D.286 Jg™-1k"-1

| L I N N S O O Y N N N B B N B N N Y B N N D O I O B B N O B D D B N N D N N D B Y N N B B |
-20 o 10 20 an 40 50 80 70 80 T

-50 -40 -30 20 -10

A.1: DSC curve of methyl 2-O-(2-hydroxyoctyl)-a-D-glucopyranosides (97a)
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A.2: DSC curve of methyl 2-O-(2-hydroxydecyl)-a-D-glucopyranosides (97b)
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A.3: DSC curve of methyl 2-O-(2-hydroxydodecyl)-a-D-glucopyranosides (97c)
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A.4: DSC curve of methyl 2-O-(2-hydroxyhexadecyl)-a-D-glucopyranosides (97e)
HO I
HO 0 !
HO O !
HO
OMe ‘
_[SC-ME |
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Bl
|
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05
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(Glass Transition
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- Midpoint  -5.45 1
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A.5: DSC curve of methyl 3-O-(2-hydroxyoctyl)-a-D-glucopyranosides (99a)
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A.6: DSC curve of methyl 3-O-(2-hydroxydecyl)-a-D-glucopyranosides (99b)
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A.7: DSC curve of methyl 3-O-(2-hydroxydodecyl)-a-D-glucopyranosides (99c¢)
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A.8: DSC curve of methyl 3-O-(2-hydroxytetradecyl)-a-D-glucopyranosides (99d)
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A.9: DSC curve of methyl 3-O-(2-hydroxyhexadecyl)-a-D-glucopyranosides (99e)
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A.10: DSC curve of methyl 4-O-(2-hydroxyoctyl)-a-D-glucopyranosides (101a)
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A.11: DSC curve of methyl 4-O-(2-hydroxydecyl)-a-D-glucopyranosides (101b)
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A.12: DSC curve of methyl 4-O-(2-hydroxydodecyl)-a-D-glucopyranosides (101c)
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A.13: DSC curve of methyl 4-O-(2-hydroxytetradecyl)-a-D-glucopyranosides (101d)
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A.14: DSC curve of methyl 4-O-(2-hydroxyhexadecyl)-a-D-glucopyranosides (101e)
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A.15: DSC curve of methyl 6-O-(2-hydroxyoctyl)-a-D-glucopyranosides (105a)
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A.16: DSC curve of methyl 6-O-(2-hydroxydecyl)-a-D-glucopyranosides (105b)
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A.17: DSC curve of methyl 6-O-(2-hydroxydodecyl)-a-D-glucopyranosides (105c)
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A.18: DSC curve of methyl 6-O-(2-hydroxytetradecyl)-a-D-glucopyranosides (105d)
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A.19: DSC curve of methyl 6-O-(2-hydroxyhexa decyl)-a-D-glucopyranosides (105e)
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B. DSC curves of glucosteroids

B. 1 Glucosteroidic amphiphiles
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Lab: METTLER

B.1.1: DSC curve of amphiphile L4 (111)
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Lab: METTLER STAR® SW 8.10
B.1.2: DSC curve of amphiphile L6 (120)
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B.1.2: DSC curve of amphiphile L8 (121)
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‘endo SC-XR91 07.06.2011 12:18:50

mW

niegra

nomma‘zed  -£.88 Jgt-1
Onset 23734 T
on Peak 23484 T
HO% |
HO o
HO OQkHN o |
IIJ I 2:: I 4IIJ I E:: I SID I 160 I 12I": I 1¢IG I 'FlIJ I léﬂ I ZIIJIJ I 2:!‘0 I 2€I|:I I ESIIJ I"C
Lab: METTLER STAR® SW 8.10
B.1.3: DSC curve of amphiphile L10 (122)
“endo SC-XR93 07.06.2011 13:14:40

ntegral 8017 mJ
normalized G872 Jg*-1

ntegra
6934 T

normalized

0s
mW |
B I I |
nri:f:alizec -1 Int=gral : 55;&3 m.‘ )
Onsat .28 normalized  -5.51 Jg*™-
Feak % 105.31 Onsat 2232 CT
| 7 Peak 2024 T
bu
HO Q
HO o
HO
O&HN o ‘
T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 20 40 60 80 100 120 140 180 180 200 220 240 280 [ T
Lab: METTLE STAR® SW 8.10

B.1.4: DSC curve of amphiphile L12 (123)
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B. 2 Glucosteroidic bolaphiles

‘endo SC NMX3 26.10.2009 12:24:39

Glass Trars¥os

Omset  BETET

® Widpont 5355 T
Deka Cp 0135 Jg™ 1K1

an L] El 100 120 140 60 180 ;0 0 0 260 T

Lab: METTLEI STAR® SW 8.10

B.2.1: DSC curve of bolaphile L4S4 (124a)
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’ . 0, . «
OoH NSC FATDS
a L . 0.8000 mg niegra
HO' normalized %
HO. Onset i)
Peak !
] . 4
1.11md
Midpoint 123 Jg™1
| Extrapol. Pea . 17285 ¢
| Delta Cp 0.288 Jg 1K1 - ECREE
| " = p ey
| - I ’
Glass Transition ntzgral 1.02 mJ
Onset Tl normalized 1.13 Jg™1
Midpoint Onset 170.01
. Extrapol. Peak _JERSC FATDS Peak 17381 <
Wg"1 Delta Cp 0273 Jg™ 1K1 SC FA1D5, 0.6000 mg T
T ]
Glass Transition T d
Onsst 6210T -
Midpoint 5453 T _J20SC FA1DS Intagral -1.06 mJ
Exirapol. Peak 5567 T SC FA105, 0.2000 mg norma‘zed -1.17 Jg*-1
Dedta Cp -0.225 Jgt1Km-1 Onset TTAT
v Peak 17565 T
Glass Transition ]
Onset N .
Midpoint _J4[15C FAIDS In .eglall_ . -_.CT mJ
Extrapol. Peak 5C FA105, 0.9000 mg ol
Delts Cp Cnest
Peak
20 40 a0 a0 100 120 140 160 80 T
Lab: METTLER STAR® SW8.10

B.2.2: DSC curve of bolaphile L4S8 (124b)

Aendo SC NMX1 26.10.2009 12:16:32
oH / Integra i D82
. 9 Onset
Ho. ° Integra Peak

normal zed

%\OQJ\HN/\/\/O Onsat

NH FPeak

O
T[S NMXA \/\/\/\/v
SCNMX1, 12300 mg

Glass Transition
Cnset 528
Midpoint 5022 T

Delta Cp  -0.284 Jg™-1K"-1

Glass Transition

Onset 5213%
Midpoint 50,70 C
DeltaCp 0321 Jg™1K™1

T
a0 50 &0 70 an @ 100 110 120 130 140 150 180 170 T

Lab: METTLER STAR® SW8.10

B.2.3: DSC curve of bolaphile L4S10 (124c)
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fendo SCFA108 26.06.2008 10:19:47

OH
:'I Integral 2528 md
HOHo o |' | nomalized Jgt-1
QJ\ I Onzst 12212 ¢
o |

Q
2
/o i Peak 12500 C
% NS FRneE ) || Peal 35 90
o NH SC FA10E, 0.9500 mg Integral 1272 md I .
normalized i i ral 0.60 mJ
Cnest ormalized 0.63 Jg*1
Feak { Onset 15784 %
Peak 15347 ¢
) 1 13 .JI\— k|
/ ] I
{ Glass Transition . Integral 0.89md
| onset  5300T Inr;ifrrnaalized fgg J'Tg'L . normalized  0.72
tidpoint 57 63T 51 -
BISGFA10R Midpoint 8703% Onset  10623C Onset
SCFAIR 00a00 mg  DEIRCP O2ATJg™1KH Peak et e
= : L, L Fatiel »
N e : : ' 2
f/-‘-\ Glass Transitian Integral 1.42mJ Integral
{ Onset 52.00T normalized  1.50 Jg*-1 normalized
|| BIEQ FAID3 Midpoint S6.00T Onset 10873 Onset ! 2
SCFAI0B.08500mg  DeltaCp 0.328Jg™1K™1__ Peak N7ST . R ""P:J'i 5937 ¢
T " 4 k
L] » L]
Glass Transiton T
Onset 5001 T _J2['sC Falo8 ntegral ) 0.7 md
Midpoint SE£02T SC FA1D8, 0.0500 mg normalized -0.81 Jg*1
? Delta Cp -0.124 Jg*-1K"-1 Onsat 1680.08 T
o Pegk 158477 .
Glass Transition L] : —]
Onset — 5202% _M4DSC FAlDS Integral  -0.B1mJ
Midpaint  61.73 T SC FA108, 0.8500 mg normakzed  -0.85 Jg*-1

a ransition

Delts Cp -0.122 Jg™1k°-1 Onset 18110 %
‘\_\—\—'\\\_‘ ) 158.10 T

Faloa
5, 0.0500 mg

T
180 T

STAR® SW38.10

T T
a0 100 120 140

B.2.4: DSC curve of bolaphile L4S12 (124d)

“endo SC FA175 26.10.2009 12:09:39

|
! nlegral 083 ml Integras
i normaliad 058 Jgt

HWINT

niigral &5 m)

os
WEAC P TS
{BC FAITS, 16700 mg

§ 7 gl 0SS w)

! agams gl 077
I 2154ga1  momakzed 048.Jg%1 somakzed 0.53 ghd
15130 Ongat A0 T Onsat 10123 T
11ms2T  Peak wroiT  Peak 16270 T

Iningral A 02 mJ Inagral A30m
Inagal 000 m) nommakd 061 g somalkzed 072 Jgd
somakzed 506 Jgn1 Orast 4L Cwset 15T
Cmsat 02T Piais 14357 C Paak 18181 T

Paak gasv e

Peak 158 80T

40 50 -] el ] &0 100 1i0 120 130 1 50 1€0 i

Lab: METTLER STAR® SW 8.10

B.2.5: DSC curve of bolaphile L4S16 (124f)
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“fendo SC FA176 26.10.2009 12:03:22

OH
i
1
Ho ° ] e 558 :
HO [e} amaized 1393 4501 et ; !
o) Onset I iy : |
O. A O Pagix |
HN
%NH g 200m) i
nomaed 125 4t |
egat 08T |
Rk 18350 © |
|
!
i
._/\ i
. 1
3 4 A
i
IsC FAITE |
|
i

2 FAITE 18000 mg

Inmgral 1828 mJ
somakzed 9018 Jgt nomakzed 2562 Jgh
Ot 5620°T Ot 14600 C
Pui 5110°T Fusk MHTEEC

Trmgeal RS Integral ml
Jarac Faime cmalzed 541 Jg*1 nemuized <214 gt
{0 FAITE, 1 8000 mg Cnsat 9150 T Onsat 14870 T
Paak BNnc Pk 4704 T

1

|

20 40 =0 &0 0 B0 a0 100 110 120 130 140 150 180 17 180 150 T_l

Lab: METTLER STAR® SW 8.10

B.2.6: DSC curve of bolaphile L4S18 (1249)

“endo SC-XR51 07.06.2011 14:48:42

OH
HO Q
HO o
o]
0.
%\ QJ\HN/\/\/\/O
- NH
° \/\%
1
W
m Glass Transiion Integral 1.54m
:?gg ‘E normalized  1.25 Jg*-1
Rom8 ke Onset 18060 T
228 Ig™1K Peak 19036 T

Onset
Midpoint
Delta Cp

ntegra
nomaized
Onset

Glass Transtion
Onset 5585 T

Midpeint 51.77 T Inegral
Dzka Cp  -0.345 Jg™ 1K1 normalized
Omset
Peak
T T T T T T T T T T T T T T T T T T T T T T T T T T T I
-40 -20 0 20 40 G0 80 100 120 140 180 180 200 T

Lab: METTLER STAR® SW 8.10

B.2.7: DSC curve of bolaphile L6S6 (125a)
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‘endo SC-XR17

08.06.2011

11:01:27

niegra 3387 md -
noma'zed 24 80 Jg*-1 Pea
Onset 4362 T h

niegra 1841 ml Peak 62.88 T
nomalized 1344 Jg-1
- Onsat 4058 T

Peak 4280 T

Integral 23.50 mJ
nomalized 1722 Jg*1

Onsst 08.06 T

Peak 10898 T

Imt=gral
nomalized

Onsat

Peak

1
mvi, |

2412 mJ
17.61 Jg™-1
neag T
12088 C

normalized  1.89 Jg*-1
Onsat
Peak

51T
6222 T
0.210 Jg"-1K™1

ntegra -2 58md
nomalized  -1.88 Jg*-1

Onset 18057
Peak 17759 C

Integral -8.20mJd ~ ]
nommalized -6.42Jg%1 %
OH Cinset E3.06 T niegral -2 85mJ
Peak 703 normalized  -1.84 Jg*-1
o Onset 12208 ¢
"o Peak 17824 ¢
HO Q
o
o
%\%HN/\/\/\/O
NH
o]
T T T T T T T T T T T T T T T T T T T T T T T 1
-40 -20 \/5\/\/ 20 40 &0 ED 100 20 140 80 180 T

Lab: METTLER

STAR®

B.2.8: DSC curve of bolaphile L6S8 (125b)

08.06.2011

sSwa.10

13:23:54

“endo SC-XR57

niegral 8.33mJ ntegra 2345 ml Int=gral
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1
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2 niegra -21.38 mJ
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ntegra 4280 mJ
noma‘zed -22.77 Jg*-1
Onset 05.87¢C

Peak 1MM63T

b
Integral -0.75m.

Onsst 145.38
Peak 142.08

1 q

normalized -0.40 Jg*1

161,14 T

48m)
26 Jg*1
4170C

4413 ¢

J

B
<

-
<

3 4
megra’ 175 md

Onset
Peak

norma'zed -0.40 Jg*-1

T T T
-40 =20 0 20 40 60 &0

T
120 140

T
160 T

Lab: METTLER

STAR® SW 8.10

B.2.9: DSC curve of bolaphile L6S12 (125c)
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‘endo XRN-123 25.07.2011 12:33:57

22.88mJ
25.10 Jg*-1
JIXRI- Onset 05T
XRi-123, Pea 52.28C
Intzgral 26.12 mJ niegra Y opdams?
- nomnalized 2271 Jg*-1 normalized  0.33 Jg*
Onset 121737 T Onset 152.08 T |
Peak 13152 Peak 15584 T |
pr——— r r 1 ol
ntegral  © 23.78mJ Integral
nomalized 2068 Jg*-1 normalized
Onsat 113.08 T Onsst
Peak 12310 ¢
T

="

4 * Integral -0.36 mJ
Integral *Integral 025md nomalized 031 Jg*-1
normalized normalized  -0.22 Jg*-1 Onset 15270 ¢
Onset Onsst 12781 Peak 15083 T
Peak Peak 125.08 T

L Ak
13 Ak
T}?gra -20.61 mJ

nommaized 1762 Jg*1 Intzgral -0.50 mJ Imtegral -0.54 mJ
' ,,"_,9, nomalized 044 Jg*-1 nomalized  -047 Jg*-1
e N Onset M7 T . - - .
Peak oo o Onsst 128.08 T Onzst 185.21 T
== - Peak 12365 T Peak 15458 T
I I g = I I
0 20 ki) '\/J\/MJ 50 60 70 EQ B0 100 110 120 130 140 150 160 1T

Lab: METTLER STAR® SW 8.10

B.2.10: DSC curve of bolaphile L6S14 (125d)

‘endo XRN-127 25.07.2011 12:19:38

%
oH
HO &
HO. [
PPN

H

ntegra |
1127 nermalized E ntegr=
27, 1.0300 mg Orset nommalzed
Onset
Peak
T . [ [ o' |
normalized i
Onset It
Peak h‘
Glass Transiti £ f
o as_.i B s4ne.|05|1] - Integral 515 mJ niegra 032 mJ }I
1 r‘?~5:::in1 saET T normalized  5.00 Jg*-1 nomafized 0.31 Jg*-1 !|
mw| Dol fn 0134 Jv ke Onset 107.57 © Onset 140.01 ¢ |
| a g Feak Peak 142.88 ¢

Integral
normalized
Onset

| Onset Integral
Midpoint 55.82 T rormalized
Delta Cp  -0.202 Jg"-1K*-1

gral -1.27md  Integral

Int=gral , " 1 1
nomalized nermalzed -1.23 Jg*-1 nomalized & Jg
Cnset Onset 128.80°C Onset 18721 T
Peak Peak 12854 ¢ Peak 15070
T T T T T T T T T T T T T T T T T
20 40 60 100 120 140 180 180 T

Lab: METTLER STAR® SW 8.10

B.2.11: DSC curve of bolaphile L6S16 (125e)
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‘endo XRN-131 25.07.2011 12:03:52

niegra 4.50mJ ntegral IE

J1[XRI-131 norma’zed I normalized ll
XRI-131. 0.8800 mg o] Cnset
P Peak

I ntegra ?
[‘ FZES Integral 26.05 mJ normakzed 117 Jg*1 |
\/W nommalized  28.31 Jg*-1 bm 178.17 T
Onset 12211 Peak 178.27,C
\l\ Pesk 13074 T VAN 1

|

|

Infagral 100 m LH

normalized  1.01 Jg*-1

Onset 17426 T J
-sak 1r.'.$r§_))§_\‘_ ]

[ niegra

normakzed g
Onset C
Peak 13804 ¢

»

{J . -
mW!
1
|
™ Insegral -13.38 mJ ntegra Integral
| nomalized -13.51 J3™1  nommalized normalized
) Onset 12020 Qmset Onset
|Ei Peak 1M2.88C  Peak Feak
Inzegral -15.36 mJ Integral ntegral
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- Onsat 12063 1C Onset 13 Onset
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T T T T T T T T T T T T T T T T T T T
20 40 60 a0 100 120 140 180 180 T
Lab: METTLER STAR® SW 8.10
B.2.12: DSC curve of bolaphile L6S18 (125f)
‘endo SC-XR33 08.06.2011 10:44:20

OH
HO Q
HO o
o O e e N e
%\ HN Intzgral ntegral
O >Ny narmalized normalized

\/\/\/ Onzet Onsat

Peak Peak

Glass Transition Integral 3.18mJd Integral
~ Onset 42 nommalized 176 Jg*-1 S e
Midpaint  47.41 C Onsat 11962 T Onset 180.05 T
Delta Gp 0193 Jg™-1K"1 Peak 12994 T Peak 180.03 T
[ [l ] 1 F L]
[~ 13 [l [
Glass Transition 4 r
Integral
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Onzet
Peak
Glass Transition —t
Orset 5505
. N Integral
;‘I'E?P:,_':" normalized
a bp Onz=t
Peak 18724 T
r T T T T T T T T T T T T T T T T T T T T T T T T T 1
-40 =20 0 0 40 a0 a0 00 120 140 160 180 200 T

B.2.13: DSC curve of bolaphile L8S6 (126a)
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i
| negra 265 mJ
| normalzed 2.28 Jg*-1
Cinset 186.72C I
Peak i@
1
iy " a
Integral 20.84 mJ
normalized  25.40 Jg*-1 Int=gral
Onset 1M12.22T normalized
Peak 12176 T COnset
C R Peak
I 1] 4
'
i ntegra 21 mJ Intzgral
nommakized - 2 Jg"-1 normalized
Onset 5T Onzat
Peak Peak
Integral -17.44 mJ Integral -2gaml
normalized normalized  -2.31 Jg*-1
Onsat Onset 10484 T
Feak Peak 180,22 T
1
T T T T T T T T T T T T T T T T T T T T T T T T T T
40 -20 0 20 40 60 a0 00 120 140 160 180 T

Lab: METTLER STAR® SW 8.10

B.2.14: DSC curve of bolaphile L8S8 (126b)

‘endo SC-XR59 08.06.2011 13:27:31
OH
niegra 0.88mJ
HO Q nommakized 0.62 Jg*-1
HO o Onset 131.32°C
o o Feak 133711T
%\OQJ\HN o Integra 268 14 mJ :
o NH normalized  1BEE Jg*-1 ntegra
IS N Onset normalkzed
1[SC-XRD Peak Cnset

SC-%R-50, 1.4300 iy

Integral
normalized  16.92 Jg*-1
Onset

nt 5 Peak
. q g ,g,; T‘{ 1 Integral 8.10mJ g
1 S Py nommalized  5.66 Jg*-1 18T
W st et Onsst 0355 85.70°C
m Pesk 61.09C - 507
Peak 105.07 € ¥ K i
b 4

v
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Integral -15.16 mJ

nomaized 1060 Jg™-1 Integral
Onset normalized
Paz Omset
Peak
r
3
Integral -16.82 mJ ntegral -1.35md
nomaized 1176 Jg*-1 mermazed  -0.84 Jg-1
Onset 82007 Onset 156.25 T
Peak TEE1T Peak 15481 ¢
r T T T T T T T T T T T T T T T T T T T T T 1
-40 -20 0 20 40 60 B0 100 120 140 180 T

Lab: METTLER STAR® SW 8.10

B.2.14: DSC curve of bolaphile L8S12 (126¢)
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‘endo XRN-125 25.07.2011 12:26:16
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m
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Lab: METTLER STAR® SW 8.10

B.2.15: DSC curve of bolaphile L8S14 (126d)

‘endo XRN-129 25.07.2011 12:12:40

o o, Integral megra i
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O Peak Peak | ntegra 1.60mJd
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Lab: METTLER STAR® SW 8.10

B.2.16: DSC curve of bolaphile L8S16 (126e)
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“endo XRNI-133 25.07.2011 11:56:55
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O >nH g
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Lab: METTLER STAR® SW 8.10
B.2.17: DSC curve of bolaphile L8S18 (126f)
‘endo SC-XR25 08.06.2011 10:50:37
HO .
HO o
[¢]
: ;\"NH%HN °
o \/\/v
narmalized
Onzat
Peak
F L]
2 Integral 4144 m) - * 1
mW nommalized  23.02 Jg*-1 Irﬁ-::;“ze: glg I,J.q
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Delta Cp  -0.570 Jg"-1K*-1 Integral
normalized -
B COnzet 300 T
Glass Transtion Feak 1001 T
Onzet 5007 ¢ -
Midpoint  37.81 T Integral 585 md
Delta Cp 00565 Jg*-1K*1 normalized  -3.14 Jg*-1
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T T T T T T T T T T T T T T T T T T T T T T T T T T T
-40 -20 o} 20 40 60 ED 100 120 140 180 180 200 T
Lab: METTLER STAR: SW 8.10

B.2.18: DSC curve of bolaphile L10S6 (127a)
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n
|
(
|
; 1
HO ]
HO
[¢]
//LONHQLHN ° i
o
niegra 14,08 mJ niegra 46 86 mJ Int=agral
normalized 1083 Jg*-1 normalized  36.40.Jg"-1 normalized
Onsst PRI Onset 15218 T P —
2 Peak 101.77 T Pea 15548T Peak
mW
¥ 1 3
bl v ]
Integral 33.08 md Int=gral
normalized normalized
Onget Onset
[~ Peak Peak
ng 1
3 {
niegra
normakized
Onset
Peak
I : 3
Inzegral -18.63 mJ Inzegral -4 BGmJ
normalized 14 .44 Jg*-1 nomalized  -3.77 Jg*1
Onset 12878 ¢ Onset 120.10%¢C
Peak 108.68 T Peak 18865 T
) T T T T T T T T T T T T T T T T T T T T T T T
-40 -20 20 40 &0 a0 100 120 140 160 130 T

Lab: METTLER

STAR® SW 8.10

B.2.19: DSC curve of bolaphile L10S8 (127b)
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B.2.20: DSC curve of bolaphile L10S12 (127c)

262

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2013ISAL0001/these.pdf
© [R. Xu], [2013], INSA de Lyon, tous droits réservés

STAR® SW 8.10



Mendo

APPENDIX

Glass Transition

Onset 47

SC-XR53 08.06.2011 10:55:22
HO Q
HO Q |
0 L o |
/KNHQLHN
O Int=gral niegra 543 ml
\/\/\/ normalized 3 normazed 6.43 Jg*-
Cnzet Onset Bz !
Peak
1 4
mw Glass Transition [ niegra 375mJ
Ornsat 3786 T nommalized 441 .Jg"
Midpoint 4187 T Cnset 18217 ¢
Delta Cp  0.206 Jg*-1K"-1 T

Midpoint 4588 T
Delta Cp  -0.384 Jg*-1K-1

Glass Transtion =

" an 4 niegra 4 E3iml
;C.:::js:r_l;i--. ;E; E normalized -5.68 Jg*-1
Defa Cp -0.508 Jg™1K*-1 SE::‘ :gg:g b
T T T T T T T T T T T T T T T T T T T T T T T T
-40 20 0 20 40 60 80 100 120 140 160 180 200 T
Lab: METTLER STAR® SW 8.10

B.2.21: DSC curve of bolaphile L12S6 (128a)
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