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Glossary

ANS - 8-anilino-1-naphthalene sulfonate
BAIB — (bisacetoxyiodo)benzene
BOP reagent — benzotriazol-1-yloxytris(dimethylamino)phosphonium

hexafluorophosphate

CTP - cytidine-5’-triphosphate

dAMP — 2’-deoxyadenosine-5’-monophosphate

DEPC - diethyl phosphoryl cyanide, diethyl cyanophosphonate

dGMP — 2’-deoxyguanosine-5’-monophosphate

DIC — N,N'-diisopropylcarbodiimide

DMA — dimethylacetamide

EDC (EDAC or EDCI) — 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide

Fmoc — Fluorenylmethyloxycarbonyl

HAPyU — 1-(1-pyrrolidinyl-1H-1,2,3-triazolo[4,5-b]pyridinylmethylene)-
pyrrolidinium hexafluorophosphate-3-oxide

HATU — O-(7-Azabenzotriazol-1-yIN,N,N’,N*-tetramethyluronium
hexafluorophosphate

HOAt — 1-hydroxy-7-azabenzotriazole

HOBt — hydroxybenzotriazole

[IDQ — 1-(isobutoxycarbonyl)-2-isobutoxy-1,2-dihydroquinoline

Mtr — 4-methoxy-2,3,6-trimethylbenzenesulfonyl

NMM — N-Methylmorpholine

SAA — sugar amino acid

SAC — sugar-aza-crown

Pd2,6ST — Photobacterium damsela2,6-sialyltransferase

PTC - phase-transfer catalysis

RCAM — Ring-closing alkyne metathesis

TBTU — 2-(1Hbenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
tetrafluoroborate

TEMPO - 2,2,6,6-tetramethyl-1-piperidinyloxyl

TPP - triphenylphosphine



Introduction

1 Introduction

Nitrogen-containing macrocyclic compounds (amines, amiddsheterocyclic
derivatives), because of their complexing abilities, are very important targets in supramole-
cular chemistryt! No wonder, therefore, that development of novel, chiral, macrocyclic
receptors is of great interest in this field of research. One of the main problems is connecte
with the search for useful precursors of these receptors.

In this context, carbohydrates, because of their properties (biological activity, chirality,
poly-functionality, solubilityetc) and economic factors (relatively low price), are perspective
synthetic building blocks. Combination of the carbohydrate scaffold and nitrogen-containing
functional groups in macrocyclic molecules should, therefore, open a convenient way to chiral
receptors with interesting properties.

Surprisingly, despite the large potential of macrocyclic structures with incorporated
carbohydrate unit(s), application of the cheapest carbohydrate: sucrose is not well
investigated.

The aim of the research presented in this dissertation is to explore the use of sucros
scaffold as a building block in the synthesis of nitrogen-containing macrocycles.

In the previous study of Jarosz group, a series of per-oxygen sucrose-based crowr
ethers were presented (Madf'sand Listkowski’§! PhD disertations). Several aza-crown
ethers were also studied (Lewandowski’'s PhD dissertdjiofihis research showed that the
receptors containing nitrogen functionalities have more interesting complexing properties
than the per-oxygen analogs. | have decided, therefore, to investigate in more detail the
nitrogen-containing sucrose-based receptors.

In the first part of my research, | have planned to perform the synthesis of novel mono-
and di-aza-crown ethefis1l (Scheme 1.1). Next step would require an extensive study of their
complexing properties; especially the enantioselectivity of the complexation of chiral, natural
products (such as aminoacid derivatives). One of the important problems which could arise
during the study is: how these properties would depend on a number of the nitrogen atoms, &
well as, their position(s) in the macrocyclic ring.

Another part of the proposed research would deal with the synthesis of macrocyclic

amides with sucrose scaffold. As is already proven, presence of the amide functionalities in
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the macrocyclic molecules greatly enhance their complexing abilities; moreover, sucrose unit

should provide significant contribution to enatioselective recognition of the guests.

| decided, therefore, to develop an efficient approach to sucrose-containing dilactams

1.3 (Scheme 1.1).
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Scheme 1.1 Macrocyclic nitrogen-containing compounds with sucrose units.

To my opinion, the sucrose-based macrocyclic derivatives (planned in my PhD work)

are very promising hosts which should exhibit interesting complexing properties, especially

towards chiral natural compounds (like aminoacids). Elaboration of a convenient synthesis of

such compounds should give us an easy access to large assortment of the artificial receptol

based on the sucrose platform. | hope that it may also give an insight to better understanding

of enantioselective complexation.
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2 Literature review

Carbohydrates (saccharides) are natural, biologically important compounds that,
together with nucleic acids, proteins, and lipids, are components of cells and constitute a larg
and diverse class of compounds present in various materials and have major roles ir
applications in chemistry, biology, material science, and related féids.

In synthetic aspect, carbohydrates are polyhydroxy molecules that, because their nature
genesis, optical purity, as well as, excellent water solubility are useful building blocks in
preparation of many essential drd@sOur attention was drawn to macrocyclic compounds
containing the carbohydrate units. In this overview, we categorized the carbohydrate baset
macrocycles, demonstrated the common approaches to the synthesis of these macrocycles a

showed their most important use.
2.1 Aza-crown ethers containing the carbohydrate subunit

Crown ethers are primary supramolecular recefftosghich play a crucial role in the
formation of host-guest complexgs.Cation-complexing ability of these macrocycles is
widely used in catalysis (including phase transfer catalysis: B@nsport of metal cations
through membrané¥’ as well as, in the synthesis of catenEfleand rotaxane’$? Chiral
crown ethers and their analfdsare often used as catalysts in asymmetric syntflesisi/or
as synthetic receptors in chiral analysis and separatiofhe design of these receptors is
based on common enatiomerically pure starting plaforms su@hgasamino acid$>8
binaphtyl!**?! salen?" terpene&? or sugar&>2

Carbohydrates, cheap and renewable raw materials, available in optically pure form, are
particularly useful in planning and executing the synthesis of such chiral hosts. Presence o
the 1,2-diol grouping with different arrangement, depending on the configuration of the sugar,
which may be incorporated directly into the target macrocycle, makes these compounds
convenient chiral synthetic analogs of the polyethylene glycol (PEG) re&geénts.

Crown ethers in which one (or more) oxygen atoms is replaced by an amino functional
group are known as aza-crown ethers. They are intermediates between the per-oxygen crow
compounds and per-aza analogs, also named cyclens. The advantage of aza-crown ethe
(over the ‘normal crowns’ compounds containing only oxygen atoms) is their better

complexing ability for ammonium cations and for transition-metal ions which results from the
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fact that the nitrogen atom is more electronegative element than oxygen. Also, they are usefu
precursors of the lariat aza-crown ethers. Di-aza-crown macrocycles amapdstant inter-
mediates for the synthesis of cryptafgs.

The most common synthetic strategy for the preparation of sugar-aza-crown ethers
(SAC) is based on the application of carbohydrate units with unprotected only two hydroxyl
groups, as substrate.

In particular, Bakoé and co-workers used carbohydrate 1,2-diols as starting materials for
the preparation of the mono-aza-crown ethers. Such compounds are chiral synthetic
equivalents of four-atomic O-C-C-O synthons.

One of the most available and useful carbohydrate 1,2-diols is 1,2:6%sdpropyli-
deneb-mannitol @.1)?7?8 Hydroxyl groups at the C3 and C4 carbon atoms of mannitol deri-
vative 2.1 were alkylated with bis(2-chloro-ethyl)eth2r2) in a liquid-liquid two-phase reac-
tion [bis(2-chloro-ethyl)ethe?.2 wasused as solvent and reagent with tetra-butylammonium
hydrogensulphate as a phase-transfer catalyst] to provide the bis-chloro phaéid
Treatment of this product with Nal in acetone afforded more reactive bis-iBdida& double
alkylation of different primary amines with bis-iodo pod@hd in acetonitrile in the presence
of anhydrous N#O; led to macrocyclization and formation of the required 15-membered
mono-aza-crown ethes5 in 28-54% yielddIN-Tosylated aza-macrocyc26 was obtained
after realization of alkylation reaction of compou@ with tosylamine. Cleavage of the

tosyl group by sodium amalgam gave secondary amine 2.7 (Scherft® 2.1).

Me

28-54%
25

(a) 50% ag. NaOH, Bu,NHSO,, 14h, 20 °C, 90%; (b) Nal, acetone, reflux, 24h, 90%; (c) RNH,, Na,CO,, MeCN, reflux;
(d) TsNH,, K,CO,, DMF, reflux, 46%,; (e) 4% Na/Hg,, Na,HPO,, MeOH, reflux, 87%
R =n-Bu, C¢H,,, Bn, (CH,),Ph, (CH,),0H, (CH,),OH, (CH,),0OMe, (CH,),0Me

Scheme 2.1 Synthesis of aza-crown ethers 2.5a12062.7.

Similar strategy was used by these authors for the preparation of SACs, based on gluco:

pyranose. Thus, reaction of methyl-£)8senzylidenes-D-glucopyranoside8f** with bis-

10
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(2-chloro-ethyl)etherZ.2) provided the bis-chloro poda@d®, which was converted into the
appropriate di-iodo derivative.10. The ring closing reaction ohdlf-crown” 2.10 with
various aliphatic and aromatic amines resulted in formation of the glucopyranoside-based
macrocycle2.11in 32-71% yield**—® Dichloro derivative2.9 was also converted into the
N-tosyl aza-macrocycle?2.12 via reaction with tosylamide in the presence ofCRx.
Treatment of this compound with sodium amalgam provided the unprotected p2otBict
Removal of the benzylidene group in compounhd2 with acetic acid gave di-hydroxy
compound2.14, which — upon alkylation or acylation — furnished the prod2diSa—c Fi-

nally, removal of the protecting tosyl group fr&i5a—cfurnished the crown amind$a—c

On the other hand, reaction of compouhd?2 with NBS led to the bromo derivatizel7

which — upon treatment with sodium amalgam — was converted into secondary arh#es

(Scheme 2.2

OMe
z OMe (\o/ﬁ
A OH :
oYy e cl
a (@) N b (@]
Yo T —
5o < Y0 cl r*) |
~ = >
. 0.0 k/o\) 00 K/o\)

Ph : :
2.8 Ph 2.9 Ph 2.10

dl J
Meo 0_> MeQ O’> MeQ O’>
O e e
0 N-H ¢ ] N=Ts (@'\ N-R
T 0 j
6 \\/O

OMe (\o/\
A O I

Y 0 > - ; 0
= o z 0
\_/o \\/ o\_/o \\/ o\_/
p 2.13 p . P
Ph Ph 2.12 Ph )11

/ i 32-71%
Me? //\O
SATN ey e e

N—R A \\O W
> (@] rt <] 0 »
((.:LO N—Ts —> )\/:L N—H
OR! OR \\/O - dhe) Me O\\/ >
0]

— 214:R'=H,R2=Ts B 0Bz O OBz
gorhorile 52 Ri = Me (a), Bu (b), Ac (c), R? = Ts 217 218
el> 5 16: Rt = Me (a). Bu (b). Ac (c). R2= H
(a) 2, 50% ag. NaOH, Bu,NHSO,, 14h, rt, 80%; (b) Nal, acetone, reflux, 24h, 92%, (c) RNH,, Na,CO,,
MeCN, reflux; (d) TsNH,, K,CO,, DMF, reflux, 42%; (e) 4% Na/Hg,, Na,HPO,, MeOH, reflux,
92% for 2.13; 78% for 2.16a; 58% for 2.16b; 75% for 2.16c; 90% for 2.18; (f) AcOH, reflux, 92%; (g) Mel, DMF, 8h, rt;
(h) BuBr, NaH, DMF, 40h, 40°C; (i) Ac,0, Py, 1t; (j) NBS, BaCO;, (PhCO,),, 88%
R =n-Bu, C;H,;, (CH,)4CH,, Ph, Bn, (CH,),Ph, (CH,),Py, 1-naphtyl, (CH,),OH, (CH,),OH,
(CH,),OMe, (CH,),0OMe, CH,CO,Me, (CH,),P(O)(Ph),, (CH,),P(O)(OELt), (n = 1-5)

Scheme 2.2 Synthesis of pyranoside containing macrocycles 2.11-2.18.
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The methyl 4,6-d@-butyl-a-D-glucopyranoside-based macrocycles of tZ2pE9 were
prepared in an analogous WaY.Furthermore, Baké et al. also synthesized a series of aza-
crown ethers based on phepyb-glucopyranoside220)!***? methyl a-D-galactopyranoside
(2.21)BY and methyl eb-mannopyranoside2(22)"*¥! (Figure 2.1).

MeO //\O
£ O
Q N—R
¥ 0
OBu OBu ~_©
2.19
R=H, Ts, (CH,),CH,, © R = n-Bu, (CH,)sCH,, CH(i-Pr),, C¢H,;,
(CH),OCH;, Bn, CH,C¢H,,, B, (CH,),Ph, (CH,),-C,H,-OMe,
(CH,),Ph (CH,),OH, n = 2,3; (CH,),OMe, n = 2,3
MeOQ MeO ™o
O )
N—-R
r@ AL
\/ O\_/E) NG
2.21 : 2.22
@ = n-Bu, (CH,),CqHs, © R=H,Ts,
(CH,),OH, n=2,3; (CH,),OH, n=2-4;
(CH,);OMe (CH,),0OMe

Figure 2.1 Aza-crown ethers 2.19-2.22.

These authors also obtained the 18-membered di-aza-crown ét&&¥<sand2.24 by
reaction of thex-D-glucose-based bis-iodo podaRd 0 with ethylenediamine arphenylene-

diamine (Scheme 2.3/

omMe 70T Hz OMe (\o
; e

A O HN
<— 2.10 —>
H (6] HN a
§8 o)
Ph 37% Ph 57%
2.23 (a) Na,CO,, CH,CN, reflux 2.24

Scheme 2.3 Synthesis of the 18-membered di-aza-crown ethers 2.23 and 2.24.

Another example of sugar-aza-crown ethers is represented by an analogous glucopyra:

noside-based macrocycle, incorporating a pyridine unit. The synthesis of aza-crown ether 2.25

was realized on three different cyclization pathways using various coupling partners, as
shown in Scheme 2.4. The ring forming reaction of glucopyranoside-based diol-ditosylate

12
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2.26 and 2,6-bis(hydroxymethyl)pyridir®e27 in the presence sodium hydride was not really

efficient since the yield of aza-crown ett#®R5 was only 8%. On the other hand, the double

alkylation of glucopyranoside-based digdl28 with 2,6-pyridinedimethyl ditosylat@.29

provided the produc2.25 in 40% vyield, whereas the ring closing reaction of methy{>4,6-

benzylidenes-D-glucopyranoside 2.8) with ditosylate derivativ®.30 afforded compound
2.25 in only 12% yield**!

oMe  —\

NO) OTs
o R
H O OTs
5 \__/

T O/_\OH
A W\ TSO \O
Q 0 7\
7\ a N
Y "0 OH + N —_— o —
(@] C:) — 40% C \\/O
Y Ts0 'S
Ph o 508 2.29 Ph  2.25
OMe
H /~\
0 ‘\\\OH TsO (e}
B\ a 12%
v YoH *t N
0. _O
h'd TsO 0
Ph —
28 2.30

(a) NaH, DMF, 60°C, 40 h

Scheme 2.4 Synthesis of the pyridine containing aza-crown ether 2.25.

The study of the phase transfer properties (in a liquid-liquid system) of the 15-mem-
bered mono-aza-crown ethe®s5, 2.11, 2.19-2.22, and®.25 indicated the high binding

affinity towards the sodium cation. Therefore, this library of aza-carbohydrate coronands was
investigated as ligands in asymmetric catalysis. In particular, these macrocycles are

particularly useful as very efficient chiral phase transfer catalysts which allow to perform the

Michael addition of 2-nitropropane2.31) to chalcone®.32 with asymmetric induction;

products2.33 were obtained with the enantiomeric excess (ee) to!¥8885°2°>AThese

SAC ethers were also used in asymmetric epoxidation of chalcones (to 9995 &&§and

the Darzens condensation of 2-chloro-1-phenyl(hetaryl)ethan@r#s) (with aryl aldehydes
(2.36) (to 86% ed} 143493357 5cheme 2.5).

13
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sugar-aza-crown 02N Me

0] Me
/ catalyst _ o Me
A 1)]\/\A . AT NG e
r r ,
Me toluene Ar' AP
2.32 2.31 2.33
sugar-aza-crown o
(0] catalyst )gXH
e E— 1 2
ArlJ\/\ AP ‘BUOOH, Ar Ar
2.32 20% ag. NaOH, H 234

toluene

sugar-aza-crown

(0]
O 0o catalyst o _H
Het = )/ ;
)J\/CI + J\ 3 o o Ph(Het))K<><Ar3 © U\ )
Ph(Het) H™ TA ag. NaOH S

r X
toluene H _

Scheme 2.5 The use of sugar-aza-crown ethers as catalysts in asymmetric synthesis.

Rathjens and Thiem recently received symmetrical, nitrogen containing, structures with
two or four glucose unit€¥ They used methyl 6-azido-6-deoxy-2,3@ibenzylo-D-gluco-
pyranoside Z.38)°" as a suitable monosaccharide building unit. The phase-transfer catalyzed
alkylation of the hydroxyl group of compouri38 with 0.5 equiv. of diethylene glycol
ditosylate 2.39a) ora,o’-dibromo-m-xylene @.39b), or a,a’-dibromo-p-xylene €.399 led to
formation of disaccharide produc2s40a-c Alternatively, the corresponding reaction of the
alcohol 2.38 with 20 equiv. of bis(2-chloro-ethyl)ethet.2) gave glucose derivativ.41
which — upon reaction with 0.5 equiv. pftosylamideand cesium carbonate — was converted
into the product2.40d having a bridged 3,9-oxaf§-tosyl-aza-undecane chain. Afterwards
the azido functional groups were transformed into the amino and further into the tosylamide
functions (compounds 2.42aahd 2.43a-despectivelyf®! (Scheme 2.6).

O(CH,CH,Cl),

N3 2.2 fe) N3
' (0]
'Bn0 2 (20equy) C7 \/;%
n —_— n
BnO e a B0 e ( Tether A \

2.41

2.38 A

23%-c |4 b 2.39a-c:
(0.5 equiv) TsO OTs
Br Br
%Oo% /\©\/
MeG OB ~ BnOoe Br Is

c l; 2.40a-d: R = N3 Br \/\O/\/N\/\O/\/
2.42a-d: R =NH, \ j

d |: 2.43a-d: R = NHTs
(a) 50% NaOH, TBAB, toluene; (b) TsNH,, Cs,CO,, DMF, 50°C; (c) Pd/C, H,, MeOH; (d) TsCl, Py, -20°C

Scheme 2.6 Synthesis of ditosylamides 2.43a-d
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Richman-Atkins cyclisation of ditosylamides43a-d with various alkyl tosylates
[ethylene glycol ditosylate2(44a), diethylene glycol ditosylate.44b), diethanol amine
tritosylate 2.449, and 1,8-bigp-toluene sulfonyloxy-3,6-dithia-octan®.44d] as well as
a,o’-dibromo-p-xylene @.44¢ gave of the carbohydrate coronari45 containing oxygen,

nitrogen and sulphur donors as shown in Scheme 2.7.

TsNH NHTs
0 Oo Q f Tether A \ ( Tether B \
OBn BnO
MeO OB 2.43a-d BnO ome NN TN e

L || o
244a-¢ NS
T )
|
lil—-_B N /\@\/ /ls/s\/\
OBn BnO Ts
Me0 OBn 2.45 BnO ome Q/\O/\/N\/\O/\j \ /\©\//

(a) Cs,CO,, DMF, 20-90°C

Scheme 2.7 Synthesis of the carbohydrate coronands 2.45.

Treatment of the precursord.43a,b with an excess of 2-(2-chloroethoxy)-tetra-
hydropyran 2.46) and subsequent acidic hydrolysis of the THP-groups, gave compounds
2.47a,band2.48a,h respectively. Both free hydroxyl groups in di@l€8a,bwere activated
as tosyl esters (compoun@s49a,h. Similarly, using the mono-silylated diethanoloamine
ditosylate2.50 and precursor8.43a,the di-glucose derivative®.51,2.52 and2.53 were
obtained (Scheme 2.8). Compourad49a,band2.53 are ideally suited for further reactions to
be used as electrophilic components in Richman—Atkins cyclizdtfns.

OR RO

INSorhp g 8
2.46

243abh ——mM N—Ts Ts—N
a
Ts Fios?-gno
a MeO OoBn BnO OMe
b[ 247ab:R=THP

2.48a,b:R=H
l:>249ab R=Ts

O\/\ ~Ts
N N Tether A
N Ts —N
o
OBn BnO
OB BnO
MeO 251: R = TBDMS OMe
252 R=H

C 253:R=Ts
(a) Cs,CO,, DMF, heat; (b) conc. HCI/MeOH, CH,CI,, rt; (c) TsCl, Py, -20°C; (d) TBAF, THF, rt

Scheme 2.8 Synthesis of of ditosylamides 2.4%:m4 2.53.
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Ring closing reactions of ditosylamid2st3a,bwith 6,6’-extended derivative®.49a,b
and 2.53 were implemented in formation of the disaccharide analogs (as the previously
described). Tetrasaccharide aza-crown macrocyle$a-c were obtained in ~ 50% vyield
(Scheme 2.9§®

MeQ oBn Bno PMe

OBn BnO MeO ogp, Bno OMe Tether A
0 o A }o 0 OnO
(0] (0]
TsNH NHTs o 0
2.43a,b
TS/N N\TS
TsO + OTs a
E — -C C
L ]
Ts~ —Ts
TS\N N/TS N N
O o A o O
° o—{ A }o o OBn BnO
OBn BnO MeO OBn BnO ome
MeO OBn BnO OMe 2.54a-c

2.49ab, 2.53
(a) Cs,CO,, DMF, 70-80°C

Scheme 2.9 Synthesis of the macrocyclic derivatives 2.54a—c

As mentioned above (see Introduction), in the previous study of Jarosz group, aza-
crown ethers analogs containing sucrose scaffold were presénBemible alkylation of
1',2,3,3',4,4’-hexa©-benzylsucrose 2(55) with allyl bromide ortert-butyl bromoacetate
furnished the corresponding produ@%6 and 2.57 which were further converted into the
6,6'-extended dioR.58 as shown in Scheme 2.10. Reaction of the di-alcdBb8l with the
excess of methanesulfonyl chloride and subsequent substitution with iodide gave compounds
2.59 and2.60, respectively. Treatment of di-iodidé0 with 0.5 equiv. of benzylamine in the
presence of sodium carbonate produced the sucrose corah&dd in 73% vyield
(Scheme 2.10§°
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(a) AlIBr, NaH, DMF, 3 h, rt, 95%; (b) OsO,, NalO,, THF/H,O (1:1) then NaBH,, 52%; (c) BrCH,CO,'Bu,
50% NaOH, toluene, TBAB, 69%; (d) LiAIH,, THF, 95%; (e) MsCl, Et,;N, DMAP, CH,Cl,;
(f) Nal, acetone, reflux, 6 h, 69% (over two steps); (g) BnNH, (0.5 eqiuv), Na,CO,, MeCN, 50 h, reflux, 73%

Scheme 2.10 Synthesis of the sucrose-based aza-crown ether 2.61.

Treatment of the dimesyla@&59 with excess of benzylamine gave the dianir2,
which — in ring closing reaction with ethylene glycol ditosylate — led to sucrose di-aza-crown

derivative 2.63 in 55% yield (Scheme 2.%1).

OMs NHBN Bn
MsQ BANH Vit

2 2 {‘N N’\‘

o} o o} o o} 0o

Y 2. Y _° \

OBn § OBn § OBn §
BnO o] o BnO « o] o BnO#, Q o)

oW OBn -~ OBn oW OBn
BnO = OBn BnO = OBn BnO = OBn

OBn 259 OBn 262 OBn 263

(a) BnNH,, Na,CO,, MeCN, 70%; (b) TSOCH,CH,OTs, Na,CO,, MeCN, 55%

Scheme 2.11 Synthesis of the sucrose-based di-aza-coronand 2.63.

For the preparation of sucrose aza-coronands with three and four nitrogen atoms the dic
2.55 was transformed into the corresponding dian2isd. Using a similar (to previously
described) strategy the diest2r65, dialcohol2.66 and dimesylat®.67 were obtained.
Reaction of compoun@.67 with 1.2 equiv. of benzylamine led to sucrose-tri-aza-coronand

2.68 in good yield®* Analogous process witN,N'-dibenzylethylenediamine gave tetra-aza-

coronand 2.69 in 60% yiefd (Scheme 2.12).
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(a) MsCl, DMAP, Et;N, CH,CL,; (b) BnNH,, Na,CO,, 80°C, MeCN; (c) BrCH,CO,'Bu, K,CO,toluene;
(d) LiAlH,, THF; (e) BnNH(CH,),NHBn, Na,CO,, 80°C, MeCN

Scheme 2.12 Synthesis of the sucrose-based tri- and tetra-aza-crown ethers 2.68 and 2.69.

Condensation of the diamin264 with di-tosylate ofN,N'-ditosyl-N,N’-diethanolo-
ethylenediamine2.70) under typical conditions, provided the macrocyckl in 51% yield
(Scheme 2.13§?

Ts
S\,
\/“N N’>
Ts Ts
/ Bn—N N—Bn
264 + < NN 2 - 3
: Bn 3
BnO o]
OTs TsO nOu N OB
2.70 MmO
BnO E 6Bn
(a) Na,CO,, MeCN, reflux, 51% OBn, 44

Scheme 2.11 Synthesis of the sucrose-based tetra-aza-coronand 2.71.

Sucrose aza-crown ethets61,2.63,2.68,2.69 and2.71 showed high binding affinity
towards the ammonium cation. The association constants for complexes of these macrocycle
with NH;" (used in form of ammonium thiocyanate) determined by the NMR titration
method™ in deuterated acetone were between 110-586%? The following studies on
sucrose aza-receptors proved also the high enantioselectivity in recognition of chiral
ammonium cation. In particular, the NMR titration experiments in deuterated chloroform
demonstrated the preferential complexation of t8gigomer ofa-phenylethylammonium
cation by these receptofé!
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2.2 Cyclic homooligomers from amino sugars

Aminosugars are components of many antibi§fic¥! and bacterial polysaccharidé&3.
Of particular interest are carbohydrate derivatives bearing an amino and carboxylic acid
functionality, also known as sugar amino acids (SARSChakrabortyet al. used 6-amino-
2,5-anhydro-6-deoxp-mannonic (Maa) and its gluconic (G&3)acids in the synthesis of
cyclic homooligomers of furanoid sugar amino acids. Treatment of the H-MaaDBh
(2.72) with benzotriazol-1-yloxytris(dimethylamino) phosphonium hexafluorophosphate
(BOP reagent) andtN,N-diisopropylethylamine (DIPEA) at 0 °C afforded the Bn-protected
cyclic product2.74and2.75 in 31% and 12% yields, respectively. Compouhdd and2.75
were converted, in quantitative yields, into the polyhydroxylated anal@gsand?.77 by de-
benzylation reaction. The glucose-based sugar-amino2ac8l[H-Gaa(Bp)-OH], under the
same reaction conditions, provided the bicyclic lact2i8 as the major product
(Scheme 2.14)H

O COH _a H\y
+ RO,
Bnd OBn k(_z g
OR

H
2.72 } S 7~N
RO OR
2.74: R = Bn (31%)
b I__’2.75: R=H
H RO OR
2.76: R =Bn (12%)
b I-—_’2.77: R=H

NH, N
(@] (@)
COZH a O
—_—
BnC; OBn 3 (a) BOP reagent, DIPEA, DMF, 0°C, 7 h;
2.73

BnO  OBn (b) H,, Pd(OH),-C, MeOH, rt, 24 h
2.78: R = Bn (75%)

Scheme 2.14 Synthesis of homooligomers 2.75 and 2.77 and monomeric lactam 2.78.

Cyclic homo-oligomers of glucose-amino-acid were prepared by cyclization of the
corresponding linear precursors. Thus, Boc-Gag(BiMe 2.79) was transformed into the
acid 2.80 and amine 2.8y selective removal of teliutoxycarbonyl or ester groups, respect-
tively. Coupling of 2.80 with 2.81, promoted by 1-ethyl-3-[3-(dimethylamino) propyl]-
carbodiimide hydrochloride (EDCI) and 1-hydroxybenzotriazole (HOBt), furnished the
product 2.82. Subsequent saponification/Boc-deprotection/coupling converted the linear

dimer 2.82 into the cyclic compound.86. On the other hand, disaccharide & and
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amino esteP.84 were also obtained. Condensation of these components gave t&t@&8ner
which — after deprotection of Boc- and ester groups — was converted into the amid@@cid
Intramolecular lactamization of compouri89 were implemented as in the previously
described formation of the disaccharide analogs. After cleavage of the benzyl gr@ugs in

and 2.90, cyclic homo-tetrasaccharides 2.87 and 2.91 were obtained (Scherf{& 2.15).
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BnQ  OBn BnQ  OBn 0
2 2 o o
o NH N
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(a) (1) LiOH, THF/MeOH/H,0; (2) 1N HCI; (b) TFA, CH,Cl,; (c) HOBt H,O, EDCI, DIPEA, CH,Cl,;
(d) BOP reagent, DIPEA, DMF, 0°C; (€) H,, Pd(OH),-C, MeOH

2.88: Rl = Boc, R2= Me
ab [ 289: Rt = HTFA, R2 = H

Scheme 2.15 Synthesis of dimeric and tetrameric macrocycles 2.87 and 2.91.

Wu and co-workers have developed a synthesis of 14-membered cyclic homodimers of
furanoid sugar amino acidé Preparation of these furanoid SAA dimers was realized
starting from 2,39-isopropylidenep-ribose 2.92). Thus, tandem Wittig-Michael reaction of
2.92 with methyl(triphenylphosphoranylidene) aceté2€93) afforded theB-C-furanoside
2.94 as the major product. Mesylation of this alcoh®&4 followed by substitution of the
mesylate with sodium azide provided compo@@6!® which was then applied as starting
material for the preparation of target macrocycles. TheCadboside2.96 was subjected to
reduction by hydrogenation which produced the corresponding amina2esferCompound

2.97 was treated with sodium methoxide to promote intramolecular amidation between the
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amino and the ester functional groups. This process afforded the bicyclic imin@s@gar
(63%) as a major product, together with the @zglycoside 2.99 (35%) (Scheme 2.18).

H O
OH Cone X COZMe N H
O won PP~/ 0 - HO N
e (0] OMe
2.93
i _— 3 ! + e}
3 z E 3 t O7§ (@]
oxo

2.99 (35%)
2.95: X = Ms 2.98 (63%)

(a) CHLCN, rt, 81%; (b) MsCI, pyridine, rt, 80%; (c) NaN,;, DMF, 75°C, 1h, 89%;
(d) H,, Pd/C, MeCH, rt, 40 min, 92%; (e) NaOMe, MeOH, rt

Scheme 2.16 Transformation of 2CBisopropylidened-ribose 2.92) into the bicyclic
iminosugar 2.98.

The furanoid cyclic homo-dimers however, can be synthesized from its linear disac-
charide derivative. Hydrolysis of the-ribosyl azido-esteR.96 provided the corresponding
azido acid2.100. Coupling of the amino es®B07 with the azido acid.100 [carried out with
diethyl phosphoryl cyanide (DEPC) andsiEtin DMF] afforded the linear dime2.101. The
azido group in2.101 was reduced by catalytic hydrogenation and the resulting amino ester
intermediate was treated with,80; in MeOH, which induced the intramolecular amidation
with the ester leading to the desigdnomer furanoid SAA dime2.102 as major product in
87% yield. Reduction of the amide bonds of 2.#th an excess of LiAlzlunder microwave
irradiation completed the assembly of the desfteathomer furanoid SAC eth&:103 with
the G-symmetry in 67% yield (Scheme 2.1.

According to another strategy, the cyclic homodimers containing furanoid amino sugar
subunits were prepared through one-pot reductive aminatio@-rdfosyl azido-aldehyde
monomer. The reaction &1.96 with DIBAL-H produced thg-anomer ofC-ribosyl azido
aldehyde2.104. The authors intended to use the reductive amination strategy for cyclo-
dimerization. However, treatment the azido aldehy#04 under palladium-catalyzed
hydrogenation conditions led bicyclic compound 2.105 in 64% vyield.

To avoid formation of the intramolecular lactam, epimerization offtheomer ofC-
riboside to thex-anomer2.106 was performed. Treatment of componto4 with NaOMe
and Zn(OAc) provided thea-anomer of C-ribosyl azido-aldehyde2.106 in 75% yield
together withca 15% of the remaining starting material. Palladium-catalyzed hydrogenation

of the azido-functionality in th&-ribosyl-azido aldehyd®.106 afforded an amine which
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underwent spontaneous reaction with the carbonyl grouping of the second molecule and the

resulting cyclic di-imine was reduced to tar@et07. The desired dimeranomer furanoid
SAC ether 2.107 was isolated in 80% vield (Scheme 2748)
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Scheme 2.17 Synthesis of di-aza-crown ether 2.103
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Scheme 2.18 Synthesis of receptor 2.109
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As mentioned above, the aza-crown ethers have better complexing ability towards
transition-metal ions than ‘all-oxygen’ crown compounds. Combination of such macrocycles
(ionophores) with fluorophore moieties is often used in preparation of fluorescent sensors. A
lot of such compounds have been developed as sensors for selective detection of transition
heavy metal ion¥®

Wu and his group have synthesized the SAC-based fluorescent 2et@®mwhich has
the furanoid SAC moiety as the binding site and a pyrene moiety as the signaling unit
(Scheme 2.18). The authors carried out the study on the complexing properBd®f
towards metal ions in MeOH solution. They have examined the chemo-sensing behavior of
compound2.109 by fluorescence measurements in the presence of various metal ions by
comparing the fluorescence intensities of the solutions before and after addition of 10 equiv.
of the following ten metal ions as their perchlorate salfs:Ni', K*, C&*, Mg**, Hf*, Co™,

Ni?*, CUf*, and ZA*. The senso2.109 exhibits highly selective recognition toward$'qia

= 7.4x16 M) and HG" (Ka = 4.4x18 M™) ions. Chemosens@.109 formed complexes

with the Cd* or H¢f* ion in a 1:1 ligand-to-metal ratio with a detection limit of 1.3%M

CU?* and 1.2 x10 M Hg*, respectively. The fluorescence enhancement can be attributed to
the photoinduced electron transfer (PET) that occurs upon complexation of the nitrogen atom:
by metal ion. These results suggest that'Gu Hg" ions can be recognized by the two
nitrogen atoms of the linker of cation probe 2.189

Another example, represented by the fluorescent seéh4dn, based on sugar-aza-
crown ether structure with two anthracene-triazolylmethyl groups, was obtained by alkylation
of the furanoid SAC etheR.107 with chloromethyl-1,2,3-triazol2.110 (Scheme 2.19).
Fluoro-ionophoric properties of compou@dl1l were similar to sens@:109. Compound
2.111 also showed high binding affinity toand Hg" cations among a series of metal ions
tested as their perchlorate salts in MeOH solution. The association constants for complexes c
these macrocycles with €uand Hg* in methanol were calculated at: 4.0%1@™* and
1.1x10 M, respectively; the detection limits for the sensing of such ions were 139410
and 1.39x18 M, respectively’”
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(a) K,COg, KI, n-BuyNI, CH,CN, reflux, 12h, 73%
Scheme 2.19 Synthesis of fluorescent sensor 2.111.

The furanoid di-aza-crown ethe2.107 was also used for the preparation th@zole-
containing cavitan@.112. Propargylation ahediamine2.107 afforded the SAC ether alkyne
2.113 which reacted with 9-(azidomethyl)anthraceelld under ‘click’ conditions
[(EtO)sP-Cul as the catalyst in refluxing toluene] gave the cavitadd? in 35% vyield
(Scheme 2.20). ChemosensbLl12 exhibits highly selective recognition properties towards
CU?*ion (Ka = 2.5x18 M%) among a series of tested metal ions in MeOH sollftfbn.

The authors also investigated the sensing properties of the re2ejd@rfor anions (F
Cl, Br, I, NOs, HSQ,, H.,POy, AcO) using tetrabutylammonium as a counter-ion in
methanol.

Compound2.112 showed high selective binding affinity towards HSfinong a series
of tested above anions. The association constant for complex of SAC-based caniféhd
with HSQy anion was determined in methanol by fluorescence titration methodology at
8.06x10 M. NMR studies revealed that the C—H hydrogen bonding between 1,2,3-triazole
ring of the receptor 2.112nd hydrogen sulfate ion is crucial for the high selecti{ity.

Q.,X:O N O " /—g—\
8 —N Na

2.107 ——— > N
o ) g N
Rog SR
— ] 0
o_ .0 %—O
X

2.113
(a) propargyl bromide, K,CO,, KI, n-Bu,NI, MeCN, reflux, 6h, 78%; (b) (EtO),P-Cul, toluene, 85 °C, 15 min, 300W, 35%

Scheme 2.20 Synthesis of the triazole-containing cavitand 2.112.
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Similar synthetic strategies have been used for the preparation of pyranoid cyclic homo-
oligomers. In this the azida-C-allyl glucopyranozide2.115 was chosen as a synthetic
precursor. The ®-acetyla-C-allyl glucoside 2.117 was prepared first from ted-denzylo-
D-glucopyranoside2.116) by reaction with allyl trimethylsilane in the presence of TMSOTT,
followed by addition of AgO. Subsequent deacetylation quantitatively furnished the alcohol
2.118 which was transformed into the azidell5 by displacement of the mesylate
(Scheme 2.21§°

OAC

w110OMe BnQOte BnQiunwe

0Bn BnO  OBn BnO
2117 2.118
() AllYITMS, TMSOTf, CH,Cl,, 0 °C, Ar, then Ac,0, 71%; (b) MeONa, MeOH, rt, 100%;
(c) MsCI, TEA, CH,Cl,, 0 °C to rt; (d) NaN3, DMF, 90 °C, 75%

Scheme 2.21 Transformation of tettabenzyl«-D-glucopyranoside2.116) into azide 2.115.

Further, glucopyranosid2115 was modified to dimethyl and dimethoxymethyl analogs
(2.119 and2.120, respectively). Bgimediated regioselective debenzylation of tribenzyl
derivative2.115 followed by methylation or acetylation provided the corresponding diacetyl
and dimethyl glucopyranosideg:119 and2.121®" De-acetylation 0f2.121 followed by
methoxymethylation furnished 2.120 (Scheme 2[%9).

\> g
o T MOMO 111+

98%

a,c

—
98% AcQe

BnO  OMe BnO  OAc BnO  OMOM
2119 2.121 2.120

(a) BCl,; (2.5 eqiuv), CH,CL,, - 78 °C; (b) NaH, Mel; (c) Ac,O, pyridine; (d) MeONa, MeOH, then NaH, MOMCI, DMF

Scheme 2.22 Synthesis of compound 2.120.

Xie and co-workers used compouriti$15,2.119and2.120 as starting materials in the
synthesis of cyclic pyranoside homo-oligomer sugar amino acids. Oxidation of the alkene
function in glucopyranosid®.120 with KMnQ led to carboxylic acid2.122 which was
transformed into the methyl est2rl23. Reduction of the azido groupari23 afforded the
amino-ester2.124. Coupling of2.122 with the amino este2.124 promoted by diethyl
phosphoryl cyanide (DEPC) andsBtgave the linear disacchari@el25. Hydrolysis of the
ester group in 2.125 provided the corresponding azido acid 2.126 (Schem[§2}2.23).
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(a) KMnO,, AcOH, aliquat 336, H,0, CH,Cl,, 69%; (b) NaHCO,, Mel, DMF, 49%;
(c) PPh,, H,0, THF; (d) DEPC, Et,N, DMF, 83%; (e) LiOH, H,0/MeOH/THF

Scheme 2.23 Synthesis of linear dimers 2.126.

After catalytic hydrogenation with Pd/C, the azido function was reduced without
debenzylation. Intramolecular macrocyclization of the disaccharide intermediate (DEPC and
EtsN) gave theC,-symmetric macrocycl@.127. Selective or total deprotection of the benzyl
and /or methoxymethyl groups in homo-dinZet27 gavethe unprotected derivativest28,

2.129, and2.130. The 3-benzyl group seemed to be particularly resistant under the usual
debenzylation. However, complete debenzylation could be achieved by the Pd/black catalyzec
hydrogenolysis in the presence of AcCOH in a mixture of MeOH/EtOAc. Dila2ta@7/ was

also transformed into the diamine 2.131 via reduction with- BHF (Scheme 2.245

o
,—  OMOM
MOMO y
2.126 2 - _<:/( )/:>— _C/( p—
OMOM
MOMO W/
O 2.131
2.127: Rl = MOM, R2 = Bn

c bI-:>2128 R = MOM, Rz—
—T—>2.129:R'=H,R?=
bl-:>2130 Rl—RZ—H

(a) (1) H,, Pd/C, MeOH, (2) DEPC, Et,N, DMF, 60%; (b) H,, Pd/C, Pd black, AcOH, MeOH/EtOAc,
99% for 2.128, 74% for 2.130; (c) AcCl, MeOH, 98%; (d) BH, THF,-THF, reflux, 91%

Scheme 2.24 Synthesis of di-aza-crown ether 2.131.

Xie and co-workers also proposed another approach to pyranoid di-aza-crown ether
2.131 and its analogs. A one-pot Qsfithydroxylation of vinyl group — Nal©diol cleavage
in a-C-allyl glucosides:2.115,2.119 and2.120 led to the corresponding aldehy@ek32—
2.134 in good yields (83, 76, and 65%, respectively). Hydrogenation of the azido aldehyde
2.133 provided a mixture of imine intermedi&e 35 and a minute amount of the amine
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macrocycle2.136. The azide group was totally reduced and converted quantitatively into the
imine 2.135. However, further reduction to ami2d 36 was terminated, probably as a result
of catalyst poisoning by the once-formed amine. Application of other catalysts [ Rd(OH)
Pt0O,, or Raney Ni] did not improve this transformation. Therefore authors investigated a
tandem Staudinger/aza-Wittig (SAW) reaction for cyclodimerization of azido aldehydes
2.132-2.134.

Treatment of the azido aldehy@el33 with PBP (1.1 equiv.) in anhydrous THF led
efficiently to the cyclic imine dimeR.135. An attempt of purification of compoudl35
over silica gel led to degradation. This difficulty was circumvented by the use of the polymer-
bound diphenylphosphine (3 equiv.), thus affording the corresponding cyclic A&,
2.135 and2.138 in good yields. Reduction of these imines with NaBH(@Acjlowed by
cleavage of the N-B bonds using Pd/C in methanol) gave the: di-aza-crown 2t89s
2.136, and 2.131, respectively.

The a-C-glucosyl aldehyd®.133 was epimerized to the correspondgirenomer2.140
using Zn(OAc) and MeONa in methanol. Similarly to theanomer2.133, compoun@.140
gave the corresponding cyclic diamine 2.142 in a 60% yield after reduction (Schen&’2.25).
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> c 7 o oBn_ d 7 H g OBn
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2.132: R = Bn (83%) 2.137: R = Bn (83%) 2.139: R = Bn (83%)
2.133: R = Me (76%) 2.135: R = Me (76%) 2.136: R = Me (76%)
2.134: R = MOM (65%) 2.138: R = MOM (65%) 2.131: R = MOM (65%)

\OMe
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e d OBn
2133 —= ... 50 /
J OMe
BnO OMe MeO
2.140 (84%) 2.141 2.142 (60% over two steps)

(a) OsO, cat., NalO,, 2,6-lutidine, dioxane/H,O (3/1), rt, 30 min.; (b) H,, 10% Pd/C, MeOH, rt, 24 h;
c¢) polymer-bound diphenylphosphine (3 equiv), , Ar, rt, ; al (o equiv), , rt, ;
(c) pol bound diphenylphosphine (3 iv), THF, Al 20 h; (d) (1) NaBH(OAc), (5 iv), THF, rt, 20 h
(2) 10% Pd/C, MeOH, rt, 24 h; (e) Zn(OAc), (5 equiv), 0.6 M NaOMe in MeOH, rt, 3 days

Scheme 2.25 Synthesis of macrocyles 2.131, 2.136, 2.139, and 2.142.
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Diaza-crown ether2.131 and2.142 were used in the preparation of SAC-based
fluorescent molecular sensors for Cu(ll). Treatment of the diathit®l or2.142 withN-(1-
pyrenyl)chloroacetamid®.143% using K,CO; as a base in GIEN in the presence of Kl and
nBwNI gave the compound®.144 and 2.145 in 80 and 29% vyield, respectively
(Scheme 2.26§!

OBn 0Bn
MOMO,,’@:MOM O Momo,,,('j:wlom
W “ “ w H
L 7 HN 1 O f L 7 N/\H/N
NH C'\)J\N o O
N N ol
H

“ OMOM a “ OMOM O

2.131 OBn 2.144 (80%) OBn

OBn OBn
’ ~OMe O O MeO,, «OMe
() ) H
(0] (@) N
N N (@)
: “ ()
“OMe O

XS

2.143

2.143 _
MeO™" “ OMe a
OBn (a) K,CO, (4 equiv), nBu,NI (1 eqiuv), OBn
2.142 KI (5 equiv), MeCN, reflux, 20 h 2.145 (29%)

Scheme 2.26 Synthesis of chemosensors 2.144 and 2.145.

The chemosensor behavior was investigated by the fluorescence measurement in MeOF
solution (2uM) upon excitation at 340 nm. The fluorescence eimmsef pyrene containing
compound<.144 and2.145 was strongly quenched by?Cwith a 97.5% efficiency. Recep-
tors2.144 and.145 showed a 1:1 stoichiometry with high binding constants ({eg&7 for
2.144 and 7.8 for2.145 and a detection limit in the nanomolar range (~ 40 nM for both
ligands)®*!

Schemes 2.27 and 2.28 show the synthesis of orthogonally protected cyclic homo-trimer
and homo-tetramer sugar amino acids. Reduction of the azide group in compound 2.125 unde
Staudinger condition furnished the amine derivav&46 in 82% yield. Coupling of this
amine with acid®2.122 promoted by DEPC and;Ntafforded the linear trisacchari@el47 in
53% vyield. Subsequent saponification/reduction/condensation transfa2rmhdd into the
macrocyclic triamide.148 in 35% yield. Treatment of compoutd48with BH3- THF led to
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partial deprotection of the methoxymethyl groups. Removal all MOM-substituents with
AcCl/MeOH led to the partially deprotected cyclic compound 2.149 (Scheme®!27).

(_)Bn OBn OBn
B OMOM MOMO : OMOM

CO,Me

“ OMOM
OBn

I: 2.125: X = Njg;
2.146: X = NH, 2147

HO OBn MOMO

HO . MOMO, N
N g 'OH )J\ 'OMOM
BnO o H BnO
—t HN d

HO L -~ wmomo 41\ /K

o—
A1OH Q-HOMOM
HO  OBn MOMO  OBn
2.149
2.148

(a) PPh,, H,0, THF, 82%; (b) DEPC, Et,N, DMF, 53%; (c) (1) LiOH, H,0/MeOH/THF, (2) H,, Pd/C, MeOH,
(3) DEPC, Et,N, DMF, 35%; (d) (1) BH, THF, THF, reflux, (2) AcCl, MeOH, 42%

Scheme 2.27 Synthesis of trimeric compound 2.149.

Similarly, condensation of the disaccharide azido &ci®6 with amino este?.146
produced quantitatively the linear tetran2et50, which was converted into the macrocyclic
homo-tetrameR.151 in 62% yield. Amide functional group reduction and MOM-deprotection

led to tetra-aza-crown ether 2.152 (Scheme 2%38).
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OBn (_)Bn
A B OMOM

a
2126 + 2146 — > CO,Me

., O
OMOM

OBn 2152 9]

B
" 2151
(a) DEPC, Et,N, DMF, 100%; (b) (1) LiOH, H,0/MeOH/THF, (2) H,, Pd/C, MeOH, (3) DEPC, Et,N, DMF, 62%;
(c) (1) BH, THF, THF, reflux, (2) AcCl, MeOH, 68%

Scheme 2.28 Synthesis of tetramer 2.152.

Cyclic homooligomers from sugar amino acids can also be obtaiaedolid-phase
synthesig®® Organic synthesis on solid ph#4€® is widely used instrument in the prepara-
tion of oligo- and polymer molecules. First, this technique has been applied in peptide
chemistry®” and then oligonucleotid®¥ and oligosaccharides syntheds®! The
advantages of this method are the convenient synthetic procedure, easy purification anc
excellent yields of the products.

Overhand and co-workers developed an approach to cyclic oligomers consisting of
furanoid and pyranoid-sugar amino acid&? Kaiser's p-nitrobenzophenone oxime resin
(2.1531°>% was loaded with SAA building block.154a,bin the presence BOP and DIPEA.
After Boc-deprotection ammonium trifluoroacetak$55a,bwere obtained. By repetition of
the coupling/deprotection steps, the linear immobilised precursor tritries6a,b(n = 0) and
tetramer2.157a,b(n = 1) were obtained. Treatment of the resin with a 1:1 mixture of DIPEA
and acetic acid for 36 h led to macrocyclic homotrim2rs58a,b and homotetramers
2.159a,bin 5 — 20 yields (Scheme 2.284
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2.154a,b 2.155a,b

stepwise
a,b | elongation

2.156a,b

2.157a.b
2 158a.b (a) BOP, DIPEA, NMP/DCM (L:1, viv); (b) 25% TFA, 1% TiPS, DCM:
2.159ab (c) DIPEA, AcOH, DMF

Scheme 2.29 Synthesis of homooligomers 2.158ag¢h 2.159a,b
2.3 Sugar—Ureido Cryptands

Cryptands are synthetic bi- and poly-cyclic multidentate hosts. Their complexes with
metal cation (cryptaplex) are found to be more stable than complexes of monocyclic corand:s
(coraplex) because of the macrobi(poly)cyclic eff8ct.

Recently, Marsura and co-workers developed an efficient and rapid method for the
preparation of a family of macrobicyclic and macrotricyclic cryptands containing the carbo-
hydrate subunit. Central to this achievement was the tandem Staudinger—aza-Wittig (SAW)
templated reaction of carbohydrate di-azides with tetraoxadiazacyclooctatfécane.

The requisite di-azides were prepared as follows. Bromation oD{aaetyla-D-
cellobiose afforded ped-acetylated glycosyl bromid2 160, which was reacted with sodium
azides to afford thes-glycosyl azide2.161%°% After de-O-acetylation of cellobiose
derivative2.161, the resulting azidoglycosidel62 was treated wittya-dimethoxytoluene to
give the 4,6"-O-benzylidene derivativ€.163, which was reprotected 20164. Removal of
the benzylidene acetal froth164 yielded the dia2.165. Selective tosylation of the primary
hydroxyl group and subsequent acylation of the secondary one furnished the dicacharide
derivative 2.167. Tosylate2.167 was then converted into the 2,2°,3,3',4’,6-h€xacetyl-
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1,6’-diazido-1,6’-dideoxys-D-cellobiose 2.168). Deprotection 0R2.168 (MeONa/MeOH)
afforded finally the 1,6'-diazido-1,6'-dideox§-D-cellobiose 2.169 (Scheme 2.305"

Cellobiose 2.160 . 2161 R = Ac
I—_> 2.162: R=H
dl
o OAC Ph/V
N, RO ACO
AcO
2.168: R =Ac g |:2 165:R=R!= e 2.163:R=H
2.169:R=H 2.166: R =H, R1 Ts 2.164: R=Ac

el5167.-R=Ac RI=Ts
(a) (1) Ac,0O, Py; (2) HBr in AcOH (35%), CH,CI,, 0 °C, 30min; (b) NaN,, DMF, 80 °C, 24h, 88% for 2.161, 92%

for 2.186; (c) MeONa, MeOH, 3h, rt, 95% for 2.161, 95% for 2.169; (d) PhCH(OMe),, TsSOH, DMF, 40 °C, 4h, 72%;
(e) Ac,0, Py, rt, 24h, 87% for 2.164, 93% for 2.167; (f) AcOH, 80 °C, 1h, 84%; (g) TsClI, Py, rt, 24h, 70%

Scheme 2.30 Synthesis of cellobiose-based diazides 2.168 and 2.1609.

Disaccharide di-azide. 168 and®.169 were used to prepare sugar—ureido cryptands by
tandem SAW reaction carried out in anhydrous DMF by using the alkali cation template
effect. 1,6-Diazidocellobios2.168 and2.169 reacted with BR and CQ as electrophile to
afford 1,6-diisocyanatocellobiose intermedia2es70 and2.171. Thereafter two nucleophilic
additions of tetraoxadiazacyclooctadecarkr2 take place simultaneously with the diisocya-
nate. Depending on the type of metal cation templates, different macrocycles can be formed
Thus, using sodium cation template {N8&s), the monocellobiose macrobicycl2sl73 and
2.174 preferentially were obtained (47 and 46%, respectively) as shown in Scheme 2.31. Or
the other hand, application of cesium template@QCs) in this reaction leads to the formation
of biscellobiose macrotricycles. The authors suggest that the formed dimer has a structure
depicted by the formulas 2.175 and 2.176 (Scheme 5731).
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N

3 Ph,P, CO,, RO o
o OR
RO RO DV \\
RO (0] 0 3 3

OR
OR o
3'1233 S : ﬁc L 2.170: R = Ac |
o 2171:R = H

O N
e :P -
2.173: R = Ac, 47% \/E >_ \ﬁ \Qé\
2.174: R =H, 46% o

R RO

2.175: R = Ac, 40%
2.176: R =H, 22%

Scheme 2.31 Synthesis of cryptands 2.173, 2.224,5 and 2.176.
2.4 Cyclic peptides containing amino sugar units

Cyclic peptides are widely known because its biological actttyCyclopeptides with
embedded non-peptide moieties are of intense current research Hitst&8tn this context,
sugar amino acids are synthetic analogs of ‘normal’ amino acids. Implementation of the SAAs
in the structure of glyco-conjugates should improve the properties (e.g. solubility) of the
peptide units.

Kessler and co-workers have developed synthetic routes to macrocyclic glycopeptides
containing different sugar amino acid units. In one of these ways, the authors used pyranoid
amino ester2.178 (prepared from azido esterl77 by palladium-catalyzed reduction) as
starting material. The free amin2178 was unstable due to epimerization. Therefore,
hydrogenation of the azid2.177 on Pd/C was performed in THF since anomerization is
known to occur preferably in protic solvents. After isolation of compduda@8, the amine
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was immediately coupled with [IDQ (1-(isobutoxycarbonyl)-2-isobutoxy-1,2-dihydroquino-
line). Subsequent reaction with protectedheonine gave produ@.179. Removal of the
Cbz-group and condensation witHysine derivative [Cbz-Lys(Boc)-OH] in the presence of
EDCI-HCI [1-ethyl-3-(3-(dimethylamino)propyl)carbodiimide hydrochloride] and HOBt as
coupling reagents, ga\v&180. After hydrolysis, this compound was coupled with dipeptide
H-Pheb-Trp-OMe under standard conditions. Hydrolysis and Chbz-deprotectidh 181
provided the amino acid.182 which was cyclized to macrocyclic pentapeptide aratbg@

via TBTU [2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium  tetrafluoroborate]
(Scheme 2.32}%4

2.181: R = Me, R2 = Chz
2.183 elo’ 1o Ri=R2 = H

(a) H,, 10% Pd/C, THF, 0 °C, 2h, quant.; (b) Cbz-Thr('Bu)-OH, IIDQ, 0 °C, 12h, 54%; (c) (1) H,, 10% Pd/C,
AcOEt, rt, 1h, (2) Cbz-Lys(Boc)-OH, EDCI -HCI, HOBt, NMM, THF, 12h, 85%; (d) (1) 1N NaOH, THF, rt, 3h;
(2) H-Phe-D-Trp-OMe, THF, EDCI-HCI, HOBt, NMM, THF, 12h, 77%; (e) (1) 1N NaOH, MeOH/THF (1:4),
15min, (2) H,, 10% Pd/C, THF, rt, 1h, 48%; (f) HOBt, TBTU, DIEA, NMP, rt, 1h, 22%

Scheme 2.32 Synthesis of macrocyclic glycopeptide 2.183.

Another synthetic route to macrocyclic glycopeptides is shown in scheme 2.33. In this
case, the pyranoid Chg-protectedd-amino ester2.184 was used as starting material.
Saponification of ester function and subsequent coupling with HoPFg-OMe under
standard protocol provided the peptide derivaBvi85. On the other hand, Cbz-deprotection
and condensation with Boc-Lys(Chz)Trp-OH gave the linear compour2d1l86 which was
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used as the precursor for the preparation of macroc2cl&¥ and?2.188 which backbone is
one atom longer than that of the glycopeptide 2!483%!

O NH
g\:NH NHCbz
o}

2.185 OH

O

73%

H
N
// BocHN
OMe NHCbz
/Z-(OH
NH HN™ O
o}

\ZI

OH

2.187: R = Cbz
2.186
a o5 188 R = H (979%)

(a) IN NaOH, MeOH, rt, 2h, (b) H-Phe-D-Trp-OMe, EDCI- HCI, HOBt, NMM, 0 °C, 12h, THF; (c) (1) H,,

10% Pd/C, MeOH, rt, 1h; (2) Boc-Lys(Cbz)-Thr-OH, EDCI- HCI, HOBt, NMM, THF/DMF (4:1), rt, 10h, 73%;
(d) (1) 1N NaOH, MeOH/THF (1:1), rt, 4h, (2) HOBt, DIEA, H,0, TBTU, DMF, tt, 1h, 56%

Scheme 2.33 Synthesis of macrocyclic glycopeptide 2.188.

These authors also described the preparation of glycocyclopeptides containing-sugar
amino acids by solid phase synthesis. Dipeptide cross-linked to the 2-chlorotritylchloride
resin2.190 was condensed with SAA-derivati?e189 to give2.191. Chain elongation and
Fmoc-deprotection led to linear sugar peptide deriv&it®2. This peptide immobilized on
the polymer suppor2.192 was cleaved with GRBI,/trifluoroethanol/AcOH (8:1:1) to the
linear sugar pentapeptide anal®g93, which then was cyclized using TBTU as a coupling
agent. The subsequent debenzylation led to macrocyclic glycopeptid®4
(Scheme 2.34}%4
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H <

“ o) =0
2 HN
O Me
2191 o
O R ¢}
2.190 Me a

OH

NHFmoc

Me O
2.194

(a) HOB, then TBTU; (b) CH,Cl,/CF,CH,OH/ACOH (8:1:1), 82%;
(c) (1) NMP, TBTU, HOB, DIEA, tt, 3h, (2) H,, 5% Pd/C, H,O/AcOH (1:1), 24h, 68%

Scheme 2.34 Synthesis of macrocycle 2.194.

Furthermore, Kessler and co-workers synthesized macrocyclic glycopeptides based on
the furanoid suggf-amino acids. Similar methodology to that descrivedcheme 2.34 was
applied in the synthesis of macrocyck$94a-¢ 2.195 containingt-threononel -lysine, D-
tryptophan b-benzothienylalanineg,-tyrosine,L-phenylalanine subunits (Figure 2.2). Interes-
tingly, these compound have svalues in the lowuM range, which make them promising
candidates for chemotherapeutic drugs against multidrug-resistant carétffdma.
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OH

o NH /\\[\ X NH /\\[\
O}H HN Yo © TN
A SO
0 0
NH, 2.195 NH,

2.194a:R=H, X=NH
2.194b: R=Tr, X =NH
2.194c:R=Tr,X=S

Figure 2.2 Macrocyclic glycopeptides 2.194aaxd 2.195.

Zhu and co-workers have developed a synthesis of highly functionalized cyclo-depsi-
peptides with embedded carbohydrate subunits. The authors used furanoid azadbOfcats
starting material. This substrate was transformed into the corresponding sugar amino alcohc
2.196 which was used in a two-step process directed to macrocyclic depsipeptide. Primarily
three-compoment reaction 28196 with isocyanoacetami@197 and aldehyd2.198a—c(R
= n-hexyl, cyclohexyl or benzyl) provided the functionalized oxazZol99a—cas an equi-
molar mixture of two diastereoisomers. Thereafter, saponification of the methy? d€8a—
¢ (LIOH, THF-H,O) followed by treatment with trifluoroacetic acid gave macrocycles
2.200a—c¢ the proposed mechanism of this process leading to these macrocyclic glyco-depsi-
peptides is depicted in Scheme 2.35. Thus, protonation (with TFA) of the C-4 position of the
oxazole should provide the iminium intermediaBe801a—cthat are trapped by the vicinal
carbonyl oxygen atom to afford the spirolactorg202a—c Intramolecular nucleophilic
addition of the tethered hydroxyl group to the lactone followed by fragmentation, provides the

observed macrocycles 2.200d%
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O

N HO J

S5 NH, CNT N co,Me
OH a © Bn 2197 MeOC
J —_—
—

& 3 RCHO 2.198a-c N_«/\
o b

2.100 2.196 2.199a: R = CHy, (83%)
2.199b: R = CH,, (66%)
2.199¢: R = Bn (48%)

e o
HO

2.201a-c
2.202a-c —
(a) (1) CICO,Et, Et;N, THF, 0 °C, 1h; then NaBH,, H,O, rt, 4h;
(2) H,, 10% Pd/C, MeOH, rt, 2h, 48%; (b) MeOH, reflux;
(c) LIOH, H,O/THF, then TFA, MeCN

X

2.200a: R = C4H,, (61%)
2.200b: R = CgH,, (62%)
2.200c: R = Bn (48%)

Scheme 2.35 Synthesis of glycopeptides 2.200a—c

This concept was also used for the preparation of 19-membered macrocyclic glyco-
peptides2.207a,b In this case, the azido-ackl100 was transformed into the amino alcohol
2.203 by the EDC-mediated coupling with 1,2-aminoalcohol followed by reduction of the
azide group. Compound.203 provided the corresponding linear oxazolo-SAA derivatives
2.204a,b by reaction with isocyanat2.197 and aldehyd@.198b,d [R = cyclohexyl or
(CH2)sNHCDbz]. Hydrolysis and acid-mediated macrocyclization afforded the cyclo-depsi-
peptides 2.207a,t8cheme 2.36}°"
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OH OH

3 ° L O S 2.197 S
OH .
\_J a mNH » MeO C m
iz o RCHO 2.198b,d

> 5.0 ° o —U

2.204a: R = CgH,, (53%)
2.204b: R = (CH,).NHCbz (54%)

HO, OSH
. 2‘ \\2\ MNH
Bn —Q/ o2

2.205a,b

2.207a: R = C4H,; (30%)
2.207b: R = (CH,).NHCbz (32%) 2.206a,b
(@) (1) 2-aminoethanol, EDCI, CH,Cl,, rt, 24h; (2) H,, Pd/C 10%, MeOH, rt, 2h, 45% over two steps;
(b) MeOH, reflux; (c) LiOH, H,O/THF, then TFA, MeCN

Scheme 2.36 Synthesis of glycopeptides 2.207a,b

Nativi and co-authors reported the useasD-linked glycohomoglutamat@.212 as
versatile, multifunctionalized scaffold in the synthesis of cyclic SAA-peptidomint&tits.
Compound2.212 was obtained by chemo-, regio- and stereoselective [4+2]-cycloaddition
between glucaR.211and aspartic acid derivatin@210.-Ketoester2.208 in reaction with
phthalimidosulfenyl chloride (PhtNSCI) provided tleacyl-N-thiophthalimide derivative
2.209 which easily generated the highly reactive thione deriva?xa0 by base
treatment!®® Such transient species can act as heterodienes in reactions with electron-rich
alkenes ¢.g. enol ethers) giving rise to 5,6-dihydro-1,4-oxathiin derivativdn particular,
highly reactive2.210 was trappedri situ” by glycal derivative2.211 to give hetero Diels-
Alder product2.212 as diastereomerically pure isoM&. Scaffold 2.212, having two
orthogonally protected carboxyl groups (protecte@mino function and a selectively
functionalized monosaccharidic unit) was successfully employed to obtain the monosilyl
derivative 2.213 which, in turn, was oxidized with TEMPO/BAIB to give the glucuronic
derivative 2.214 (Scheme 2.3%¥
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W OMe
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e
-

54%

HO

HO™
H
TIPSO o
2.213

(a) PhtNSCI, CHCl,, 50 °C; (b) Py; (c) CHCl,, 40 °C; (d) TBAF (1 eq.), CH,Cl,, rt;
(e) TEMPO-BAIB, CH,Cl,, rt

Scheme 2.37 Synthesis of compound 2.214.

Condensations betwe@214 and pentapeptide derivati&215were performed under

standard conditions to produce compourd®l6. Peptidic chaing.215 as well as SAA

derivatives2.216 were obtained by standard solid-phase strategy, using 2-chlorotrityl resin.

Treatment of compounda216 with trifluoroacetic acid led to removal of the resin and Boc

protecting group. Intramolecular lactamization of the intermediate products gave the cyclo-

glycopeptides 2.217 which were de-silylated providing the product 2%48.
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o R 9 g o
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R%N H Y ?
O NH 1 o R R

0 «NHBoc
Il coen

2.215
b S COMe
TIPSO
2.216
o r*
O
, O
T—co,Bn
(a) NMM, HOBt, HATU, DMF, rt, 1h;
(b) TFA, CH,CL,, rt, 6h;
(c) NMM, HATU, DMF, rt, 19-21h;
(d) TBAF, THF, rt, 5h co,Me
R'O
2.217: R'=TIRS
d |: 2.218:R'=H

Scheme 2.38 Synthesis of macrocyclic glycopeptide 2.218.

Debenzylation oR.218a,b(see Scheme 2.39) gave the cyclo(AX 4Ala-Phe-Phe-
Phe-Ala)2.219aand cyclo(SAR.214-Glu-lle-Leu-Asp-ValR.219h Interestingly, the cyclo
SAA peptidomimetic2.219a showed activity in the binding assay at the human tachykinin

NK receptof%®!

HN?
H CO,R
o0
| OMe
S
H
HO
2.218a: R =Bn 2.218b: R =Bn
2219a:R=H a 2.219b:R=H

(a) H,, Pd(OH),/C, AcCOEt/MeOH, rt, 4h

Scheme 2.39 Synthesis of macrocycles 2.219a,b
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Nilssonet al. reported a short and straightforward route to optically pure, amphiphilic,
and fluorescent glucosamine-based macrocycle. Condensation of theNFonokected sugar
amino acid2.220"Y with the amide2.221 (to2.222) followed by TBAF-mediated Fmoc-
group cleavage in the presence of 1-octanethiol as a dibenzofulvene scavenger gave th
desired product propargyl ami@e223 in 30% over two steps. Coupling of the glutamic acid
derivative 2.224 with the amide2.223 mediated byN,N'-diisopropylcarbodiimide (DIC)
provided2.225, which had an unprotected 3-OH and 4-OH function. Huisgen reaction of bis-
acetylene2.225 with 9,10-bis(azidomethyl)anthracer®2p6§*? afforded the sugar-based
macrocycle 2.227 in 22% yielt}

H
o)
O O'BU = N
OH }\\ \\)J\
OBu
o) a ©
HO oM + S H z —_— NH
e z
HO X N HoAL-O
NHFmoc NH, oM
o HO €
2.220 NHR
2.221 2.222: R = Fmoc
ble 5223 R=H

2.227 2.225

(a) EDC, HOBt, DIPEA, THF, rt, 12h; (b) TBAF, 1-octanethiol, THF, rt, 15 min, 30% over 2 steps;
(c) DIC, HOBt, CH,Cl,, rt, 12h, 50%; (d) Cul, DIPEA, MeCN, 45 °C, 3d, 22%

Scheme 2.40 Synthesis of sugar-based macrocycle 2.227.

2.4.1 G-Symmetric macrocyclic glycopeptides

Kessler developed a synthesis @©f-symmetric cyclopeptides containing glucuronic
acid methylamine (Gum) alternating with differentmino acids (GlyL-Ala, D-Ala, L-Phe,
D-Phe, L-Lys, or D-Lys). Coupling of the Fmoc-Gum(BADH (2.228 with amino acids
fixed on the polymer2.229) followed by Fmoc-deprotection gave produza30. Chain

elongation and removal from the resin provided the linear tetrapeptide a@&8gscyclized
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further to the macrocyclic glycopeptid@s232, debenzylation of which gave unprotected
compounds 2.233 (Scheme 2.41§!

Similar synthetic way was used for preparationCgfsymmertic macrocyclic glyco-
peptide 2.234°)

O 5234

(a) HATU, HOAt, 2,4,6-collidine, DMF, 15 h, rt; (b) 1:4 piperidine/DMF, 30 min, rt; (c) Fmoc-AA-OH,
HATU, HOAt, 2,4,6-collidine, DMF, 15 h, rt; (d) 2.228, HATU, HOAt, 2,4,6-collidine, DMF, 15 h, rt;
(e) 1:1:3 TFE/AcOH/DCM or 20 vol % HFIP in DCM; (f) DIC, HOAt, NMM, 9:1 DCM/DMF, 4 days, 0-4 °C;
(9) HATU, HOAt, 2,4,6-collidine, DMF, 12h, 0-4 °C; (h) H,, 5% Pd/C, DMA/MeOH/ACcOH (7:2:1), rt, 50 bar

Scheme 2.41 Synthesis op-8ymmertic macrocyclic glycopeptide 2.234.

Nilsson and Billing synthesized macrocyclic octapeptide analogs containing pyranoid
D-sugar amino acid. Methyl 3,4-@-benzoyl-2-(9-fluorenylmethoxycarbonyl)amino-2-deo-
xy-f-D-glucopyranoside2.235 was oxidized with the Jones’s reagent and the crude sugar
amino acid2.236 directly coupled to &-protected tripeptideert-butyl esters (H-Tyr-Tyr-
Tyr-O'Bu, H-Tyr-Glu(OBzl)-Tyr-OBu or H-Tyr-Arg(Mtr)-Tyr-OBu) 2.237a—c providing

sugar amino acid/amino acid hybrids 2.238%%
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OH OH
o]
0 a 0
BzO —>| BzO R 1) R
BzO OMe BzO OMe H\)J\ o
NHFmoc NHFmoc b HN . N
2.235 2236 O o0 R ™ omu
' BzO oM
BzO e
R H o R NHFmoc
H N/'ﬁ(N\)J\N/'\(O 2.238a-c
2.237,2.238: R = 4-HO-C(H,- 2 N 45-64% {tw ste
- ps)
a: R! = 4-HO-C,H,- 0O R OtBu
b: Rt = CH,CH,CO0Bn 2.237a-c

¢: R = CH,CH,CH,NHC(NH)NHMtr (&) CrOs, H,SO,(aq), acetone, 1.5 h; (b) EDC-HCI, HOBt, NMM, THF, 16 h
Scheme 2.42 Synthesis of compounds 2.238a—c

The N-deprotection of compounda238a—cafforded the amino derivatives239a—¢
whereasC-deprotection gave the carboxylic acids240a—c Coupling of 2.239a—cwith
2.240a—c(promoted by DIC and HOBt) gave linear dim@r841a—c Cleavage of fluorenyl-
methyloxycarbonyl protective group and hydrolysis of the ester function afforded the amino
acid derivatives2.242a—c Intramolecular head-to-head macrocyclization via HAPyU and
DIPEA gaveC,-symmetric macrocycle2.243a—c Final deprotection of these derivatives
afforded the macrocycle®.244a—c(Scheme 2.43), which were found to bind some purine
nucleotides, such as 2’-deoxyadenosine-5-monophosphate (dAAMP) and 2’-deoxyguanosine-

5-monophosphate (dGMP), showed weak, but significant, interactions (& M*).[2¢!
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a 2.238a-c b
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OtBu 0O R OH
BzO BzO
BzO BzO OMe
NH2 NHFmoc
2.239%a-c 2.240a-c

O OR?
BZO O MeQO
Bz0 : o LNHR!
R (0]
NH H H H
N o N
o \[]/\H

BzO

b: Rt = CH,CH coosn ab g-gga—q gi = Erzm—)CH R2='Bu
¢: R! = CH,CH,CH,NHC(NH)NHMtr LAzaCRE=RE=

/
R (0] R R O R
(@] O
HNJﬁ( \_)J\N 2.243a: e, 61% HN)}( N
F_Q 2.243b: f, e, 81%

NH

2.239-243: R = 4-HO-C4H,-
a: R! = 4-HO-C4H,-

%é

820~ OBz 2:243c: 9, e 59% HO 00 Ucon
BzO MeO OBz MeO OH
HN R 0© HN R 0© 0
NH NH
R o R R o) R

2.243a-c

(a) DBU, N-(2-mercaptoethyl) aminomethyl polystyrene, 6 h, 82—99% for 2.239a-c; 2. 2414 R = 4-HO-CeH,-
88-99% for 2.242a-c; (b) TFA, Et,SiH, CH,Cl,, 3-4 h; (c) DIC, HOBt, THF, 16 h, & R'=4-HO-CgH,-
48-72%; (d) HAPyU, DIPEA, THF, 2 h, 39-53%; (¢) NaOMe/MeOH, 24 h; ~ brR*=CH,CH COOH
(f) HCOOH, Pd black, MeOH, 15 min; (g) TFA, PhSMe, 24 h ¢: R = CH,CH,CH,NHC(NH)NH,

Scheme 2.43 Synthesis of macrocycles 2.244a—-c

Nilsson and Billing also developed a synthetic method for prepar@iegsymmetric
macrocyclic carbohydrate/amino acid hybrids through the copper(l)-catalyzed formation of
1,2,3-triazoles. Acid®.246a,bwere coupled to the azido amino sug@a245 providing the
propiolyl-dipeptydo/azidoaminosugar hybridd247a,b These compounds, under ‘click
conditions’ underwent the cyclodimerizatiorC,-Symmetric macrocyclic compounds
2.248a,bthus obtainedvere deprotected to derivatives 2.249¢Scheme 2.44}"
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Bz H
aa | 2.246a,b R' O
2408, 2.247ab
o)
o) R!
R2 le)
NH T NH
N MeO OR
2.246-249: R* = 4-HO-CH,- N N<y
a: R2 = 4-HO-C H,- RO o} \ !
b: R = CH,CH,CH,NHC(NH)NH, RO OMe
NH HN
H
N ,0
o) R
R" O
(a) DIC, HOBt, 67% for 2.247a, 21% for 2.247b; 22483 R = Bz

(b) Cul, DIPEA, CH,CN, 64% for 2.248a, 33% for 2.247b; ¢ [0 55,02 0 — 1 63%

(c) NaOMe: (d) TFA, PhSMe 63%
d ¢ — 2.248b: R = Bz, R? = (CH,),;NHC(NH)NHMtr

58% . 2.249b: R = H, R? = (CH,),NHC(NH)NH,

Scheme 2.44 Synthesis oj-8ymmetric macrocyclic compounds 2.249a,b

2.4.2 G-Symmetric macrocyclic glycopeptides

The key intermediate2(251) in the synthesis @s-symmetric macrocyclic glycopep-
tides 2.256 was prepared from the Fmoc-protedbedlucosamine derivativ®.235. This
compound was oxidized with the Jones’ reagent to the acid, which then was directly coupled
to tyrosinetert-butyl ester affording compourzi250. Cleavage of the Fmoc protecting group
by TBAF and 1-octanethiol led to the amino-esBe?51. Hydrolysis of ester group in
compound2.250 followed by its condensation with amino derivat®@51 afforded the
Fmoc-[SAA(di-OBz)-Tyrp-O'Bu 2.252. Trimer2.253 was similarly prepared from dimer
2.252 and amino sugar derivative 2.251. Cleavage of the Fmoc protective group, hydrolysis of
ester functional group and intramolecular amidation reaction @aggmmetric macrocycles
2.255. Consecutive cleavage of acyl groups furnished the cyclic peptidomir&ig with
alternating sugar amino acid and tyrosine residues (Scheméd'&Us).
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OH OtBu
% i Y RO PR
BzO (o) (@] (o)
BzO OMe OtBu Bzoa H f
NHFmoc HN BzO O _N N
2.235 0O H 0
BzO O
al BzO
H NH e MeO
R o — o NH
BzO OMe @
OtBu BzO O HN

JLZ
©)
<
o
o

Z

5 HN NH NH OR
00 0= N OR
BZO&OMG Bzo& IR (@] H O
BzO A BzO NH
NHR NHFmOC a
2.250: Rt = Fmoc BzO
b 5281 Rl=H 2.252 BzO OH
NHR 2.255:R =B
 LHOC.H.- L=F t e o6 R
R =4-HO-C¢H, d[[ 2253 R"=Fmoc 2.256:R=H
2.254: Rl = H

(a) (1) CrO4/H,SO(ag)/acetone, (2) H-Tyr—OtBu, EDC. HCI, HOBt, NMM, THF, 16 h, 53%; (b) TBAF, n-CH,,SH,
THF, sonication, 5 min, 91%; (c) (1) TFA, Et,SiH/CH,CI,, 4 h, (2) 2.251, DIC, HOBt, THF, 16 h, 58% for 2.252;
68% for 2.253; (d) DBU, N-(2-mercaptoethyl)aminomethyl polystyrene, 6 h, 98%; (e) (1) TFA, Et;SiH, CH,Cl,, 4 h,
(2) HAPyU, DIPEA, THF, 3 h, 27%; (f) NaOMe, MeOH (2 mM), 5 days, 16%

Scheme 2.45 Synthesis og-8ymmetric macrocyclic compound 2.256.

2.5 Nitrogen containing glycophanes

Cyclophanes are macrocycles with two or more aromatic units (benzene or hetero-
aromatic rings) incorporated into a larger ring systéthThe initial goal of the design and
synthesis of cyclophanes is the study of molecular strain on benzen&fhigsvas demon-
strated that cyclophanes play an important role in macrocyclic and supramolecular chemis.
try 1227123 cyclophanes have proven to be excellent models for studying the nature of
aromatic interactions in both: organic and aqueous solutf$h©ne of the advantages of
cyclophanes is their relative inflexibility, so the loss of conformational entropy upon binding
of a guest will be minimized.

Penadé®t al. reported the preparation of cyclophanes with carbohydrate units (named
glycophanes}t?®%8 These synthetic receptors served as model systems for studies on
carbohydrate-carbohydrate interaction in watgr %!

Nitrogen containing glycophanes were investigated by Mu[f]ﬁﬂyStrategy for the
synthesis of these macrocyclic structures was based on application of metathesis as the rir
closing reactiof>”!

The anhydroglucopyranuronic ac@l257#31%? was the initial substrate. The 1,6-
lactone 2.257 was converted into the-D-glucopyranosiduronic acid2.259 by highly

selective glycosidation reaction with triethylsilane eth2rg58 in the presence tin(IV)
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chloride. The carboxylic acids259 were then transformed in their acid chlorides and further

— by condensation with phenylene-1,4-diamine into the glucuronic acid arllidé8. The
alternative approach of transformation of the a@d@69 into diamide derivativeéa260 was
implemented using HATU and HOBt. Alkylation of the secondary dian2d280 by methyl

iodide gave the tertiary diamid@s261. Macrocyclization of compoun@s260 and2.261 in

the presence of the Grubbs’ catalyst gave a mixture of the paracyclophane-saccharide hybrid
2.262 and2.264 with theE-isomers2.262 dominated in all cases. Compoungl262 and

2.264 were then converted into polyhydroxylated cyclophane anal@g8 and2.265 by

deacetylation reaction (Scheme 248y

R R O OAC
TESO 0
o 0 NS ! @&MOAC
AcO 2258 AcO%% borc 0 o o OAc

o) —a> AcO — > AcO
ACOO AcO

s
OAc OAc % A0 = /
5\

2.257
2.259 M 2.260: R=H
2.261: R = Me
n=1345 V
. OR" o | QR' o |
R'O -OR R'O -OR
o0 0—\rO
[] N—R N—R
n ]n
\ + |
[ ]n R ]” N—
o) o)
R'O - Q oR' R'O Q OR!
R'O o R'O o
2.262: Rl =Ac - R1 =
f 2.264: Rt = Ac
2.263:R1=H . 2.265: Rt = H

(a) SnCl,, CH,Cl,; (b) HATU, HOBt, phenylene-1,4-diamine, DMF; (c) (1) (COCI),, DMF, CH,Cl,;
(2) phenylene-1,4-diamine, DIEA, CH,Cl,; (d) NaH, Mel, DMF; (e) Grubbs I, CH,Cl,; (f) MeONa/MeOH;

Scheme 2.46 Synthesis of glycophanes 2.2632a265.

Amphiphilic macrocycle®.262—2.265 can bind molecules in its hydrophobic cavity. In
particular, compoun@.263 (n = 3) forms a complex with 8-anilino-1-naphthalenesulfonate
(ANS) which shows switching phenomena similagtoyclodextrin™* Furthermore, crystal
structure of this macrocycle shows extensive hydrogen-bonding networks, including partici-
pation of water, which may have relevance for modeling carbohydrate—carbohydrate recog-
nition at the cell—cell interphasg&?!

Catalytic hydrogenation 0f2.2622.264 followed by deprotection gav@.266
(Scheme 2.47}34
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OAc 0 OH 0
-OAC OH
N—R N—-R
DI, D,
\ a, b
—_—
[f1, B (],
o} o N—R o o N—R
AcoMOAc _ HOMOH
AcO 6 n= 1, 3, 4, 5 HO (')'
2.262,2.263: R=H, R = Me 2.266: R=H, R =Me

(a) H,, Pd-C, AcOEt; (b) MeONa/MeOH
Scheme 2.47 Synthesis of macrocycles 2.266.

Ring-closing alkyne metathesis (RCAM) was used for the synthesis of glycophanes,
having carbon-carbon triple bond. The Sp€idtalyzed glycosidation of the lactone donor
2.257 with the acetylene derivatiZ267 provided ther-glycoside2.268. Coupling of the
acid 2.268 with phenylene-1,4-diamine afford2d®69. Intramolecular metathesis of termi-
nally methylated alkyne dim&.269 and 2-fluorophenol in chlorobenzene in the presence of
Mo(CO) afforded the expected, containing alkyne unit, macro&@&0, which after d&-
acetylation gave cylophane-sugar hybrid 2.271 (Scheme £°28).

2.257
TESO 90 OR
a z — ) O OAc H NMOR
OAc H O OR
2.267 O O
OH AcO
0 o b AcO _°. oO
AcO AcO g
AcO
AcO
N =
5
2.268 269
2.270: Rt = Ac
2271:R1=H

(a) SnCl,, CH,Cl,, 70%; (b) HATU, HOBE, phenylene-1,4-diamine, DMF, 45%;
(c) Mo(CO)j, 2-fluorophenol, chlorobenzene, heat, 27%; (d) MeONa/MeOH, 66%

Scheme 2.48 Synthesis of macrocyclic compoRray 1.

More conformationally flexible glycophanés272'*! and 2.273a—5"" (Figure 2.3)
were prepared from xylene-1,4-diamine. Glycophanes with quinoxaline fragrae2@84—)
can interact with DNA, in the same way as natural depsipeptide backbones. Spectroscopi
measurements and melting experiments indicated that glycophane derivatives do bind tc
DNA. Molecular dynamics simulations showed that the glycophane complexes with DNA
octamer binds in a different manner than natural depsipeptide echinomycin. Interestingly, the
glycophanes derived from p-xylylenediamine backboBe7@a—f) mono-intercalaté>”

whereas an echinomycin bis-intercalat&3.
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LRV R e
0\sO0 ) 0—\sO

~OH
N
S
\ NZ@

. X
HN
o o o) o N | A
HO OH HO OH ~
HO 0 HO o) N
2.272 2.273a:n=1
2.273b:n=3

Figure 2.3 Nitrogen containing glycophanes 2.272, 2.273a,b

Murphy also described the preparation of water soluble disacctzagdd,2.275!**
and trisaccharide glycophan@276" (Figure 2.4) which show selective lectin inhibitor

activity.

2.274 2.275: R = CO,H, R = n-Pr 2.276
Figure 2.4 Macrocyles 2.274, 2.275 and 2.276.

Combination of lactose units with glycophane scaffold by triazole linkers affords a
sensor able to distinguish between the galectin subgroups 2.277 (Figdt&'2.5).

Ho /O OH NH HN N=N OH
0 © O\#/Nw 0
o oWNQ_ /S0 o HO HM\ OH
no HO NN OH HO
HO N= 0] O OH

BnO % OBn

OBn 2.277 BnO

Figure 2.5 Compound 2.277.
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Another type of glycophanes was prepared also by the click methodology. Sugar azido
acid 2.278%*3 was converted into the bivalent secondary an®i@¥9via reaction of its
acid chloride with p-xylene-1,4-diamine. Removal of the acetate protecting groups from 2.279
produced2.280. Huisgen reaction of bis-azide280 withp-bis-propargyloxybenzen2.281
afforded the glycotriazolophane 2.282 (Scheme 2'49).

OH
(e}
o
Aco§</,&/l\l N h}(
AcO 3 )—/
AcO
2.278

&\

l o
C 2.281
—>
d W/\
RO Na w

RO 2.279: R = Ac
I:>2280 R=H 2282

(a) (COCl),, DMF (cat.), CH,Cl,; (b) xylene-1,4-diamine, DIEA, CH,Cl,;
(c) MeONa, MeOH-CH,CI, (37% over 3 steps), (d) CuSO,, sodium ascorbate, MeCN-H,0O, 56%

Scheme 2.49 Synthesis of glycotriazolophane 2.282.

2.6 Macrocycles incorporating carbohydrate subunits connected by 1,2,3-

triazole bridges

1,2,3-Triazole derivatives aréhe most common heterocyet®ntaining macrocyclic
compounds. The 1,3-dipolar cycloaddition of azides and acetylenes, known as Huisgen
reactiof*>*®lis one of the most convenient processes for the preparation of 1,2,3-triazoles.
This process is easy to perform, has high atom economy, and — moreover — the startin
materials (azide and acetylene) are usually rather easy to prepare. However, sometimes
gives more than one product (1,4- and 1,5-adduct). The solution to the problem (‘click’
approach) was provided in 2001 by Sharpté8sand (independently) by Meld&f® The
‘click’ strategy based on a Huisgen reaction is often used in macrocyclization prét@sses.
151]

| have previously described an application of the 1,2,3-triazole chemistry in syntheses
of carbohydrate containing macrocycles (Schemes 2.19, 2.20, 2.40, 2.44, 2.49). In this part
will discuss the other examples of such macrocycles

Doérner and Westermann have developed a synthesis of macrocyclic structures con

taining two saccharide unitga a click-dimerization—ring-closing metathesis approach. After
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addition of an aqueous copper(ll) acetate—sodium ascorbate solution to the mixture of the

corresponding carbohydrate azid2283a,l 2.284,2.285 and 1,7-octadiyne tert-butanol,
the carbohydrate dimei&.286a,h) 2.287,2.288 were obtained. Subsequently, vinyl-groups

were coupled by RCM methodology using Grubbs | catalyst. Hydrogenization and/or deacety-
lation provided the unprotected macrocyclic compougd89a,h 2.290, 2.291 (Scheme

2.50)1*%2
N3
o}
AcO
AcO
R oall

2.283a: R = OAc
2.283b: R = NHAcC

N3
0
AcO
AcO
AcNH
2.284

BnO

a

EE—

BnO oOme

2.285

(a) 1,7-octadiyne, sodium ascorbate, Cu(OAc)

AcO
AcO

\

R oall

2.286a: R = OAc
2.286b: R = NHAcC

b,c,d (for 2.286a)

or b,c,e (for 2.286b)

N
N\NJ/\/’
a b,c,d
(@] e
AcO
AcO
AcNH —
L 12
2.287
- — MeO
N
N -
\
N /
O
BnO
BnO OMe

2.288

HO

R'

2.289a: R'= OH R
2.289b: R = NH,

2 'BBUOH/H,0,12 h, rt; (b) Grubbs | catalyst (5 mol%), CH,CI,, reflux,

12-24 h, 73-95%; (c) H,, Pd(OH),/C, MeOH, 87-99%; (d) NaOMe, MeOH, 2 h, 79-99%; (e) NaOH, THF, 12 h, 40%;
(f) MeOH, Pd(OH),/C/H2, 88%

Scheme 2.50 Synthesis of macrocyclic compounds 2.282£B0 and 2.291.

Vasella and co-workers proposed to utilize the “click” strategy for the preparation of
synthetic cyclodextrin analo§s® Cleavage of pe®-acetylatech-CD 2.293 under condition
of acetolysis (70% HCI@QAC,0) provided the fully acetylated open-chain prodi@94 .
= 9:1). The hexasacchari@e294 was converted into phenyl thioglycosii295 according to

Hanessian's methd®* After

deO-acetylation of compound2.295,

the resulting

thioglycoside2.296 was treated witt,a-dibromotoluene according to the method of Garegg
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and Swaht®® to vield the 4',6"'-O-benzylidene derivative2.297, which was then 4-
chlorobenzylated to fully protected derivative 2.298 (Scheme 2%h).

RO O
oL oRO
RQ AcO
RO AcO OAc
—> AcO O OAC

 OR RO OR AcO O

o OR oRr,_L-°
o OR

RO

2.294
(0]
RO
2.292:R=H Cl
2.293: R=Ac
f 2297:R=H 2 295: R =Ac
2.298: R = 4-chlorobenzyl 2 296:R=H

a) Ac,O/Py (quant.); (b) 70% ag. HCIO,, Ac,0, 0 to 23 °C, 95%; (c) Znl,, Me,SiSPh, CH,CI,, 85%;
(d) NaOMe/MeOH, 94%; (e) a,a-dibromotoluene, Py; (f) 4-CI-C;H,CH,CI, Bu,NI, NaH, DMF, 80%

Scheme 2.51 Synthesis of compound 2.298.

Reductive ring opening of benzylidene acetal of the hexasaccl?agél8 yielded the
secondary alcoho?.299 The free hydroxyl group i2.299 was alkylated with propargyl
bromide and the corresponding propargyl ether was glycosylated with 2-chloroethylalcohol to
afford 2.300as a mixture of anomers:f = 9:1) in 85% vyield. The anomes-2.300) was
then converted into the azido-alkyBe301 by nucleophilic substitution with sodium azide.
Intramolecular 1,3-dipolar cycloaddition at 110 °C gave the 1,4- and 1,5-substituted 1,2,3-
triazoles 2.302 (24%) and2.303 (31%), respectively. Their subsequent deprotection with
FeCk in CHy,Cl, gave the eCD analogs 804 and 2.305 respectively (Scheme 2!53).
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gOBn
% OR
2 208 —= 0 L
SPh RO o

2.300: X =Cl 8
2.299 2.301: X =Ng e

%s%
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%;a
%

0 0
0 8 0 2
OR N—n + OR N=N
I\ \
o SN 0 SN
RO OR OR RO OR OR
O OR o) O OR 0
OR RO OR RO
0 0
0 o g
RO Oro RO R'O
2.302: R = CIBn, R' = Bn 2.303: R = CIBn, R' = Bn
102308 R R = 1 o305 R-R = H

(a) Et,SiH, BF, Et,0, CH,Cl,, 74%; (b) BrCH,CCH, NaH, DMF, 87%; (c) CICH,CH,OH, NIS, TfOH,
molecular sieves, Et,0, 60, 85%; (d) NaN,, DMF, 91%; (e) DMF, 110 °C, 2.302 (24%)and 2.303 (31%);
(f) FeCl,, CH,Cl,, 2.304 (68%); 2.305 (66%)

Scheme 2.52 Preparation of synthetic cyclodextrin analogs 2.304 and 2.305

Slightly different methodology of the synthesis of cyclodextrin analogs containing
1,2,3-triazole units was proposed by Gin and co-workers. These authors synthesized highly
symmetrical macrocycles by functionalization of mono-, bi- or tri-saccharide azido-acetylenes
in macrocyclization reaction.

Thus, the terminal alkyne was installed by a@4ikylation of p-methoxyphenyl 2,3,6-
tri-O-benzyla-D-mannopyranoside2(306§°" with propargyl bromide which affordezi307.
Anomeric deprotection afforded the hemiac@&08'°® which then served as an convenient
donor for sulfoxide-mediated dehydrative glycosylatfofl. Activation of hemiaceta?.308
with PhSO and TfO at -45 °C followed by reaction with trimethylsilyl azide afforded the
azide2.309 ¢:p = 1.8:1) in 95% yield. Huisgen reaction®R.309 gave cyclotrime2.310 in
62% vyield, together with small amounts of byproducts (tetramer up to hexamer) as evidenced
by MALDI-TOF mass spectrometry. Removal of all benzyl groups was effected by transfer
hydrogenolysis (with ammonium formate and Pd/C) providing macro@@&l (Scheme
2.53)1e0
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2.307 2.308 RO N~y

Il
aT cl RO OOR }N
‘7\\ RO

d -
OBn BnO OBn / N\\ N\%OR
0 (for only N~
BnO

o) O OR
a-anomer
/\Bno N ) [ 2310:R=Bn
s €le 2311:R=H
2309 ap=1.8:1
(a) NaH, HCCCH,Br, DMF, 99%; (b) CAN, 4:1 MeCN/H,0, 68%; (c) Ph,SO, Tf,0, 3:1 PhMe/CH,Cl,,

TMSN,, Et,N, 95%; (d) Cul, DBU, 62%; (€) NH,HCO,, Pd/C, 99%

2.306

Scheme 2.53 Synthesis of macrocycle 2.311.

Activation of hemiacetaR.308 (Ph,SO and T4O at -45 °C in the absence of a triflic
acid scavenger) followed by its reaction with the C4-OH in 2.306 provided the disaccharide in
good vyield and complete-selectivity. Oxidative removal of the 4-methoxypkkecetal
afforded the hemiacet&l3121**® which was glycosylated with trimethylsilyl azide to afford
disaccharide 2.313. The ‘click’ macrocyclodimerizations gave cyclodn3dd in 89% vyield.
Considering the possibility of oligomerization of the disaccharide, this high yield may result
(presumably) from curved topology of the disaccharide building block that could facilitate
cyclization in preference to oligomerization. Cleavage of benzyl protecttive grop31i4

afforded the @symmetric olidosaccharide macrocycle 2.315 (Scheme 2%4).

BnhO OBn N {RO% OR
Q
0 OBn d
2.308L> /\BHO% OBn ______~— 5
b

o) Q (for only

a-anomer I
BnO R ) l OR}
2.312: R=0H
o[s OR

2313:R=N; a:p=3:1

2.314:R=Bn
2315:R=H

(a) Ph,SO, Tf,0, 3:1 PhMe/CH,CI,; 2.306; Et,N, 90%; (b) CAN, 4:1 MeCN/H,0, 76%; (c) Ph,SO, Tf,0,
3:1 PhMe/CH,CI,; TMSN,; Et;N, 94%; (d) Cul, DBU, 89%; (e) NH,HCO,, Pd/C, 99%

Scheme 2.54 Synthesis op-8ymmetrical oligosaccharide macrocycle 2.315.

An iterative glycosylation of the C-4 nucleophe306 and removal of the anomeric
protecting group gave the final hemiac&&16. Its conversion into ti2317glycoside was

achieved by the same sequence a2813. The resulting trisacchari@e317 underwent the
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[1,3]-dipolar cycloaddition providing the cyclodimer in 80% yield, accompanied with the
corresponding cyclotrimer (15% vyield). Transfer hydrogenolysis removed quantitatively all
18 benzyl groups and yielded the desired macrocycle 2.319 (Schemg®8!55).

RO
OR
o OR
ro RQ o
OR
oo OBN %\OR OR
0
o OBn N 0
a /;no% 0Bn . N OR
2312——> o Q  OBn R \WY N
b BrO OBn  (only for i\

a-anomer) N~y

0
BnO R
RO RO
2.316: R = OH RO
o[- o] o OR

2317:R=N; a:p =31

RO o) OR
(a) Ph,SO, Tf,0, 3:1 PhMe/CH,Cl,; 2.306; Et,N, 84%; (b) CAN, 4:1 MeCN/H,0, 71%; OR OR
(c) Ph,SO, Tf,0, 3:1 PhMe/CH,Cl,; TMSN,; Et,N, 94%; > 318 R = B
(d) Cul, DBU, 50 °C, 80%; (f) NH,HCO,, Pd/C, 50 °C, 99% e[, 2319 R = H

Scheme 2.55 Synthesis of macrocyclic compoRr3i 9.

This synthetic strategy allows the synthesis of fully modified cyclodextrin analogs,
because different hydroxyl groups can be modified during the synthetic way.

In order to visualize the supramolecular potential of the oligosaccharide macrocycle
2.319, the standard fluorescence sensor: 8-anilino-1-naphthalene sulfonate (ANS) was testec
the macrocycle 2.319 showed the same binding affinity with ANScaslédextrint*®!

Chen and co-workerdeveloped the chemoenzymatic methodtfee preparation of sialic
acid, containing structurally defined macrocyclic oligosaccharides of varied sizes.

One-pot reaction of the mannose derivatd/820 with sodium pyruvate, cytidine-5’-
triphosphate (CTP), and three enzym@ad&dplase Neisseria meningitidiCMP-sialic acid
synthetase NmCSS), Photobacterium damseta2,6-sialyltransferase (Pd2,6ST)], and
alcohols 2.323-2.327 provided the azides 2.328-2.332 (Schemé$'56).
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Scheme 2.56 Synthesis of sialic acid derivatives 2.328-2.332.

The azide/alkyne-bifunctionalized sialosid2s328-2.332 were transformed into the
macrocyclic carbohydrateés3332.338 under the standard conditions of copper(l)-catalyzed
Huisgen'’s 1,3-dipolar cycloaddition reaction. Intramolecular cyclization of acyclic sialosides
2.328,2.331, and2.332 led to the formation of the macrocyclic trisacchaBB33 (91%),
hexasaccharid®.336 (70%), and octasaccharide337 (70%), respectively. Treatment of
acyclic pentasaccharid2329 resulted in the macrocyclic pentasacch&i884 (59% yield)
and a macrocyclic decasaccharide 2.338 (30% yield). Similarly, cycloaddition of acyclic tetra-
saccharide®.330 with Cul and DIPEA afforded the desired macrocyclic tetrasacctzafgg
in 63% yield and macrocyclic octasaccharide 2.337 in 31% yield (Figure 2.5 afd'2.6).
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Figure 2.5 Macrocyclic compounds 2.333-2.337.
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Figure 2.6 Macrocyclic compound 2.338.

Jarosz and co-workers used recently the click approach for the preparation of the
macrocyclic derivatives with sucrose scaffold.

The sucrose azido-acetyleRe8342 — chosen as starting material — was prepared readily
taking advantage of the very high affinity of the ‘fructose end’ (C-6’) towards silylation.
Selective monosilylation of 1’,2,3,3,4,4-hexabenzylsucrose 2(55) with tert-butyl-
diphenylsilyl chloride (TBDPSCI) furnished the corresponding monoalc@t889 which
thereafter was converted into the azi2l@40. Deprotection of TBDP-group gave azido-
alcohol 2.341 which was propargylated to form 2.342 (Scheme #§7).

The 1,3-dipolar cycloaddition reaction performed in toluene and without catalyst
providedonly the dimer2.343(in 45% vyield). When this process was catalyzed with Cu(l)
species in acetonitrile, monom21344 was formedcé. 50%) with only traces of the dimer.
Surprisingly, the monomeric product consisted of two regioisomeric triazal@44aand
2.344b(Scheme 2.58}%2
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(c) TBAF, THF, 95%; (d) propargyl bromide, NaH, DMF, 85%

Scheme 2.57 Synthesis of sucrose azido-acetylene 2.342.
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Scheme 2.58 1,3-Dipolar cycloaddition reaction of 2.342.

The unexpected formation of the 1,5-prodR@44bmight be eventually explained by
steric factors. In the expected (from mechanistic point of view) 1,4-is@rBédathe cavity
is rather small, so strong repulsion between the triazole proton and the benzyloxy group at the
C-1’-position makes this structure not very favored.

If this assumption is correct enlargement of the cavity should result in formation of the
mechanistically favored 1,4-isomer exclusively. Indeed, the ‘click’ cyclization of the elon-
gated azido-acetyleriz349 catalyzed with Cu(l) species led to the expected mond3&0
in good yield. The elongated azido-acetyl@i@19 was prepared by rather classical approach
form monoalcohoR.339. Reaction of this compound witrt-butylchloroacetate afforded the

ester2.345, which was then converted in a four standard steps into the azido-2&:#®l
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Reaction of this compound with propargyl bromide provided the terminal alkg4® ready
for cyclization (Scheme 2.59f3
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= N N
N=nN 3 \\ 3
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P © z OBn H "o’ z 4 o B
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2.350 2.349 e |:> 2.347: R = TBDMS
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(a) BrCH,CO,Bu, NaH, DMF, 90%; (b) LiAIH,, THF, 90%; (c) MsCl, CH,CI,, Et;N, 95%; (d) NaN,, DMF, 85%;
(e) TBAF, THF, 95%; (f) propargyl bromide, NaH, DMF, 85%; (g) Cul, DIPEA, MeCN, 50%

Scheme 2.59 Synthesis of macrocyclic derivagy@s0.

To prepare more complex symmetrical sucrose macrocycles authors decided to connec
two sucrose moleculega dialkyne linkers2.351 and2.352 (Scheme 2.60) obtained from
catechol or 2,6-lutidine by standard metodol88.

Each linker might react efficiently with two molecules of sucrose that were
functionalized with an azide group at one of the terminal positions. Coupling of sucrose azide
2.341 with both linkers under the Huisgen reaction conditions (Cul-cat/DIPEA/acetonitrile for
2.351; CuSQ@ sodium ascorbatet-BuOH/H,O for 2.352) afforded theC,-symmetrical
precursors of macrocycle2:353 and2.354 in good yields. Further steps leading to macro-
cycles included activation of both terminal hydroxyl groups as mesylates and subsequen
reaction with ethylene diamine. Interestingly, the last step was very demanding. The dimesy-
late derived fron.353 did not react with ethylene diamine under the standard conditions.
The produc®.355 could be obtained only in the presence of tempR)«;)¢2-phenylglycine
methyl ester hydrochloride. This template also was effective in cyclization of the dimesylate
derived from2.354; without template the yield of the corresponding macrocycle was very low
(5%) while in the presence of this amino acid derivative 25% of the pr@i866 was
obtained (Scheme 2.66§"
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Scheme 2.60 Synthesis of macrocyclic compounds 2.355 and 2.356.

2.7 Conclusions

In conclusion, a variety of effective methods for the preparation of nitrogen-containing
carbohydrate-based macrocyclic compounds (such as aza-crown ethers, cryptands, cycli
amino sugar homooligomers, cyclopeptides containing amino sugar units, glycophanes, 1,2,3:
triazole derivatives) has been reported. The data discussed above clearly pointed at the
importance of these macrocyles as hosts in supramolecular chemistry. On the other hand, a
can be find out from this rather comprehensive review, the nitrogen-containing sucrose-basec

receptors were investigated not very detailed.
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3 Results and discussion

3.1 Selective functionalization of the terminal positions of sucrose

Sucrose: a-D-glucopyranosyl-(1-2)-4-D-fructofuranoside 3.1, Scheme 3.1), unlike
most other disaccharides (maltose, cellobiose, lactose, lactulose, etc.), is a nonreducing sugge
It is composed of glucose and fructose units joined by otie~>2 glycosidic linkage.
Functionalization of sucrose with various groups enables to change its physical properties. Ir
particular, solubility of the protected sucrose derivatives is significantly increased in aprotic
organic solvent. The presence of eight hydroxyl groups (three primary and five secondary) in
the molecule creates serious problems of thebactive functionalization during the synthesis
of structures based on sucrose scaffold. The primary hydroxyl groups of sucrose are able t
react selectively with large reagents in such reactions as: alkylation [with trityl chloride
(TrC)*®5289  silylation [with tert-butyldimethylsilyl chloride (TBDMSCI) ortert-butyl-
diphenylsilyl chloride (TBDPSCI}Y"®*"®! Mitsunobi"48% and Appét’® 8 1**lreactions
(with triphenylphosphine). Selective oxidation of the primary hydroxyl groups are also
possiblg®®!

Furthermore, presence of the very labile (in acidic media) anomeric linkage between the
C1-(glucose) and C2-(fructose) atoms makes the syntheses of the sucrose analogs troubl
some since in general, even relatively mild, acidic conditions should be rather avoided.

Transformation of sucrose into a useful building block in the synthesis of macrocyclic
derivatives, requires a selective protection of the secondary hydroxyl groups. This can be
achieved most conveniently with the alkyl groups (methyl, benzyl), because they are stable ir
a wide range of reactions. The acetyl protecting groups, commonly used in synthetic
carbohydrate chemistry, are not very efficient in this case (i.e. synthesis of modified sucrose
derivatives), because acetyl function undergoes facile hydrolysis in alkaline media; also it can
migrate from the secondary to primary positions (i.e. primary hydroxyl groups).

One of the main goals faced during realization of my PhD Thesis was elaboration of a
convenient methodology for the preparation of the building blocks based on sucrose scaffold
Although procedures for the synthesis of sucrose diols having the terminal positions (6- of
glucose and 6'- of fructose) free were already described in the litel4fth€;2%% they
provide the desired products in rather moderate yield. Since these compounds are planned
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be starting materials for more sophisticated sucrose derivatives, the efficient and effective
methods of their preparation are needed.

My strategy, shown in Scheme 3.1, to achieve this goal involves: (a) selective
protection of the primary hydroxyl groups at the positions: 6 and 6’ (synthesis of compound
A); (b) protection of the remaining six OH-groups (synthesis of compBynaind finally (c)
deprotection of hydroxyl groups at the positions 6 and 6’ (synthesis of compgund C

Scheme 3.1 General strategy to synthesis of sucrose diols.

Diol of type C was selected as a starting material for the synthesis of macrocyclic,
sucrose-based receptors. The most convenient, from the point of view of further applications,
seemed to be 1’,2,3,3,4,4-hexabenzylsucrose 3(4). This derivative was introduced
earlier in our group’ Jarosz and Listkowski have develofied” a useful route to this diol in
a three step process: tritylation/benzylation/detritylation. First, selective di-tritylation of the
positions 6 and 6’ in sucros@.1) conducted in pyridine provided 6,6-@Hritylsucrose
(3.2) in 48% vyield. Second, benzylation of six hydroxyl groups in compdidgave
1',2,3,3,4,4-hexa©-benzyl-6,6’-diO-tritylsucrose 8.3) in 80% vyield. Finally,
1',2,3,3,4,4’-hexa©-benzylsucrose 3(4) was synthesizedia detritylation reaction using
acetic acid in refluxing toluene (Scheme 3.

It was observed, however, that during hydrolysis of the trityl groups in acetic acid,
significant decomposition of the molecule (resulting from the cleavage of the anomeric bond)
was noted, which lowered the yield of the desired product. Application of other acids
(Brgnsted or Lewis) to remove the trityl blocks was even less successful; the tar@es diol

was obtained in very low yield.
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(c) AcOH, toluene, 2h, reflux, 40%

Scheme 3.2 Synthesis of 1’,2,3,3,4,4’-heRebenzylsucrose3(4) by

tritylation/benzylation/detritylation method.

Because of these limitations, | have decided to elaborate an alternative synthetic way tc
diol 3.4. For selective protection of 6 and 6’ positions in sucrose, 6®4dr-butyl-
dimethylsilyl (TBDMS) group was chosen. This function is stable under a variety of reaction
conditions (in particular, alkylation in strongly basic media), and at the same can be safely
removed (with fluoride anion) in the presence of many other functional groups.

Silylation of sucrose3.1) with 2.5 equiv ottert-butyldimethylsilyl chloride in pyridine
provided a mixture of tris-, bis-, and mono-silylated products. After flash chromatography
1’,6,6'-tri-O-tert-butyldimethylsilylsucrose 3.5, 25%) and 6,6-dd-tert-butyldimethylsilyl-
sucrose 3.6, 59%) were isolated (Scheme 3.3).

OH  HO_ TBDMSO O]BDMS TBDMSO OJBDMS
HO., o OHo R a HOu, o HO., o OHo ‘ mono-silylated
OH > ) + OH *  products
Ho” Y O E)H HO = Ho” Y © bH
OH OH  5TBDMS OH
3.1 .
3.5 (25%) 3.6 (59%)

(a) TBDMSCI (2.5 equiv), Py, 24h, rt

Scheme 3.3 Silylation of sucrose.

Protection of the remaining free hydroxyl groups in compaued(five secondary and
one primary at the position 1’) as benzyl ethers was achieved with sodium hydride/benzyl
bromide; the 6,6-d@-tert-butyldimethylsilyl-1’,2,3,3’,4,4’-hexa-benzylsucrose3(7) was
isolated in 83% yield (Scheme 3.4). Interestingly, the use of more equivalents of sodium
hydride in this reaction led to significant decrease of the yield the pr8dyawhich resulted
most likely from desilylation under strongly basic conditions.

Removal of both silyl protections with an excess of tetrabutylammonium fluoride
trihydrate (TBAF-3HO) in THF gave 1’,2,3,3',4,4-hex®-benzylsucrose 3(4) in good
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(78%) yield (Scheme 3.4). Another advantage of this method is the easy work-up procedure:
the product 3.4 was isolated without the tedious extraction.

TBDMSO OIBDMS TBDMSO O{BDMS OH HO\
OH J oBn § oBn §
HO,,, o o] b BnO,,,
’ Q KQ‘ ? @—OBn - ' Q OBn
"y A\ 4 Q7N RN
HO = © © an BnO = © an
OH 36 OBn

3.7
(a) BnBr (6.5 equiv), NaH (6.3 equiv), DMF, 24h, rt, 83%; (b) TBAF-3H,0 (4 equiv), THF, 12 h, rt, 78%
Scheme 3.4 Synthesis of 1’,2,3,3,4,4’-heRebenzylsucrose3(4) by

silylation/benzylation/desilylation method.

The NMR and mass spectral data (see Chapter 4.2.3.1) of thg.4liobtained in this
synthesis were identical with all parameters of the comp@uhabtained according to the
procedure shown in Scheme 3.2.

The diol was obtained in 38% total yield in this three-step reaction (silylation/
benzylation/desilylation), whereas the yield 2# in the literature procedure (tritylation/
benzylation/detritylation) amounted only to 16%. Accordingly, the significant improvement
in yield of the diol 3.4 was achieved.

Previous studyrom the Jarosgroup demonstrated that the silyl protecting graept{
butyldiphenylsilyl (TBDPS)] in 6,6’-bis-silylated sucrose derivatives can be removed with
100% regioselectivity from the 6’-position using one equivalent of desilylating agent (TBAF
or HF/Py); the 6-silylated products were, therefore, available in good {iéffs%82!

To obtain the monosilylated sucrose alcohol, | have repeated this experiment for the
TBDMS-analog3.7. Reaction of this compound with 1.1 equiv. of TBAF,GHnh THF after
6 h of stirring and flash chromatography gave unreacted bis-silylated sulsitateono-
silylated product 3.8 and the diol 3.4 in 21, 57 and 17% yield respectively (Scheme 3.5).

The structure of produ@.8 was confirmed by the NMR spectrum, mass spectrum and
elemental analysis (see Chapter 4.2.3.2). The position of the TBDMS-group in congg®und
was proven by spectral correlations and also by further transformations (to @B@&Rjctee
Scheme 3.22). In particular, as shown in Figure 3.1, the hydroxyl hydrogen (H-7’) atom
(resonating ad = 3.26 ppm) is coupled with two H-6" atoms fat 3.61 and 3.83 ppm) in

COSY NMR spectrum of compound 3.8.
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Scheme 3.5 Selective desilylation of 6,6 @itert-butyldimethylsilyl-1’,2,3,3",4,4’-hexd>-
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Figure 3.1 COSY NMR spectrum of compound 3.8 (3.2-3.9 ppm range).

Free sucrose, as well as its partially substituted derivatives, is preferentially silylated at
the position 6’-OH. Thus, treatment of these compounds with one equiv. of silylating agent
(e.g. TBDPSCI or TBDMSCI) provided the 6’-O-silyl-substituted sucrose derivatives as
major pl’OdUCtéz_‘l' 162, 168, 171, 173, 198, 201, 204-206]

In order to obtain regioisimer &.8 (compound.9), with unprotected (free) hydroxyl

group at the 6 position, | conducted a reaction of 1’,2,3,3,4,4’-i@eka@nzylsucrose3(4)

67



Chapter 3

with 1.1 equiv. oftert-butyldimethylsilyl chloride (TBDMSCI) in CBLCl, in the presence of
DMAP as catalyst and gt as a base; the silyl chloride was added dropwise (Bahp
syringe pump and the stirring was continued for 24 h. This procedure allowed me to obtain
(after flash chromatography) ©-tert-butyldimethylsilyl-1’,2,3,3’,4,4’-hexa>-
benzylsucrose3(9) in 56% yield, together with the bis-silylated compodnd (13%) and
unreacted diol 3.4 (25%) (Scheme 3.6).

OH HO \»L

\ Si
oBn § o)
BnO,,, 0 (@) a OH \
oBh — oBn £ + 3.7(13%) + 3.4(25%)
ot Y BnO.,, o)
B0’ Y O T ? @—OBn
OBn y "l,o\\‘ t
3.4 BnO OBn

OB 3 9 (56%)
(2) TBDMSCI (1.1 equiv), DMAP (cat), Et,N, CH,Cl,, 24 h, rt

Scheme 3.6 Selective silylation of diol 3.4.

Structure of the produ@.9 was confirmed by the NMR spectrum, mass spectrum and
elemental analysis (see Chapter 4.2.4.1). Structure of the regioi8d@n@as proven by the
spectral correlations and further transformations (to pro@u2®, see Scheme 3.13). In
particular, as shown in Figure 3.2, the hydroxyl hydrogen H-7 atom atl.96 ppm) is
coupled with two H-6 atoms (& = 3.50 and 3.64 ppm) in the COSY NMR spectrum of
compound 3.9.

In the molecule of compoun8.4, 3.8 and3.9 six benzyl groups are present. These
protective groups are stable to a variety of organic reactions and can be selectively removec
under hydrogenation conditions. However, presence of six such big groups in the molecule
3.4 and its derivatives significantly increases the molecular mass and complicates the
interpretation of NMR spectra of these compounds.

| decided, therefore, to propose an alternative (to3l#)l sucrose-based building block.
| have chosen the methyl group as a protecting function, because it is stable under various
conditions é.g. catalytic hydrogenation) and because the NMR spectra of the compounds
containing this protecting group should be much simpler than those of thed-lparzyl
analogs.

To prepare 1',2,3,3',4,4-hex@methylsucrose, both strategies: tritylation and sily-

lation were used.
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Figure 3.2 COSY NMR spectrum of compound 3.9 (1.9-3.7 ppm range).

Methylation of six hydroxyl groups in 6,6’-d-tritylsucrose 8.2) with methyl iodide
in the presence of sodium hydride in DMF gave 1',2,3,3,4,4’-l@xaethyl-6,6’-di-O-trityl-
sucrose 3.10) in excellent yield (91%). Removal of two trityl groups was achieved under
reductive conditions, using sodium in liquid ammonia at —78 °C; 1',2,3,3',4,4’Bexa-
methylsucrose3.11) was isolated in 74% yield (Scheme 3.7). The structures of progid€ts
and 3.11 was confirmed by NMR spectrum, mass spectrum and elemental analysis (see
Chapter 4.2.5.1 and 4.2.6}"

OTr TrO

(a) NaH (6.3 equiv.), Mel (6.5 equiv.), DMF, 4h, rt, 91%; (b) Na/NH,, THF, -78 °C, 2h, 74%

Scheme 3.7 Synthesis of 1’,2,3,3",4,4’-heQamethylsucrose3.11) by

tritylation/methylation/detritylation method.
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On the other hand, simple synthesis of 6,6CGdiert-butyldimethylsilylsucrose 3.6)
allowed me to propose an alternative method of the preparation of tidiolTreatment of
compound3.6 with Mel/NaH afforded 6,6’-dBd-tert-butyldimethylsilyl-1’,2,3,3’,4,4’-hexa-
O-methylsucrose 3.12) in excelent yield (95%). Treatment 8f12 with a TBAF-3KO
resulted in a cleavage of the TBDMS groups and provided 1’,2,3,3',4,4’ Gawrathyl-
sucrose3.11) in 95% vield (Scheme 3.8f"

Notably, desilylation of hex®-methylated sucros®.12 is much faster than the hexa-
O-benzylated analo@.7, which may probably result from steric factors. Silicon atoms in
molecule 3.12 are sterically more accessible to nucleophilic attack by fluoride anions as
compared to molecule of sucrose derivative 3.7.

TBDMSO O{BDMS TBDMSO O{BDMS OH HO

N N

OH : OMe : OMe :
HO,,, o e} a MeO,,, o o) b MeO,,, o o)

OH ———> OMe ——> OMe
:,IO\\‘ { ", O\\‘ e ,,IO\\‘ {
HO = - MeO = i MeO = -
OH OoH OMe OMe OMe OMe

3.6 3.12 3.11

(a) Mel (6.5 equiv), NaH (6.3 equiv), DMF, rt, 4h, 95%; (b) TBAF'3H,0 (3 equiv), THF, rt, 3h, 95%

Scheme 3.8 Synthesis of 1',2,3,3',4,4’-he®@amethylsucrose3.11) by

silylation/methylation/desilylation method.

The specific rotation, NMR and mass spectral data of the3did! obtained in this way
are identical to the parameters of this compound obtained according to Scheme 3.7.

1',2,3,3,4,4-HexaO-methylsucrose 3.11) was already reported in the literature.
However, the original procedure proposed by Sachinetkl was realized in a rather long
(7 steps) synthesis from free sucrose in total yield about!36%.

The procedure which | propose in this dissertation offers two alternative and more
convenient (three steps) methods for the preparatié@ldf in total yields of about 34% (in
tritylation/methylation/detritylation) or 53% (in silylation/methylation/desilylation).

Compounds3.4, 3.8, 3.9 and3.11 were then applied as starting materials for the

preparation of the target macrocycles.
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3.2 Synthesis of sucrose aza-crown ethers and their complexing properties

3.2.1 Mono-aza-crown ethers

With protected sucrose containing only two free hydroxyl groups in hands, | decided to
apply them in the synthesis of new sucrose aza-crown ethers. Continuing research area start
in Jarosz’s group (see Chapter 2), | used 1’,2,3,3,4,4'-ek@nzylsucrose3(4) for the
synthesis of this type of receptors. This substrate contains the 11-membered chiral units (fron
C6 of glucose to C6’ of fructose) which is useful platform for chiral crown ethers.

| proposed a new synthetic strategy for the synthesis of aza-crown ethers which include:
two different chain elongation at the 6 and 6’ positions of sucrose and a ring closure.

The previous studies in Jarosz’s group showed that 1’,2,3,3’,4,4' @Qdexrrzylsucrose
(3.4) undergoes regioselective alkylation at ghecose‘end’ (6-OH); treatment of the diol
3.4 with chloroacetonitrile provides preferentially th©geyanomethyl)-1',2,3,3’,4,4’-hexa-
O-benzylsucrose 3(13) (Scheme 3.9). Position of the alkylation in compoGriB was
proven by further transformations (oxidation of hydroxyl group at C-6’ to aldehyde followed
by the Wittig reaction with PR=CHCQMe) leading to thex,p-unsaturated ester. Spectral
correlations of such obtained product proved unambiguously that unsaturation is located at the
fructose‘end’, hence the alkylation occurred at the 6-OH (glucose 'p&tH).

CN
OH HO\
BnO N O\
BnOw,/ Q P\ S
1”0\\‘ y an Bnoll @\
2 2 w
BnO . OBn
3.4 oBn oen
3.13

(a) CICH,CN, TBAB, toluene, NaOH (50 wt. % in H,0), rt, 1h, 77%

Scheme 3.9 Synthesis of@{cyanomethyl)-1’,2,3,3",4,4’-hex®-benzylsucrose3(13).

This feature (selective alkylation 8t4 at theglucose'end’) was assigned as the key-
reaction in my strategy to prepare the 16-membered sucrose-based aza-crowns.

The free hydroxyl group at the 6’-carbon atom of the monoalc®id was alkylated
with tert-butyl bromoacetate under catalytic phase-transfer conditions (PTC) in the presence
of 0.2 equiv. of tetrabutylammonium bromide (TBAB); the cyano-eé&tbt was obtained in
excellent yield (93%). Both, the cyano and ester groups, were reduced with lithium aluminum

hydride in THF at —78 °C to provide the corresponding amino alc8lid& in 88% vyield
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(Scheme 3.10). The structure of proddl5 was confirmed by NMR spectrum, mass
spectrum and elemental analysis (see Chapter #%17).

¢ ¢ Cf - Y
HO 0 Q
} \~ b BnO X
—> D ——— 3
BnOI/ BnO/, o
o“ o" "o N 0Bn
oBn OBn OBn OBn OBn
3.13 3.14 3.15

(a) BrCH,CO,'Bu, 50% NaOH/toluene, Bu,NBr (cat.), t, 1 h, 93%; (b) LiAIH,, THF, -78 °C, 2 h, 88%

Scheme 3.10 Synthesis of@+2-aminoethyl)-1’,2,3,3',4,4’-hex®-benzyl-6"-0O-(2-
hydroxyethyl)-sucrose3(15).

Amino podand3.15 was used as a starting material for the preparation of macrocyclic
derivatives. This compound was transformed to iodide using the Garegg—Samuelsson
procedur@lo]: iodine, triphenylphosphine, and imidazole in refluxing toluene. However, | was
not able to isolate this compoun8.16). After the reaction, | observed formation (in very
good yield: 79%) of a product with the molecular ion peak in the mass spectma at
974.4, whereas the calculated molecular mass for amino iGdideis 1079 ([M + Nd]
=1102). These data, as well as elemental analysis, indicated that during the reaction,
elimination of hydrogen iodide occurred. Since in tHeand**C NMR spectra no signals of
the olefinic protons were seen, the cyclic struc®dr. can be postulated. Further support
came from thé*C NMR and DEPT spectra which displayed two peaks of secondary carbon
atoms in the typical amine range fat 49.18 and 47.59 ppm). The detailed analysis ef th
NMR spectra {H, *C, COSY, HSQC and HMBC) confirmed the proposed macrocycle
structure of3.17. Obviously, under the reaction conditions, the amino io8idé (the
primary product of the Garegg—Samuelsson reaction) cyclized spontaneously providing
compound 3.17 (Scheme 3.11).

This tandem Garegg—Samuelsson iodination/intramolecular alkylation reactions opened
a convenient route to macrocyclic derivatives having a secondary nitrogen atom in the ring.

Presence of this secondary amine functionality in the macrocyclic ring allowed us to
modify steric and/or electronic properties of the ring. Aza-crown ethers with a side arm
attached to the nitrogen of the macrocyclic ring may enhance and regulate the cation-binding
properties. Reaction of the amiBel7 with the corresponding alkyl halid@4.8 provided the
respective derivatives 3.19 a(Scheme 3.12, Table 3.1) in good yiefdd.
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(a) PhyP, imidazole, |,, toluene, reflux, 4h, 79%

Scheme 3.11 Synthesis of 6,6’-(3-azapenta-1,5-di-yl)-1’,2,3,3’,4,4’-liexa-
benzylsucrose3(17).

Structures of the products 3.19asére characterized and confirmed by NMR spectrum,

mass spectrum and elemental analysis (see Chapter 4.2.9).

) 28

o)
BnO § + Rex a BnO }:
BnOu,/ ~Q AP BnOu,/” Q A\
D 3.18 -
"o N"Y0Bn /0" N YoBn
BnO B = BnO z -
OBn OBn OBn OBn
3.17 3.19a-f

(a) K,CO,, DMF, 100 °C, 4h

Scheme 3.12 Alkylation of 6,6'-(3-azapenta-1,5-di-yl)-1',2,3,3",4,4’-h€xa-
benzylsucrose3(17).

By this procedure, | have prepared 16-membered macrocycles substituted at the
nitrogen atom with: benzyl-, 4-methoxybenzyl-, pyridine-2-ylmethyl-, allyl-, 2-methoxy-2-
oxoethyl- and 2-methoxyethyl- units (Table 3.1 and Figure 3.3).

Table 3.1 Synthesis of macrocyclic receptors 3.19 a-f.

Entry R X Product Yield, %
1 Bn Br 3.19a 73
2 4-MeO-GH4-CH; Cl 3.19b 77
3 Pyridine-2-ylmethyl Br 3.19c 65
4 Allyl Br 3.19d 68
5 MeOC(O)CH Br 3.19¢ 72
6 MeOCHCH; Br 3.19f 67
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Figure 3.3 Structures of macrocyclic receptors 3.19 a-f.

Receptors 3.19a-f were employed in an enantioselective recognition of chiral
ammonium cations.

In complexation of primary ammonium cations by aza-crown ethers, potat- NN
and N-H---O hydrogen bond interactions are the most important. Additionally, electrostatic
interactions between the cation and the electronegative centers of the ligand take place and,
ammonium cation and receptor contain an aromatic moiety-tin@teractions are possible.
In a first set of complexation experiments, | have evaluated the sucrose-based macrocyclic
ligand library @.19a-) in recognition of theS- and R-a-phenylethylammonium chlorides¢
PEA'HCI and R-PEA'HCI). The association constants(Kof the complexes of receptors
3.19a—f with a-phenylethylammonium cations were determined by MMR titration
method®® in CDCL. This method requires recording of a series NMR spectra of solutions
containing both the host (in constant concentration) and the guest (in varying concentration)
and an observation of the change in chemical shift of the signal that is sensitive to the
formation of the host-guest complex. In case of sucrose-based receptors, such NMR-signal i
the peak of anomeric proton atom (H-1). For simplification of the experimental procedure, the
series of NMR spectra was recorded for only one NMR tube with the host containing solution
and the portions of the solution was added step by step. After that, the difference in chemical

shifts between that observed in the host-guest mixture and that observed in the host molecul
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(Ad) were calculated and the experimental titratiorveythe change of chemical shift with
increasing the concentration of a guest) was drawn. Then, the association congtesais(K
determined by fitting the data to the empirical equation described by Ffétdinging
program MicroCal Origifi.

In the experiments of complexation ®fPEAHCI by the recepto8.19a, | observed the
change of chemical shift of the anomeric proton from 5.43 to 5.33 ppm); the titration curve is
shown in Figure 3.4. The association constant was calculated as 70t (énfy 1 in
Table 3.2). | did not observed, however, any significant changes of chemical shifts in the
NMR spectra during the titration of the recep®fi9a with R-PEA'HCI which indicates
rather low interaction between the host and the guest.

Analogous experiments with macrocyde 9b anda-phenylethylammonium chlorides
were performed. In this case (Figure 3.5), the replacement of benzyl group at the nitroger
atom for more electro-donating unit: 4-methoxybenzyl group gave the double increase of the
Kaes) (140 = 10 M, entry 2 in Table 3.2). Changes of the chemical shifts in the NMR spectra
during the titration witlR-PEA'HCI were not observed either.

Figure 3.6 and Figure 3.7 present the titration curves for rec8dtBcwith S- andR-
PEA-HCI complexes. The receptB8rl9c containing the pyridine unit at the nitrogen ring
atom shows rather significant affinity to tBe (Kys)= 317 MY, as well as to thB-isomer of
PEAHCI (Kar) = 67 M, entry 3 in Table 3.2). Moreover, in caseRIPEAHCI, the titration
experiments showed the change of chemical shifts to the lower NMR field (from 5.416 to

5.466 ppm) which indicates another character of the host-guest interaction.

In other cases the change of chemical
shifts occurred to the higher NMR field.

0,00 L}

-0,024

Titration experiments for receptors

0,04

3.19d-f showed gradual increase of the ém \

association constants for complexes with ) o] -\'\.\_‘

S-PEAHCI (Figures 3.8-3.10), and low 70:10_ T,
interaction between these receptors &d 001 000 001 002 003 004 005 006 007 008

CG, mol/L

PEAHCI (entry 4-6 in Table 3.35%
Figure 3.4 Titration curve for receptor
3.19a and S-PEA-HCI complex in CRCI
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Table 3.2 Stability constants for complexes of ligaBdkE9 a-fwith (S)- and R)-phenylethyl-

ammonium chloride in CDGI

Entry Receptor Kag, M™ Ka@, M*
1 3.19a 70+7 a
2 3.19b 140+ 10 a
3 3.19c 317 £33 676
4 3.19d 427 + 42 a
5 3.19e 623 + 48 a
6 3.19f 733 £ 69 a

a — No changes of the chemical shift were observed in the NMR during titration.

In summary, all receptors showed much higher affinity towardStaeantiomer (as in
case of derivative8.63 and2.69%") but — with exception of macrocycB19c— theR-isomer
was not complexed. Moreover, additional ethylenoxy unit placed at the ring nitrogen atom
(compound 3.19fincreased the Kvalue (as compared to theeutral benzylated derivative
3.19a) by one order of magnitude.

Lariat ether3.19f, showing the highest Jalue towards th&-w-phenylethylammonium
chloride was selected as a model to study complexation abilities of such type of receptors
towards the amino acid derivatives. Four pairs (alanine, valine, phenylglycine, phenylalanine)

of enantiomeric methyl ester ammonium salts were chosen (Figure 3.11).

O\/ I I
Me Me\)l\
Me ~Me \‘)LOMe " “OMe

for N NH,"Cl NH,"Cl
NH, CI NH,'Cl 3 NH, CI
S-PEA-HCI R-PEA-HCI L-Ala-OMe-HCI D-Ala-OMe-HCI
Me O )Mi/lcj)\ 0
Me)\‘/\%O_Me Me” Y “OMe OMe
NH,"CI NH,"CI NH, I
L-Val-OMe-HCI D-Val-OMe-HCI L-Phg-OMe- HCI
©\/?L I I
~Nome “owe ©/\E)+L9Me
NH,"CI NH, €l N, !
D-Phg-OMe-HCl L-Phe-OMe-HCI D-Phe-OMe-HCI

Figure 3.11 Structures of the ammonium guests.
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Solubility of these guests in deuterated chloroform is relatively limited, so the
experiments were conducted in a mixture C{JCID;0D (80:20).

The association constants in CRICID;OD were much higher for these amino acid
derived salts than for simplephenylethylammonium chlorides. The highestalue was
observed for valine methyl ester hydrochloride (Val-OtM&l). Sterically less demanding
alanine formed much weaker complexes. However, the enantioselectivity of the complexation
was low but showed some regularity; D-aminoacid derivatives formed stronger complexes
that L-enantiomers (Table 3.8

Figures 3.12-3.19 present titration curves for rece@d9f and methyl ester
ammonium salt complexes in CRETD;0D (80:20).

| also checked complexation abilities of ligaBdL9f in DMSO-d&. The results are
shown in Table 3.3. Although this time the, Kalues were much lower (than in
CDCls/CDs;0D), | observed good enantioselectivity for alanine and a regularity in preferential
complexation of all four unnatural D-amino acid derivatives.

Figures 3.20-3.27 present titration curves for receptor 3.19f and methyl ester
ammonium salt complexes in DMSQ-d

In summary, the receptoB.19f in complexing with methyl ester ammonium
hydrochloride, showed not very high enantioselectivity, but unnatural D-amino acid

derivatives were complexed better than L-isomers.

Table 3.3 Stability constants for complexes of liga®d9f with amino acid methyl ester
hydrochlorides in CDGICD3;OD (80:20) or DMSO-¢l

CDCl;-CD;0D (80:20) DMSO-
Guest

Ka M? Ko/KL Ka M? Ko/KL

D-Ala-OMe HCI 1655 + 164 32422
2.02 2.00

L-Ala-OMe'HCI 820 + 50 16.2+1.2

D-Val-OMe'HCI 14740 + 990 301 + 28
1.03 1.46

L-Val-OMe'HCI 14380 + 1500 206 £ 7.0

D-Phg-OMe- HCI 5510 + 490 145 £ 10
1.37 1.45

L-Phg-OMe- HCI 4020 + 350 100 £ 10

D-Phe-OMe- HCI 3835 + 150 162 + 11
1.13 1.28

L-Phe-OMe-HCI 3390 + 220 127 £7.0
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Figure 3.12 Titration curve for receptor
3.19fand DAla-OMe'HCI complex in
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0,18
0,16
0,14
0,12
0,10

0,08

28, ppm

0,06
0,04
0,02

0,00

s = = 83—

/

/

/
o

-0,02

T
0,000

T T T T
0,015 0,020 0,025 0,030

CG, mol/L

T T
0,005 0,010

Figure 3.16 Titration curve for receptor
3.19f and D-Phg-OMe-HCI complex in
CDClI5-CDsOD (80:20).

A3, ppm

0,00 4

-0,02

T T T T T T T T 1
-0,005 0,000 0,005 0,010 0,015 0,020 0,025 0,030 0,035 0,040

CG, mol/L
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3.2.1 Di-aza-crown ethers
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Figure 3.25 Titration curve for receptor
3.19f and L-Phg-OMe-HCI complex in
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Figure 3.27 Titration curve for receptor
3.19f and L-Phe-OMe-HCI complex in
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As mentioned above, mono-aza-crown etBdi@a (receptor containing one nitrogen

atom) complexed thesj-phenylethylammonium cation with high enentioselectivity but rather
moderate association const&fit! On the other hand, the association constants of complexes

of the receptor2.68 (with three nitrogen atoms in the ring) amghenylethylammonium

cations R andS) were substantially higher, but the enantioselectivity of complexation was

rather low®?

Based on these observations one might suggest that the sucrose-based di-aza-crov

ethers might have better complexing properties in terms of association/enantioselectivity.
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Therefore, | decided to enlarge the pool of sucrose receptors in order to check out the
complexing ability of such macrocycles with two nitrogen atoms in the ring.

Receptors prepared by us up to d&d%a—for 2.68) were ‘symmetricali.e. with the
same heteroatom at the fructose agldcose ‘end (oxygen or benzylamino group,
respectively). During my PhD work | elaborated the convenient routecto-symmetrical
receptorsi(e. containing various substituents at glucase fructoseend’).

Two structures with the ‘central’ nitrogen atom in the ring were designed: one with the
second nitrogen atom at tfreictose'end’ and the other one with the nitrogen atghecose

‘end’ (compounds: [and E Figure 3.28).
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Figure 3.28 Sucrose-based aza-crown ethers 3.19a, 2.6B8d[E

My strategy for the synthesis of these macrocycles was based on: (a) differentiation of
the two terminal hydroxyl groups in 1',2,3,3",4,4’-he®abenzylsucrose (as shown in
Schemes 3.5 and 3.6); (b) elongation of oeed' (Qlucoseor fructosg via the C-C-O-
synthon; (c) transformation of the remainird (fructoseor glucose respectively) into di-
aza half-crownvia N-C-C-N synthon; (d) a ring closing tandem Appel iodation/intramole-
cular alkylation reactions.

The synthesis of the firshon-symmetricalmacrocycle was initiated from derivative
with a non-protected hydroxyl group at the glucts®d (3.9). The free hydroxyl group at the
6-carbon atom of alcohd.9 was alkylated withtert-butyl bromoacetate in a two-phase
reaction in the presence of 0.2 equiv. of TBAB as a phase-transfer catalyst, providing the este
3.20 in good vyield (84%). Removal of the silyl protection atftbetose6’-OH group with
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tetrabutylammonium fluoride trihydrate afforded the 1°,2,3,3",4,4’-h@xaenzyl-60-(2-
tert-butoxy-2-oxoethyl)sucros8&21) in 87% yield (Scheme 3.13).

O'Bu O'Bu
o) o)

OTBDMS OTBDMS b o) HO\
OBn :

BnO,, BnO,, Bnoh, (@) (@]

OBn
7R\ 4
(@) <
BnO H =
OB : OBn
OBn OBn n OBn
3.20 3.21

(@) BrCHZCOZtBu, Bu,NBr, THF, NaOH (50% aq.), rt., 3h, 84%; (b) TBAF-3H,0, THF, t., 1h, 87%

Scheme 3.13 Synthesis of 1',2,3,3,4,4’-heQabenzyl-6 O-(2-tert-butoxy-2-
oxoethyl)sucrose3(21).

The structure of compoun@s20 and3.21 was confirmed by the NMR spectrum, mass
spectrum and elemental analysis (see Chapters 4.2.10 and 4.2.11).

In the HMBC NMR spectrum of est8c20, the C-6 atom (resonatingdat 69.72 ppm)
is coupled with two H-7 atoms (&t= 3.84 and 3.95 ppm), whereas the C-7 atond (at
69.30 ppm) is coupled with two H-6 atoms fat 3.44 and 3.67 ppm) (Figure 3.29). This
correlation data additionally confirmed the position of the selective silylation in3diol
(Scheme 3.6).

Next steps in the proposed method should be conversion of the 6’-OH group into the
benzylamino group. A methodology proposed by Lewandowski seemed to be the most
convenient way to achieve this g&4l.It consists of mesylation of the free OH followed by a
Sn2 displacement of the mesyl group with benzylamine (which was used to synthé8ize
see Chapter 2). Treatment of the alcaB@1l with methanesulfonyl chloride in the presence
of triethylamine as a base in @El, gave the expected compouldd®2 in 96% yield.
However, the reaction with benzylamine proceeded very slowly; the desired amine was
obtained in rather low yield and was contaminated by side-products. After 4 h of heating, the
mixture in DMF at 100 °C, the amine 3.23 was isolated only in 26% yield (Scheme 3.14).
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Figure 3.29 HMBC spectrum of compound 3.20 (3.42-3.98 ppmHAXMR; 64—70 ppm
for °C NMR range).

O'Bu 0'Bu O'Bu
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o eio oQS o
/ \O
A 0 o
OBn OBn
BnOy,, BnO.,, KQ" BnO.,, Q_
OBn
OBn

BnO
OBn OBn
OBn 321 OBn 3.92 393
(a) MsCI, Et;N, CH,Cl,, 1h, rt, 96%; (b) BnNH,, DMF, K,CO,, 4h, 100°C, 26%
Scheme 3.14 Synthesis of 6’-benzyloamino-6’-deoxy-1’,2,3,3",4,4’-H@xaenzyl-6O-(2-

tert-butoxy-2-oxoethyl)sucros& 23 by mesylation/alkylation method.

This ‘failure’ motivated me to modify the process. Therefore, | turned my attention to
an alternative method of introduction of an amino functionality: the reductive amination.

Oxidation of the fructose hydroxyl group (C6’-OH) to an aldehyde under the Swern
conditions afforded almost quantitatively the aldehgd®4. Further reaction of the crude
aldehyde with benzylamine and NaCNBHrovided the desired amir23 in 74% vyield
(Scheme 3.15). The spectral characteristics (NMR and mass) clearly confirmed the identity of
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this product and the one that was obtained by alkylation of benzylamine (Scheme 3.14).
Accordingly, possible epimerization at the C-5’ atom during the transformation of the alcohol

3.21 into amine 3.23 (by Swern oxidation/reductive amination method) should be excluded.

O'Bu O'Bu O'Bu

o o o

N\

OBn § OBn
BnO., Q_ Bno,,,, 0 KD‘ BnO.,
y 'I,IO\\‘ £
BnO H -
OBn = OBn OBn
OBn

| OBn,,, OBn

(a) (COCI),, DMSO, CH,CI,, -78°C, 10 min, then Et;N, 30 min;
(b) BnNH,, AcOH, MgSO,, 1h, then NaBH,CN, rt., 12h, 74% (for two steps)
Scheme 3.15 Synthesis of 6’-benzyloamino-6’-deoxy-1",2,3,3,4,4’-f@xsenzyl-6O-(2-

tert-butoxy-2-oxoethyl)sucros& 23 by oxidation/reductive amination method.

Next step of the synthesis of the firabh-symmetricalmacrocycle required elongation
of the terminal position at tHfeuctose'end’. This was achieved by alkylation of ttieittosé
nitrogen atom in3.23 with N-benzyl-2-bromoacetamide3.@5) (Scheme 3.17); the desired

product was obtained in excellent yield (96%) according to the method shown in
Scheme 3.16.

O O
a
s _JL_ + BNH, ——= B _J__&n
Br N

H
3.25
(a) CH,Cl,, -20 °C, 30 min, 96%

Scheme 3.16 Synthesis ofdénzyl-2-bromoacetamid8.¢5).

Alkylation of secondary amin8.23 with the alkylating ager.25 in the presence
KoCO;s as a base proceeded slowly. After 4 h of heating, the pr8d2ictwvas isolated in only
18% yield (Scheme 3.17).

85



Chapter 3

0'Bu H—Bn
o)
o} B t )&\\ 0
0 HN 0 BuO 5 N—Bn

OoBn _§
BnO:,, o) (@) OBn H BnO/,, 0] (@)
3.25 D OBn

BBH BnO H =

(a) K,CO,, DMF, 4h, 100 °C, 18%
Scheme 3.17 Synthesis of compound 3.27 by alkylation method.

To improve yield of the produ@.27, | decided to replace the alkylation reaction by
reductive amination. This time the synthetic tactics was changed towards a more convergen
route.

The key compound in this process widsbenzyl-2-(benzylamino)acetamid8.26),
which was obtained by reaction of bromoacetyl bromide with two equivalents of
benzylamine. The produ@&.26 was isolated after purification by flash chromatography in
94% yield. (Scheme 3.18).

o o)
\)J\ BnNH 2 H\)J\ Bn
+ n —_— P
Br Br 2 Bn” N
H
3.26
(a) MeCN, 12h, rt, 94%

Scheme 3.18 Synthesis ofidénzyl-2-(benzylamino)acetamidg . 26).

The secondary aming.26 was applied in reductive amination of the aldehy@d,
which provided the amido-est8r27 in 71% yield (Scheme 3.19). The spectral characteristics
(NMR and mass) clearly confirmed the identity of this product and the one obtained by
alkylation method (Scheme 3.17). However, in this case, the reductive amination should be
carefully monitored in order to obtain the best results; in basic media formation of the
adventitious isomeric product was observed, which significantly lowered yield of the desired
amine. Probably, under harsh basic conditions partial epimerization at the C5’-carbon

occured.
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' \ OBn 3.26 OoBn
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BnO B - Y 0 -
6Bn OoBn BnO H OBn
3.24 OBn
3.27

(a) ACOH, MgSO,, CH,Cl,, rt, 1h, then NaBH,CN, 12h, 71%

Scheme 3.19 Synthesis of compound 3.27 by reductive amination method.

All in all, changing approach from mesylation/alkylation to Swern oxidation/reductive
amination allows to reduce the number of synthetic steps, significantly increasing yield of the
product 3.27.

Reduction of both: ester and amide functions in compdi@d should provide the
aminoalcohol 3.29. Indeed, treatment of subsa2& with LiAIH4in THF at reflux provided
the expected compourii29 in good yield (73%). Noteworthy, at room temperature only the

ester group was reduced (to amidoalcohol 3.28) (Scheme 3.20).

H H
OH N—Bn 0 N—Bn OH Bn
o} o} N
\ > [BUO)H ) Ho
_ _ 0 N—Bn
(e} N\Bn a (e} N\Bn b \
_: - _: —_— Bn 5
OBn : OBn 2
BnO.,, o) BnO.,, 0 BnO.,,, ol o
? Q—osn ? Q—osn \ OBn
: I,IO\\\ H y I,IO\\‘ H BnO > 'IO\ —_:
BnO : = BnO H = n ]
H oB = OB OBn
OBn : OBn : OBn
3.28 3.27 3.29

(a) LIAIH,, THF, rt., 10h, 77%; (b) LiAIH,, THF, reflux, 1.5h, 73%

Scheme 3.20 Reduction of(2-benzyloamino-2-oxoethyl\-benzylo-6’-amino-6’-deoxy-
1',2,3,3",4,4’-hexa©-benzyl-6 O-(2-tert-butoxy-2-oxoethyl)-sucros& 7).

Reaction of the aminoalcohol3.29 with the Garegg—Samuelsson reagent
(TPP/imidazole#*'”) afforded the unstable iodid®.30, which spontaneously underwent
intramolecular cyclization to the desired macroc\g[&l (possessing the benzylamino group
at the fructoseend) in 72% yield (Scheme 3.21).

The detailed analysis of the NMR spectid,(-*C, COSY, HSQC and HMBC), as well
as mass spectrum and elemental analysis, showed that the product of this reaction is th

macrocycle 3.31.
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OH B NZERY:L Bn
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: 0 N
o) N—Bn o) N—Bn \
3 a \ BnO 3
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BnOI (@] @_OB” BnOu, (0] @‘ BnOu,
N higy W
R o™ N"Y0Bn ano” ‘07 Y oBn
BnO : = E = n 2
: BnO = OBn
OBn oBn OBn OBn OBn
3.29 — 3.30 — 3.31

(@) 1,, Ph4P, imidazole, toluene, reflux, 4h, 72%

Scheme 3.21 Synthesis of macrocycle 3.31.

A similar strategy was used for preparation of the seconsymmetricaldiaza-crown
having the benzylamino group at thkicose'end’. Thus, alkylation of the alcoh8l8 with
tert-butyloromoacetate under the PTC conditions provided the corresponding sucrose-basec
ester3.32 (in 77% yield) which — after desilylation with TBAF-ZH— was converted into
the compound 3.33 (Scheme 3.22).

OBu OBu
O:S o:g
TBDMSO TBDMSO ) 9
_a, \ \
OBn OBn § OBn §
BnO,,, BnO,,, 0O (@] fe) (0]
OBn OBn
: 'I,IO\\‘ :: ’ ,,IO\\‘ ::
BnO on BnO en OBn : OBn
3.8 3.32 3.33

(a) BrCH,CO,'Bu, Bu,NBr, THF, NaOH (50% aq.), rt., 3h, 77%; (b) TBAF-3H,0, THF, rt., 4h, 71%

Scheme 3.22 Synthesis df2,3,3’,4,4’-hexa©-benzyl-6’-O-(2-tert-butoxy-2-oxoethyl)-
sucrose3.33.

The structure of compoun@®s32 and3.33 was confirmed by the NMR spectrum, mass
spectrum and elemental analysis (see Chapters 4.2.21 and 4.2.22).

In the HMBC NMR spectrum of ester 3.32, the C-6" atom (resonatidgat2.88 ppm)
is coupled with two H-7" atoms (& = 3.94 and 4.02 ppm), whereas the C-7" atomd(at
69.06 ppm) is coupled to two H-6" atoms @at= 3.73 and 3.79 ppm) (Figure 3.30). This
correlation data additionally confirmed the position of the selective desilylation in

compound 3.7 (Scheme 3.5).
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Figure 3.30 HMBC spectrum of compound 3.32 (3.35-4.07 ppmHdXMR; 68.5—
73.0 ppm for*C NMR range).

Oxidation of alcohoB.33 under the Swern conditions (to the aldehyd4) followed
by reductive amination with the amiBe26 gave the amide-est@B5 in 74% yield (over two

steps; Scheme 3.23).

O'Bu O'Bu Bn—N O'Bu
O O:g 2:0 O:g
A 0 b Bn—N N
OBn oBn
BnO,,, BnO.,, BnO.,,_~~q 088
Q—OBn
7 \ ", K\ /
. (e} B
BnO H -
OBn = OBn
OBn 3.33 OBn 3.34 OBn 335

(a) (COCl),, DMSO, CH,CI,, -78 °C, then Et;N; (b) BhANHCH,C(O)NHBn (3.26), AcOH, MgSO,, 1h,
then NaBH,CN, rt, 12 h, 74% (for two steps)

Scheme 3.23 Synthesis of(8-benzyloamino-2-oxoethyl\-benzylo-6-amino-6-deoxy-
1',2,3,3',4,4’-hexa©-benzyl-6"-O-(2-tert-butoxy-2-oxoethyl)-sucros& 35).

Structure of the produc3.35 was assigned on the basis of the NMR spectra, mass

spectrum and elemental analysis (see Chapter 4.2.23{ MMR spectrum, the spin-spin
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coupling constant between H-4 and H-B s is 9.6 Hz, which is typical for glucose
derivatives. Accordingly, the epimerization at the C-5 atom during the transformation of
alcohol 3.33 to amine 3.35 did not occurred.

Reduction of compoun@®.35 with LiAlH, in THF at reflux (as described f&.27)
provided the corresponding amino alcohol 3.36. The ring closing reaction ofatisfown”

(3.36) with b/PhsP/imidazole resulted in formation of the macrocy8l&87 in 72% yield
(Scheme 3.24).

Structure of the produ@.37 was confirmed by the NMR spectra, mass spectrum and
elemental analysis (see Chapter 4.2.24). A detailed analysis of the NMR spdcth3C(
COSY, HSQC and HMBC), as well as mass spectrum and elemental analysis, of the product
obtained in the Garegg—-Samuelsson reaction proved the cyclic structuBe37f(see
Chapter 4.2.25).

H t
Bn—N OBu N/Bn OH ?n
00O S
— o Bn—N
Bn—N \ a \ b 5 \
X —_— 3 —_— no §
OBn § OBn _§ o0t
BnO.,_~~g | O BnO.,. >0 @—os )
n R
_— ©Bn o o~ "o" N YoBn
Bo” Y O E. Bno™ % OBn BnO  Zg, OBn
OBn OBn 337
3.35 3.36 )

(a) LiAIH,, THF, reflux, 2h, 84%; (b) I,, Ph;P, imidazole, toluene, reflux, 4h, 74%
Scheme 3.24 Synthesis of macrocycle 3.37.

Receptors3.31 and3.37 were employed in the enantioselective recognitianpifenyl-
ethylammonium chloride: §)-PEA-HCI and K)-PEA-HCI. Association constants were
determined by the NMR titration method in CRQAs described for the recept@49a-). A
shift of the signal of the anomeric proton (H-1) of sucrose was monitored during the
experiment. The Kvalues for the receptor8:31,3.37, and (previously obtained)19a and
2.68 with §)-PEA-HCI andR)-PEA-HCI are shown in Table 3.4.

As we observed earlier, the mono-aza-crown e3hiE9a selectively complexed th8)¢
a-phenylammonium cation, but the value of Was low (70 M). On the other hand,
complexation of theS)-PEA cation by tri-aza-crown ether 2.68 was much strongerl@00)
but the enantioselectivity was relatively lowa@K g ~ 1.5)!°%

Di-aza-crown etheB.37 formed complexes with theS}-PEA-HCI and K)-PEA-HCI,
having the association constants#309 and 131 M respectively; the enantioselectivity was
rather moderate (fg/Kag ~ 2.4).
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On the other hand, receptoB.31 selectively complexed only theS)@-
phenylethylammonium cation ¢& 522 M*; Table 3.4).

Table 3.4 Stability constants for complexes of recep®i®a,3.31,3.37 and2.68 with §)-
and R)-phenylethylammonium chloride in CDLI

Receptor Kas) M* Ka®) Vi
F]%n
(\N/\
o] 0
Bno \ 707 a
BnOux, Q KOQ\ a
"1 0™ N 0Bn
B z c
" Sen OBn
3.19a
Bn
|
§
309 + 23 131+6
BnOn
OBn OBn

Bn

/Bn
b ﬂ 522 + 33 a
BnO
OBn OBn

/{\) 1244 + 192 837 + 104
BnO
OBn

—UJ
S
é\"/ \

OBn

a — No changes of the chemical shift were observed in the NMR during titration.
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Replacing the oxygen atom by the
amino group at the C6 position increases
the association constant for tBecation of
phenylethylammonium hydrochloride from
70 to 309 M'. However, it also increases
the complexing ability of the R-cation.
Similar replacement at the position C6'
(compound3.31) also increases,Kor the
S-isomer of PEA-HCI, but the receptor
remains inactive for #&somer of PEA-HCI.

These results suggest that the step-
wise replacement of the oxygen atoms by
the amino group increases complexing
activity of the receptor. However, presence
of the nitrogen atom at the position C6
decreases enantioselectivity. The
disposition of the nitrogen substituents in
the sucrose aza-crown ethers is crucial for
high enantioselective recognition.

Figures 3.31-3.33 present the
titration curves for recepto@ 31 and3.37
and a-phenylethylammonium chlorides
complexes in CDGI

In general, complexing ability of the
sucrose-based receptors towards Beu{
phenylammonium cation is increased with
the number of nitrogen atoms in the
macrocylic ring. Selectivity of the
complexation of this cation, however,
depends on the position of the nitrogen
functions in the ring; it is decreased in case
of the compound where thalucose
oxygen atom (at the C6-position) is

replaced by nitrogen.
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3.3 Synthesis of diamide-linked sucrose macrocycles

The large ring lactams represent another important type of macrocycles containing
nitrogen atom(s). Amide groups, because of their proton donor-acceptor properties, are
applied as building blocks in the synthesis of macrocyclic receptors. Some of the most
common platforms in supramolecular chemistry are isophthalic and pyridine-2,6-di&hides.
Macrocyclic compounds with such aromatic platforms play an important role as receptors for

>218 zwitterions €.g., dopamirf@™), and amino acid

anions??2* jon pairs?*
derivatived?*® The anion-complexing properties of these amides were exploited in the
template syntheses of caten&i&?*® rotaxand®>>>*® and pseudorotaxafie®>*"! systems.
Macrocycles incorporating the pyridine-2,6-diamide functionality are known as molecular
turnstiles#*823°)

Such macrocyclic diamides are usually synthesized from isophthalic and 2,6-pyridine-
dicarboxylic acids (or isophthaloyl and 2,6-pyridinedicarbonyl dichlorides) in combination

§1.226-3lchiral

with other building blocks, such as polyethylene glycol (PEG) readéfit
1,2-diamined?*® calix[4]arenes?4216:2252334n( calix[4]diquinone:!8222:23]

Combination of the sucrose scaffold with isophthalic or pyridine-2,6-diamide units may
open a useful way to a new type of chiral receptors with interesting properties.

These considerations prompted me to elaborate a methodology for the preparation o
chiral compounds of this type with sucrose scaffold. As | already found, this disaccharide is a
convenient platform for receptors displaying very good enantioselectivity in the complexation
of a-phenylethylamine and good towards other chiral asinTherefore, | planned to
synthesize the sucrose-based diamines and apply them in the condensation with isophthalo
and 2,6-pyridinedicarbonyl dichlorides.

The first model synthesis is showed in Scheme 3.25.

The diols3.4 and3.11 were converted into the corresponding mesylat88 and3.39
under the standard conditions (in 97 and 92% vyields respectively). Treatment of these
compounds with sodium azide in DMF at 100 °C provided the proddidi@:and3.41 in very
good yields (87 and 74% respectively).

Structures of the diazido derivativegl0 and3.41were confirmed by the IR, NMR and
mass spectra, as well as elemental analysis (see Chapters 4.2.27.1 and 4.2.27.2). In particul
in their IR spectra, the characteristical signals from thgmdups were observed at 2101 (for

compound 3.40) and 2100 &nfor compound 3.40).
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The diazide3.40 was further transformed into the di-am®d2 via reduction with
LiAIH 4. Hydrogenation of the 6,6’-dazido-1’,2,3,3’,4,4’-he®@amethyl-6,6’-dideoxysucrose
(3.41) provided the di-amin®.43. Crude compounds42 and3.43 were reacted with 2,6-
pyridinedicarbonyl dichloride3(44) in the presence of triethylamine as a base. 16-Membered
macrocylic diamides3.45 and 3.46 were obtained in very good yields (70 and 67%
respectively). The structures of dilactan3e45 and3.46 were confirmed by the IR, NMR and
mass spectra, as well as elemental analysis (see Chapters 4.2.30.1 and 4.2.30.2). In the |
spectra of these compounds, the characteristical signals from the amido-groups (C=0) were
observed at 1683 and 1686 tiior 3.45 and 3.46respectively.

OMs MsO N N

OH HO
Y pN : N\
OR OR ¢ OR §
RO, 0] (0] a RO, 0] (0] b RO, e} (@]
OR—— OR —> OR
y ,,IO\\‘ £ ':,IO\\‘ H I,IO\\‘ {
RO B - RO H = RO -1 =
E OR H OR = OR
OR OR OR
3.4:R=Bn 3.38: R=Bn 3.40: R=Bn
3.11: R =Me 3.39: R =Me 3.41: R =Me
X cord l
(@] | Z 0]
N NH H_N
NH HN 2PN
A X OR 3§
OR 5 e | RO, o o
ROI,’ O \03— - O N/ O + OR
OR ) N
/O\ ‘
1, WY Cl Cl RO H =
Y (0] - = OR
RO™ 3 OR 3.44 OR
OR o 3.42: R=Bn
3.45: R =Bn 3.43: R = Me
3.46: R = Me

(a) MsClI (2.5 equiv), Et;N (3 equiv), CH,CI,, rt, 1h, 97% for 3.38 and 92% for 3.39;
(b) NaN, (5 equiv), DMF, 100 °C, 12h, 86% for 3.40 and 74% for 3.41,
(c) LIAIH,, THF, -78 °C to rt, 1h; (d) H,, Pd/C, AcCOE/MeOH (1:1), rt, 12h;
(e) Et;N, (3 equiv), CH,CL,, rt, 1h, 70% for 3.45 (over two steps) and 67% for 3.46 (over two steps)

Scheme 3.25 Synthesis of dilactams 3.45 and.3.46

This initial success motivated me to perform the synthesis of macrocycles with larger
macrocyclic cavity. Such macrocycles would contain the chiral sucrose subunit (which is
suitable for complexing the ammonium cation) and the diamide grouping (commonly used
unit for recognition of anions). Therefore, they might be, probably, used as receptors for
recognition of e.gamino acids.

The synthesis of new sucrose-based macrocyclic diamides with aryl linkers was
initiated from 1’,2,3,3",4,4’-hex®-methyl-6,6’-di-O-(methylsulfonyl)sucrose 3(39). Its
condensation with 2 equiv. of the proper nitro-pheBal7a—c (0-, m-, p- respectively)
provided the expected 6,6-@-nitrophenyl-1’,2,3,3",4,4’-hex®-methylsucroses:3.48a
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(85%), 3.48b (90%) and3.48c(88%). Hydrogenation of these nitro-compounds afforded the
respective di-amines: 6,6’-d)-aminophenyl-1',2,3,3,4,4’-hex@-methylsucroses3.49a—c
in excellent (94, 96 and 91%) yield (Scheme 3.26).

The structures of the dinitro and diamino derivativés48a—c and 3.49a—¢
respectively) were confirmed by the IR, NMR and mass spectra, and elemental analysis (se
Chapters 4.2.31.1-3 and 4.2.32).

These diamines were used for the preparation of macrocyclic bis-amides under high
dilution conditions. Condensation af-diamine 3.49a with isophthaloyl or 2,6-pyridine-
dicarbonyl dichlorides 3.50 and 3.44 respectively) afforded the expected macrocyclic
derivatives3.51a or3.52a in 77 and 78% vyield (Scheme 3.26, Figure 3.34). The excellent
yields of the cyclization can be explained by a good-preorganization of the molecule of the
substrate.

Reaction of than-diamine 3.49b with reagents3.50 or 3.44 proceeded analogously,
although the corresponding diamid&§1band3.52bwere formed in lower yields (57% and
62% respectively) (Scheme 3.26, Figure 3.34).
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MeO., ~~q | 0o 3.50: X = CH o’
SN OMe 3.44: X =N OMe
mMeo” Y O i 3.49a-c
OMe €
3.51a-c: X=CH
3.52a-c: X=N

(a) K,CO; (5 equiv), DMF, 100 °C, 24h; (b) H,, Pd/C, AcCOEt/EtOH (1:1), rt, 12h;
(c) Et;N, (3 equiv), CH,CL, rt, 1h

Scheme 3.26 Synthesis of dilactams 3.51ard3.52a—c
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Condensation of th@-diamine 3.49c with acid dichlorides3.50 and 3.44under the
same conditions was, however, more complex.

[ >
o _ o O / (0]
X
NH HN
MeO,,,
Me
g
OMe

§
MEO/,,
OMe MeO/,,
"/ /
b

06 "o

? OMe
OMe
OMe
3.51a: X = CH (77%) 3.51b: X = CH (57%) 3.51c: X = CH (18%
3.52a: X = N (78%) 3.52b: X = N (62%) e (18%)

3.52c: X =N (23%)

e

w1 OMe

MeO""

Me

o)
| 3.51d: X = CH (31%)
Z 3.52d: X = N (27%)

= ratio 3.51d:3.51e = 1:1
N I 5 3.52d:352¢ = 1:1

Meolluty /©/ \©\ A, 2}

G ,—OMe MeO—,
o)
MeO™" OMe
°" S Yo 3.51e: X = CH (31%)
Y 3.52e: X =N (27%)

Figure 3.34 Macrocyclic diamides 3.51aaad 3.52a—e
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The expected produ@51cwas formed in very low yield (18%) in reaction wBt50.
Furthermore, | also isolated an inseparable mixture of a large number of ‘minor’ products.
Similar reaction of3.49cwith dichloride 3.44 proceeded analogously affording the product
3.52cin 23% vyield (Figure 3.34) and an inseparable mixture of ‘minor’ products.

The structures of dilactam@&s51a—cand3.52a—cwere confirmed by the IR, NMR and
mass spectra, as well as elemental analysis (see Chapters 4.2.34.1-6). In their IR spectra t
characteristical signals from the amido-groups (C=0) were observed at 1676, 1651 anc
1644 cmt* for compound$8.51a,3.51band3.51¢ respectively; 1690, 1669 and 1662 tfor
compounds 3.52a, 3.52ind 3.52¢respectively.

The solubility of dilactams$.51b,cand 3.52cin most organic solvents (ethyl acetate,
chloroform, methylene chloride, ect.) is very limited. The peaks in NMR spectra of these
compounds in CDGlof DMSO-g; at room temperature were very broad. Therefore, such
spectra were recorded in DMS@-at 80 or 110 °C. This phenomenon indicates possHale
interaction between two phenyl ring in macrocyclic molecules.

The low yields of dilactam8.51c and 3.52c motivated me to look more carefully at
these inseparable mixture of products. The mass spectrum of the mixture obtained togethe
with 3.51¢ showed only one peak at/z = 1499.5 which is equal to [2M + Na]The
molecular ion detected for the second mixture (in reaction leadiBgpbRa) contained also
only one peak an/z= 1501.6 which is equivalent to [2M + Na]

These data, as well as a detailed analysis of the NMR sp#dir&¢, COSY, HSQC
and HMBC) clearly showed that these inseparable mixtures are composed of the two dimer:
3.51d3.51eand 3.52¢3.52e(Figure 3.34).

Thus, the reaction of diamin®.49c with dichloride 3.50 gave, except monomeric
product3.51¢ two dimeric product8.51d and3.51ein 62% overall yield. The yield of the
mixture of dimers3.52d/3.52aevas 54%. Other byproducts of the cyclocondensation reactions
were not isolated. Although these dimers could not be isolated in pure form, the proportions
of 3.51d3.51e and 3.52d3.52e were estimated as 1:1 basing on integration of aromatic
signals in théH NMR spectrum.

As shown in Figure 3.35, in tHél NMR spectrum of compound&52d and3.52ethe
integration of all aromatic signals, except two signals dfakbms, are doubled. It is due to
the fact that compoun®.51d 3.51e 3.52d and 3.52e are C,-symmetrical. In case of
macrocyclic tetraamides3.51d and 3.52d the rotational axis is perpendicular to the
“molecular” plane (Figure 3.36) and all atoms of the molecules have their “twin”. All groups

(incuding protons P) are homotopic, i.e. they are exchangable by thax®. In case of
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Results and discussion

macrocycles3.51e and 3.52e however, the rotational axis passes through bdthatdms
(Figure 3.37). All groups in the molecule are exchangable by this axis (they are homotopic)
except the atoms (including’Hatoms) located on this axis which are diastereotopic, i.e. they
must have different chemical shifts.

The relative orientations of the amino groups in the energetically accessible
conformations of substrate8.49a-c define the direction of macrolactamization. For
compound3.49¢ conformations in which two amino gproups are mutually close, have low
populations, reducing the probability of formation of dilacta@r&lc and 3.52¢ thus, 2:2-

cyclisation becomes dominant.

3.51d/3.52d

Figure 3.36 G-symmetrical macrocyclic diamides 3.54dd 3.52d

027\
OMe
MeO:,,('j" o
W0
Q OMe @/I
MeQO _O o~

3.51e/3.52e

Figure 3.37 G-symmetrical macrocyclic diamides 3.54ed 3.52¢e
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Next step of my research was realized by the synthesis of the homologated analogs of
macrocycles3.51a—cand 3.52a—c For achieving this goal, nitrophenols were replaced by
cyanophenols.

1',2,3,3',4,4’-Hexa©-methyl-6,6’-di-O-(methylsulfonyl)sucrose 3(39) was treated
with 2 equiv. of the appropriate, commercially available cyanophehéB4&—¢ o, m, p,
respectively) in DMF in the presence of potassium carbonate, which provided the ;6’-di-
(cyanophenyl)-1',2,3,3’,4,4’-hex@®-methylsucroses 3(54a—¢ in 81-84% yield
(Scheme 3.27§%!

The structures of dinitrile8.54a—cwere confirmed by the IR, NMR and mass spectra
as well as elemental analysis (see Chapters 4.2.31.4-6). In their IR spectra the characteristic:
signals of the cyano-groups %N) were observed at 2228, 2231 and 2225 cfor
compounds 3.54a, 3.54nd 3.54¢respectively.

CN CN
OMs MsO
ome
e F
MeO.,, ~~o [ o= NC a o N
ove > OMe
g Y MeO,,, @_

z OH (0]
= OMe
OMe OMe 3.53a-c S~
3.39 MeO 4 BM
OMe €
3.54a-c
| X
(0] = (0] b
X
fNH HNf NH,  H,N
N c o) of
N -— O = O + N\
§ X OMe &
MeO/,,' Cl cl MeO/,, fe) (@) A
OMe OMe
/ 3.50: X=CH '::,O\\‘ /
MeO™ X : 3.44:X=N Meo” Y E
OMe OMe OMe OMe
3.56a-c: X =CH
3.57a-c: X = N 3.5%a-c

(a) K,CO;, (5 equiv), DMF, 100 °C, 24h; (b) LiAIH,, THF, 60°C, 1h;
(c) Et3N, (3 equiv), CH,ClL,, rt, 1h

Scheme 3.27 Synthesis of dilactams 3.56ard3.57a—c

These compounds were quantitatively reduced (with Lijbid the 6,6’-diO-[(amino-
methyl)phenyl]-1’,2,3,3’,4,4’-hex®-methylsucroses 3(55a—¢ which were used in the

subsequent reactions without further purification. The crude bis-an8r&&a—c were
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subjected to cyclocondensation reaction with isophthaloyl or 2,6-pyridinedicarbonyl
dichlorides 8.50 and3.44, respectively); the closure of the ring occurred easily and sucrose-
based dilactam8.56a—cand3.57a—c(which are twice homologated by methylene groups as
compared to compounds: 3.51ad 3.52 a—cwere formed (Scheme 3.27).

To avoid formation of the dimeric byproducts, these reactions were performed in dilute
solution. In all cases a 1:1-produ@&.86a—cand 3.57a—¢ was formed in good yield (63—

74 %; Figure 3.38).

The structures of dilactam@&s56a—cand3.57a—cwere confirmed by the IR, NMR and
mass spectra as well as elemental analysis (see Chapters 4.2.34.9-14). In their IR spectra t
characteristical signals from the amido-groups (C=0) were observed at 1658, 1654 anc
1649 cm* for compounds 3.56a, 3.56md 3.56¢respectively, and 1674, 1679 and 1671'cm
for compounds 3.57a, 3.5%dnd 3.57¢crespectively.

N
| > o P 0 o L~ o
o PO X X
NH HN
NH NH SNH HN
: :o o: : /‘E

N

OMe § \ N
MeO/, O S N
‘“ 0] N
\ OMe OMe N
"l,o\\ 4 OMe
MeO H :OMe < EX 1y, W /
OMe OMe OMe MeO (E)Me OMe
3.57a: X = N (67%) 357b: X = N (66%) 3.56¢: X = CH (71%)

3.57¢c: X = N (74%)
Figure 3.38 Macrocyclic diamides 3.56aaad 3.57a—c

The conformational mobility (less rigid structure) of the dian8ri&b¢ differing from
3.49c (which upon reaction with dichlorideés50 or3.44 gave both: the monomers and the
dimers; Scheme 3.26) only in the length of the chain, allowed to suppress a formation of the
dimer and obtain monomeric macrocycles in good yields.

This strategy was applicable to the synthesis of sucrose-derived macrocycles containing

isophthalic and pyridine-2,6-diamide groups.
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3.4 Conclusions

My dissertation covers the synthesis and characterization of macrocyclic nitrogen-

containing receptors with sucrose scaffold, as well as their application in the enantioselective

complexation of chiral amines.

| consider the following achievements as the most significant:

» Elaboration of a convenient methodology for the preparation of building blocks based

on sucrose scaffold. Using two methodologies: tritylation/alkylation/detritylation and

silylation/alkylation/desilylation, the free sucrose was converted into 1',2,3,3',4,4 ®exa-

benzylsucrose3(4) and 1',2,3,3",4,4’-hex®-methylsucrose3.11) (Figure 3.39).

OH HO OH HO

N \

oBn 3 OMe &
BnO,,, o) MeO,,,, (o)

' Q Q‘OBn Q \‘:>—0Me
"y A\ 4 7R\ 4
v O z v O z
BnO™ = OBn MeO™ = OMe

OBn 34 OMe 311

Figure 3.39 Synthesized sucrose diols 3.4 and 3.11.

» Preparation of the mono-silylated derivatives selective desilylation of compouBd?
at the C6’-{ructose‘end) position or its selective silylation in compouBd4 (products3.8
and 3.9, respectively; Scheme 3.28).

/ selective de—silylation\ / selective silylatior\

TBDMSO O{BDMS OH HO\
BnO 088 g BnO OBS {
{9, N =oer 3, N o
.,IO\\ / TN 4
BnO S p BnO - P
OBn OBn OBn OBn
3.7 3.4
TBDMSO l HO\ OH l O{BDMS
BnO OB(r)] y BnO OB(r)] {
19, N =oer 3, N o
TR " W

’ / ’ 4
Bno” Y O “en Bno” Y O “en
OBn 3.8 OBn 3.9

Scheme 3.28 Preparation of the mono-silylater sucrose derivatives 338%and

» Synthesis of the macrocycBl7 with a secondary amine functionality which served as

a precursor in the synthesis of variousibstituted analogues 3.194Sicheme 3.29).
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D S
OH HO N

N\
oBn 7 \
BnO,,, e} (0] —_— S
OBn  — o0 KQ\ BnO KQ\
1, \N v n noy,
1 (@] - W \»
BnO Sen OBn '
3.4 BnO E
OBn OBn San  OBn

317 3.19a-f

Scheme 3.29 Synthesized sucrose diols 3.4 and 3.11.

* Investigation of the complexing properties of the recedat9a—t These compounds
showed very good enantioselectivity towards dhghenylethylammonium chloride in CDLCI
[much stronger complexes with tt&cation were formed]. Macrocycl&19f, which has
2-methoxyethyl-moiety at the ring-nitrogen atom, also exhibited satisfactory enantioselecti-
vity toward amino acid methyl ester hydrochlorides in CBCD;OD as well as in
DMSO-a;.

* The design, synthesis, and investigation of the complexing properties of ‘unsymmetri-
cal' di-aza-crown ethers with sucrose scaffold.3¢ and 3.37; Figure 3.40). The
enantioselectivity of the complexation of th®8){ and R)-a-phenylethylammonium cation
strongly depends on the position of the nitrogen atom(s) in the macrocyclic ring. Receptors
possessing the oxygen atom at the ‘glucose part’ (at the C6-position) selectively complex the
(S)-cation. When the ‘glucose’ oxygen is replaced by a nitrogen enantioselectivity is low.

Bn

\ \
BnOu, KQ‘ BnO,, KQ\
OBn OBn OBn OBn

Figure 3.40 Synthesized sucrose-based di-aza-crown ethers 3.31 and 3.37.

e Simple and efficient synthesis of macrocyclic diamides containing the sucrose subunit
(3.45, 3.46, 3.51a—¢ 3.52a—¢ 3.56a—¢ and3.57a—¢ Figure 3.41). Presence of sucrose and
isophthalic or 2,6-pyridinedicarbonate units in these scaffolds makes them promising
receptors. It is worth pointing out that the sucrpsiiamine3.49cupon reaction with an acid
dichloride 3.44 and3.50 afforded only small amounts of the desired monomer; the main
products were dimers (with the-S8ymmetry) which could be distinguished by NMR.
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Figure 3.41 Synthesized dilactams 3.45, 3.46, 3.518-52a—¢ 3.56a—cand 3.57a—c



Experimental part

4 Experimental part

4.1 General notes

All reported NMR spectra were recorded with a Varian-Vnmrs-600 MHz spectrometer (at
600 and 150 MHz fotH and**C NMR spectra, respectively) or a Varian Mercury 400 MHz
spectrometer (at 400 and 100 MHz fer and**C NMR spectra, respectively) for solutions in
CDCl; at room temperature unless otherwise stated. Reported chemical hiffsn) were
determined relative to TMS as the internal standard. Most of the resonances were assigned &
COSY {H-'H) and gradient selected HSQC and HMBC correlations. IR spectra §CliiG)
were recorded with a Perkin EImer FT-IR Spectrum 2000. Mass spectra were recorded with at
ESI/MS Mariner (PerSeptive Biosystem) mass spectrometer. Elemental analyses were obtaine
using a Perkin-Elmer 2400 CHN analyzer. Optical rotation was measured with a Jasco DIP-36(
digital polarimeter; solutions were prepared in C{@H,Cl,, MeOH or DMSO ¢ = 1).
Melting points were measured on Automatic Melting Point Apparatus (EZ-Melt, Stanford
Research Systems) and are not corrected. Flash and column chromatographic separations wi
performed on silica gel (Merck, 230-400 mesh). Reactions progress was controlled by thin laye
chromatography (TLC), carried out on commercially available aluminiun plates covered with
silica gel (60 Es4, Merck). Organic solutions were dried over anhydrous magnesium sulfate.

For identification of sucrose-containing products and interpretation of their NMR
spectra a standard numbering convertfdnof carbon and hydrogen atoms in the sucrose
molecule is used: the glucose atoms are numbered 1 through 6; whereas the fructose ator
are numbered 1’ through 6’. The atoms of groups attached tgubeseor fructose'end’ are

numbered with the continuation of series of natural numbers.

4.2 Synthesis and characterization of obtained compounds

4.2.1 Silylation of sucrose with terbutyldimethylsilyl chloride 2°7

Sucrose (17.1 g, 50 mmol) was dissolved in boiling pyridine (500 mL). Upon cooling to rt, a
solution of tert-butyldimethylsilyl chloride (18.8 g, 125 mmol) in pyridine (100 mL) was
added dropwise (during 20 min), and the mixture was stirred for 24 h at rt. Pyridine was

evaporated and the products were isolated by flash chromatography (hexanes—ethyl acetat
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35:65 to 100% ethyl acetate) to afford 1’,6,6"@tert-butyldimethylsilylsucrose (3.5, 8.6 g,
25%) and 6,6’-d©-tert-butyldimethylsilylsucrose (3.6, 16.9 g, 59%).

42.1.1 1',6,6'-Tri-O-tert-butyldimethylsilylsucrose (3.5)

TLC [(hexanes/AcOEt (1:4)]R = 0.63. White solid, m.p. 108 °C.
\% [0]o?® = +50.4 (MeOH).'H NMR (600 MHz, CROD): § = 5.39
(1H, d,J1, 3.9 Hz, H-1), 4.17 (1H, dlz » 8.7 Hz, H-3"), 3.87-3.92
< (2H, m, H-4’, H-6"), 3.81-3.86 (3H, m, H-6", 2 x H-6), 3.78 (1H,
(@‘Gﬂ m, H-5), 3.70 (1H, dJ1';- 11.2 Hz, H-1"), 3.68 (1H, m, H-5"), 3.66
(1H, d, H-1"), 3.61 (1H, ddJs» 9.8 Hz,J34 9.0 Hz, H-3), 3.54 (1H,
dd, J45 9.8 Hz, H-4), 3.32 (1H, dd, H-2), 0.912 (9H,By), 0.909
(9H, s,'Bu), 0.900 (9H, s'Bu), 0.81-0.95 (18H, m, 6 x Me) ppfiC NMR (150 MHz,
CD;0D): 6 = 105.55(C-2"), 93.25(C-1), 83.86 (C-5), 77.47 8Q- 75.80 (C-4"), 74.98(C-3),
74.26 (C-5), 73.21(C-2), 71.34 (C-4), 65.86 (C-6’), 64.27 (C-1'), 64.00 (C-6), 26.61 (triple
intensity, 3C'Bu), 26.50 (triple intensity, 3Bu), 26.44 (triple intensity, 3(Bu), 19.44
(Cquas ‘BU), 19.21 (Guas BU), 19.18 (Guas 'Bu), -4.84, -4.93, -4.97, -5.05, -5.22 (6CH;-
Si) ppm. HRMS (ESI) calcd for 4HesO1:NaSk [M+Na]™: 707.3649, found: 707.3647.
Analysis for GoHs4011Si3 (685.10): Calcd: C, 52.60; H, 9.42. Found: C, 52.51; H, 9.34.

4.2.1.2 6,6’-DiO-tert-butyldimethylsilylsucrose (3.6)

TLC [ACOEt/MeOH/HO (45:5:3)]: R = 0.45. White solid, m.p.

\% 184 °C. ]p*° = +53.0 (MeOH)H NMR (600 MHz, CRQOD): § =
o 5.47 (1H, d,J1» 3.8 Hz, H-1), 4.04 (1H, d)s4 8.0 Hz, H-3),
s 3.89-3.95 (2H, m, H-4’, H-6"), 3.81-3.86 (3H, m, H-6", 2 x H-6),

oH 3.78 (1H, ddd) 9.9 Hz,J 3.4 Hz,J 3.1 Hz, H-5), 3.72-3.76 (1H,
OH m, H-5), 3.67 (1H, dd, 9.4 Hz,J 9.3 Hz, H-3), 3.59 (1H, dl 1
12.2 Hz, H-1"), 3.58 (1H, d, H-1’), 3.35-3.39 (2H, m, H-2, H-4), 0.91 (9B, 0.90 (9H,
s,'Bu), 0.08-0.09 (12H, m, 4 x Me) ppifiC NMR (150 MHz, CROD): § = 105.36 (C-2'),
93.04 (C-1), 83.98 (C-5), 79.20 (C-3), 76.42 (C-4"), 74.93 (C-3), 74.35 (C-5), 73.27 (C-2),
71.22 (C-4), 66.04 (C-6"), 64.35 (C-1"), 63.93 (C-6), 26.59 (triple intensity'B3(;-26.50
(triple intensity, 3CBu), 19.41 (Guas Bu), 19.23 (Guas Bu), -4.85, -4.89, -4.99, -5.08 (4 x
CHs-Si) ppm. HRMS (ESI) calcd for GHs¢g01:NaSh [M + Na]*: 593.2784, found: 593.2800.
Analysis for G4Hs0011Sk (570.83): Calcd: C, 50.50; H, 8.83. Found: C, 50.51; H, 8.84.
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4.2.2 Preparation of 6,6-diO-tert-butyldimethylsilyl-1',2,3,3’,4,4’-hexa-O-benzyl-
sucrose (3.7)

Sodium hydride (60% dispersion in mineral oil, 6.3 g, 157.5 mmol) was added in portions at
5°C - 10 °C to a stirred solution of 6,6’-@Hert-butyldimethylsilylsucrose (3.6, 14.27 g, 25
mmol) in DMF (300 mL) and the mixture was stirred at rt for 30 min. Benzyl bromide (19.3
mL, 162.5 mmol) was added dropwise during 15 min. and the mixture was stirred for 24 h at
rt. Excess of hydride was decomposed by careful addition of water (20 mL) and the mixture
was partitioned between water (300 mL) and ether (200 mL). The layers were separated an
the aqueous one extracted with ethyl acetate (3 x 200 mL). Combined organic solutions wer:
washed with water (100 mL) and brine (100 mL), dried, concentrated, and the resulting
residue was purified by flash chromatography (hexanes—ethyl acetate, 98:2) to afford pure
product3.7 (23.1 g, 83%). TLC [hexanes/AcOEt (8:1F%: = 0.45. Colorless oil.ofp** =
+34.8 (CHC}). *H NMR (600 MHz):6 = 7.26-7.38 (30H, m, H-
\>L Ar), 5.92 (1H, d,J;, 3.8 Hz, H-1), 4.93 (1H, dJ 10.8 Hz,
b benzylic H), 4.86 (1H, dJ 11.1 Hz, benzylic H), 4.77 (1H, 4,
\ 10.8 Hz, benzylic H), 4.74 (1H, d,11.2 Hz, benzylic H), 4.69
OBN (1H, d,J 11.5 Hz, benzylic H), 4.68 (1H, d,10.8 Hz, benzylic
H), 4.64 (3H, dJ 11.9 Hz, benzylic H), 4.54 (1H, d,11.5 Hz,
benzylic H), 4.52 (1H, d] 11.2 Hz, benzylic H), 4.48 (1H, d 4+ 8.0 Hz, H-3’), 4.46 (1H, d,
J 12.5 Hz, benzylic H), 4.35 (1H, dd, s 7.0 Hz, H-4’), 3.92-3.97 (3H, m, H-3, H-5’, H-6"),
3.85-3.91 (2H, m, H-5, H-6"), 3.73 (1H, 8, - 10.8 Hz, H-1'), 3.69 (1H, dd] 9.4 Hz,J 9.8
Hz, H-4), 3.59 (1H, ddJss 11.6 Hz,Js5 2.7 Hz, H-6), 3.56 (1H, d, H-1"), 3.47-3.51 (2H, m,
H-2, H-6), 0.92 (9H, sBu), 0.88 (9H, s'Bu), 0.10 (3H, s, SiBs), 0.08 (3H, s, Si€l3), 0.02
(3H, s, SiGs), 0.01 (3H, s, Sifls) ppm.**C NMR (150 MHz):8 = 139.01, 139.00, 138.6,
138.5, 138.1, 138.0 (feas 6 x Ph), 127.35-128.40 (30C, m, C-Ph), 104.1 (C-2’), 89.2 (C-1),
84.1 (C-3), 82.1 (C-3), 81.8 (C-4"), 80.7 (C-5"), 80.5 (C-2), 77.3 (C-4), 75.7, 74.7, 73.4, 73.2,
72.8, 72.0 (6 x GH,Ph), 71.7 (C-1), 71.5 (C-5), 63.6 (C-6’), 61.6 (C-6), 26.02 (triple
intensity, 3C'Bu), 25.98 (triple intensity, 3u), 18.4 (Guas Bu), 18.3 (Guas 'BU), -5.1, -
5.2, -5.37, -5.39 (4 x 8Hs;) ppm. HRMS (ESI) calcd for §gHgsO1:NaSp [M + NaJ':
1133.5601, found: 1133.5654. Analysis failssO1:1Si (1111.59): Calcd: C, 71.32; H, 7.80.
Found: C, 71.31; H, 7.82.
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4.2.3 Desilylation of 6,6-diO-tert-butyldimethylsilyl-1’,2,3,3’,4,4’-hexa-O-benzylsucrose
(3.7)

Procedure 1: To a solution of 6,6’-@-tert-butyldimethylsilyl-1’,2,3,3’,4,4’-hexa-benzyl-
sucrose 3.7, 22.2 g, 20.0 mmol) in THF (300 mL) tetrabutylammonium fluoride trihydrate
(22.3 g, 80.0 mmol) was added and the mixture was stirred for 12 h at rt. The solvent was
then evaporateth vacuo and the resulting residue was purified by flash chromatography
(hexanes—ethyl acetate, 85:15 to 60:40) to give 1',2,3,3’,4,4’-Bekanzylsucrose3(4, 13.8

g, 78%).

Procedure 2: To a solution of compourgl7 (1.11g, 1.00 mmol) in THF (20 mL)
tetrabutylammonium fluoride trihydrate (0.31 g, 1.10 mmol) was added and the mixture was
stirred for 6 h at rt. The solvent was then evaporatedicuoand the resulting residue was
purified by flash chromatography (hexanes—ethyl acetate, 90:10 to 60:40) to give (unreacted)
6,6’-di-O-tert-butyldimethylsilyl-1’,2,3,3’,4,4’-hexa@-benzylsucrose 3(7, 0.24 g, 21%), 6-
O-tert-butyldimethylsilyl-1’,2,3,3’,4,4’-hexa®-benzylsucrose 38, 0.57g, 57%), and
1',2,3,3',4,4’-hexa©-benzylsucrose3(4, 0.15 g, 17%).

4.2.3.1 1',2,3,3',4,4’-hexd@-benzylsucrose (3.4)

HO TLC [hexanes/AcOEt (1:1)]R = 0.25. Colorless oil.o|p®° =

0 :\ +50.2 (CHC}). *H NMR (600 MHz):8 = 7.20-7.38 (30H, m, H-

3 ¥ ~oen Ar), 5.49 (1H, dJ123.5 Hz, H-1), 4.87 (1H, d, 10.9 Hz, benzylic
o8n OBn H), 4.86 (1H, dJ 11.1 Hz, benzylic H), 4.76 (1H, d,11.1 Hz,
benzylic H), 4.71 (1H, d) 11.6 Hz, benzylic H), 4.69 (1H, d,11.6 Hz, benzylic H), 4.67
(1H, d,J 12.0 Hz, benzylic H), 4.62 (1H, d,11.6 Hz, benzylic H), 4.61 (1H, 4,11.1 Hz,
benzylic H), 4.57 (1H, d) 11.6 Hz, benzylic H), 4.49 (1H, d,11.6 Hz, benzylic H), 4.47
(1H, d,J 12.1 Hz, benzylic H), 4.42 (1H, dz 4 7.6 Hz, H-3'), 4.32 (1H, dJ 12.0 Hz,
benzylic H), 4.33 (1H, ddly s 7.9 Hz, H-4"), 4.15 (1H, ddd] 1.9 Hz,J56 5.3 Hz,J5 4 10.2
Hz, H-5), 3.99 (1H, ddJ);4 9.3 Hz,J;3, 9.5 Hz, H-3), 3.96 (1H, dtls ¢ 2.5 Hz, H-5), 3.83
(1H, dd,Js s 11.1 Hz, H-6’), 3.81 (1H, ddls 12.3 Hz, H-6), 3.63 (1H, dd, H-6), 3.59 (1H,
dd, H-6"), 3.57 (1H, dJ;;1» 11.1 Hz, H-1"), 3.50 (1H, dd, H-2), 3.45 (1H, d, H-1"), 3.43 (1H,
dd, H-4) ppm*C NMR (150 MHz): 3= 138.6, 138.3, 138.13, 138.11, 138.0, 137 {4® x
Ph), 127.50-128.45 (30C, m, C-Ph), 103.9 (C-2’), 90.7 (C-1), 83.5 (C-3’), 81.7 (C-3), 81.0
(C-5), 79.9 (C-4"), 79.5 (C-2), 77.6 (C-4), 75.6, 75.0, 73.4, 73.3, 73.1, 72.5 (GH.RD),
73.0 (C-5), 71.3 (C-1"), 61.9 (C-6), 61.0 (C-6") ppm. HRMS (ESI) calcd faF£30;::Na [M

BnO
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+ NaJ: 905.3871, found: 905.3853. Analysis fogs8s55011 (883.06): Calcd: C, 73.45; H,
6.62. Found: C, 73.42; H, 6.51.

4.2.3.2 60-Tert-butyldimethylsilyt1’,2,3,3’,4,4’-hexaO-benzylsucrose (3.8)
Q( TLC [hexanes/AcOEt (4:1)]R = 0.30. Colorless oil. o|p'’ =
P +50.0 (CHC}). 'H NMR (600 MHz): 8 = 7.18-7.38 (30H, m,
\ 7
o Ho ArH), 5.47 (1H, d,J;» 3.2 Hz, H-1), 4.83 (1H, d) 11.4 Hz,
BnO 63
BnO., /50 1 O = benzylic H), 4.68 (1H, dJ 11.5 Hz, benzylic H), 4.67 (1H, d,

y "oV N 0B 12,0 Hz, benzylic H), 4.66 (1H, d,11.7 Hz, benzylic H), 4.59
Okn o8 (1H, d,J 12.0 Hz, benzylic H), 4.57 (1H, d,11.5 Hz, benzylic
H), 4.56 (1H, dJ 12.0 Hz, benzylic H), 4.50 (1H, d,11.4 Hz, benzylic H), 4.46 (1H, d,
11.5 Hz, benzylic H), 4.45 (1H, dg 4 8.0 Hz, H-3’), 4.38 (1H, dJ 12.0 Hz, benzylic H),
4.37 (1H, dJ 12.2 Hz, benzylic H), 4.34 (1H, ddy 5 8.0 Hz, H-4’), 4.21 (1H, dJ 12.0 Hz,
benzylic H), 4.07-4.10 (2H, m, H-3, H-5), 3.98 (1H, m, H-5), 3.83 (1H, m, H-6"), 3.72 (1H,
dd, %611.0 Hz, d52.8 Hz, H-6), 3.61 (1H, m, H-6'), 3.54-3.60 (3H, m, H-6, H-1",H-4), 3.40
(1H, d, 11 11.0 Hz, H-1"), 3.36 (1H, ddl 3 9.5 Hz, H-2), 3.26 (1H, ddi; ¢ 10,7 Hz,J7 ¢
2.4 Hz, H-7"), 0.92 (9H, $Bu), 0.04 (3H, s, SiB3), 0.00 (3H, s, Sifl3) ppm.**C NMR (150
MHz): § = 138.47, 138.17, 138.09, 138.05, 137.87, 137.8Q4{® x Ph), 127.22-128.30
(30C, m, C-Ph), 103.63¢2’), 91.00 (C-1), 83.52 (C-3’), 81.17 (C-5’), 79.98-2), 79.38
(C-4"), 78.58 (C-4), 74.72, 73.57, 73.56, 73.11, 72.81, 72.41 (8CH,Bh), 73.47 (C-3),
71.64 (C-1'), 71.51 (C-5), 68.13 (C-6), 61.06 (C-6’), 26.03 (triple intensity'Ba(;-18.01
(Cquas '‘BU), -4.13, -4.30 (2 €H3-Si) ppm. HRMS (ESI) calcd for ggH7201:NaSi [M + Nal':
1019.4736, found: 1019.4741. Analysis fogold;2011Si (997.32): Calcd: C, 72.26; H, 7.28.
Found: C, 72.22; H, 7.17.

BnO

4.2.4 Selective silylation of 1’,2,3,3’,4,4’-hex@-benzylsucrose (3.4)

To a solution of 1’,2,3,3,4,4’-hex®-benzylsucrose3(4, 4.42 g, 5.0 mmol), DMAP (0.05 g,

0.4 mmol), and triethylamine (2.8 mL, 20 mmol) in £Hp (100 mL), a solution ofert-
butyldimethylsilyl chloride (0.83 g, 5.5 mmol) in GEl, (15 mL) was added over 180 min,

and the mixture was stirred for 24 h at rt. The solvent was then evaporated and the resultini
mixture was separated by flash chromatography (hexanes—ethyl acetate, 90:10 to 70:30) t
afford 6,6’-di-O-tert-butyldimethylsilyl-1',2,3,3’,4,4’-hexa&@-benzylsucrose 3(7, 0.72 g,

13%), 6'-O-tert-butyldimethylsilyl-1',2,3,3',4,4’-hexa&-benzylsucrose 3(9, 2.81 g, 56%)

and unreacted diol 3.4 (1.1 g, 25%).
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4.2.4.1 6’'O-Tert-butyldimethylsilyt1’,2,3,3’,4,4’-hexa©-benzylsucrose (3.9)

TLC [hexanes/AcOEt (4:1)]R = 0.35. Colorless oil.o]p™ =
+40.3 (CHCly). '"H NMR (600 MHz): & = 7.24-7.36 (30H, m
ArH), 5.97 (1H, d,J;2 3.8 Hz, H-1), 4.94 (1H, dJ 10.8 Hz,
benzylic H), 4.87 (1H, dJ 11.1 Hz, benzylic H), 4.76 (1H, 4,

10.8 Hz, benzylic H), 4.72 (1H, d,11.1 Hz, benzylic H), 4.70
(1H, d,J 11.4 Hz, benzylic H), 4.62 (1H, d,11.5 Hz, benzylic

H), 4.61 (2H, dJ 11.7 Hz, benzylic H), 4.58 (1H, d,11.5 Hz, benzylic H), 4.52 (1H, d,

11.4 Hz, benzylic H), 4.51 (1H, d,11.0 Hz, benzylic H), 4.48 (1H, d,11.0 Hz, benzylic

H), 4.46 (1H, dJs4 7.6 Hz, H-3), 4.37 (1H, dd)ys 7.3 Hz, H-4’), 4.03 (1H, m, H-5),
3.89-3.97 (3H, m, H-3, H-5', H-6"), 3.82 (1H, di}; ¢ 10.7 Hz,Js 5 3.6 Hz, H-6"), 3.68 (1H,

d, Ji 1 10.8 Hz, H-1"), 3.64 (1H, m, H-6), 3.54 (1H, d, H-1"), 3.51 (1H, #¢,9.6 Hz, H-2),
3.44-3.50 (2H, m, H-6, H-4), 1.96 (1H, m, H-7), 0.90 (9HBs), 0.07 (3H, s, Sifs), 0.06

(3H, s, SiGs) ppm. *C NMR (150 MHz):5 = 138.91, 138.41, 138.37, 138.22, 137.89,
137.78 (Guas 6 x Ph), 127.48-128.38 (30C, m, C-Ph), 104.29 (C-2’), 88.66 (C-1), 83.61 (C-
3", 81.93 (C-3), 80.81 (C-4’), 80.67 (C-5), 80.12 (C-2), 77.80 (C-4), 75.61, 74.94, 73.47,
73.09, 72.64, 71.85 (6 x @H,Ph), 72.00 (C-1"), 71.23 (C-5), 62.96 (C-6’), 62.06 (C-6),
25.91 (triple intensity, 3¢Bu), 18.38 (Guas BU), -5.37, -5.40 (2 >CH3-Si) ppm. HRMS
(ESI) calcd for GoH;:01:NaSi [M + NaJ: 1019.4736, found: 1019.4747. Analysis for
CooH72011Si (997.32): Calcd: C, 72.26; H, 7.28. Found: C, 72.06; H, 7.20.

6,6"-Di-O-tritylsucrose (3.2)was prepared according to the literature procedtie.
4.2.5 Methylation procedurd®®”!

Sodium hydride (60% dispersion in mineral oil, 0.70 g, 17.5 mmol) was added in portions at
5°C - 10 °C to a stirred solution of 6,6’-@Hritylsucrose (3.2, 2.07 g, 2.5 mmol) or 6,6'-di-
O-tert-butyldimethylsilylsucrose (3.6, 1.43 g, 2.5 mmol) in DMF (30 mL) and the mixture
was stirred at rt for 30 min. Methyl iodide (1.1 mL, 17.5 mmol) was added dropwise, and the
mixture was stirred for 24 h at rt. Excess of hydride was decomposed by careful addition of
water (5 mL) and the mixture was partitioned between water (40 mL) and ether (50 mL). The
layers were separated and the aqueous one extracted with ethyl acetate (3 x 50 mL)
Combined organic solutions were washed with water (40 mL) and brine (30 mL), dried,
concentrated, and the resulting residue was purified by flash chromatography (hexanes—ethy
acetate, 90:10) to afford pure 1',2,3,3,4,4-h&arnethyl-6,6-di-O-tritylsucrose 3.10,
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2.08 g, 2.3 mmol, 91%) or 6,6 -d)-tert-butyldimethylsilyl-1’,2,3,3’,4,4’-hexa®-methyl-
sucrosed.12, 1.56 g, 2.4 mmol, 95%).

4.25.1 1',2,3,3',4,4’-Hexa@-methyl-6,6’-di-O-tritylsucrose (3.10)
FB?(Ph on P TLC [hexanes/AcOEt (3:1)]R = 0.31. White solid, m.p. 80 °C.
Ph J Ph [a]p® = +33.1 (CHCly). '"H NMR (600 MHz):§ = 7.51-7.55

6\ (6H, m, 6H-Ph), 7.45-7.49 (6H, m, 6H-Ph), 7.25-7.30 (6H, m,
‘2':-“' ome 6H-Ph), 7.21-7.25 (6H, m, 6H-Ph), 7.15-7.20 (6H, m, 6H-Ph),
OMe 5.97 (1H, dJ; 2 3.8 Hz, H-1), 4.29 (1H, ddy 3 8.7 Hz,Jy 5 8.7

Hz, H-4), 3.99 (1H, d, H-3), 3.94 (1H, m, H-5), 3.78 (1H, m, H-5), 3.62 (1H,Xd,9.2

Hz, Js5 10.0 Hz, H-4), 3.59 (3H, s, 3H-GH 3.40-3.51 (5H, m, 2H-1’, H-6, 2H-6"), 3.39
(3H, s, 3H-CH), 3.38 (3H, s, 3H-CHJ, 3.37 (1H, ddJs 9.7 Hz, H-3), 3.33 (3H, s, 3H-GH

3.25 (3H, s, 3H-CH), 3.20 (3H, s, 3H-Ch), 3.16 (1H, m, H-6), 3.08 (1H, dd, H-2) pphiC

NMR (150 MHz):8 = 144.13 (3GuarPh), 143.64 (3GarPh), 128.87 (6C-Ph), 128.78 (6C-
Ph), 127.84 (6C-Ph), 127.65 (6C-Ph), 127.03 (3C-Ph), 126.81 (3C-Ph), 103.74 (C-2’), 87.99
(C-1), 86.92 (C-7’), 86.00 (C-7), 85.20 (C-3"), 83.59 (C-3), 81.32 (C-2), 80.74 (C-4’), 79.73
(C-4), 78.53 (C-5"), 75.78 (C-1’), 70.62 (C-5), 62.68 (C-6"), 62.00 (C-6), 60.82, 60.38, 59.48,
58.59, 58.21, 57.65 (6 x @H3) ppm. HRMS (ESI) calcd for £&gHeO1:Na [M + NaJ:
933.4184, found: 933.4198. Analysis fosgs,011 (911.11): Calcd: C, 73.82; H, 6.86.
Found: C, 73.61; H, 6.97.

4.25.2 6,6’-DiO-tert-butyldimethylsilyt1’,2,3,3’,4,4’-hexa©-methylsucrose(3.12)
TLC [hexanes/AcOEt (2:1)]R = 0.52. Colorless oil.c]p* =
A(, \% +47.9 (CHCI). *H NMR (600 MHz): 8= 5.73 (1H, d, J, 3.8 Hz,
Si_
o’\ H-1), 4.02 (1H, dJ3 4 8.0 Hz, H-3’), 3.99 (1H, dd)y s 7.4Hz,
o s H-4’), 3.85-3.89 (2H, m, H-6, H-6"), 3.78 (1H, ddy 5 4.2 Hz,

¢ Nome Joe 11.0 Hz, H-6"), 3.72-3.77 (3H, m, H-5, H-5", H-6), 3.63 (3H,
OMe s, 3H-CH), 3.57 (3H, s, 3H-CH), 3.54 (1H, dJ; 1 10.8 Hz, H-

1'), 3.46 (3H, s, 3H-CH), 3.44 (3H, s, 3H-CH), 3.43 (3H, s, 3H-CH), 3.42 (1H, m, H-3),

3.42 (1H, d, H-1'), 3.41 (3H, s, 3H-GH 3.30 (1H, ddJs3 9.5 Hz,Js5 9.4 Hz, H-4), 3.07

(1H, dd,Jo5 9.6 Hz, H-2), 0.902 (9H, $u), 0.896 (9H, sBu), 0.075 (3H, s, B3Si), 0.067

(3H, s, (HsSi), 0.065 (3H, s, BsSi), 0.060 (3H, s, BsSi) ppm.**C NMR (150 MHz):8 =
103.65 (C-2'), 88.44 (C-1), 85.40 (C-3’), 83.32 (C-3), 82.66 (C-4’), 81.54 (C-2), 80.44 (C-5'),
78.82 (C-4), 74.77 (C-1"), 71.35 (C-5), 63.41 (C-6'), 61.66 (C-6), 60.69, 60.24, 59.45, 58.60,
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58.43, 57.66 (6 x OH3), 25.94 (triple intensity, 3¢Bu), 25.94 (triple intensity, 3(Bu),
18.37 (Guas Bu), 18.32 (Guas BU), —=5.16, —5.35, —5.45, —5.48 (4 xCBis) ppm. HRMS
(ESI) calcd for GoHex01:NaSh [M + NaJ": 677.3723, found: 677.3726. Analysis for
CsoHs2011Sk (654.99): Calcd: C, 55.01; H, 9.54. Found: C, 55.11; H, 9.62.

4.2.6 Preparation of 1’,2,3,3",4,4'-hexa@-methylsucrose (3.115°"!

Route a

To a solution of 1’,2,3,3,4,4’-hex@-methyl-6,6’-di-O-tritylsucrose 8.10, 1.82 g, 2.0 mmol)

in dry THF (25 mL) and liquid NEI(30 mL) at —78 °C small pieces of Na (0.14 g, 6.0 mmol)
were added over 20 min and the dark blue solution was stirred for 2h at —78 °C. Excess of Neé
was decomposed by addition of MH (0.2 g, 3.7 mmol) and the mixture was allowed to
reach room temperature. Ethyl acetate (40 mL) and water (50 mL) were added, the layers
were separated, and the aqueous one extracted with ethyl acetate (5 x 70 mL). Combine
organic solutions were dried and concentrated, and the resulting residue was purified by flasr
chromatography (hexanes—ethyl acetate, 40:60 to 0:100) to afford pure compddnd
(0.63 g, 1.4 mmol, 74%).

Route b

6,6’-Di-O-tert-butyldimethylsilyl-1’,2,3,3’,4,4’-hex&®-methylsucrose 3.12, 655 mg, 1.0
mmol) was dissolved in THF (20 mL). Tetrabutylammonium fluoride trihydrate (837 mg, 3.0
mmol) was added and the mixture was stirred for 3 h. The solvent was then evaporated
vacuo and the resulting residue was purified by flash chromatography (hexanes—ethyl acetate
40:60 to 0:100) to give the title compound (406 mg, 0.9 mmol, 95%).

TLC [AcOEt/MeOH/HO (45:5:3)]: R = 0.55. Colorless oil.

2 [a]o?2 = +62.8 (CHCI) {lit[ oo = +61.7 (acetoneli®!. H

ome NMR (600 MHz):5 = 5.46 (1H, dJ 3.7 Hz, H-1), 4.05 (1H, d,

OMe Jg 4 7.7 Hz, H-3'), 4.02 (1H, dd)y 5 7.6 Hz, H-4"), 3.98 (1H,

ddd, 3 410.2 Hz, §62.0 Hz, §51.9 Hz, H-5), 3.83-3.89 (3H, m, H-5’, H-6, H-6"), 3.58-3.71
(2H, m, H-6, H-6"), 3.62 (3H, s, 3H-G} 3.55 (3H, s, 3H-CH), 3.54 (1H, dJ; ;' 10.8 Hz,

H-1"), 3.503 (3H, s, 3H-ChJ, 3.497 (3H, s, 3H-C}J, 3.493 (3H, s, 3H-CkJ, 3.47 (1H, dd,

H-3), 3.42 (3H, s, 3H-C}}, 3.38 (1H, d, H-1'), 3.11 (1H, dd,39.7 Hz, H-2), 3.04 (1H, dd,

Js3 9.1 Hz, H-4) ppm**C NMR (150 MHz):5 = 103.41 (C-2’), 89.94 (C-1), 85.10 (C-3"),
83.00 (C-3), 81.44 (C-2), 80.88 (C-4"), 80.83 (C-5’), 79.65 (C-4), 74.33 (C-1"), 72.84 (C-5),
61.85 (C-6), 61.00 (C-6"), 60.66, 60.46, 59.44, 59.11, 58.71, 58.39 @GHs)@pm. HRMS

MeO
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(ESI) calcd for GgHz401:Na [M + NaJ: 449.1993, found: 449.2012. Analysis forg834011
+ H,O (444.49): Calcd: C, 48.64; H, 8.16. Found: C, 48.79; H, 8.09.

1',2,3,3,4,4’-HexaO-benzyl-6-O-cyanomethylsucrose (3.13Y" and 1',2,3,3",4,4'-hexa-
O-benzyl-6’-0O-(2-tert-butoxy-2-oxoethyl)-6-O-cyanomethylsucrose (3.1 were

prepared according to the literature procedure.

4.2.7 Synthesis of &-(2-aminoethyl)-1’,2,3,3,4,4’-hexa©-benzyl-6’-O-(2-hydroxy-
ethyl)-sucrose (3.1587%

This reaction was conducted under an argon atmosphierea solution of compoung.14

(2.053 g, 1.98 mmol) in dry THF (200 mL) LiAIH0.602 g, 15.85 mmol) was added slowly

at —78 °C. After 15 min, the mixture was allowed to reach room temperature and then stirred
for 10 h. Excess of hydride was carefully decomposed with water (50 mL) and aqueous sat
potassium bisulfate (KHS0 100 mL). Ethyl acetate (300 mL) was added, the layers were
separated, and the aqueous one extracted with ethyl acetate (3 x 150 mL). Combined organ
solutions were dried, concentrated, and the resulting residue was purified by flash
chromatography (dichloromethane—methanol, 91:9) to afford pure com@LHd1.692 g,

1.74 mmol, 88%). TLC [AcOEt/MeOHA®D (45:5:3)]:R = 0.12. Yellowish oil. §]p = +54.0

N, on (CHCl3). *H NMR (600 MHz): 8 = 7.40-7.37 (30H, m H-Ar),
5 % 5.92 (1H, dJi23.7 Hz, H-1), 4.92 (1H, d} 11.0 Hz, benzylic H),
° 4.82 (1H, d,J 11.2 Hz, benzylic H), 4.75 (1H, d, 11.0 Hz,

750 o3 benzylic H), 4.71 (1H, dJ 11.9 Hz, benzylic H), 4.65 (1H, d,
%" 117 Hz, benzylic H), 4.64 (1H, d,11.3 Hz, benzylic H), 4.63
(1H, d,J 12.1 Hz, benzylic H), 4.61 (1H, 4,12.1 Hz, benzylic

H), 4.59 (1H, dJ 11.7 Hz, benzylic H), 4.52 (1H, d,11.2 Hz, benzylic H), 4.47 (1H, d,

11.3 Hz, benzylic H), 4.46 (1H, d,11.9 Hz, benzylic H), 4.45 (1H, dg 4+ 8.1 Hz, H-3)),

4.39 (1H, ddJy 5 8.1 Hz, H-4), 4.07 (1H, m H-5), 3.99 (1H, m, H-5), 3.92 (1H, #% 9.3

Hz, J34 9.2 Hz, H-3), 3.78 (1H, ddlg ¢ 11.0 Hz,Jg.5 2.7 Hz, H-6"), 3.69 (1H, dJ;1- 10.8

Hz, H-1), 3.60 (1H, dd,dls 4.2 Hz, H-6’), 3.56 (1H, d, H-1’), 3.50-3.55 (2H, m, H-4, H-8’),
3.42-3.49 (4H, m, 2H-7’, H-8', H-2), 3.38 (1H, m, H-7), 3.28-3.33 (2H, m, 2H-6), 3.27 (1H,
m, H-7), 2.78-2.88 (2H, m, 2H-8) ppriC NMR (150 MHz):8 = 138.97, 138.57, 138.20,
138.14, 138.06, 137.86 {fas 6 x Ph), 127.40-128.45 (30C, m, C-Ph), 104.09 (C-2’), 88.76
(C-1), 83.66 (C-3’), 81.81 (C-3), 80.26 (C-4), 79.40 (C-2), 78.96 (C-5’), 77.37 (C-4), 75.28,
74.69, 73.39, 72.77, 72.60, 72.20 (6 €KQPh), 72.50 (C-7’), 72.16 (C-1"), 71.06 (C-7),
70.56 (C-5), 70.04 (C-6"), 69.11 (C-6), 61.35 (C-8’), 40.94 (C-8) ppm. HRMS (ESI) calcd for

éBn E)Bn
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C53H68012 [M + H]+: 970.4736, found: 970.4715. Anal. fOI’53557NO]_2' Hzo (98817)
Calcd: C, 70.50; H, 7.04; N, 1.42. Found: C, 70.37; H, 7.10; N, 1.37.

4.2.8 Synthesis of 6,6’-(3-azapenta-1,5-di-yl)-1",2,3,3',4,4’-hexabenzylsucrose (3.17).
General procedure for intramolecular tandem iodation/macrocyclization of amino

alcohols!?%

— Compound3.15 (1.550 g, 1.60 mmol) in toluene (300 mL) was
O H o refluxed with PPk (0.503 g, 1.92 mmol) for 10 min and cooled to
80 °C. Imidazole (0.544 g, 7.99 mmol) was added, followed by

3 o™ 2 oBn slow addition (during 10 min) of a solution of iodine (0.527 g,
OBn OBn

BnO
2.08 mmol) in toluene (50 mL), and the mixture was boiled under

reflux for 4 h. Then it was concentrated and the residue was taken up in ethyl acetate
(300 mL). The organic phase was washed with saturated aquegi©Nand water, dried,
concentrated, and the resulting residue was purified by column chromatography (ethyl acetate
then ethyl acetate—methanol, 10:1) to afford the macro@ytl&(1.205 g, 1.27 mmol, 79%).
TLC [ACOEt/MeOH/HO (45:5:3)]: R = 0.29. Yellowish oil. §]o* = +38.9 (CHC)). *H

NMR (600 MHz): 6= 7.16—7.40 (30H, m, H-Ar), 5.83 (1H, d,»B.7 Hz, H-1), 4.92 (1H, d, J
10.9 Hz, benzylic H), 4.87 (1H, d,11.9 Hz, benzylic H), 4.81 (1H, d,11.9 Hz, benzylic

H), 4.81 (1H, dJ 11.3 Hz, benzylic H), 4.77 (1H, d,10.9 Hz, benzylic H), 4.69 (1H, d,

11.7 Hz, benzylic H), 4.64 (1H, d,12.1 Hz, benzylic H), 4.63 (1H, d,11.7 Hz, benzylic

H), 4.62 (1H, dJ 11.0 Hz, benzylic H), 4.53 (1H, d,11.3 Hz, benzylic H), 4.50 (1H, ds 4

8.1 Hz, H-3'), 4.48 (1H, dJ 12.1 Hz, benzylic H), 4.43 (1H, d,11.0 Hz, benzylic H), 4.34
(1H, dd,Js 5 8.6 Hz, H-4’), 4.23 (1H, dddls 4 10.1 Hz,J56 2.8 Hz,J56 1.6 Hz, H-5), 3.92—
3.99 (3H, m, H-5’, H-7, H-6"), 3.90 (1H, dd3 > 9.7 Hz,J348.9 Hz, H-3), 3.86 (1H, m, H-7’),
3.70 (1H, ddJs6 11.7 Hz,Js 5 2.8 Hz, H-6), 3.61-3.69 (2H, m, H-7’, H-7), 3.60 (1HJd,

10.7 Hz, H-1"), 3.51-3.59 (3H, m, H-6’, H-1', H-4), 3.42 (1H, dd, H-2), 3.16 (1H, dd, H-6),
2.92-2.97 (2H, m, H-8, H-8'), 2.86 (1H, m, H-8"), 2.79 (1H, m, H-8) ppiG. NMR (150
MHz): 6 = 138.81, 138.55, 138.52, 138.04, 137.85, 137.65.{®@ x OCHPh), 127.35—
128.40 (30C, m, C-Ph), 103.63 (C-2’), 88.28 (C-1), 84.02 (C-3’), 81.30 (C-3), 79.12 (C-2),
78.79 (C-5’), 78.69 (C-4"), 77.27 (C-4), 75.31, 74.61, 73.41, 72.74, 72.55, 72.46 (6 x
OCH,Ph), 73.44 (C-1’), 71.50 (C-5), 71.06 (C-6), 68.62 (C-6"), 67.20 (C-7), 65.30 (C-7"),
49.18 (C-8), 47.59 (C-8’) ppm. HRMS (ESI) calcd fossNO;1Na [M + NaJ: 974.4450,
found: 974.4463. Anal. for £gHesNO11 (952.16): Calcd: C, 73.16; H, 6.88; N, 1.47. Found: C,
73.38; H, 6.73; N, 1.32.
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4.2.9 General procedure for the synthesis of compounds 3.19 &%}

To a solution of compoun8.17 (190 mg, 0.20 mmol) in dry DMF (15 mL),®B0s; was

added (56 mg, 0.40 mmol) followed by the corresponding alkyl halitke (0.40 mmol). The
mixture was stirred for 4 h at 100°C and cooled to rt. Water (50 mL) and AcOEt (50 mL)
were added, phases were separated and the aqueous one extracted with AcCOEt (4 x 50 ml
Combined organic solutions were washed with water (2 x 30 mL), brine (30 mL), dried,
concentrated, and the resulting residue was purified by column chromatography (hexanes-

ethyl acetate, 1:1 to 0:1) to afford pure macrocycle 3.19 a—f

4.2.9.1 6,6’-(3-Azabenzylpenta-1,5-di-yl)-1',2,3,3’,4,4’-hex@-benzylsucrose (3.19a)

(45:5:3)]: R = 0.71. Yellowish oil. §]p** = +28.1 (CHGJ). *H
& NMR (600 MHz):8 = 7.15-7.35 (35H, m H-Ar), 5.43 (1H, &,
3.2 Hz, H-1), 4.87 (1H, dJ 11.1 Hz, benzylic H), 4.86 (1H, d,
‘2'_~“' oen 10.9 Hz, benzylic H), 4.71 (1H, d, 10.9 Hz, benzylic H), 4.70
::OBn oBn (1H, d,J 11.6 Hz, benzylic H), 4.69 (1H, d,12.0 Hz, benzylic
H), 4.67 (1H, dJ 11.1 Hz, benzylic H), 4.65 (1H, d,11.6 Hz, benzylic H), 4.62 (1H, d,
11.5 Hz, benzylic H), 4.52 (2H, d,11.5 Hz, benzylic H), 4.44 (1H, d,12.0 Hz, benzylic
H), 4.43 (1H, dJs 4 7.2 Hz, H-3"), 4.25 (1H, dJ 11.8 Hz, benzylic H), 4.23 (1H, m, H-5),
4.19 (1H, ddJy 5 7.2 Hz, H-4"), 4.04-4.09 (2H, m, H-3, H-5), 3.91 (1H, dg, 6.5 Hz,
Jo.s 10.0 Hz, H-6"), 3.81 (1H, ddls.¢ 5.9 Hz, H-6"), 3.65-3.72 (2H, m, H-6, H-7’), 3.60—
3.64 (2H, m, H-1', H-7"), 3.59 (2H, s, 2H-9), 3.44-3.52 (4H, m, H-2, H-1", 2H-7), 3.42 (1H,
ddd, Jss 7.9 Hz,Js6 8.0 Hz,Js6 10.3 Hz, H-6), 3.20 (1H, dd, 9.1 Hz,J 9.4 Hz, H-4), 2.88
(1H, m, H-8"), 2.65-2.78 (3H, m, 2H-8, H-8') ppr°C NMR (150 MHz):§ = 139.47,
138.76, 138.65, 138.55, 138.24, 138.03, 137.96.(& x Ph), 126.80-128.85 (35C, m, C-
Ph), 104.13 (C-27), 90.09 (C-1), 84.91 (C-4’), 83.65 (C-3’), 81.63 (C-3), 79.99 (C-5’), 79.95
(C-2), 79.45 (C-4), 75.46, 74.79, 73.45, 73.15, 72.74, 72.14 (€M,Rh), 72.19 (C-6"),
71.70 (C-6), 71.03 (C-1"), 70.93 (C-5), 70.72 (C-7), 69.06 (C-7’), 60.37 (C-9), 53.51 (C-8),
53.15 (C-8) ppm. HRMS (ESI) calcd forefEl,oNO:; [M + H]: 1042.5099, found:
1042.5077. Analysis for gH71NO;; (1042.29): Calcd: C, 74.90; H, 6.87; N, 1.34. Found: C,
74.87; H,6.79; N, 1.38.

p Yield: 152 mg (0.15 mmol, 73%). TLC [AcOEt/MeOH/@
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4.2.9.2 6,6'-[3-Aza(4-methoxybenzyl)penta-1,5-di-yl]-1",2,3,3",4,4’-hex@-
benzylsucrose (3.19b)

Yield: 165 mg (0.15 mmol, 77%). TLC [AcOEt/MeOH/ME
(45:5:3)]: R = 0.48. Yellowish oil. §]p'° = +17.3 (CHCJ). *H
NMR (600 MHz):6 = 7.18-7.35 (32H, m ArH), 6.78 (2H, d,
8.7 Hz, H-Ar), 5.44 (1H, dJ;»3.1 Hz, H-1), 4.87 (1H, d1 11.2
Hz, benzylic H), 4.86 (1H, dl 10.8 Hz, benzylic H), 4.72 (1H,
d, J 11.2 Hz, benzylic H), 4.71 (1H, d,11.9 Hz, benzylic H),
4.69 (1H, d,J 11.9 Hz, benzylic H), 4.68 (1H, d, 12.5 Hz,
benzylic H), 4.65 (1H, dJ 11.9 Hz, benzylic H), 4.62 (1H, d,11.5 Hz, benzylic H), 4.54
(1H, d,J 11.2 Hz, benzylic H), 4.53 (1H, d4,11.5 Hz, benzylic H), 4.44 (1H, d,12.5 Hz,
benzylic H), 4.43 (1H, d)3 4 7.0 Hz, H-3"), 4.25 (1H, d) 11.8 Hz, benzylic H), 4.24 (1H,
m, H-5), 4.20 (1H, dd)s s 7.0 Hz, H-4"), 4.05-4.09 (2H, m, H-3, H-5’), 3.92 (1H, m, H-6"),
3.81 (1H, m, H-6), 3.71 (3H, s, OG), 3.66-3.71 (2H, m, H-6, H-7’), 3.62 (1H, &;1 11.2

Hz, H-1"), 3.61 (1H, m, H-7"), 3.53 (2H, s, 2H-9), 3.45-3.51 (4H, m, H-2, H-1', 2H-7), 3.42
(1H, m, H-6), 3.21 (1H, dd] 9.4 Hz,J 9.8 Hz, H-4), 2.85 (1H, m, H-8"), 2.64-2.77 (3H, m,
2H-8, H-8") ppm.*C NMR (150 MHz):8 = 158.57 Ca-OMe), 138.79, 138.68, 138.59,
138.27, 138.05, 137.98 {Ls 6 x Ph), 127.20-128.45 (33C, m, C-Ar), 113.45-(Rq;
104.15 (C-2), 90.13 (C-1), 84.97 (C-4'), 83.68 (C-3), 81.66 (C-3), 80.02 (C-5’), 79.98 (C-2),
79.47 (C-4), 75.48, 74.82, 73.47, 73.17, 72.78, 72.17 (€M Lh), 72.21 (C-6’), 71.76 (C-
6), 71.07 (C-1"), 70.99 (C-5), 70.81 (C-7), 69.09 (C-7’), 59.71 (C-9), 55.CH)D 53.38 (C-
8), 53.06 (C-8) ppm. HRMS (ESI) calcd forgdEl.sNO1, [M + H]™: 1072.5206, found:
1072.5221. Analysis for §gH73NO;, (1072.32): Calcd: C, 73.93; H, 6.86; N, 1.31. Found: C,
73.90; H, 6.65; N, 1.32.

4.2.9.3 6,6'-[3-Aza(pyridine-2-ylmethyl)penta-1,5-di-yl]-1’,2,3,3",4,4’-hex®-ben-

zylsucrose (3.19c¢)

Yield: 136 mg (0.13 mmol, 65%). TLC [AcOEt/MeOH/E

z
S | (45:5:3)]: R=0.36. Yellow oil. f]p** = +21.9 (CHCL,). 'H NMR
OV\N/\|o (600 MHZ):5 = 8.47 (1H, m, H-Py), 7.53 (1H, td,7.8 Hz,J 1.7
Bro Hz, H-Py), 7.50 (1H, t] 7.8 Hz, H-Py), 7.19-7.34 (30H, m, H-

BnOu, /5 0 1\ O 5
NS AN, 7.80 (IH, m, H-Py), 5.44 (1H, di 3.2 Hz, H-1), 4.86 (1H,
¢ n
BnO 2o, OBn d, J 11.1 Hz, benzylic H), 4.85 (1H, d,10.9 Hz, benzylic H),
4.71 (1H, dJ 11.0 Hz, benzylic H), 4.70 (1H, 4,11.2 Hz, benzylic H), 4.69 (1H, 4,11.6
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Hz, benzylic H), 4.65 (2H, s, benzylic H), 4.62 (1HJd,1.5 Hz, benzylic H), 4.52 (2H, d,

11.3 Hz, benzylic H), 4.44 (1H, d,12.0 Hz, benzylic H), 4.43 (1H, dg 4 7.1 Hz, H-3)),

4.26 (1H, d,J 12.1 Hz, benzylic H), 4.23 (1H, m, H-5), 4.18 (1H, dgdgs 7.1 Hz, H-4"),
4.04-4.09 (2H, m, H-3, H-5"), 3.91 (1H, ddy ¢ 6.4 Hz,Js¢ 9.1 Hz, H-6"), 3.83 (1H, dd,
Js.¢ 6.0 Hz, H-6), 3.79 (1H, dJ 14.7 Hz, H-9), 3.75 (1H, d, 14.7 Hz, H-9), 3.69-3.73 (1H,

m, H-7"), 3.62—3.67 (2H, m, H-6, H-7’), 3.61 (1H,H11.0 Hz, H-1’), 3.46-3.51 (4H, m, H-

2, H-1", 2H-7), 3.39 (1H, dd}s 6 8.3 Hz,Js 6 10.2 Hz, H-6), 3.19 (1H, dd,9.1 Hz,J 9.9 Hz,

H-4), 2.92-2.96 (1H, m, H-8'), 2.75-2.80 (3H, m, 2H-8, H-8') ppia. NMR (150 MHz):8

= 159.97 (C-Py), 148.77 (C-Py), 138.71, 138.63, 138.47, 138.19, 138.01, 134.916(&

Ph), 136.45 (C-Py), 127.30-128.40 (30C, m, C-Ph), 123.08 (C-Py), 121.87 (C-Py), 104.18
(C-2), 90.22 (C-1), 84.88 (C-4"), 83.70 (C-3), 81.63 (C-3), 79.99 (C-5"), 79.96 (C-2), 79.48
(C-4), 75.48, 74.86, 73.50, 73.19, 72.69 (5B@HPh), 72.39 (C-6’), 72.17 (CH,Ph), 71.78
(C-6), 71.00 (C-1), 70.99 (C-5), 70.36 (C-7), 68.96 (C-7’), 61.97 (C-9), 54.02 (C-8’), 53.51
(C-8) ppm. HRMS (ESI) calcd for @@H71N,011 [M + H]™: 1043.5052, found: 1043.5067.
Analysis for G4H7oN2011 (1043.28): Calcd: C, 73.68; H, 6.76; N, 2.69. Found: C, 73.91; H,
6.62; N, 2.75.

4.2.9.4 6,6'-[3-Aza(prop-2-en-1-yl)penta-1,5-di-yl]-1",2,3,3",4,4’-hex@-
benzylsucrose (3.19d)

10 Yield: 135mg (0.14 mmol, 68%). TLC [AcOEt/MeOH/M@E

FEAQN 8-\7.11 (45:5:3)]: R = 0.39. Yellowish oil. §]p* = +29.1 (CHCJ). *H
06,\ NMR (600 MHz):6 = 7.19-7.35 (30H, m, H-Ar), 5.80 (1H, ddt,

0 Jioar 17.1 Hz,J1011 10.2 Hz,J100 6.5 Hz, H-10), 5.42 (1H, dj

OBN 32 Hz, H-1), 5.12 (1H, ddi1 11 1.3 Hz, H-11"), 5.12 (1H, dd, H-
11), 4.87 (1H, dJ 10.9 Hz, benzylic H), 4.85 (1H, d,10.8 Hz,
benzylic H), 4.71 (1H, dJ 10.8 Hz, benzylic H), 4.70 (1H, d,11.5 Hz, benzylic H), 4.69
(1H, d,J 11.8 Hz, benzylic H), 4.67 (1H, d,11.3 Hz, benzylic H), 4.66 (1H, d,11.8 Hz,
benzylic H), 4.61 (1H, dJ 11.5 Hz, benzylic H), 4.54 (1H, 4,10.9 Hz, benzylic H), 4.52
(1H, d,J 11.3 Hz, benzylic H), 4.42 (1H, 4,12.1 Hz, benzylic H), 4.41 (1H, d; 4+ 7.1 Hz,
H-3), 4.26 (1H, dJ 12.1 Hz, benzylic H), 4.21 (1H, m, H-5), 4.15 (1H, ddg 7.1 Hz, H-
4'), 4.04-4.08 (2H, m, H-3, H-5"), 3.88 (1H, dik ¢ 10.1 Hz,Js ¢ 6.4 Hz, H-6'), 3.79 (1H,
dd, Js ¢ 6.0 Hz, H-6"), 3.67-3.73 (2H, m, H-6, H-7"), 3.62 (1H,J¢,;- 10.9 Hz, H-1"), 3.61
(1H, m, H-7"), 3.46-3.53 (4H, m, H-2, H-1", 2H-7), 3.42 (1H, dgs 10.4 Hz,J5 6 8.0 Hz, H-
6), 3.21 (1H, ddJ 9.7 Hz,J 9.3 Hz, H-4), 3.09 (2H, dly 106.5 Hz, 2H-9), 2.81-2.86 (1H, m,
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H-8'), 2.68-2.74 (3H, m, 2H-8, H-8') pprm’C NMR (150 MHz): 8= 138.78, 138.67, 138.56,
138.27, 138.04, 137.95 (G 6 x Ph), 135.87 (C-10), 127.25-128.55 (30C, m, C-Ph), 117.37
(C-11), 104.13 (C-2'), 90.14 (C-1), 84.87 (C-4"), 83.67 (C-3), 81.62 (C-3), 79.95 (C-2),
79.90 (C-5), 79.45 (C-4), 75.47, 74.82, 73.45, 73.17, 72.74 (5CHBh), 72.21 (C-6),
72.15 (GCH,Ph), 71.79 (C-6), 70.94 (C-5), 70.92 (C-1"), 70.59 (C-7), 68.92 (C-7’), 59.06 (C-
9), 54.14 (C-8'), 53.12 (C-8) ppm. HRMS (ESI) calcd faikGoNO;; [M + H]™: 992.4943,
found: 992.4977. Analysis for ¢gHgoNO;; (992.23): Calcd: C, 73.84; H, 7.01; N, 1.41.
Found: C, 73.69; H, 7.12; N, 1.45.

4.2.9.5 6,6’-[3-Aza(2-methoxy-2-oxoethyl)penta-1,5-di-yl]-1’,2,3,3’,4,4’-hexa-
benzylsucrose (3.19¢e)

Yield: 147 mg (0.14 mmol, 72%). TLC [AcOEt/MeOH/M@E
(45:5:3)]: R = 0.37. Yellowish oil. §]p> = +24.6 (CHCL,). *H
NMR (600 MHz):8 = 7.19-7.35 (30H, m, H-Ar), 5.41 (1H, &,
3.2 Hz, H-1), 4.86 (1H, d] 11.4 Hz, benzylic H), 4.85 (1H, d,
3 11.0 Hz, benzylic H), 4.64-4.72 (5H, m, benzylic H), 4.61 (1H, d,
BrO S an OB J 11.6 Hz, benzylic H), 4.53 (1H, d,11.1 Hz, benzylic H), 4.51
(1H, d,J 11.7 Hz, benzylic H), 4.44 (1H, d,12.1 Hz, benzylic H), 4.41 (1H, d3 4 7.2 Hz,
H-3'), 4.27 (1H, dJ 12.0 Hz, benzylic H), 4.21 (1H, m, H-5), 4.15 (1H, dgdg 7.2 Hz, H-
4"), 4.03-4.07 (2H, m, H-3, H-5’), 3.91 (1H, dik ¢ 10.1 Hz,Js ¢ 6.4 Hz, H-6"), 3.78 (1H,
dd, Js ¢ 5.9 Hz, H-6"), 3.67-3.71 (2H, m, H-6, H-7"), 3.65 (3H, ${4; 3.57-3.63 (2H, m,
H-7, H-7"), 3.44-3.51 (4H, m, H-2, H-7, 2H-1"), 3.39-3.43 (1H, m, H-6), 3.39 (2H, s, 2H-9),
3.20 (1H, dd) 10.1 Hz, 9.0 Hz, H-4), 3.00-3.06 (1H, m, H-8), 2.79-2.93 (3H, m, 2H-8, H-
8") ppm.**C NMR (150 MHz):8 = 171.97 CO,Me), 138.79, 138.69, 138.58, 138.28, 138.07,
137.96 (Guas 6 x Ph), 127.25-128.40 (30C, m, C-Ph), 104.09 (C-2’), 90.10 (C-1), 84.76 (C-
4"), 83.65 (C-3’), 81.66 (C-3), 79.95 (C-2), 79.92 (C-5), 79.42 (C-4), 75.49, 74.82, 73.44,
73.20, 72.71 (5 x OH,Ph), 72.25 (C-6'), 72.16 (CH,Ph), 71.75 (C-6), 70.97 (C-7), 70.86
(C-5), 70.08 (C-1), 69.07 (C-7’), 55.76 (C-9), 59.06 (C-9), 53.93 (C-8’), 53.42 (C-8), 51.28
(OCH3) ppm. HRMS (ESI) calcd for §HgoNOs5 [M + Na]™: 1046.4661, found: 1046.4656.
Analysis for GiHggNO1; (1024.23): Calcd: C, 71.53; H, 6.79; N, 1.37. Found: C, 71.75; H,
6.92; N, 1.46.
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4.2.9.6 6,6’-[3-Aza(2-methoxyethyl)penta-1,5-di-yl]-1',2,3,3’,4,4’-hex@-
benzylsucrose (3.19f)

Yield: 135mg (0.13 mmol, 67%). TLC [AcOEt/MeOH/M@E
(45:5:3)]: R = 0.33. Yellowish oil. §]p** = +31.7 (CHG)). 'H

NMR (600 MHz):5 = 7.17—7.35 (30H, m H-Ar), 5.41 (1H, &,

3.3 Hz, H-1), 4.87 (1H, d] 11.0 Hz, benzylic H), 4.86 (1H, d,

10.8 Hz, benzylic H), 4.70 (1H, d,11.1 Hz, benzylic H), 4.69
(1H, d,J 11.5 Hz, benzylic H), 4.68 (1H, 4,10.8 Hz, benzylic

H), 4.66 (2H, dJ 11.8 Hz, benzylic H), 4.61 (1H, d,11.5 Hz, benzylic H), 4.54 (1H, d,

11.1 Hz, benzylic H), 4.51 (1H, d,11.8 Hz, benzylic H), 4.44 (1H, d,12.0 Hz, benzylic

H), 4.41 (1H, dJs 4 7.2 Hz, H-3'), 4.25 (1H, d) 12.0 Hz, benzylic H), 4.20 (1H, m, H-5),
4.14 (1H, ddJy s 7.0 Hz, H-4), 4.03-4.10 (2H, m, H-3, H-5"), 3.86 (1H, dde 6.5 Hz,

Jos 10.0 Hz, H-6"), 3.79 (1H, ddls ¢ 6.0 Hz, H-6"), 3.67-3.72 (2H, m, H-6, H-7’), 3.60—
3.66 (2H, m, H-1", H-7"), 3.49-3.53 (2H, m, 2H-7), 3.45-3.49 (2H, m, H-1’, H-2), 3.39-3.43
(3H, m, H-6, 2H-10), 3.28 (3H, s, 3H-11), 3.20 (1H, d&®.4 Hz,J 9.6 Hz, H-4), 2.86-2.92
(1H, m, H-8), 2.74-2.79 (3H, m, H-8', 2H-8), 2.67 (2HJt5.9 Hz, 2H-9) ppm*C NMR

(150 MHz): 6 = 138.78, 138.71, 138.58, 138.30, 138.07, 137.99.{® x Ph), 127.25—
128.40 (30C, m, C-Ph), 104.19 (C-2’), 90.14 (C-1), 84.80 (C-4"), 83.74 (C-3’), 81.63 (C-3),
79.99 (C-2), 79.94 (C-5’), 79.46 (C-4), 75.44, 74.79, 73.45, 73.20, 72.61, 72.19 (6 %
OCH,Ph), 72.17 (C-6’), 71.77 (C-6), 71.13 (C-10), 71.06 (C-1"), 70.97 (C-5), 70.69 (C-7),
69.08 (C-7’), 58.76 (C-11), 55.19 (C-9), 54.07 (C-8), 53.91 (C-8’) ppm. HRMS (ESI) calcd
for Cg1H7NO1» [M + H]™: 1010.5049, found: 1010.5003. Analysis faxd;:NO1, (1010.25):
Calcd: C, 72.52; H, 7.08; N, 1.39. Found: C, 72.67; H, 7.19; N, 1.32.

4.2.10 Synthesis of 1’,2,3,3",4,4’-hex@-benzyl-6-O-(2-tert-butoxy-2-oxoethyl)-6"-O-tert-
butyldimethylsilylsucrose (3.20). General procedure for alkylation of alcohols withert-

butyl bromoacetate

To a solution of alcohoB.9 (1.77 g, 1.77 mmol) in toluene (50 mL) tetrabutylammonium
bromide (57 mg, 0.18 mmol) was added followed by 50% aqueous NaOH (50 mL). A
solution oftert-butyl bromoacetate (0.78 mL, 5.31 mmol) in toluene (10 mL) was added and
the mixture was vigorously stirred at room temperature for 12 h. The layers were separatec
and the aqueous one extracted with ether (2 x 100 mL). Combined organic solutions were

washed with water (100 mL) and brine (50 mL), dried, concentrated, and the resulting residue
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was purified by flash chromatography (hexanes—ethyl acetate, 85:15) to afford pure product
3.20 (1.66 g, 1.50 mmol, 84%). TLC [hexanes/AcOEt (3:B)k 0.55. Yellowish oil. §]p%°

= +27.8 (CHC}). 'H NMR (600 MHz):5 = 7.20-7.33 (30H, m
H-Ar), 5.81 (1H, d,J;, 3.6 Hz, H-1), 4.92 (1H, d] 11.0 Hz,
benzylic H), 4.85 (1H, dJ 10.9 Hz, benzylic H), 4.75 (1H, 4,

11.0 Hz, benzylic H), 4.73 (1H, d,10.9 Hz, benzylic H), 4.66
(1H, d,J 11.4 Hz, benzylic H), 4.65 (1H, d,11.3 Hz, benzylic

H), 4.62 (1H, dJ 11.2 Hz, benzylic H), 4.60 (1H, d,11.7 Hz,
benzylic H), 4.55 (1H, dJ 11.7 Hz, benzylic H), 4.53 (1H, 4,

11.3 Hz, benzylic H), 4.49 (1H, d,11.4 Hz, benzylic H), 4.46 (1H, d,11.2 Hz, benzylic

H), 4.44 (1H, dJs 4 7.3 Hz, H-3"), 4.25 (1H, ddls 5 6.9 Hz, H-4"), 4.01 (1H, dt];59.9 Hz,

Js6 2.3 Hz, H-5), 3.87-3.98 (4H, m, H-6', H-3, H-7, H-5"), 3.81-3.86 (2H, m, H-7, H-6"),
3.76 (1H, dJi 1 11.0 Hz, H-1'), 3.64-3.69 (2H, m, H-4, H-6), 3.53 (1H, d, H-1'), 3.51 (1H,
dd, J»39.7 Hz, H-2), 3.44 (1H, dds s 11.0 Hz, H-6), 1.43 (9H, s,'Bu), 0.89 (9H, s, Bu),

0.07 (3H, s, SiBl3), 0.06 (3H, s, Sifls) ppm.**C NMR (150 MHz):5 = 169.29 CO.'Bu),
139.03, 138.83, 138.44, 138.42, 138.11, 137.9R(® x Ph), 127.35-128.35 (30C, m, C-
Ph), 104.47 (C-2"), 89.78 (C-1), 84.24 (C-3’), 82.75 (C-4’), 81.98 (C-3), 81.43 (C-5’), 81.18
(Cquas OBuU), 79.87 (C-2), 77.25 (C-4), 75.51, 74.76, 73.45, 73.13, 72.49, 71.99 (6 x
OCH,Ph), 71.06 (C-1"), 70.68 (C-5), 69.72 (C-6), 69.30 (C-7), 64.27 (C-6"), 28.09 (triple
intensity, 3C-CBu), 25.97 (triple intensity, 3C-8iu), 18.37 (Guas SiBuU), -5.28, -5.32 (2 x
SiCH3) ppm. HRMS (ESI) calcd for dgHs0:3NaSi [M + NaJ: 1133.5417, found:
1133.5456. Analysis for ggHg.013S1 (1111.47): Calcd: C, 71.32; H, 7.44. Found: C, 71.51;
H, 7.56.

4.2.11 Preparation of 1',2,3,3",4,4’-hex@-benzyl-6-O-(2-tert-butoxy-2-oxoethyl)sucrose
(3.21)

Desilylation of3.20 was performed as desribed previously (see 4.2.3) starting from 1.56 g
(2.40 mmol) of compound.20 and 0.59 g (2.10 mmol) of tetrabutylammonium fluoride
trihnydrate in 40 mL THF. Reaction mixture was stirred for 5 h. After evaporation of the
solventin vacuo and the resulting residue was purified by flash chromatography (hexanes—
ethyl acetate, 75:25) to afford pure produg2l (1.22 g, 1.22 mmol, 87%). TLC
[hexanes/AcOEt (3:1)]R = 0.21. Colorless oil.ofp** = +14.9 (CHG)). IR: v = 3473, 3063,

3031, 2925, 2869, 1747, 1497, 1454, 1393, 1367, 1308, 1229, 1209, 1148, 1088, 1074, 1028
1002, 952, 912, 845, 736, 698 ¢mMH NMR (600 MHz):8 = 7.19-7.34 (30H, m, H-Ar), 5.51
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(1H, d, J1» 3.5 Hz, H-1), 4.87 (1H, d) 11.1 Hz, benzylic H),
4.86 (1H, d,J 10.8 Hz, benzylic H), 4.79 (1H, d, 11.1 Hz,
benzylic H), 4.79 (1H, dJ 10.8 Hz, benzylic H), 4.68 (2H, 4,
11.5 Hz, benzylic H), 4.62 (1H, d,11.8 Hz, benzylic H), 4.60
(1H, d,J 11.5 Hz, benzylic H), 4.56 (1H, 4,11.8 Hz, benzylic
H), 4.48 (1H, dJ 11.5 Hz, benzylic H), 4.47 (1H, d,12.2 Hz,
benzylic H), 4.45 (1H, dJs 4 8.0 Hz, H-3"), 4.34 (1H, dd)s 5

8.0 Hz, H-4’), 4.28 (1H, d] 11.8 Hz, benzylic H), 4.06 (1H, di;59.8 Hz,J56 1.8 Hz, H-5),
3.99 (1H, dJ 16.0 Hz, H-7), 3.96-4.01 (2H, m, H-5’, H-3), 3.88 (1H, d, H-7), 3.82-3.86 (2H,
m, H-6, H-6"), 3.76 (1H, dd)s; 4 9.4 Hz, H-4), 3.57-3.63 (3H, m, H-6, H-1’, H-6’), 3.55 (1H,
dd, J,3 9.8 Hz, H-2), 3.47 (1H, dly'1» 11.4 Hz, H-1"), 3.18 (1H, ddl; ¢ 10.4 Hz,J; ¢ 2.6

Hz, H-7"), 1.45 (9H, s, HBu) ppm.**C NMR (150 MHz):8 = 169.20 CO,'Bu), 138.81,
138.62, 138.29, 138.18, 138.15, 137.8Q.46 x Ph), 127.45-128.38 (30C, m, C-Ph), 103.86
(C-27), 91.13 (C-1), 83.60 (C-3"), 81.77 (C-3), 81.45,(& OBu), 81.22 (C-5"), 79.68 (C-4),
79.28 (C-2), 77.08 (C-4), 75.46, 74.92, 73.42, 73.27, 72.91, 72.50 @sFD), 71.35 (C-5),
71.16 (C-1°), 69.30 (C-6), 69.27 (C-7), 61.24 (C-6"), 28.11(triple intensityB&Eppm.
HRMS (ESI) calcd for gHegO1aNa [M + NaJ: 1019.4552, found: 1019.4567. Analysis for
CsoHegO13 (997.20): Calcd: C, 72.27; H, 6.87. Found: C, 72.10; H, 6.80.

4.2.12 Synthesis of 1’,2,3,3,4,4'-hex@-benzyl-6-O-(2-tert-butoxy-2-oxoethyl)-6’-O-
(methylsulfonyl)sucrose (3.22). General procedure for mesylation of alcohols with

methanesulfonyl chloride

Alcohol 3.21 (200 mg, 0.20 mmol) was dissolved in,CH (10
mL) to which E§N (56 L, 0.40 mmol) was added, and the
mixture was stirred at rt. Subsequently MsClI (23 0.30 mmol)
was added dropwise and, after 1 hbOH(10 mL). Phase were

separated and the agueous one extracted witfCIgH2 x 20
BnO

mL). The combined organic layers were dried and concentrated in
vacuo. The resulting residue was purified by flash chromatography (hexanes—AcOEt, 80:20)
to give compound.22 (208 mg, 0.30 mmol, 96%). TLC [hexanes/AcOEt (3:R)} 0.38.
Colorless oil. §]p?* = +32.1 (CHCJ). IR: v = 3089, 3063, 3030, 2977, 2927, 2870, 1746,
1497, 1454, 1359, 1230, 1209, 1176, 1147, 1090, 1074, 1028, 1000, 960, 843, 736, 697, 52
cm’. *H NMR (600 MHz):5 = 7.20-7.34 (30H, m, H-Ar), 5.55 (1H, ., 3.6 Hz, H-1), 4.91

(1H, d,J 11.1 Hz, benzylic H), 4.86 (1H, d,11.1 Hz, benzylic H), 4.79 (1H, d,11.1 Hz,
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benzylic H), 4.68 (1H, d) 11.1 Hz, benzylic H), 4.65 (1H, d,11.5 Hz, benzylic H), 4.63
(1H, d,J 10.1 Hz, benzylic H), 4.60 (1H, d,11.5 Hz, benzylic H), 4.58 (1H, d,11.5 Hz,
benzylic H), 4.49-4.54 (4H, m, H-6’, 3 x benzylic H), 4.44 (1HJ«y 7.5 Hz, H-3’), 4.36
(1H, d,J 12.2 Hz, benzylic H), 4.26 (1H, d& ¢ 3.2 Hz,Js¢ 10.9 Hz, H-6"), 4.19 (1H, td,
Jys 7.5 Hz, H-5), 4.10 (1H, dd, H-4"), 4.04 (1H, dd#i,5s 10.4 Hz,J56 4.3 Hz,J56 1.8 Hz,
H-5), 3.97 (1H, ddJ; 4 9.3 Hz,J3,10.0 Hz, H-3), 3.90 (1H, d; 7 16.5 Hz, H-7), 3.87 (1H, d,
H-7), 3.69 (1H, dJ;.1» 11.1 Hz, H-1), 3.67 (1H, ddls 10.4 Hz, H-6), 3.58 (1H, dd, H-6),
4.56 (1H, dd, H-4), 3.51 (1H, dd, H-2), 3.49 (1H, d, H-1"), 2.94 (3H,Hs-8), 1.44 (9H, s,
OBu) ppm.**C NMR (150 MHz):8 = 169.19 CO.'Bu), 138.79, 138.44, 138.12, 138.00,
137.73, 137.67 (Gas 6 x Ph), 127.45-128.43 (30C, m, C-Ph), 104.82 (C-2’), 90.55 (C-1),
83.48 (C-3'), 81.83 (C-3), 81.80 (C-4’), 81.35,4(& OBU), 79.58 (C-2), 78.18 (C-5’), 77.49
(C-4), 75.46, 74.83, 73.35, 72.93, 72.80, 72.72 (6CGHgh), 70.81 (C-5), 70.60 (C-6"),
70.46 (C-1'), 69.96 (C-6), 68.86 (C-7), 37.08H5-S), 28.08 (triple intensity, 3CBu) ppm.
HRMS (ESI) calcd for gH-001sSNa [M + NaJ: 1097.4328, found: 1097.4321. Analysis for
Ce1H70015S (1075.29): Calcd: C, 68.14; H, 6.56; S, 2.98. Found: C, 68.28; H, 6.55; S, 3.21.

4.2.13 Synthesis of 1',2,3,3",4,4-hex@benzyl-6-O-(2-tert-butoxy-2-oxoethyl)-6’-

aldehydosucrose (3.24). General procedure for Swern oxidation

To a cooled to —78 °C solution of oxalyl chloride (197 1.79
mmol) in CHCI, (20 mL) a solution of DMSO (36QL, 5.10
mmol) in CHCI, (3 mL) was added at within 5 min. After 10 min
alcohol3.21 (510 mg, 0.51 mmol) in GBI, (10 mL) was added
dropwise and mixture was stirred for 30 min at —78 °C. Then
EtzN (520 (L, 3.86 mmol) was added and the mixture was allowed

BnO

to attain rt. Water (20 mL) was added, the organic layer was separated, dried, and
concentrated in vacuo. The crude prodsi@4 (505 mg, 0.507 mmol, 99%) was used in the

next step without further purification.

4.2.14 Synthesis of 6’-benzyloamino-6’-deoxy-1’,2,3,3’,4,4’-hexabenzyl-6-O-(2-tert-
butoxy-2-oxoethyl)sucrose (3.23)

Method 1 (Alkylation)Compound3.22 (180 mg, 0.17 mmol) was dissolved in DMF (5 mL).
Benzylamine (55 L, 0.50 mmol) and KCO; (69 mg, 0.50 mmol) were added and the mixture
was stirred for 4 h at 100°C and cooled to rt. Water (10 mL) and AcOEt (25 mL) were added,

phases were separated and the aqueous one extracted with ACOEt (3 x 20 mL). Combinet
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organic solutions were washed with water (2 x 10 mL), brine (10 mL), dried, concentrated in
vacuo, and the resulting residue was purified by flash chromatography (hexanes—ethyl acetat:
75:25 to 50:50) to afford pure compound 3.23 (48 mg, 0.04 mmol, 26%).

Method 2 (Reductive aminationjo a solution of crude aldehy@?24 (505 mg, 0.51 mmol)

in CH,CI, (20 mL) acetic acid (105Ly 1.83 mmol), benzylamine (166.11.52 mmol) and
MgSQ, (-200 mg) were added, and the mixture was stirred at rt. After 1 h sodium
cyanoborohydride (38 mg, 0.60 mmol) was added and mixture was stirred overnight. Water
(70 mL), 0.1 M solution NH (20 mL) and CHCI, (20 mL) were added, phase were
separated, and the agueous one extracted wit)CIgH3 x 50 mL). Combined organic
solutions were washed with water (30 mL) and brine (30 mL), dried, concentrated, and the
resulting residue was purified by flash chromatography (hexanes—ethyl acetate, 90:10 tc
50:50) to afford pure compound 3.23 (409 mg, 0.38 mmol, 74%).

TLC [hexanes/AcOEt (1:1)]R = 0.23. Yellowish oil. §]p”" =
‘} +41.6 (CHC}). IR: v = 3330, 3088, 3063, 3031, 3006, 2924,
HN/B” 2869, 2329, 2168, 1747, 1605, 1496, 1454, 1393, 1367, 1255,
2 1229, 1209, 1146, 1088, 1073, 1028, 1003, 914, 845, 736,
oo Mg, 697 it H NMR (600 MH2):3 = 7.20-7.36 (35H, m, H-Ar),

BnO' 2., OBn 5.68 (1H, br s, H-1), 4.89 (1H, d, 11.1 Hz, benzylic H), 4.86
(1H, d,J 11.0 Hz, benzylic H), 4.73 (1H, 4,11.0 Hz, benzylic H), 4.67 (1H, d,11.4 Hz,
benzylic H), 4.61-4.66 (4H, m, 4 x benzylic H), 4.55 (1HJd,2.0 Hz, benzylic H), 4.49
(1H, d,J 11.6 Hz, benzylic H), 4.45 (1H, d,11.3 Hz, benzylic H), 4.42 (1H, d; » 7.4 Hz,
H-3'), 4.40 (1H, dJ 12.4 Hz, benzylic H), 4.08-4.17 (3H, m, H-4’, H-5, H-5"), 3.95 (1H, dd,
J32 9.3 Hz,J34 9.3 Hz, H-3), 3.79-3.86 (3H, m, H-7’, 2H-7), 3.66 (1HJd; 11.0 Hz, H-

1’), 3.53-3.58 (3H, m, H-2, H-4, H-7), 3.52 (1H, d, H-1"), 3.43-3.47 (2H, m, H-6, H-6"),
3.06-3.13 (2H, m, H-6, H-6"), 1.41 (9H, s, 9 XBl4) ppm.*C NMR (150 MHz):5 = 169.62

(C-8), 139.85, 138.79, 138.51, 138.23, 138.11, 138.10, 13788 (Cx Ph), 128.29-128.53
(35C, m, C-Ph), 104.35 (C-2’), 90.20 (C-1), 83.85 (C-3), 83.59 (C-4'), 81.9%:(CBu),

81.75 (C-3), 79.60 (C-2), 79.60 (C-4), 77.56 (C-5’), 75.40, 74.79, 73.46, 72.80, 72.70, 72.49
(6 x OCH,Ph), 71.64 (C-1"), 70.68 (C-5), 70.07 (C-6), 68.91 (C-7), 53.07 (C-6"), 52.99 (C-
7'), 28.08 (triple intensity, 3CBu) ppm. HRMS (ESI) calcd for ¢gH7eNO1, [M + H]™:
1086.5362, found: 1086.5339. Analysis fas7sNO;, (1086.34): Calcd: C, 74.08; H, 6.96;

N, 1.29. Found: C, 73.79; H, 7.15; N, 1.48.
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4.2.15 N-benzyl-2-bromoacetamide (3.25)

o) Benzylamine (2.51 mL, 23.0 mmol) was dissolved in dryClH (15
Br\)J\H/\© mL) and the solution was cooled to —20 °C. Bromoacetyl bromide
(.00 mL, 11.5 mmol) was slowly added to a vigorously stirred
mixture. After stirring for 30 min, the mixture was allowed to reach room temperature and
water (20 mL) was added. Phase were separated and the aqueous one extractegGlith CH
(3 x 20 mL). Combined organic solutions were washed with water (20 mL) and brine (10
mL), dried, concentrated in vacuo, and the resulting precipitate was recrystallized from
CH,CI, to afford pure produc3.25 (2.52 g, 11.0 mmol, 96%). White solid, m.p. 111%€.
NMR (400 MHz):8 = 7.25-7.39 (5H, m), 6.81 (1H, br s), 4.48 (2H,)®.0 Hz), 3.92 (2H,
s) ppm.’*C NMR (100 MHz):5 = 165.28, 137.22, 128.80 (2C), 127.77, 127.71 (2@)17,
29.11 ppm. Analysis for §H10BrNO (228.09): Calcd: C, 47.39; H, 4.42; Br, 35.03; N, 6.14.

Found: C, 47.54; H, 4.50; Br, 35.13; N, 6.13.
4.2.16 Nbenzyl-2-(benzylamino)acetamide (3.26)

Bromoacetyl bromide (0.50 mL, 5.74 mmol) was added dropwise to a vigorously stirred
solution of the benzylamine (3.70 mL, 33.87 mmol) in dry acetonitrile (30 mL) at 0 °C. The
temperature was kept below 10 °C during the addition. Then the reaction mixture was allowed
to reach rt and stirred for 12 h. Aqueous saturated potassium carbonate (30 mL) and AcOE
(20 mL) were added, phases were separated, and the aqueous one extracted with AcOEt (3
40 mL). Combined organic solutions were washed with water (40 mL), and brine (30 mL),
dried, concentrated, and the resulting residue was purified by flash chromatography (hexanes-
ethyl acetate, 50:50 to 0:100) to afford pure compdigé (1.38 g, 5.42 mmol, 94%). TLC
[ACOEt/MeOH/H,O (45:5:3)]: R = 0.47. Yellowish oil. IR:v = 3316, 3086, 3063, 3029,
o 2923, 2836, 1953, 1878, 1810, 1659, 1604, 1585, 1526, 1496,
@VH\)J\N 1454, 1426, 1360, 1331, 1253, 1203, 1124, 1080, 1028, 1002,
H/\© 910, 829, 737, 698, 613 ¢ém'H NMR (400 MHz):8 = 7.55
(1H, br s), 7.17-7.36 (10H, m), 4.44 (2H,Jd.0 Hz), 3.74 (2H, s), 3.33 (2H, s), 1.82 (1H, br
s) ppm.**C NMR (100 MHz):6 = 171.31, 139.19, 138.28, 128.59 (2C), 128.50 (2€3.01
(2C), 127.57 (2C), 127.33, 127.28, 53.89, 51.85, 42.88 ppm. HRMS (ESI) calcd for
Ci16H19N2O [M + H]™: 255.1492, found: 255.1501. Analysis forg81gN,O (254.33): Calcd:
C, 75.56; H, 7.13; N, 11.01. Found: C, 75.68; H, 7.37; N, 11.19.
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4.2.17 Preparation of N-(2-benzyloamino-2-oxoethyl)N-benzylo-6’-amino-6’-deoxy-
1',2,3,3,4,4’-hexaO-benzyl-6-O-(2-tert-butoxy-2-oxoethyl)-sucrose (3.27)

Method 1 (Alkylation) Secondary amin8.23 (380 mg, 0.35 mmol) was alkylated wih
benzyl-2-bromoacetamide3.¢5, 120 mg, 0.52 mmol) and,®O; (338 mg, 1.05 mmol) in

DMF (10 mL) as above (see 4.2.Jvethod 1). The crude product was purificated by flash
chromatography (hexanes—ethyl acetate, 85:15 to 75:25) to yield compBdihd78 mg,

0.06 mmol, 18%).

Method 2 (Reductive aminatioriReaction of the crude aldehy8e24 (480 mg, 0.48 mmol)

with the amine3.26 (368 mg, 1.45 mmol), acetic acid (82 1.45 mmol), and NaCNBH

(36 mg, 0.58 mmol) in 20 mL Ci€l, was carried out as above (see 4.2rfidthod 2). The
crude product was purificated by flash chromatography (hexanes—ethyl acetate, 85:15 tc
75:25) to yield compound 3.27 (424 mg, 0.34 mmol, 71%).

4y . TLC [hexanes/AcOEt (2:1)]R = 0.34. Colorless oil.of p?* =
*}O?:o Ozg“.‘“ph +38.7 (CHCY). IR: v = 3357, 3087, 3063, 3030, 3005, 2924,
S N 2869, 1952, 1877, 1810, 1747, 1676, 1605, 1585, 1517, 1496,
D U "' 1453, 1393, 1366, 1307, 1257, 1227, 1208, 1145, 1088, 1074,
Ty JuggiN,,, 1028, 1002, 913, 845, 736, 697, 599, 560'ci NMR (600
Br0” 2, OBn MHz): 8 = 7.66 (1H, t, 5.6 Hz, NH), 7.09-7.39 (40H, m, H-Ar),

5.44 (1H, d,J1, 3.6 Hz, H-1), 4.87 (1H, d] 10.8 Hz, benzylic H), 4.85 (1H, d,10.8 Hz,
benzylic H), 4.75 (1H, dJ 10.8 Hz, benzylic H), 4.70 (1H, d,10.8 Hz, benzylic H), 4.64
(1H, d,J 11.4 Hz, benzylic H), 4.59 (1H, d,11.4 Hz, benzylic H), 4.58 (1H, d,11.4 Hz,
benzylic H), 4.56 (1H, d) 11.4 Hz, benzylic H), 4.48 (1H, d,11.4 Hz, benzylic H), 4.46
(1H, d,J 11.4 Hz, benzylic H), 4.39 (1H, dz 4 7.8 Hz, H-3'), 4.38 (1H, dJ 12.0 Hz,
benzylic H), 4.35 (1H, dJ 12.0 Hz, benzylic H), 4.32 (2H, 3,6.6 Hz, 2 x H-9"), 4.04 (1H,

dt, Jys 7.8 Hz,J5 6 2.4 Hz, H-5), 3.99-4.03 (1H, m H-5), 3.90-3.95 (2H, m, H-3, H-4"),
3.85 (1H, dJ 16.8 Hz, H-7), 3.82 (1H, d, H-7), 3.78 (1H,13.8 Hz, N-G,-Ph), 3.63 (1H,

d, Ji1 10.8 Hz, H-1"), 3.59-3.63 (3H, m, H-4, H-6, NHg&Ph), 3.48 (1H, dd}),39.6 Hz, H-

2), 3.44 (1H, ddJs 6 10.8 Hz,J5 6 1.8 Hz, H-6), 3.41 (1H, d, H-1"), 3.36 (1H, 816.8 Hz, H-

7, 3.21 (1H, d, H-7"), 2.96 (1H, dds ¢ 8.4 Hz,Jg ¢ 13.8 Hz, H-6"), 2.79 (1H, ddls ¢ 2.4

Hz, H-6), 1.43 (9H, s, 9 x FBu) ppm.**C NMR (150 MHz):8 = 171.28 (C-8'), 169.12 (C-

8), 138.82, 138.68, 138.44, 138.18, 138.09, 138.01, 137.96, 137,86 &< Ph), 127.11—
129.04 (40C, m, C-Ph), 104.33 (C-2’), 90.11 (C-1), 83.27 (C-3"), 83.20 (C-4"), 81.92 (C-3),
81.27 (Guas OBU), 79.59 (C-2), 78.81 (C-5’), 77.35 (C-4), 75.41, 74.75, 73.29, 72.79, 72.63,
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72.42 (6 x @H,Ph), 71.33 (C-1"), 70.68 (C-5), 69.85 (C-6), 68.95 (C-7), 60.0€KN-Ph),
58.66 (C-6'), 58.49 (C-7), 42.78 (C-9’), 28.09 (triple intensity, 'BQ) ppm. HRMS (ESI)
calcd for GeHgaNoO13Na [M + NaJ': 1255.5865, found: 1255.5802. Analysis fagssN2013
(1233.52): Calcd: C, 74.00; H, 6.86; N, 2.27. Found: C, 74.23; H, 6.94; N, 2.42.

4.2.18 Preparation of N-(2-benzyloamino-2-oxoethyl)N-benzylo-6’-amino-6’-deoxy-
1',2,3,3',4,4’-hexaO-benzyl-6-O-(2-hydroxyethyl)-sucrose (3.28)

T Amido ester 3.27 (125 mg, 0.10 mmol) was reduced with
g o:%- Ph LiAIH 4 (38 mg, 1.00 mmol) in THF (5 mL) as above (see 4.2.7).

’ The product was isolated by flash chromatography (hexanes—
3 ethyl acetate, 35:65) to afford pure compoun@8 (91 mg,
e Nosn 0.08 mmol, 77%). TLC [hexanes/AcOEt (1:2)R = 0.55.
oBn Colorless oil. §]p?* = +41.1 (CHCJ). *H NMR (600 MHz):8 =
7.70 (1H, t,J 5.9 Hz, NH), 7.12-7.34 (40H, m, H-Ar), 5.36 (1H,J, 3.5 Hz, H-1), 4.86
(1H, d,J 11.0 Hz, benzylic H), 4.85 (1H, d,11.0 Hz, benzylic H), 4.75 (1H, d,11.0 Hz,
benzylic H), 4.65 (1H, d) 11.4 Hz, benzylic H), 4.62 (1H, d,11.5 Hz, benzylic H), 4.60
(1H, d,J 13.0 Hz, benzylic H), 4.59 (1H, 4,11.0 Hz, benzylic H), 4.55 (1H, d,11.5 Hz,
benzylic H), 4.46 (1H, dJ 11.4 Hz, benzylic H), 4.45 (1H, d,12.0 Hz, benzylic H), 4.37—
4.42 (3H, m, H-3’, H-9’, benzylic H), 4.32 (1H, 4,12.0 Hz, benzylic H), 4.28 (1H, dd,
15.1 Hz,J 5.3 Hz, H-9’), 4.08 (1H, dddlys 7.8 Hz,Js¢ 8.6 Hz,J5 6 2.6 Hz, H-5), 3.99
(1H, m H-5), 3.95 (1H, dd};, 9.3 Hz,J34 9.4 Hz, H-3), 3.88 (1H, ddly 3 7.8 Hz, H-4"),
3.68 (1H, dJ 13.5 Hz, N-G,-Ph), 3.65 (1H, d, N-B,-Ph), 3.62 (2H, m, 2H-8), 3.61 (1H, d,
Jr1 11.0 Hz, H-1), 3.54-3.58 (2H, m, H-4, H-6), 3.41-3.48 (3H, m, H-2, 2H-7), 3.38 (1H,
m, H-6), 3.37 (1H, d, H-1"), 3.30 (1H, d7 7 17.0 Hz, H-7"), 3.26 (1H, d, H-7’), 2.92 (1H,
dd, Js ¢ 13.8 Hz,Js5 8.6 Hz, H-6"), 2.77 (1H, ddJs 5 2.6 Hz, H-6"), 2.68 (1H, br s,
OH) ppm.**C NMR (150 MHz):8 = 171.43 (C-8'), 138.70, 138.44, 138.34, 138.18.15,
137.96, 137.84, 137.79 (& 8 x Ph), 127.17-129.06 (40C, m, C-Ph), 104.43 (C-2’), 90.28
(C-1), 83.26 (C-4’), 83.17 (C-3), 81.84 (C-3), 79.81 (C-2), 78.28 (C-5’), 77.65 (C-4), 75.48,
74.89, 73.29, 73.05, 72.52, 72.33 (6 €K)Ph), 72.90 (C-7), 71.11 (C-1’), 70.93 (C-5),
69.68 (C-6), 61.58 (C-8), 59.53 (BH.-Ph), 58.67 (C-6), 58.53 (C-7’), 42.92 (C-9) ppm.
HRMS (ESI) calcd for @H7gN,OoNa [M + NaJ: 1185.5447, found: 1185.5416. Analysis
for C;2H7gN20;2 (1233.52): Caled: C, 74.33; H, 6.76; N, 2.41. Found: C, 74.48; H, 6.85;
N, 2.51.
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4.2.19 Preparation of  N-(2-benzyloaminoethyl)N-benzylo-6’-amino-6’-deoxy-
1',2,3,3,4,4’-hexaO-benzyl-6-O-(2-hydroxyethyl)-sucrose (3.29)

This reaction was conducted under an argon atmosphere. To a vigorously stirred and coolec
to 0 °C solution of the amido est8r27 (211 mg, 0.17 mmol) in dry THF (10 mL), a 1M
solution of LiAlH, in THF (1.7 mL) was slowly added. After stirring 15 min, the mixture was
warmed up and stirred for 1.5 h at reflux. After cooling to 0 °C the excess of hydride was
carefully decomposed with water (15 mL) and aqueous potassium bisulfate (KHBAL).

Ethyl acetate (30 mL) was added, the layers were separated, and the aqueous one extract

’ with ethyl acetate (3 x 30 mL). Combined organic solutions were
HO HN > ph

720 \N; flash chromatography (dichloromethane—-methanol, 88:12) to
6\ i afford pure product3.29 (144 mg, 0.125 mmol, 73%). TLC

: ¢”~oen [ACOEt/MeOH/H,O (45:5:3)]: R = 0.43. Colorless oil.of o™ =

On O8N +40.4 (CHCI,). *H NMR (600 MHz):6 = 7.13-7.35 (40H, m, H-

Ar), 5.47 (1H, dJ;» 3.5 Hz, H-1), 4.87 (1H, d] 11.0 Hz, benzylic H), 4.86 (1H, d,11.1

Hz, benzylic H), 4.73 (1H, d] 11.0 Hz, benzylic H), 4.68 (1H, d,11.4 Hz, benzylic H),
4.55-4.62 (4H, m, benzylic H), 4.51 (1H,H12.1 Hz, benzylic H), 4.49 (1H, d,11.4 Hz,
benzylic H), 4.45 (1H, d) 11.7 Hz, benzylic H), 4.40 (1H, dy 4 7.3 Hz, H-3'), 4.39 (1H, d,
J12.1 Hz, benzylic H), 4.16 (1H, dddk 4 7.7 Hz,Js ¢ 7.7 Hz,J5: ¢ 3.6 Hz, H-5’), 4.06 (1H,

m, H-5), 3.97 (1H, ddJ)s;, 9.2 Hz,J34 9.4 Hz, H-3), 3.92 (1H, dd, H-4"), 3.70 (1H, 313.8

Hz, Ph-CGH,-N), 3.66 (1H, dJ; 1+ 11.1 Hz, H-1'), 3.51-3.63 (7H, m, H-6, 2H-8, PREN,

2H-9', H-4), 3.41-3.49 (5H, m, H-2, 2H-7, H-1", H-6), 2.94 (1H, dgg 14.0 Hz, H-6"),

2.82 (1H, dd, H-6"), 2.62—2.73 (4H, m, 2H-7’, 2H-8') ppt'C NMR (150 MHz):8 = 140.26
(CquarPh-CH-NH), 139.42 (GuarPh-CH-N), 138.80, 138.54, 138.33, 138.22, 138.18, 138.00
(Cquas 6 % Ph), 126.72-128.96 (40C, m, C-Ph), 104.57 (C-2’), 90.01 (C-1), 83.89(C-4’), 83.46
(C-3), 81.88 (C-3), 79.93 (C-2), 78.34 (C-5"), 77.75 (C-4), 75.47, 74.81, 72.98, 72.82, 72.57,
72.26 (6 x @H,Ph), 73.30 (C-7), 71.31 (C-1"), 70.74 (C-5), 69.71 (C-6), 61.48 (C-8), 58.65
(N-CH,-Ph), 57.56 (C-6'), 53.79 (C-7’), 53.36 (C-9’), 46.57(C-8") ppm. HRMS (ESI) calcd
for CzoHgiN2O11 [M + H]™: 1149.5835, found: 1149.5842. Analysis forolgN2O1;
(1149.45): Calcd: C, 75.24; H, 7.02; N, 2.44. Found: C, 75.47; H, 7.05; N, 2.53.

dried, concentrated, and the resulting residue was purified by
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4.2.20 6,6’-[3,5-Di(azabenzyl)hexa-1,6-di-yl]-6’-deoxy-1’,2,3,3",4,4’-hexa-O-

benzylsucrose (3.31)

Preparation of3.31 was performed as desribed previously (see
4.2.8) starting from 115 mg (0.10 mmol) of amino alcoB.@9

in 40 mL toluene. The crude product was purificated by flash
chromatography (dichloromethane—methanol, 100:0 to 90:10) to
afford pure compound.31 (82 mg, 0.72 mmol, 72%). TLC
[ACOEt/MeOH/H0O (45:5:3)]: R = 0.60. Yellowish oil. §]p?*> = +11.1 (CHCl,). *H NMR

(600 MHz):6 = 7.12—7.35 (40H, m, H-Ar), 5.49 (1H, 8., 3.3 Hz, H-1), 4.87 (1H, d] 10.6

Hz, benzylic H), 4.86 (1H, d] 10.6 Hz, benzylic H), 4.79 (1H, d,11.8 Hz, benzylic H),
4.71 (1H, m, H-5"), 4.70 (1H, d} 11.0 Hz, benzylic H), 4.68 (1H, d,11.8 Hz, benzylic H),
4.66 (1H, dJ 11.8 Hz, benzylic H), 4.53 (1H, 4,11.0 Hz, benzylic H), 4.47 (1H, 4,11.9

Hz, benzylic H), 4.46 (1H, d] 12.0 Hz, benzylic H), 4.44 (1H, d,11.9 Hz, benzylic H),
4.39 (1H, dJ 12.0 Hz, benzylic H), 4.37 (1H, d,11.8 Hz, benzylic H), 4.27 (1H, m, H-5),
4.26 (1H, dJs 4 2.8 Hz, H-3'), 4.13 (1H, ddly 5 5.2 Hz, H-4’), 4.10 (1H, dd};, 9.3 Hz,
J3.49.2 Hz, H-3), 3.71 (1H, dds 6 9.9 Hz,Js 5 1.7 Hz, H-6), 3.67 (1H, dl;1» 11.2 Hz, H-1"),
3.65 (1H, dJ 13.8 Hz, Ph-E>-N), 3.59 (1H, d,J 13.8 Hz, Ph-El,-N), 3.50-3.54 (4H, m, H-

2, H-1, 2 x Ph-G1,-N), 3.43-3.47 (2H, m, 2H-7), 3.36 (1H, di{5 8.7 Hz, H-6), 3.19 (1H,

dd, J;59.8 Hz, H-4), 2.97 (1H, dds ¢ 13.6 Hz, § 5 5.7 Hz, H-6"), 2.65-2.82 (7H, m, H-6",
2H-7', 2H-8, 2H-8") ppm."*C NMR (150 MHz):6 = 139.77 (GuarPh-CH-NH), 139.66
(CquarPh-CH-NH), 138.71, 138.66, 138.34, 138.29, 138.26, 138.22.{(® x Ph), 128.99—
126.56 (40C, m, C-Ph), 105.28 (C-2’), 90.57 (C-1), 84.66 (C-3"), 84.48 (C-4’), 81.76 (C-3),
79.97 (C-2), 79.57 (C-4), 77.64 (C-5), 75.43, 74.79, 73.37, 73.26, 72.24, 71.56 (6 %
OCH,Ph), 72.20 (C-6), 71.27 (C-1"), 70.87 (C-5), 70.87 (C-7), 60.7€KN-Ph), 59.99 (N-
CH,-Ph), 53.61 (C-6’), 52.89 (C-8), 52.47 (C-8"), 50.78 (C-7’) ppm. HRMS (ESI) calcd for
C7oH79N2010 [M + H]™: 1131.5735, found 1131.5724. Analysis fopieN.Oqg (1131.43):
Calcd: C, 76.43; H, 6.95; N, 2.48. Found: C, 76.58; H, 6.89; N, 2.41.

4.2.21 Synthesis of 1',2,3,3',4,4’-hex@-benzyl-6’-O-(2-tert-butoxy-2-oxoethyl)-6-O-tert-
butyldimethylsilylsucrose (3.32)

1',2,3,3',4,4’-HexaO-benzyl-6 O-tert-butyldimethylsilylsucrose 3.8) (479 mg, 0.48 mmol)

was alkylated withtert-butyl bromoacetate as above (see 4.2.10). The crude product was

purificated by flash chromatography (hexanes—ethyl acetate, 89:11) to afford pure compound
3.32 (411 mg, 0.37 mmol, 77%). TLC [hexanes/AcOEt (3®)E 0.55. Colorless oil.of o>
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= +40.7 (CHCI,). *H NMR (600 MHz):5 = 7.14—7.34 (30H, m,
H-Ar), 5.65 (1H, d,J;» 3.5 Hz, H-1), 4.83 (1H, d] 11.4 Hz,
benzylic H), 4.66 (1H, d) 11.4 Hz, benzylic H), 4.61 (1H, d,

11.7 Hz, benzylic H), 4.46-4.57 (7H, m, benzylic H), 4.42 (1H,
d, J34 7.3 Hz, H-3"), 4.39 (1H, d) 12.2 Hz, benzylic H), 4.36
(1H, d,J 12.0 Hz, benzylic H), 4.03-4.15 (4H, m, H-5", H-4’,
H-3, H-5), 4.02 (1H, dJ; » 16.3 Hz, H-7"), 3.94 (1H, d, H-7"), 3.79 (1H, dik ¢ 10.4 Hz,

Jo 5 6.8 Hz, H-6"), 3.73 (1H, dd)s 5 4.1 Hz, H-6'), 3.71 (1H, dJ;-1- 11.1 Hz, H-1), 3.52

(1H, dd,Js ¢ 10.7 Hz,Js 5 3.5 Hz, H-6), 3.48 (1H, d, H-1'), 3.47 (1H, di,5 10.1 Hz,J,58.9

Hz, H-4), 3.38 (1H, ddJss 2.0 Hz, H-6), 3.32 (1H, ddl 3 9.5 Hz, H-2), 1.45 (9H, s, H-
O'Bu), 0.89 (9H, s, H-8Bu), 0.012 (3H, s, H-Sig3), 0.010 (3H, s, H-SiB3) ppm.**C NMR

(150 MHz): 8 = 169.36 CO,'Bu), 138.68, 138.26, 138.22, 138.21, 137.99, 137.9646 x

Ph), 127.17-128.28 (30C, m, C-Ph), 104.57 (C-2’), 90.08 (C-1), 83.84 (C-3), 82.41 (C-4),
81.36 (Guas OBU), 79.85 (C-2), 79.73 (C-5’), 79.00 (C-4), 74.56, 73.38, 73.35, 72.88, 72.41,
72.30 (6 x @H,Ph), 73.78 (C-3), 72.88 (C-6'), 71.33 (C-1), 70.62 (C-5), 69.06 (C-7),
68.76 (C-6), 28.11 (triple intensity, 3CEW), 26.05 (triple intensity, 3C-8u), 18.11 (Guas
Si'Bu), -3.96, -4.24 (2 x 8Hs) ppm. HRMS (ESI) calcd for §Hg,0:1aNaSi [M + NaJ:
1133.5417, found: 1133.5432. Analysis faysids:013Si (1111.47): Caled: C, 71.32; H, 7.44.
Found: C, 71.27; H, 7.43.

BnO

4.2.22 Synthesis of 1’,2,3,3,4,4’-hex@-benzyl-6’-O-(2-tert-butoxy-2-oxoethyl)-sucrose
(3.33)

Compound3.32 (394 mg, 0.35 mmol) was desilylated with tetrabutylammonium fluoride
trihnydrate as above (see 4.2.Brocedure 1). The product was isolated by flash
chromatography (hexanes—ethyl acetate, 75:25) to afford pure com@8®d(251 mg,
0.25 mmol, 71%). TLC [hexanes/AcOEt (3:1)f = 0.34. Colorless oil. o]p™® = +47.7
(CH.CL). *H NMR (600 MHz):8 = 7.17—7.35 (30H, m, H-Ar),
5.74 (1H, d,J;» 3.5 Hz, H-1), 4.81 (1H, d] 11.3 Hz, benzylic
H), 4.66 (1H, dJ 11.7 Hz, benzylic H), 4.61 (1H, d,11.3 Hz,
benzylic H), 4.56 (1H, dJ 12.0 Hz, benzylic H), 4.51-4.55 (3H,
m, benzylic H), 4.50 (1H, d} 11.3 Hz, benzylic H), 4.49 (1H, d,
J 11.3 Hz, benzylic H), 4.42 (1H, dy.4 7.3 Hz, H-3'), 4.41 (1H,

d, J 11.7 Hz, benzylic H), 4.40 (1H, d,12.4 Hz, benzylic H),
4.38 (1H, d,J 12.5 Hz, benzylic H), 4.15 (1H, dd; s 7.4 Hz, H-4"), 4.12 (1H, m, H-5"),
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4.02-4.07 (2H, m, H-3, H-5), 4.00 (1H, 37 16.3 Hz, H-7’), 3.95 (1H, d, H-7), 3.73-3.80
(2H, m, 2H-6"), 3.72 (1H, dJ 1 10.9 Hz, H-1"), 3.50-3.56 (2H, m, H-4, H-6), 3.51 (1H, d,
H-1"), 3.39 (1H, ddJs6 10.7 Hz,Js 5 1.9 Hz, H-6), 3.36 (1H, dd 3 9.6 Hz, H-2), 1.45 (9H,

s, HBu) ppm.**C NMR (150 MHz):8 = 169.33 CO,'Bu), 138.73, 138.24, 138.04, 138.01,
137.98, 137.87 (Gas 6 x Ph), 127.47-128.40 (30C, m, C-Ph), 104.57 (C-2’), 89.35 (C-1),
83.85 (C-3'), 82.11 (C-4’), 81.43 (G OBu), 79.60 (C-5'), 78.85 (C-2), 77.47 (C-4), 74.28,
73.46, 73.38, 73.06, 72.51, 71.67 (6 €KQPh), 73.43 (C-3), 72.57 (C-6"), 71.21 (C-1),
70.04 (C-5), 69.02 (C-7’), 68.47 (C-6), 28.11 (triple intensity,'B@-ppm. HRMS (ESI)
calcd for GoHesO1aNa [M + NaJ: 1019.4552, found: 1019.4524. Analysis fogodssO1s
(997.20): Calcd: C, 72.27; H, 6.87. Found: C, 72.01; H, 6.89.

4.2.23 N-(2-benzyloamino-2-oxoethyl)N-benzylo-6-amino-6-deoxy-1',2,3,3",4,4’-hex&®-
benzyl-6’-O-(2-tert-butoxy-2-oxoethyl)-sucrose (3.35)

Preparation 0f3.35 was performed starting from the alcohol

Ph o o=ls 3.33 (230 mg, 0.23 mmol) by tandem Swern oxidation/reductive

— :OgT amination as desribed previously (see 4.2.13 and 4.2.17

Ph 6\ Method 2). The crude product was purificated by flash

Bnow \2'_,5%- oBn chromatography (hexanes—ethyl acetate, 90:10 to 70:30) to
BnO OBn afford pure compoun®.35 (210 mg, 0.17 mmol, 74%). TLC

[hexanes/AcOEt (3:2)]R = 0.35. Colorless oil.of]p®® = +30.5 (CHCl,). *H NMR (600
MHz): & = 7.89 (1H, tJ 6.0 Hz, NH), 7.08-7.33 (40H, m, H-Ar), 5.40 (1H,Jd; 3.3 Hz, H-
1), 4.85 (1H, d.J 10.9 Hz, benzylic H), 4.80 (1H, d,11.1 Hz, benzylic H), 4.76 (1H, d,
11.8 Hz, benzylic H), 4.64 (1H, d,10.9 Hz, benzylic H), 4.60 (1H, d,11.5 Hz, benzylic
H), 4.43-4.54 (5H, m, H-9, 4 x benzylic H), 4.41 (1HJd2.4 Hz, benzylic H), 4.36 (1H, d,
J 11.1 Hz, benzylic H), 4.34 (1H, 4,12.0 Hz, benzylic H), 4.33 (1H, d3 4 7.8 Hz, H-3),
4.18-4.24 (2H, m, H-9, H-5), 4.06—4.11 (2H, m, H-4’, H-5), 3.97 (1H, ¢¢9Jl Hz, 3,9.7
Hz, H-3), 3.89 (1H, d}; » 16.4 Hz, H-7’), 3.81 (1H, d, H-7"), 3.75 (1H, &, 1 10.9 Hz, H-
1), 3.74 (1H, ddJs ¢ 10.1 Hz,Js5 5.0 Hz, H-6'), 3.68 (1H, dd)s¢ s 6.1 Hz, H-6"), 3.62
(1H, d,J 13.9 Hz, N-G1»-Ph), 3.52 (1H, d, N-B2-Ph), 3.51 (1H, d, H-1"), 3.34 (1H, d;
16.7 Hz, H-7), 3.24 (1H, dd, H-2), 3.08 (1H, dids 9.6 Hz, H-4), 3.07 (1H, d, H-7), 2.83
(1H, dd,Js ¢ 13.7 Hz,Js5 1.8 Hz, H-6), 2.38 (1H, ddls5 8.5 Hz, H-6), 1.42 (9H, s, 9 x H-
'Bu) ppm.*C NMR (150 MHz):s = 171.12 (C-8), 169.27 (C-8'), 138.68, 138.62, 438.
138.23, 138.16, 138.06, 137.77, 136.84,4C8 x Ph), 127.14-129.42 (40C, m, C-Ph), 105.72
(C-2’), 90.41 (C-1), 83.68 (C-3"), 83.46 (C-4"), 81.35,(& OBu), 81.15 (C-3), 80.23 (C-5)),
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80.08 (2C, C-2, C-4), 75.40, 74.74, 73.36, 72.87, 72.14, 72.04 (B6H:RM), 72.45 (C-6’),
70.07 (C-1’), 69.57 (C-5), 68.81 (C-7’), 58.76 (2C, C-7CN>-Ph), 55.39 (C-6), 42.87 (C-9),
28.07 (triple intensity, 3CBu) ppm. HRMS (ESI) calcd for £HgsN-O13 [M + H]™:
1233.6052, found: 1233.6036. Analysis foildssN20O13 (1233.52): Calcd: C, 74.00; H, 6.86;
N, 2.27. Found: C, 74.16; H, 6.99; N, 2.31.

4.2.24 N-(2-Benzyloaminoethyl)N-benzylo-6-amino-6-deoxy-1',2,3,3’,4,4’-hex®-
benzyl-6’-O-(2-hydroxyethyl)-sucrose (3.36)

2 o Amido ester3.35 (186 mg, 0.15mmol) was reduced with LiAlH

. 8'% (1.5 mL 1M solution in THF) in THF (20 mL) as above (see
4.2.19). The product was isolated by flash chromatography

(dichloromethane—methanol, 90:10) to afford pure compound

3 ' 2'3' osn 3.36 (145mg, 0.13 mmol, 84%). TLC [AcOEt/MeOHM

oBn OB (45:5:3)]: R = 0.45. Colorless oil.ofo? = +38.6 (CHCIy). *H

NMR (600 MHz): 6= 7.15-7.31 (40H, m, H-Ar), 5.74 (1H, d,,B.3 Hz, H-1), 4.90 (1H, d, J

10.9 Hz, benzylic H), 4.87 (1H, d,11.2 Hz, benzylic H), 4.72 (1H, d,11.5 Hz, benzylic

H), 4.69 (1H, dJ 10.9 Hz, benzylic H), 4.63 (1H, d,11.4 Hz, benzylic H), 4.60 (1H, d,

11.8 Hz, benzylic H), 4.52 (1H, d,10.6 Hz, benzylic H), 4.51 (1H, d,11.4 Hz, benzylic

H), 4.50 (2H, d,) 10.9 Hz, benzylic H), 4.42 (1H, d,11.5 Hz, benzylic H), 4.41 (1H, & 4

6.8 Hz, H-3'), 4.38 (1H, d, 11.8 Hz, benzylic H), 4.23 (1H, ddy 5 7.1 Hz, H-4"), 4.19 (1H,

m, H-5), 4.02 (1H, m, H-5’), 4.00 (1H, dd&, 9.7 Hz,J34 8.8 Hz, H-3), 3.76 (1H, dd ¢

10.8 Hz,Jg 5 6.1 Hz, H-6"), 3.74 (1H, d}11» 11.1 Hz, H-1"), 3.54-3.65 (6H, m, H-6’, H-1’,

2H-9, Ph-G,-N), 3.48-3.53 (3H, m, 2H-8', H-7’), 3.44 (1H, m, H-7"), 3.42 (1H, dd, H-2),

3.34 (1H, ddJs5 9.7 Hz, H-4), 2.73 (1H, m, H-7), 2.63 (1H, m, H-6), 2.54-2.58 (2H, m, 2H-

8), 2.46-2.53 (2H, m, H-6, H-7) ppriC NMR (150 MHz):5 = 140.28 (GuarPh-CH-N),

139.18 (GuarPh-CH-N), 138.83, 138.62, 138.48, 138.33, 138.16, 137.8Q.(® x Ph),

129.40-126.81 (40C, m, C-Ph), 104.73 (C-2"), 89.59 (C-1), 83.71 (C-3"), 81.83 (C-4'), 81.68

(C-3), 80.21 (C-2), 79.64 (C-5"), 79.61 (C-4), 75.25, 74.43, 73.37, 72.84, 72.36, 72.21 (6 x

OCH,Ph), 73.17 (C-7’), 71.50 (C-6"), 71.39 (C-1"), 70.62 (C-5), 61.25 (C-8’), 59.3CKMN-

Ph), 54.24 (C-6), 53.36 (C-7), 53.22 (C-9), 46.08 (C-8) ppm. HRMS (ESI) calcd for

C7oHgiN2O11 [M + H]™: 1149.5835, found: 1149.5847. Analysis fonldsoN,O1; (1149.45):

Calcd: C, 75.24; H, 7.02; N, 2.44. Found: C, 75.29; H, 7.14; N, 2.32.
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4.2.25 6,6'-[1,4-Di(azabenzyl)hexa-1,6-di-yl]-6-deoxy-1',2,3,3",4,4’-hexa-O-benzylsucrose
(3.37)

Bn Preparation 0f3.37 was performed as desribed previously (see
F’\lll/hct 4.2.8) starting from amino alcoh8l36 (127 mg, 0.11 mmol) in
6\ toluene (40 mL). The product was isolated by flash
\ 2‘_.5;1' chromatography (dichloromethane—methanol, 100:0 to 90:10) to

¥ ~oBn
BnO %k, OBn afford pure compound3.37 (93 mg, 0.82 mmol, 74%). TLC

[ACOEt/MeOH/HO (45:5:3)]: R = 0.48. Colorless oil.ofp** = +31.3 (CHCL,). *H NMR

(600 MHz):6 = 7.08-7.33 (40H, m, H-Ar), 5.71 (1H, 8,, 3.5 Hz, H-1), 4.92 (1H, d] 10.8

Hz, benzylic H), 4.85 (1H, d] 11.5 Hz, benzylic H), 4.74 (1H, d,12.0 Hz, benzylic H),
4.73 (1H, dJ 10.8 Hz, benzylic H), 4.72 (1H, d,12.0 Hz, benzylic H), 4.66 (2H, s, benzylic
H), 4.63 (1H, dJ 11.8 Hz, benzylic H), 4.53 (1H, d,12.0 Hz, benzylic H), 4.51 (1H, d,

11.5 Hz, benzylic H), 4.43-4.48 (3H, m, H-3', H-4', benzylic H), 4.35 (1H] d2.0 Hz,
benzylic H), 4.24 (1H, m, H-5), 4.05 (1H, m, H-5’), 4.01 (1H, dith 9.3 Hz,J3 4 9.3 Hz, H-

3), 3.86 (1H, ddJs ¢ 11.1 Hz,Js 5 5.7 Hz, H-6"), 3.81 (1H, ddl¢ 5 2.5 Hz, H-6), 3.68 (1H,

d, Ji1 10.9 Hz, H-1"), 3.46-3.58 (6H, m, H-1', H-2, 2H-7’, PiH&EN), 3.39-3.44 (3H, m,
H-4, Ph-GHx-N), 2.52-2.77 (8H, m, 2H-6, 2H-7, 2H-8, 2H-8") ppi'C NMR (150 MHz):8
=139.82 (GuarPh-CH-N), 139.03 (GuarPh-CH-N), 138.85, 138.80, 138.46, 138.44, 138.19,
138.03 (Guas 6 x Ph), 129.12-126.56 (40C, m, C-Ph), 103.98 (C-2’), 88.74 (C-1), 83.49 (C-
3", 82.07 (C-3), 81.54 (C-4’), 79.74 (C-5), 79.73 (C-2), 79.59 (C-4), 75.46, 74.55, 73.24,
72.64, 72.54, 72.50 (6 x @H,Ph), 72.28 (C-1"), 71.25 (C-6"), 70.92 (C-5), 70.70 (C-7"),
60.24 (NCH,-Ph), 59.99 (NSH,-Ph), 54.58 (C-6), 53.88, 52.12, 51.09 (C-7, C-8, C-8’) ppm.
HRMS (ESI) calcd for €H7gN2O10 [M + H]": 1131.5735, found: 1131.5748. Analysis for
CooHes013 (1131.43): Calcd: C, 76.43; H, 6.95; N, 2.48. Found: C, 76.44; H, 6.81; N, 2.35.

1',2,3,3',4,4’-HexaO-benzyl-6,6-di-O-(methylsulfonyl)sucrose (3.38)are prepared was
prepared according to the literature procedite.

4.2.26 Preparation of 1',2,3,3",4,4’-Hex&@-methyl-6,6’-di-O-(methylsulfonyl)

sucrose (3.397%"

Preparation 08.39 was performed as desribed previously (see 4.2.12) starting frof4diol
(0.85 g, 2.0 mmol), BN (1.12 mL, 8.0 mmol), and MsCI (0.48 mL, 6.0 mmol) in L
(40 mL). The product was isolated by flash chromatograpbyahes—ethyl acetate, 4080
afford pure compound.39(1.05 g,1.80 mmol,90%). TLC (AcOEt): R = 0.80. Colorless oil.
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Ve Ve [o]o?! = +52.5 (CHCL,). *H NMR (600 MHz):5 = 5.54 (1H, d,
oﬁ\%;”o Oi}o Ji23.7 Hz, H-1), 4.50 (1H, ddgs 7.0 Hz,Jo.¢ 11.1 Hz, H-6"),
Meo 4.48 (1H, ddJss 2.0 Hz,Js5 10.9 Hz, H-6), 4.37 (1H, ddg s
MeOun. > OOO g, 3-1Hz H-6),4.35 (1H, ddlss 4.4 Hz, H-6), 4.04-4.08 (3H, m,

MeO éOMe OMe H-3’, H-5, H-5"), 3.83 (1H, ddJs 3 7.7 Hz,Jy 5 7.7 Hz, H-4’),
3.62 (3H, s, H-CH), 3.58 (3H, s, H-Ch), 3.55 (1H, dJ 11.1 Hz, H-1"), 3.49 (3H, s, H-C})

3.48 (3H, s, H-CH), 3.47 (3H, s, H-Ch), 3.46 (1H, m, H-3), 3.41 (3H, s, H-GH3.39 (1H,

d, H-1), 3.12 (1H, ddJ,3 9.6 Hz, H-2), 3.09 (1H, ddls3 8.8 Hz,Js5 10.2 Hz, H-4), 3.07
(6H, s, 6H-Ms) ppm**C NMR (150 MHz):8 = 104.39 (C-2’), 89.19 (C-1), 84.92 (C-3'),
83.05 (C-3), 82.89 (C-4), 81.42 (C-2), 78.91 (C-4), 77.92 (C-5'), 73.86 (C-1'), 69.92 (C-6"),
69.27 (C-5), 69.00 (C-6), 60.70, 60.56, 59.46, 58.66, 58.64, 58.61 (BHx)(B7.43, 37.38
(2C-Ms) ppm. HRMS (ESI) calcd forgH3g01sNaS [M + Na]™: 605.1544, found: 605.1554.

Analysis for GoHss015S, (582.64): Calcd: C, 41.23; H, 6.57. Found: C, 41.06; H, 6.47.

4.2.27 Synthesis of 6,6'-diazido-1',2,3,3",4,4’-heXa-benzyl-6,6’-dideoxysucrose (3.40)
and 6,6’-diazido-1’,2,3,3,4,4’-hexa®©-methyl-6,6’-dideoxysucrose (3.41)

To a solution of compoung.38 (312 mg, 0.3 mmol) &.39 (175 mg, 0.3 mmol) in dry DMF

(10 mL) NaN; (98 mg, 1.5 mmol) was added. The mixture was stirred for 12 h at 100°C and

cooled to rt. Water (40 mL) and AcOEt (30 mL) were added, phases were separated, and th
aqueous one extracted with AcOEt (4 x 30 mL). Combined organic solutions were washed
with water (2 x 20 mL), brine (20 mL), dried, concentrated, and the resulting residue was
purified by flash chromatography (hexanes—ethyl acetate, 90: B)38ror 75:25 foB.39) to

afford pure product 3.40 (241 mg, 0.26 mmol, 86%) or 3.41 (106 mg, 0.22 mmol, 74%).

4.2.27.1 6,6’-Diazido-1',2,3,3",4,4’-hex®-benzyl-6,6’-dideoxysucrose (3.40)

TLC [hexanes/AcOEt (2:1)]R = 0.76. Colorless oil.of|p™ =

B +67.3 (CHCIy). IR: v = 3089, 3064, 3031, 2918, 2868, 2101,
wo™ ¢ ~on 1953, 1876, 1810, 1605, 1586, 1605, 1586, 1496, 1454, 1398,
OBn 1361, 1286, 1208, 1088, 1074, 1028, 1000, 942, 911, 873, 844,
736, 697 crit. *H NMR (600 MHz):8 = 7.21-7.36 (30H, m, ArH), 5.64 (1H, 8, 3.6 Hz,

H-1), 4.91 (1H, dJ 10.9 Hz, benzylic H), 4.88 (1H, d,11.1 Hz, benzylic H), 4.75 (1H, 4,

10.9 Hz, benzylic H), 4.66 (1H, d,11.4 Hz, benzylic H), 4.63 (1H, d,11.6 Hz, benzylic

H), 4.60 (1H, dJ 11.8 Hz, benzylic H), 4.58 (1H, d,11.6 Hz, benzylic H), 4.56 (1H, d,

12.0 Hz, benzylic H), 4.55 (1H, d,11.1 Hz, benzylic H), 4.51 (1H, d,11.4 Hz, benzylic
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H), 4.50 (1H, dJ 11.8 Hz, benzylic H), 4.44 (1H, dg 4 7.0 Hz, H-3"), 4.43 (1H, d) 12.0

Hz, benzylic H), 4.02-4.10 (3H, m, H-4’, H-5, H-5), 3.94 (1H, d¢4 9.3 Hz,J3, 9.3 Hz, H-

3), 3.71 (1H, dJy 1 11.1 Hz, H-1), 3.57 (1H, ddlg ¢ 12.8 Hz,Js 5 3.5 Hz, H-6"), 3.52 (1H,

d, H-1), 3.52 (1H, m, H-2), 3.45 (1H, dd 5 9.7 Hz, H-4), 3.34 (1H, dds 5 3.2 Hz, H-6"),

3.24 (1H, ddJs6 13.1 Hz,Js5 2.5 Hz, H-6), 3.16 (1H, ddls 5 4.5 Hz, H-6) ppm>*C NMR

(150 MHz): & = 138.61, 138.21, 138.05, 137.90, 137.76, 137.73.(® x Ph), 128.46—
127.58 (30C, m, C-Ph), 104.82 (C-2"), 89.90 (C-1), 83.67 (C-3'), 82.43 (C-4’), 81.47 (C-3),
79.78 (C-2), 79.24 (C-5'), 78.14 (C-4), 75.47, 74.90, 73.46, 72.99, 72.59, 72.58 (6 x
OCH,Ph), 71.02 (C-1’), 70.37 (C-5), 53.38 (C-6"), 51.42 (C-6) ppm. HRMS (ES]I) calcd for
Cs4HseNgOoNa [M + NaJ: 955.4006, found: 955.3997. Analysis fogs856NeOg (933.08):
Calcd: C, 69.51; H, 6.05; N, 9.01. Found: C, 69.72; H, 6.14; N, 9.10.

4.2.27.2 6,6'-Dazido-1’,2,3,3,4,4’-hex@®-methyl-6,6’-dideoxysucrose (3.41)

N, N, TLC [hexanes/AcOEt (1:3)]R = 0.55. Colorless oil.of]p*® =
MeO o 6} +74.2 (CHCI,). IR: v = 2983, 2932, 2830, 2100, 1445, 1375,
MeO,,, /5 O T 5
""OS@\OMe 1286, 1237, 1186, 1148, 1098, 1016, 994, 981, 942, 867, 831 cm

MeO™ 2. OMe ! 1H NMR (600 MHz):8 = 5.54 (1H, dJ;, 3.6 Hz, H-1), 4.06

(1H, d,J3 4 7.6 Hz, H-3'), 3.99 (1H, dddls 4 9.9 Hz,J56 4.7 Hz,J56 2.4 Hz, H-5), 3.95 (1H,
ddd,Js ¢ 7.8 Hz,Js.4 7.6 Hz,J5.¢ 4.0 Hz, H-5"), 3.82 (1H, dd, H-4"), 3.65 (1H, di};¢ 12.9
Hz,Js 5 7.8 Hz, H-6"), 3.62 (3H, s, 3H-GJj 3.60 (1H, dJ1 1 11.0 Hz, H-1'), 3.56 (1H, m,
H-6), 3.55 (3H, s, 3H-Ck), 3.49 (6H, s, 6H-CH), 3.46 (3H, s, 3H-Ch), 3.42 (3H, s, 3H-
CHs), 3.40-3.46 (2H, m, H-3, H-6), 3.40 (1H, d, H-1'), 3.38 (1H, dig5 12.9 Hz, H-6), 3.15
(1H, dd,J,3 9.7 Hz, H-2), 3.05 (1H, ddl 3 9.2 Hz, H-4) ppm*C NMR (150 MHz):8 =
104.41 (C-2’), 89.24 (C-1), 85.11 (C-3), 84.30 (C-4’), 82.94 (C-3), 81.60 (C-2), 80.24 (C-4),
79.17 (C-5), 73.84 (C-1’), 70.30 (C-5), 60.65, 60.53, 59.48, 58.58, 58.46, 58.44,@6l3,0
53.61 (C-6'), 51.85 (C-6) ppm. HRMS (ESI) calcd fors:NsOgNa [M + NaJ': 499.2128,
found: 499.2130. Analysis for 16H3:NgOg (476.49): Calcd: C, 45.37; H, 6.77; N, 17.64.
Found: C, 45.54; H, 6.79; N, 17.66.

4.2.28 6,6’-Diamino-1',2,3,3',4,4’-hexd@-benzyl-6,6’-dideoxysucrose (3.42)

This reaction was conducted under an argon atmosphierea
vigorously stirred cooled (to —78 °C) solution of bis-azido
compound 3.40 (150 mg, 0.16 mmol) in dry THF (10 mL), a 1M
solution of LiAIH4 in THF (1.3 mL) was slowly added. After 15
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min, the mixture was allowed to reach room temperature and then stirred for 1 h. Excess o
hydride was carefully decomposed with water (5 mL) and aqueous potassium bisulfate
(KHSO,, 10 mL). Ethyl acetate (20 mL) was added, the layers were separated, and the
aqueous one extracted with ethyl acetate (3 x 20 mL). Combined organic solutions were
dried, concentrated, and the crude prodid® (141 mg, 0.16 mmol, 99%) was used in the
next step without further purification.

4.2.29 6,6’-Diamino-1',2,3,3',4,4’-hexd@-methyl-6,6’-dideoxysucrose (3.43)

HLN Bis-azido compoun@.41 (106 mg, 0.22 mmol) was dissolved in

'V'?O 6\‘ methanol (5 mL) and 10% palladium on activated carbon (12

ot gPNome MY, ~ 5 mol%) was added. The mixture was stirred under a
MO Sme OMe hydrogen atmosphere overnight and then filtered through Celite.
The Celite pad was additionally washed with MeOH (20 mL). Organic solutions were
combined and the solvent removed under reduced pressure. The crude P48l {ed mg,

0.22 mmol, 99%) was used in the next step without further purification.

4.2.30 Preparation of dilactams 3.45 and 3.46. General procedure for the synthesis of

macrocyclic dilactams

This reaction was conducted under an argon atmosplizéePyridinedicarbonyl dichloride
(3.44, 31 mg, 0.15 mmol) was dissolved in dry,CH (20 mL) and added dropwise to a
stirred solution of di-amin&.42 (133 mg, 0.15 mmol) &.43 (64 mg, 0.15 mmol) and J&t

(63 uL, 0.45 mmol) in dry CHCI, (40 mL) under an argone atmosphere. The mixture was
stirred at room temperature for 1h, then concentriatedcuo and the residue was partitioned
between AcOEt (40 mL) and water (20 mL). Saturate@®g solution (10 mL) was added,

the layers were separated, and the aqueous one extracted with AcOEt (3 x 30 mL). Combine
organic extracts were washed with water (20 mL) and brine (10 mL), dried, and concentrated
and the resulting residue was purified by flash chromatography (hexanes—ethyl acetate, 35:6
for 3.45 or 0:100 foB.46) to afford pure compourl45 (107 mg, 0.10 mmol, 70%) 8r46

(56 mg, 0.10 mmol, 67%).

4.2.30.1 6,6'N-[Pyridine-2,6-di-yl-bis(carbonylamino)]-1’,2,3,3’,4,4’-hexaO-benzyl-6,6’-
dideoxysucrose (3.45).
TLC [hexanes/AcOEt (1:2)]R = 0.68. Colorless oil.of p?* = +54.1 (CHCly). IR: v = 3403,

3088, 3063, 3030, 3007, 2920, 2870, 1683, 1570, 1530, 1497, 1453, 1402, 1360, 1305, 123¢
1209, 1157, 1072, 1028, 1003, 957, 913, 843, 750, 736, 697, 613KMIMR (600 MHz):
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8 = 8.37 (1H, dJ; 6.9 Hz, H-7), 8.26 (1H, dl; ¢ 6.9 Hz, H-7"),

8.26 (1H, d,J10.11 7.8 Hz, H-10’), 8.22 (1H, dJ1011 7.7 Hz, H-

10), 8.02 (1H, dd, H-11), 7.05-7.36 (30H, m, H-Ar), 5.61 (1H, d,
Ji12 3.2 Hz, H-1), 4.91 (1H, d] 11.0 Hz, benzylic H), 4.90 (1H,

d, J 10.8 Hz, benzylic H), 4.84 (1H, d,11.3 Hz, benzylic H),
4.80 (1H, d,J 11.1 Hz, benzylic H), 4.69 (1H, d, 11.4 Hz,
benzylic H), 4.67 (2H, d) 11.2 Hz, benzylic H), 4.42 (1H, 4,11.5 Hz, benzylic H), 4.38
(1H, d,J 11.5 Hz, benzylic H), 4.33 (1H, d,11.2 Hz, benzylic H), 4.22—-4.30 (4H, m, H-5,
H-3', 2 x benzylic H), 4.15-4.21 (2H, m, H-5', H-6"), 4.06 (1H, d¢l, 9.3 Hz,J3, 9.3 Hz,

H-3), 4.00 (1H, dddJss 12.9 Hz,J67 7.4 Hz,Js5 2.6 Hz, H-6), 3.88 (1H, ddly 3 7.0 Hz,

Jys 3.8 Hz, H-4), 3.68 (1H, d,;d' 10.1 Hz, H-1"), 3.60 (1H, dd»d 9.2 Hz, H-2), 3.57 (1H,

d, H-1"), 3.45 (1H, ddJs ¢ 14.7 Hz, B 5 3.0 Hz, H-6"), 3.37 (1H, ddl4 5 9.4 Hz, H-4), 3.02

(1H, m, H-6) ppm™**C NMR (150 MHz):3 = 163.28 (C-8"), 162.43 (C-8), 148.08, 147.56 (C-

9, C-9), 139.15 (C-11), 138.34, 138.17, 137.89, 137.74, 137.39, 137@a € x Ph),
128.49-127.32 (30C, m, C-Ph), 124.00 (C-10’), 123.84 (C-10), 104.90 (C-2'), 92.07 (C-1),
83.30 (C-3’), 81.79 (C-4’), 81.54 (C-3), 80.58 (C-4), 79.93 (C-2), 78.68 (C-5’), 75.50, 75.06,
74.43, 72.99, 72.70, 72.29 (6 xCH,Ph), 73.81 (C-1"), 70.45 (C-5), 41.49 (C-6), 38.46 (C-
6" )ppm. HRMS (ESI) calcd for £HgiN3O1:Na [M + NaJ: 1034.4204, found: 1034.4210.
Analysis for GiHgiN3011 (1012.18): Caled: C, 72.39; H, 6.07; N, 4.15. Found: C, 72.15; H,
6.10; N, 4.16.

4.2.30.2 6,6’-N-[Pyridine-2,6-di-yl-bis(carbonylamino)]-1’,2,3,3’,4,4’-hexa-O-methyl-
6,6’-dideoxysucrose (3.46)

TLC [ACOEt/MeOH/HO (45:5:3)]: R = 0.56. Colorless oil.
[a]p?? = +57.3 (CHCL,). IR: v = 3404, 2984, 2930, 2831, 1686,
1531, 1448, 1373, 1292, 1242, 1185, 1161, 1104, 1069, 1022,
998, 970, 926, 844, 756, 665, 646 ttH NMR (600 MHz):8 =
8.60 (1H, d,J;¢ 7.2 Hz, H-7), 8.39 (1H, dl;¢ 9.9 Hz, H-7"),
8.27-8.30 (2H, m, H-10, H-10’), 8.04 (1H, ddh1 10 7.7 Hz,
Ji110 7.7 Hz, H-11), 5.59 (1H, djz » 3.5 Hz, H-1), 4.20 (1H, ddds ¢ 14.7 Hz,Js 5 1.8 Hz,
H-6'), 4.10-4.15 (3H, m, H-5, H-5', H-6), 3.81 (1H, #; 4+ 2.9 Hz, H-3"), 3.63 (3H, s, 3H-
CHs), 3.61 (1H, dJ; 1 10.3 Hz, H-1"), 3.60 (3H, s, 3H-G) 3.56 (1H, dd,)y s 6.3 Hz, H-
4'), 3.55 (3H, s, 3H-CH), 3.46-3.52 (3H, m, H-3, H-6", H-1’), 3.44 (3H, s, 3H-§H3.37
(3H, s, 3H-CH), 3.29 (3H, s, 3H-Ch), 3.18 (1H, ddJ,3 9.8 Hz, H-2), 3.10 (1H, m, H-6),
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2.96 (1H, ddJs3 9.3 Hz,Js5 9.3 Hz, H-4) ppm**C NMR (150 MHz):8 = 163.35 (-8"),
162.68 (C-8), 148.14, 147.64 (C-9, C-9), 139.30 (C-11), 124.07, 123.95 (C-10, C-10),
105.31 (C-27), 91.33 (C-1), 84.65 (C-3'), 83.48 (C-4'), 83.28 (C-3), 82.67 (C-4), 82.12 (C-2),
79.28 (C-5), 75.71 (C-1'), 69.85 (C-5), 60.86, 60.75, 59.53, 59.53, 58.17, 57.79 (61,0
41.49 (C-6), 38.95 (C-6") ppm. HRMS (ESI) calcd forlds;N30::Na [M + NaJ': 578.2326,
found: 578.2328. Analysis for 56H37/N3011 (555.59): Calcd: C, 54.05; H, 6.71; N, 7.56.
Found: C, 54.16; H, 6.85; N, 7.51.

4.2.31 General procedure for the synthesis of 1’,2,3,3',4,4-hexamethyl-6,6’-di-O-
nitrophenylsucroses  (3.48a-8°") and 6,6™-di-O-cyanophenyl-1',2,3,3',4,4’-hexad-
methylsucroses (3.54a—¢f"

To a solution of compound.39 (291 mg, 0.5 mmol) in dry DMF (25 mL),&O; (345 mg,

2.5 mmol) was added, followed by the corresponding nitropheBail@a—c (209 mg,

1.5 mmol) or cyanophen@.53a—c(179 mg, 1.5 mmol). The mixture was stirred for 24 h at
100°C, cooled to rt, and partitioned between water (50 mL) and AcOEt (50 mL). Phases were
separated and the aqueous one extracted with AcOEt (4 x 50 mL). Combined organic
solutions were washed with water (2 x 30 mL), brine (30 mL), dried, and concentrated, and
the resulting residue was purified by flash chromatography (hexanes—ethyl acetate, 70:30 t
55:45 for nitro compounds or hexanes—ethyl acetate, 90:10 to 70:30 for cyano compounds)

afford pure product 3.48a-ar 3.54a—c
4.2.31.1 1',2,3,3',4,4’-Hex@-methyl-6,6’-di-O-2-nitrophenylsucrose (3.48a)

N0, ON AL Yield: 284 mg (0.42 mmol, 85%). TLC [hexanes/AcOEt (1:2)]:
@: A ), R = 0.45. Yellowish oil. §]o°* = +33.2 (CHCL). IR: v =

© il 2981, 2934, 2832, 1739, 1608, 1584, 1526, 1488, 1450, 1353,
1283, 1254, 1185, 1164, 1151, 1101, 1017, 1003, 983, 949,
879, 857, 818, 773, 745, 700, 663, 614, 559, 517 c
NMR (600 MHz): = 7.84 (1H, dd, g 8.1 Hz, 3 101.7 Hz, H-
8), 7.78 (1H, ddJg o 8.1 Hz,Jg 100 1.7 Hz, H-8'), 7.51 (1H, dddli0 11 8.4 Hz,J109 7.5 Hz,
Ji10s1.7 Hz, H-10), 7.37 (1H, dddie)i1 8.3 Hz,Jip0 7.4 Hz, o g 1.7 Hz, H-10), 7.12 (1H,
dd, J11108.4 Hz,J1160.8 Hz, H-11), 7.12 (1H, dd;1 10 8.4 Hz,Ji19 0.8 Hz, H-11'), 7.03
(1H, ddd,Jg g 8.1 Hz,J9,10 7.5 Hz,J9 11 0.9 Hz, H-9), 6.98 (1H, dddgy g 8.1 Hz,Jg 10 7.5 Hz,
Jo11 0.9 Hz, H-9"), 5.55 (1H, d] 1 2 3.6 Hz, H-1), 4.31-4.37 (2H, m, 2H-6"), 4.21-4.27 (3H,
m, H-5', 2H-6), 4.15 (1H, m, H-5), 4.07 (1H, & + 6,8 Hz, H-3"), 3.92 (1H, ddly 5 6.4 Hz,
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H-4), 3.65 (1H, d,Ji1 11.1 Hz, H-1)), 3.60 (3H, s, 3H-G} 3.52 (3H, s, 3H-CH), 3.49
(4H, m, H-3, 3H-CH), 3.46 (3H, s, 3H-CH), 3.45 (3H, s, 3H-CH), 3.42 (1H, d, H-1), 3.41

(3H, s, 3H-CH), 3.37 (1H, ddJss 10.0 Hz,Js3 9.1 Hz, H-4), 3.17 (1H, ddl3 9.7 Hz, H-

2) ppm.=3C NMR (150 MHz):3 = 152.29 (C-7), 152.00 (C-7"), 140.26 (C-12’), 16D (C-

12), 134.13 (C-10), 133.86 (C-10'), 125.65 (C-8), 125.42 (C-8'), 120.74 (C-9’), 120.59 (C-9),
115.52 (C-117), 115.01 (C-11), 104.94 (C-2"), 89.95 (C-1), 85.77 (C-3'), 84.54 (C-4"), 83.04
(C-3), 81.39 (C-2), 78.92 (C-4), 78.68 (C-5), 73.35 (C-1’), 71.16 (C-6"), 69.72 (C-5), 68.94
(C-6), 60.46, 60.41, 59.46, 58.71, 58.45, 58.26 (6 GHE) ppm. HRMS (ESI) calcd for
CagH4oN2015 [M + H]™: 691.2321, found: 691.2341. Analysis fogg8soN,O15 (668.66):
Calcd: C, 53.89; H, 6.03; N, 4.19. Found: C, 53.78; H, 6.08; N, 4.22.

4.2.31.2 1',2,3,3',4,4’-Hex@-methyl-6,6’-di-O-3-nitrophenylsucrose (3.48b)
NO,  ON Yield: 301 mg (0.45 mmol, 90%). TLC [hexanes/AcOEt (1:2)]:
N, 0\, R=0.45. Yellowish solid, m.p. 120 °Gulp? = +58.0 (CHCL,).
8 70 07' ¢ |R:v = 3098, 2925, 2832, 2065, 1750, 1620, 1581, 153851
MeO 6\ 1450, 1414, 1351, 1320, 1289, 1246, 1184, 1151, 1099, 1022,
Meow '\\\?'_.54- oMe 995, 939, 892, 875, 863, 815, 801, 757, 738, 672, 620, 585,

MeO OMe 558 cnmi™. *H NMR (600 MHz):8 = 7.79 (1H, dJi098.1 Hz, H-

10), 7.75 (1H, d)ioe 8.1 Hz, H-10"), 7.74 (1H, s, H-12), 7.71 (1H, s, H-12’), 7.40 (1H, dd,
Jo.8 8.3 Hz, H-9), 7.33 (1H, ddg g 8.3 Hz, H-9), 7.23 (1H, d, H-8), 7.21 (1H, d, H-8), 5.62
(1H, d,J:2 3.8 Hz, H-1), 4.38 (1H, ddls ¢ 10.0 Hz,Js 5 6.5 Hz, H-6), 4.27 (1H, ddJs 5

4.0 Hz, H-6"), 4.19-4.25 (4H, m, H-5, H-5', 2H-6), 4.13 (1HJg4 7.5 Hz, H-3"), 4.02 (1H,
dd,Jys 7.5 Hz, H-4"), 3.63 (3H, s, 3H-G} 3.62 (1H, dJ; 1 11.0 Hz, H-1"), 3.53 (3H, s,
3H-CHg), 3.52 (3H, s, 3H-CH), 3.51 (1H, m, H-3), 3.50 (3H, s, 3H-G}13.45 (1H, d, H-1"),

3.45 (3H, s, 3H-CH), 3.44 (3H, s, 3H-CH), 3.23 (1H, ddJs59.3 Hz,J43 9.3 Hz, H-4), 3.17
(1H, dd,J>.39.7 Hz, H-2) ppm**C NMR (150 MHz): 6= 159.18 (C-7), 159.10 (C-7’), 149.13
(C-11), 149.07 (C-11"), 130.01 (C-9), 129.80 (C-9"), 121.88 (C-8"), 121.40 (C-8), 115.99 (C-
10, C-10’), 109.01 (C-12), 108.76 (C-12’), 104.42 (C-2’), 89.37 (C-1), 85.26 (C-3’), 83.82
(C-4"), 83.23 (C-3), 81.65 (C-2), 79.46 (C-4), 78.61 (C-5), 73.73 (C-1"), 69.78 (C-5), 69.68
(C-6"), 68.11 (C-6), 60.73, 60.56, 59.42, 58.66, 58.53, 58.47 (€Ms;Pppm. HRMS (ESI)
calcd for GgHsoN,OisNa [M + NaJ: 691.2321, found: 691.2308. Anal. calcd. for
C3oH40N2015 (668.66): C, 53.89; H, 6.03; N, 4.19. Found: C, 54.04; H, 5.92; N, 4.28.
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4.2.31.3 1',2,3,3,4,4’-Hexd-methyl-6,6’-di-O-4-nitrophenylsucrose (3.48c)

Yield: 284 mg (0.42 mmol, 88%). TLC [hexanes/AcOEt (1:2)]:
R = 0.53. Yellow oil. f]p?* = +84.9 (CHCL,). IR: v = 3115,
3084, 2984, 2934, 2833, 2451, 1738, 1608, 1594, 1515, 1499,
1452, 1423, 1375, 1343, 1299, 1265, 1173, 1150, 1110, 1101,
1020, 983, 862, 846, 752, 690, 657, 630, 576, 531, 499 tin
NMR (600 MHz):8 = 8.20 (2H, dJog 9.3 Hz, H-9, H-11), 8.11
(2H, d,Jo g 9.3 Hz, H-9’, H-11"), 6.99 (2H, d, H-8, H-12), 6.69
(2H, d, H-8', H-12"), 5.62 (1H, d}; 2 3.7 Hz, H-1), 4.37 (1H, ddls ¢ 10.2 Hz,Jg.5 6.4 Hz,
H-6'), 4.18-4.28 (5H, m, H-6', 2H-6, H-5, H-5'), 4.11 (1H, &+ 7.5 Hz, H-3"), 3.95 (1H,
dd, Jy s 7.4 Hz, H-4"), 3.63 (3H, s, 3H-G}{ 3.62 (1H, dJy 1 11.4 Hz, H-1"), 3.53 (3H, s,
3H-CHg), 3.50 (3H, s, 3H-CH), 3.50 (1H, m, H-3), 3.45 (3H, s, 3H-G}13.446 (3H, s, 3H-
CHs), 3.44 (1H, d, H-1'), 3.43 (3H, s, 3H-GH 3.22 (1H, ddJs5 9.3 Hz,J43 9.2 Hz, H-4),

3.17 (1H, ddJ, 3 3.7 Hz, H-2) ppm**C NMR (150 MHz):6 = 163.62, 163.60 (C-7, C-7’),
141.83, 141.74 (C-10, C-10"), 126.01 (C-9, C-11), 125.84 (C-9’, C-11’), 114.01 (C-8, C-12),
114.53 (C-8', C-12'), 104.57 (C-2’), 89.54 (C-1), 85.39 (C-3), 83.65 (C-4’), 83.25 (C-3),
81.70 (C-2), 79.42 (C-4), 78.48 (C-5"), 73.66 (C-1'), 69.72 (C-6'), 69.55 (C-5), 68.18 (C-6),
61.00, 60.65, 59.48, 58.75, 58.54, 58.40 (6 €Hg) ppm. HRMS (ESI) calcd for
CaoHaoN201sNa [M + NaJ: 691.2321, found: 691.2316. Analysis foso84oN2015 (668.66):
Calcd: C, 53.89; H, 6.03; N, 4.19. Found: C, 53.71; H, 6.21; N, 3.96.

4.2.31.4 6,6'-DiO-(2-cyanophenyl)-1',2,3,3",4,4’-hexa@-methylsucrose (3.54a)

W A CN NC A, Yield: 255 mg (0.41 mmol, 81%). TLC [hexanes/AcOEt (1:B)]:
@[ j@ = 0.47. Colorless oil. ofp** = +55.9 (CHCL,). IR: v = 2983,

T 2934, 2832, 2228, 1741, 1599, 1581, 1494, 1449, 1374, 1292,
1261, 1185, 1164, 1102, 1045, 1018, 983, 879, 835, 757, 667,
566, 497 crit. *H NMR (600 MHz):5 = 7.55 (1H, dd)) 7.7 Hz,J
1.7 Hz, H-8), 7.53 (1H, dd] 7.5 Hz,J 1.7 Hz, H-8), 7.51 (1H,
ddd,J 8.4 Hz,J 7.6 Hz,J 1.6 Hz, H-10), 7.37 (1H, ddd,8.5 Hz,J 7.6 Hz,J 1.7 Hz, H-10),
6.99-7.07 (3H, m, H-11, H-11’, H-9), 6.95 (1H, dd/.6 Hz, J7.6 Hz, H-9’), 5.59 (1H, d} »
3.7 Hz, H-1), 4.32-4.38 (2H, m, 2H-6"), 4.23-4.27 (3H, m, H-5', 2H-6), 4.18 (1H, m, H-5),
4.09 (1H, dJz 4 6.7 Hz, H-3"), 3.90 (1H, ddly 5 6.1 Hz, H-4"), 3.66 (1H, d);'1' 11.1 Hz,
H-1), 3.60 (3H, s, 3H-CH), 3.54 (3H, s, 3H-CH}, 3.51 (1H, ddJs2 9.7 Hz,J34 9.1 Hz, H-
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3), 3.49 (3H, s, 3H-C§), 3.47 (3H, s, 3H-Ch), 3.46 (3H, s, 3H-Ch), 3.43 (1H, d, H-1"),
3.42 (3H, s, 3H-CH), 3.34 (1H, ddJs5 10.0 Hz, H-4), 3.16 (1H, dd, H-2) ppr’C NMR

(150 MHz): 6 = 160.49 (C-7), 160.33 (C-7’), 134.33 (C-10), 1%4(C-10’), 133.82 (C-8),
133.82 (C-8’), 121.13 (C-9), 121.01 (C-9’), 116.40 (C-12’), 116.30 (C-12), 112.87 (C-11),
112.79 (C-11’), 104.98 (C-2’), 102.3€N), 102.25 CN), 90.02 (C-1), 85.88 (C-3’), 84.92
(C-4’), 83.12 (C-3), 81.46 (C-2), 79.16 (C-4), 78.83 (C-5’), 73.30 (C-1’), 70.42 (C-6"), 69.71
(C-5), 68.52 (C-6), 60.63, 60.47, 59.51, 58.75, 58.55, 58.46 (EM;Xppm. HRMS (ESI)
calcd for GyHaoN2O1iNa [M + NaJ': 651.2524, found: 651.2525. Analysis fog840N-011
(628.68): Calcd: C, 61.14; H, 6.41; N, 4.46. Found: C, 61.23; H, 6.34; N, 4.57.

4.2.31.5 6,6’-DiO-(3-cyanophenyl)-1’,2,3,3",4,4’-hexd@-methylsucrose (3.54b)

CN NG Yield: 265 mg (0.42 mmol, 84%). TLC [hexanes/AcOEt (1:2)]:
l . . R =0.51. Colorless oil.o]p?* = +56.3 (CHCL,). IR: v = 3075,
5N J ¢ 2982, 2933, 2831, 2231, 1741, 1597, 1579, 1483, 1432, 1328,
- 5 \ 1291, 1265, 1185, 1148, 1101, 1017, 983, 873, 790, 756, 682,
\ ove 616, 517, 475 cih *H NMR (600 MHz):3 = 7.36 (1H, ddJ 7.8

MeO OMe Hz, J 8.0 Hz, H-9), 7.28 (1H, dd} 7.8 Hz,J 8.2 Hz, H-9’), 7.24

(1H, d,J 7.6 Hz, H-10), 7.20 (1H, & 7.4 Hz, H-10’), 7.12-7.17 (3H, m, H-8, H-12, H-12"),
7.11 (1H, ddJ 8.2 Hz,J 2.3 Hz, H-8"), 5.60 (1H, d}1» 3.7 Hz, H-1), 4.29 (1H, m, H-6),
4.12-4.23 (5H, m, H-5, H-5’, 2H-6, H-6"), 4.11 (1H,3,+ 7.6 Hz, H-3’), 3.97 (1H, ddly &

7.3 Hz, H-4"), 3.64 (3H, s, 3H-C} 3.61 (1H, dJ;- ;1 11.0 Hz, H-1'), 3.53 (3H, s, 3H-GH

3.51 (3H, s, 3H-Ch), 3.49 (1H, m, H-3), 3.47 (3H, s, 3H-GH3.44 (3H, s, 3H-CH), 3.43

(3H, s, 3H-CH), 3.43 (1H, d, H-1"), 3.22 (1H, dd, 10.2 Hz,J 8.9 Hz, H-4), 3.16 (1H, dd,
J239.7 Hz, H-2) ppm®C NMR (150 MHz):5 = 158.74 (C-7), 158.65 (C-7), 130.47 (C-9),
130.26 (C-9’), 124.83 (C-10), 124.76 (C-10"), 119.90 (C-8), 119.84 (C-8’), 118.51 (C-11),
118.51 (C-11"), 117.48 (C-12'), 117.39 (C-12), 113.8NJ, 113.16 CN), 104.39 (C-2),
89.39 (C-1), 85.34 (C-3"), 83.79 (C-4’), 83.21 (C-3), 81.64 (C-2), 79.47 (C-4), 78.53 (C-5"),
73.70 (C-1"), 69.66 (C-5), 69.30 (C-6"), 67.80 (C-6), 60.76, 60.58, 59.42, 58.65, 58.47, 58.43
(6 x OCH3) ppm. HRMS (ESI) calcd for £H4N201:Na [M + NaJ: 651.2524, found:
651.2522. Analysis for £5H40N20;; (628.68): Calcd: C, 61.14; H, 6.41; N, 4.46. Found: C,
61.29; H, 6.61; N, 4.34.
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4.2.31.6 6,6’-DiO-(4-cyanophenyl)-1',2,3,3",4,4’-hexa@-methylsucrose (3.54c)

CN N Yield: 258 mg (0.41 mmol, 82%). TLC [hexanes/AcOEt (1:2)]:
e = R = 0.54. Colorless oil.off p>* = +75.8 (CHCL,). IR: v = 2983,
7° 2 2933, 2831, 2225, 1606, 1575, 1509, 1453, 1419, 1374, 1302,

1259, 1173, 1150, 1100, 1019, 983, 836, 755, 724, 684, 548 cm
! IH NMR (600 MHz):8 = 7.59 (2H, dJ 9.0 Hz, H-9, H-11),

7.50 (2H, dJ 9.0 Hz, H-9’, H-11"), 6.98 (2H, d] 9.0 Hz, H-8,
H-12), 6.94 (2H, dJ 9.0 Hz, H-8', H-12"), 5.60 (1H, d);» 3.7

Hz, H-1), 4.32 (1H, m, H-6'), 4.14-4.22 (5H, m, H-5, 2H-6, H-5', H-6"), 4.10 (1Hzd, 7.5

Hz, H-3), 3.93 (1H, ddJs 5 7.3 Hz, H-4"), 3.62 (3H, s, 3H-CJ} 3.61 (1H, dJ;-;- 10.8 Hz,
H-1"), 3.52 (3H, s, 3H-Ch), 3.49 (3H, s, 3H-Ck), 3.49 (1H, ddJ;2 9.7 Hz,J34 8.9 Hz, H-

3), 3.435 (3H, s, 3H-C¥), 3.432 (3H, s, 3H-Ck), 3.427 (1H, d, H-1), 3.418 (3H, s, 3H-
CHs), 3.20 (1H, ddJss 9.7 Hz, H-4), 3.15 (1H, dd, H-2) pprfC NMR (150 MHz):& =
161.92, 161.89 (C-7, C-7’), 134.11 (C-8, C-12), 133.93 (C-8', C-12"), 119.03, 118.94 (C-10,
C-107, 115.33 (C-9’, C-11"), 115.27 (C-9, C-11), 104.8N}, 104.50 (C-2’), 104.36GN),

89.46 (C-1), 85.35 (C-3"), 83.64 (C-4’), 83.24 (C-3), 81.70 (C-2), 79.47 (C-4), 78.49 (C-5"),
73.68 (C-1'), 69.51 (C-5), 69.33 (C-6"), 67.78 (C-6), 60.78, 60.63, 59.46, 58.72, 58.51, 58.39
(6 x OCHz) ppm. HRMS (ESI) calcd for £H4N2O1:Na [M + NaJ: 651.2524, found:
651.2538. Analysis for £5H40N20;; (628.68): Calcd: C, 61.14; H, 6.41; N, 4.46. Found: C,
61.16; H, 6.55; N, 4.31.

4.2.32 General procedure for the syntheses of 6,6’-@-aminophenyl-1’,2,3,3’,4,4’-hexa-
O-methylsucroses (3.49a-&f"

A mixture of bis-nitro compound.48a—c (200 mg, 0.3 mmol), and 10% palladium on
activated carbon (16 mg, ~ 5 mol%) in AcCOEt—EtOH (10 mL/10 mL) was stirred under a
hydrogen atmosphere overnight. It was then filtered through Celite which was additionally
washed with AcOEt (50 mL). Organic solutions were combined and the solvent removed
under reduced pressure and the resulting residue was purified by flash chromatograph

(hexanes—ethyl acetate, 70:30 to 20:80) to afford pure compound 3.49a-c
4.2.32.1 6,6’-DiO-2-aminophenyl-1’,2,3,3’,4,4’-hexa®©-methylsucrose (3.49a)

Yield: 171 mg (0.28 mmol, 94%). TLC [hexanes/AcOEt (1:®]= 0.27. Colorless oil.of p**
= +70.9 (CHCL). IR: v = 3459, 3364, 3208, 2983, 2933, 2830, 1737, 16597,11507,
1459, 1374, 1341, 1280, 1219, 1148, 1100, 1020, 1004, 983, 959, 883, 851, 7421565 cm
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NMR (600 MHz):5 = 6.82 (1H, ddJ 1.1 Hz,J 7.8 Hz, H-Ar), 6.80 (1H, ddJ 1.2 Hz,J 6.2
i M7 HRAD, 6.68-6.77 (4H, m, 4H-AT), 6.57-6.63 (2H, m, 2H-
@ ]@ Ar), 5.93 (1H, d,J 12 3.9 Hz, H-1), 4.39 (1H, ddy s 8.2 Hz,
A Joz 8.5 Hz, H-4"), 4.34 (1H, ddls.s 2.4 Hz,Js.¢ 10.8 Hz, H-
, (N 6), 4.25 (1H, m, H-5), 4.22 (1H, ddes 3.1 Hz,Js6 10.3 Hz,
H-6), 4.10-4.14 (2H, m, H-3', H-6), 4.08 (1H, di;s 7.3 Hz,
H-6"), 4.40 (1H, m, H-5"), 3.63 (3H, s, 3H-GH 3.57 (1H, d,
Ji1 10.8 Hz, H-1'), 3.52 (3H, s, 3H-G} 3.51 (3H, s, 3H-CH), 3.49 (1H, ddJs, 9.7 Hz,
J349.0 Hz, H-3), 3.46 (1H, d, H-1'), 3.44 (3H, s, 3H-QHB.41 (3H, s, 3H-CH), 3.39 (3H, s,
3H-CHs), 3.37 (1H, ddJs5 9.2 Hz, H-4), 3.22 (1H, dd, H-2) ppriC NMR (150 MHz):5 =
146.39, 145.89 (C-7, C-7), 137.23, 136.54 (C-12, C-12"), 121.65, 121.60, 118.52, 117.27,
115.25, 114.88, 112.25, 111.39 (8C-Ar), 103.67 (C-2'), 87.87 (C-1), 84.93 (C-3'), 83.24 (C-
3), 81.34 (C-4'), 81.20 (C-2), 79.45 (C-4), 78.45 (C-5'), 75.52 (C-1), 70.02 (C-5), 67.08 (C-
6, C-6'), 60.79, 60.58, 59.53, 58.72, 58.61, 57.81 (6CHE) ppm. HRMS (ESI) calcd for
CaoHaN201:Na [M + NaJ': 631.2837, found: 631.2822. Analysis foso84aN2O11 (608.69):
Calcd: C, 59.20; H, 7.29: N, 4.60. Found: C, 59.36; H, 7.39; N, 4.51.

4.2.32.2 6,6’-DiO-3-aminophenyl-1’,2,3,3’,4,4’-hexa®-methylsucrose (3.49b)

W, HAN Yield: 175 mg (0.29 mmol, 96%). TLC [hexanes/AcOEt (1:3)]:
. . =/ N, R=0.20. Yellow solid, m.p. 51 °Co]p** = +65.6 (CHCL). IR:
N J ¢ v = 3457, 3366, 3237, 2983, 2934, 2831, 1622, 16@261

% 1454, 1331, 1291, 1192, 1160, 1099, 1016, 992, 982, 832, 758,
688 cni™. 'H NMR (600 MHz):6 = 7.05 (1H, ddJos 8.0 Hz,
MeO” E . Oye Jo108.1 Hz, H-9), 6.96 (1H, ddg g 8.0 Hz,Js 10 8.0 Hz, H-9"),
6.35 (1H, dddJs o 8.2 Hz,Jg12 2.2 Hz,Jg 10 0.6 Hz, H-8), 6.30 (1H, dddg ¢ 8.0 Hz,Jg 12
2.2 Hz,Jg 10 0.6 Hz, H-8"), 6.28 (1H, dddli0,8.0 Hz,J10122.2 Hz,J1050.6 Hz, H-10), 6.24
(1H, dd,J1282.2 Hz, 35102.2 Hz, H-12), 6.21 (1H, dddigle 8.0 Hz, Jo 12 2.2 Hz, do.g 0.6
Hz, H-10"), 6.18 (1H, dd)i» g 2.2 Hz,Ji12 10 2.2 Hz, H-12"), 5.59 (1H, d}; » 3.7 Hz, H-1),
4.27 (1H, ddJg ¢ 10.0 Hz,Jg. 5 6.5 Hz, H-6"), 4.13-4.19 (2H, m, H-5, H-5), 4.08-4.13 (3H,
m, H-3', H-6, H-6"), 4.05 (1H, ddJs ¢ 10.3 Hz,Js 5 4.7 Hz, H-6), 3.98 (1H, ddly 3 7.6 Hz,
Jy5 7.6 Hz, H-4"), 3.66 (4H, br s, 4H-N#j 3.63 (3H, s, 3H-CH), 3.60 (1H, dJi 1 10.9 Hz,
H-1"), 3.53 (1H, ddJs» 9.6 Hz,J54 9.0 Hz, H-3), 3.503 (3H, s, 3H-GH 3.502 (3H, s, 3H-
CHs), 3.47 (3H, s, 3H-Ch), 3.44 (3H, s, 3H-CH), 3.421 (1H, d, H-1), 3.418 (3H, s, 3H-
CHs), 3.26 (1H, ddJs5 10.1 Hz, H-4), 3.16 (1H, dd, H-2) ppiC NMR (150 MHz):8 =
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159.96 (C-7), 159.88 (C-7), 147.83, 147.78 (C-11, C-11’), 130.13 (C-9), 129.97 (C-9),
108.12 (C-10), 107.82 (C-10’), 105.01 (C-8'), 104.75 (C-8), 104.11 (C-2’), 101.60 (C-12),
101.39 (C-12'), 89.23 (C-1), 85.16 (C-3"), 84.06 (C-4’), 83.19 (C-3), 81.65 (C-2), 79.72 (C-
4), 78.96 (C-5), 73.77 (C-1’), 69.75 (C-5), 68.97 (C-6'), 66.94 (C-6), 60.71, 60.50, 59.37,
58.56, 58.55, 58.46 (6 x @H3) ppm. HRMS (ESI) calcd for £H4N-0::Na [M + NaJ:
631.2837, found: 631.2849. Analysis fo844N2011 (608.69): Calcd: C, 59.20; H, 7.29; N,
4.60. Found: C, 58.96; H, 7.18; N, 4.52.

4.2.32.3 6,6’-DiO-4-aminophenyl-1’,2,3,3’,4,4’-hexa®©-methylsucrose (3.49c¢)

Yield: 166 mg (0.27 mmol, 91%). TLC [hexanes/AcOEt (1:B)]:

. =0.25. White solid, m.p. 179 °Gu]p® = +73.0 (CHCL,). IR: v =

1 3439, 3353, 3229, 2981, 2933, 2830, 1628, 1512, 1456, 1374,

1329, 1294, 1273, 1236, 1184, 1151, 1098, 1018, 982, 823, 771,

. 517 cmi™. *H NMR (600 MHz):8 = 6.75 (2H, dJso 8.8 Hz, H-8,

y 2 OMe 1.12), 6.73 (2H, dJz o 8.8 Hz, H-8", H-12), 6.62 (2H, d, H-9,
ome  OMe H-11), 6.53 (2H, d, H-9’, H-11"), 5.63 (1H, d;, 3.6 Hz, H-1),

4.20 (1H, ddJs s 9.9 Hz,Jg 5 6.2 Hz, H-6"), 4.11-4.15 (2H, m, H-5, H-5"), 4.04-4.10 (3H,

m, H-3', H-6, H-6"), 4.03 (1H, ddJs¢ 10.5 Hz,Js 5 4.1 Hz, H-6), 3.97 (1H, ddl; 3 7.6 Hz,

Jys 7.4 Hz, H-4"), 3.66 (4H, br s, 4H-N} 3.62 (3H, s, 3H-C}J, 3.61 (1H, dJ;-;- 10.8 Hz,

H-1"), 3.50 (1H, ddJs;2 9.7 Hz,J34 9.1 Hz, H-3), 3.496 (3H, s, 3H-GH 3.491 (3H, s, 3H-

CHy), 3.45 (3H, s, 3H-ChJ), 3.431 (1H, d, H-1"), 3.429 (3H, s, 3H-G3.41 (3H, s, 3H-

CHs), 3.31 (1H, ddJss 9.9 Hz, H-4), 3.18 (1H, dd, H-2) pprfC NMR (150 MHz):8 =

152.08 (C-7), 151.93 (C-7"), 140.16, 140.13 (C-10, C-10), 116.33 (2C, C-9, C-11), 116.32

(2C, C-9', C-11", 115.83 (4C, C-8, C-12, C-8', C-12'), 104.22 (C-2"), 89.33 (C-1), 85.32 (C-

3", 84.21 (C-4’), 83.21 (C-3), 81.68 (C-2), 79.58 (C-4), 79.07 (C-5"), 73.84 (C-1"), 69.93 (C-

6"), 69.90 (C-5"), 67.62 (C-6), 60.74, 60.50, 59.42, 58.60, 58.54, 58.38 (Ehbk)@pm.

HRMS (ESI) calcd for gH44N,011Na [M + NaJ: 631.2837, found: 631.2861. Analysis for

C30H44N204; (608.69): Calcd: C, 59.20; H, 7.29; N, 4.60. Found: C, 58.95; H, 7.17; N, 4.39.

4.2.33 General procedure for the syntheses of 6,6-@i-4-(aminomethyl)phenyl]-
1',2,3,3,4,4-hexaO-methylsucroses (3.55a—&f"

This reaction was conducted under an argon atmosphierea cooled to 0 °C solution of
compound 3.54a—€215 mg, 0,34 mmol) in dry THF (30 mL), LIAIH93 mg, 2.45 mmol)

was added slowly within 5 min. The mixture was stirred for 1 h at 60°C and cooled to room
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temperature. Excess of hydride was carefully decomposed with water (10 mL) and agueous
potassium bisulfate (KHSQ 40 mL). Ethyl acetate (50 mL) was added, the layers were

separated and the aqueous one was extracted with ethyl acetate (3 x 40 mL). Combine
organic solutions were dried, concentrated, and the crude product was ready for next

transformations without purification.
4.2.34 Syntheses of dilactams 3.51a—e, 3.528283.56a—c, 3.57a-.¢"

Preparation of these dilactams was performed as desribed previously (see 4.2.30) starting
from isophthaloyl or 2,6-pyridinedicarbonyl dichloridés50 or3.44, respectively) (35 mg,

0.17 mmol), di-amine.49a—c(103 mg, 0.17 mmol) 08.55a—c(108 mg, 0.17 mmol) and

EtN (71 pulL, 0.51 mmol). The products were isolated by flaBhomatography (hexanes—
ethyl acetate, 70:30 to 10:90).

4.2.34.1 6,6'©-{[Benzene-1,3-di-yl-bis(carbonylamino)]-2,2’-diphenyl}-
1',2,3,3,4,4’-hexa©O-methylsucrose (3.51a).

A . Yield: 97 mg (0.13 mmol, 77%). TLC [hexanes/AcOEt (1:2)]:

On £ _0o R: = 0.40. White solid, m.p. 191 °Cy]p** = +59.5 (CHCL,).

o PN N A . IR:v=3387, 3065, 2983, 2933, 2831, 1676, 1601, 1526] 1

9@0 Ojg 1457, 1400, 1373, 1331, 1291, 1252, 1204, 1188, 1136, 1099,

Mecj oMfO . \ 8 1016, 998, 939, 751 cm’H NMR (600 MHz):8 = 9.00 (1H,

VI TR s, H-13), 8.89 (1H, s, H-13"), 8.51 (1H, br s, H-11"), 8.46 (1H,
oMe  OMe d,J 7.2 Hz, H-11), 8.32 (1H, d} 7.8 Hz, H-16), 8.24 (1H, d}

7.7 Hz, H-16"), 8.14 (1H, s, H-18), 7.69 (1H, dd7.7 Hz,J 7.7 Hz, H-17), 7.15 (1H, dd},

8.1 Hz,J 1.2 Hz, H-8), 7.07-7.13 (3H, m, H-9, H-10, H-10"), 7.03-7.07 (2H, H-8', H-9"),

5.22 (1H, dJ 12 3.6 Hz, H-1), 4.39-4.47 (3H, m, 2H-6, H-6"), 4.27-4.32 (2H, m, H-4", H-6"),

4.18 (1H, m, H-5), 4.13 (1H, m, H-5'), 4.04 (1H,X.+ 8.1 Hz, H-3), 3.53 (3H, s, 3H-CJ}{

3.40 (3H, s, 3H-Ch), 3.37 (1H, dJi-1 11.0 Hz, H-1'), 3.36 (1H, ddl 4 8.8 Hz, H-3), 3.252

(3H, s, 3H-CH)), 3.246 (3H, s, 3H-Ch), 3.19 (3H, s, 3H-Ch), 3.16 (1H, d, H-1'), 3.04 (3H,

s, 3H-CHy), 2.88 (1H, ddJ,3 9.8 Hz, H-2), 2.81 (1H, ddl;s 10.5 Hz, H-4) ppm**C NMR

(150 MHz): 8 = 165.02 (C-14"), 164.23 (C-14), 148.76 (C-7), B46(C-7"), 135.84 (C-15),

135.32 (C-15), 132.58 (C-16), 132.25 (C-16'), 129.98 (C-17), 129.52 (C-12), 128.48 (C-12),

124.59 (C-10), 124.16 (C-10"), 122.76 (C-9), 122.42 (C-18), 121.74 (C-9"), 121.45 (C-11),

120.56 (C-11’), 113.86 (C-8'), 113.26 (C-8), 104.43 (C-2"), 88.69 (C-1), 83.32, 83.30 (C-3,

C-4’), 81.87 (C-3'), 81.45 (C-2), 79.67 (C-4), 74.40 (C-5), 74.15 (C-1'), 70.91 (C-6'), 70.12

1

18

MeO

144



Experimental part

(C-5), 68.97 (C-6), 60.54, 60.44, 59.49, 58.25, 58.13, 54.93 (€M ppm. HRMS (ESI)
calcd for GgHseN.OaNa [M + NaJ: 761.2892, found: 761.2927. Anal. calcd. for
CsgH46N20,3 (738.80): C, 61.78; H, 6.28; N, 3.79%. Found: C, 61.89; H, 6.46; N, 3.67.

4.2.34.2 6,6'©O-{[Pyridine-2,6-di-yl-bis(carbonylamino)]-2,2’-diphenyl}-
1',2,3,3,4,4’-hexa©O-methylsucrose (3.52a)

Y Yield: 98 mg (0.13 mmol, 78%). TLC [hexanes/AcOEt (1:2)]:
R = 0.40. White solid, m.p. 228 °Cu]p* = +83.4 (CHCL,).
IR: v = 3375, 2982, 2933, 2829, 1690, 1599, 1532, 148371
1401, 1376, 1326, 1292, 1247, 1221, 1204, 1150, 1134, 1102,
1074, 1044, 1022, 992, 949, 751°tmH NMR (600 MHz):8
=10.48 (1H, s, H-13), 9.83 (1H, s, H-13"), 8.51 (1H, dd 10
8.1 Hz,Ji110 1.5 Hz, H-11), 8.47 (2H, m, H-16, H-16"), 8.28
(1H, d,J11.100 7.5 Hz, H-11"), 8.13 (1H, ddl 7.6 Hz,J 7.8 Hz, H-17), 7.07-7.15 (5H, m, H-8,
H-8', H-9, H-9', H-10"), 7.01 (1H, ddd}i00 7.7 Hz,J108 1.2 Hz, H-10), 5.41 (1H, dj; » 3.7
Hz, H-1), 4.55 (1H, dddJs 4 10.2 Hz,Js¢ 9.1 Hz,J56 1.5 Hz, H-5), 4.33—-4.38 (3H, m, H-6,
2H-6'), 4.23 (1H, ddJs s 12.7 Hz,Js5 9.1 Hz, H-6), 4.10 (1H, ddl 3 7.4 Hz,Jds 5 7.5 Hz,
H-4%), 4.00 (1H, m, H-5'), 3.89 (1H, d, H-3'), 3.59 (3H, s, 3H-§}8.46 (1H, dd,J;» 9.6 Hz,
Js4 8.7 Hz, H-3), 3.41 (1H, d}1.1 10.8 Hz, H-1’), 3.39 (3H, s, 3H-G} 3.37 (3H, s, 3H-
CHs), 3.28 (3H, s, 3H-CH), 3.27 (1H, d, H-1'), 3.25 (3H, s, 3H-GH 3.15 (3H, s, 3H-CH),
2.87 (1H, dd, H-2), 2.71 (1H, dd, H-4) ppMiC NMR (150 MHz):5 = 161.8 (C-14"), 161.01
(C-14), 149.87 (C-7’), 149.68 (C-15"), 149.62 (C-15), 148.93 (C-7), 139.36 (C-17), 127.76
(C-12), 127.59 (C-12'), 125.46, 125.22 (C-16, C-16’), 125.00 (C-9"), 124.24 (C-9), 122.61
(C-11'), 121.87 (C-10"), 121.27 (C-10), 119.81 (C-11), 114.26 (C-8), 112.72 (C-8), 104.19
(C-2), 88.04 (C-1), 85.00 (C-3), 82.94 (C-3), 82.56 (C-4"), 81.23 (C-2), 80.78 (C-4), 79.35
(C-5'), 74.60 (C-1), 71.03 (C-6), 70.48 (C-6"), 70.34 (C-5), 60.59, 60.34, 59.35, 58.37,
57.68, 57.61 (6 x OH3) ppm. HRMS (ESI) calcd for £HasNsONa [M + NaJ': 762.2845,
found: 762.2852. Anal. calcd. forsf45N3043 (739.78): C, 60.07; H, 6.13; N, 5.68%. Found:
C, 60.04; H, 6.14; N, 5.65.

4.2.34.3 6,6'©-{[Benzene-1,3-di-yl-bis(carbonylamino)]-3,3’-diphenyl}-
1',2,3,3',4,4’-hexa©O-methylsucrose (3.51hb)

Yield: 72 mg (0.10 mmol, 57%). TLC [hexanes/AcOEt (1:8]:= 0.46. White solid, m.p.
274 °C. p]p** = +50.1 (DMSO). IRw = 3247, 3148, 3070, 2976, 2929, 2828, 1651, 1604,
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. 1545, 1498, 1454, 1422, 1347, 1317, 1289, 1262, 1197, 1185,
o Je 1154, 1101, 1053, 1022, 998, 984, 962, 934, 913, 873, 846, 753,
be Bl 706, 684 crit. '"H NMR (600 MHz, DMSO-¢, 80 °C):5 = 9.89

(1H, s, H-13), 9.86 (1H, s, H-13'), 8.56 (1H, s, H-18), 8.06 (1H,
d, Jig17 7.7 Hz, H-16"), 8.02 (1H, d)i17 7.7 Hz, H-16), 7.94
(1H, d,Ji0e 7.9 Hz, H-10"), 7.67 (1H, dd, H-17), 7.61 (1H, br s,
H-10), 7.25 (1H, ddJo g 8.2 Hz,Je 10 8.2 Hz, H-9'), 7.23 (1H,
dd, Jo 8.2 Hz, H-9), 7.20 (1H, ddlip52.0 Hz,J12101.7 Hz, H-

12), 7.05 (1H, br s, H-12"), 6.74 (1H, di¢ 8.2 Hz, H-8), 6.68 (1H, ddlg.¢ 8.2 Hz,Js 12

2.2 Hz, H-8'), 5.45 (1H, dJ1 » 3.7 Hz, H-1), 4.20-4.25 (2H, m, H-6', H-6), 4.15 (1H, dgk

10.2, H-6), 4.10 (1H, dddls 4 9.7 Hz,Js 6 2.7 Hz,Js 6 2.7 Hz, H-5), 3.99-4.05 (2H, m, H-5',
H-6"), 3.95 (1H, dJs 4 5.7 Hz, H-3"), 3.76 (1H, dd, H-4"), 3.57 (1H, @, ;- 10.9 Hz, H-1"),

3.51 (3H, s, 3H-Ch), 3.47 (3H, s, 3H-CHJ, 3.46 (3H, s, 3H-Ch), 3.43 (1H, dd, H-3), 3.41
(1H, d, H-1"), 3.399 (3H, s, 3H-G§)| 3.397 (3H, s, 3H-C#), 3.38 (1H, m, H-4), 3.37 (3H, s,
3H-CHs), 3.15 (1H, ddJ,3 9.2 Hz, H-2) ppm**C NMR (150 MHz, DMSO-g, 80 °C):8 =
164.59 (C-14), 163.69 (C-14"), 158.47 (C-7), 157.96 (C-7"), 139.92 (C-11), 139.90 (C-11"),
134.23, 133.65 (C-15, C-15’), 130.60 (C-16), 130.38 (C-16’), 129.42 (C-9), 129.33 (C-9)),
128.91 (C-17), 127.00 (C-18), 112.40 (C-8), 112.40 (C-10), 112.06 (C-8'), 111.49 (C-10"),
106.66 (C-12), 104.21 (C-2’), 103.74 (C-12"), 89.25 (C-1), 84.71 (C-4’), 84.35 (C-3'), 82.46
(C-3), 80.78 (C-2), 78.75 (C-4), 77.77 (C-5'), 72.51 (C-1"), 68.68 (C-5), 68.40 (C-6"), 67.48
(C-6), 59.26, 59.07, 58.37, 57.70, 57.28, 57.21 (6 GHE ppm. HRMS (ESI) calcd for
CsgHaeN20O1aNa [M + NaJ: 761.2892, found: 761.2914. Anal. calcd. foggtieN2O1s
(738.80): C, 61.78; H, 6.28; N, 3.79%. Found: C, 61.94; H, 6.42; N, 3.57.

MeO

4.2.34.4 6,6'©O-{[Pyridine-2,6-di-yl-bis(carbonylamino)]-3,3’-diphenyl}-
1',2,3,3',4,4’-hexa©O-methylsucrose (3.52b)

Yield: 78 mg (0.11 mmol, 62%). TLC [hexanes/AcOEt (1:B]:= 0.47. White solid, m.p.

272 °C. p]p®™ = +86.2 (CHCL,). IR: v = 3500, 3307, 3072, 2930, 2829, 1669, 1609, 1561,
1539, 1498, 1456, 1431, 1387, 1330, 1294, 1277, 1260, 1199, 1188, 1156, 1100, 1021, 998
984, 958, 869, 840, 778, 755, 704, 68I'chtd NMR (600 MHz):8 = 9.84 (1H, s, H-13),

9.69 (1H, s, H-13), 8.41 (2H, di617= J1e17 = 7.7 Hz, H-16, H-16’), 8.12-8.16 (3H, m, H-

10, H-10", H-17), 7.30-7.36 (2H, m, H-9, H-9"), 6.85 (1H, dglg 8.2 Hz,Jg 10 1.8 Hz, H-

8", 6.75 (1H, ddJs ¢ 8.2 Hz,Jg 10 2.0 Hz, H-8), 6.68 (1H, br s, H-12"), 6.55 (1H, br s, H-12),
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5.61 (1H, d,J;» 3.7 Hz, H-1), 4.25-4.32 (2H, m, H-5, H-6"),
4.11-4.23 (4H, m, 2H-6, H-5', H-6’), 4.01 (1H, & o 5.3 Hz,

13 i H-3"), 3.78 (1H, ddJss 5.9 Hz, H-4), 3.74 (1H, dJ11- 11.0
= N\ - Hz, H-1), 3.65 (3H, s, 3H-C}}, 3.60 (1H, ddJs» 9.3 Hz,J34
9.2 Hz, H-3), 3.56 (3H, s, 3H-GH 3.55 (3H, s, 3H-CkJ, 3.48
(3H, s, 3H-CH), 3.47 (1H, d, H-1'), 3.45 (3H, s, 3H-GH 3.44
(1H, m, H-4), 3.42 (3H, s, 3H-G{ 3.29 (1H, dd, H-2) ppnt’C
NMR (150 MHz):6 = 160.44, 160.23 (C-14, C-14’), 159.37 (C-
7'), 158.83 (C-7), 148.32, 148.27 (C-15, C-15’), 140.12 (C-17),
138.34 (C-11), 138.22 (C-11"), 130.92, 130.83 (C-9, C-9’), 125.20, 125.03 (C-16, C-16),
114.34 (C-8’), 112.05, 112.01, 111.87 (C-8’, C-10, C-10), 105.52 (C-2'), 104.99 (C-12),
104.01 (C-12), 90.04 (C-1), 85.21 (C-3’), 85.03 (C-4"), 83.16 (C-3), 81.52 (C-2), 79.74 (C-4),
78.83 (C-5"), 72.84 (C-1"), 69.46 (C-5), 69.09 (C-6), 68.49 (C-6"), 60.80, 60.56, 59.22, 58.86,
58.17, 58.06 (6 x OH3) ppm. HRMS (ESI) calcd for £H4sN30:3Na [M + NaJ': 762.2845,
found: 762.2840. Anal. calcd. forsf45N3043 (739.78): C, 60.07; H, 6.13; N, 5.68%. Found:
C, 60.21; H, 6.18; N, 5.60.

4.2.34.5 6,6'©-{[Benzene-1,3-di-yl-bis(carbonylamino)]-4,4’-diphenyl}-
1',2,3,3,4,4’-hexa©O-methylsucrose (3.51c)

1 Yield: 23 mg (0.03 mmol, 18%). TLC [AcOEt/MeOH/8
(45:5:3)]: R = 0.67. White solid, m.p. 239 °Co]p>® = +63.5
(CH.Cl). IR: v = 3518, 3239, 3137, 3072, 2928, 2830, 1659,
1644, 1608, 1549, 1521, 1450, 1413, 1383, 1328, 1286, 1237,
1162, 1147, 1102, 1018, 1005, 982, 952, 832, 752 &rhNMR

(600 MHz, DMSO-¢, 80 °C):8 = 9.51 (1H, s, NH), 9.37 (1H, s,
NH), 7.79 (1H, d, & 17 7.2 Hz, H-16"), 7.66 (1H, d1d177.2 Hz,
H-16), 7.45 (1H, tJ 7.7 Hz, H-17), 7.35 (1H, s, H-18), 7.02 (4H,

br s, H-9, H-11, H-9', H-11’), 6.83 (4H, d,8.4 Hz, H-8, H-12,
H-8', H-12’), 5.34 (1H, dJi» 3.2 Hz, H-1), 3.99-4.06 (3H, m, H-6, 2H-6"), 3.92-3.99 (3H,
m, H-3', H-6, H-5), 3.89 (1H, dJs54 9.7 Hz, H-5), 3.73 (1H, ddy 5 7.4 Hz,J4 5 7.4 Hz, H-

4'), 3.48 (3H, s, 3H-CH), 3.46 (1H, dJy 1 11.0 Hz, H-1'), 3.42 (3H, s, 3H-G} 3.37 (9H,

br s, 9H-CH), 3.36 (1H, d, H-1’), 3.35 (3H, s, 3H-GH 3.33 (1H, ddJs 4 9.4 Hz,J5,9.2 Hz,
H-3), 3.23 (1H, dd, H-4), 3.06 (1H, m, H-2) pptiC NMR (150 MHz, DMSO-¢ 80 °C):§

= 166.11, 166.68 (C-14, C-14’), 155.88, 155.40 (C-7, C-7’), 133.73, 133.64 (C-15, C-15"),
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132.12, 131.88 (C-10, C-10’), 130.69, 129.51 (C-16, C-16’), 128.17 (C-17), 128.14 (C-18),
125.54 (2C), 1223.20 (2C), 114.89 (2C),114.50 (2C), (C-8, C-8', C-9, C9’, C-11, C-171’, C-
12, C-127), 103.58 (C-2’), 88.79 (C-1), 83.91 (C-3), 83.39 (C-4’), 82.20 (C-3), 80.63 (C-2),
78.25 (C-4), 78.13 (C-5"), 73.30 (C-1"), 70.54 (C-6’), 69.57 (C-5), 66.38 (C-6), 59.16, 59.09,
58.43, 57.61, 57.27, 57.27 (6 xCl3) ppm. HRMS (ESI) calcd for §gH4eN2O13Na [M +

Na]™: 761.2892, found: 761.2929. Anal. calcd. fogusN.O13 (738.80): C, 61.78; H, 6.28;

N, 3.79%. Found: C, 61.62; H, 6.36; N, 3.70.

4.2.34.6 6,6'©O-{[Pyridine-2,6-di-yl-bis(carbonylamino)]-4,4’-diphenyl}-
1',2,3,3,4,4’-hexa©O-methylsucrose (3.52c)

Yield: 29 mg (0.04 mmol, 23%). TLC [AcOEt/MeOHs8
(45:5:3)]: R = 0.73. White solid, m.p. 231 °Co]p?* = +81.3
(CH.CLy). IR: v = 3507, 3333, 3242, 3006, 2981,2928, 2854,
2832, 1662, 1588, 1571, 1528, 1514, 1456, 1420, 1381, 1288,
1240, 1150, 1101, 1020, 1002, 983, 836, 755.cthii NMR
(600 MHz, DMSO-g, 110 °C):8 = 9.30 (1H, s, NH), 8.98 (1H,

s, NH), 8.10-8.18 (3H, m, H-16, H-16", H-17), 7.09-7.16 (4H,
m, H-Ar), 6.84-6.89 (4H, m, H-Ar), 5.36 (1H, &,, 3.5 Hz, H-

1), 3.80-4.08 (7H, m), 3.68 (1H, dd,7.0 Hz,J 7.0 Hz), 3.48
(3H, s, 3H-CH), 3.47 (1H, dJy 1 11.0 Hz, H-1'), 3.41 (3H, s, 3H-G) 3.39 (3H, s, 3H-
CHs), 3.38 (3H, s, 3H-Ch), 3.35 (3H, s, 3H-CH), 3.35 (1H, d, H-1'), 3.34 (3H, s, 3H-GH
3.33 (1H, m), 3.23 (1H, ddl 9.1 Hz,J 9.7 Hz, H-4), 3.07 (1H, ddL 3 9.6 Hz, H-2) ppm.
HRMS (ESI) calcd for gH4sN30:3Na [M + NaJ': 762.2845, found: 762.2855. Analysis for
Ca7HasN3013 (739.78): Caled: C, 60.07; H, 6.13; N, 5.68. Found: C, 59.99; H, 6.41; N, 5.46.

4.2.34.7 Macrocyclic dilactams 3.51d and 3.51e

Yield: 78 mg (0.11 mmol, 62%). TLC [AcOEt/MeOH#E (45:5:3)]: R = 0.65.'H NMR
(600 MHz):4 = 10.22 (2H, s, NH), 10.20 (2H, s, NH), 10.15 (2HNH), 10.13 (2H, s, NH),
8.38 (3H, br s, H-isophthalic), 8.35 (1H, s, H-isophthalic), 8.05 (21,77 Hz, H-Ar), 8.03
(2H, d, J7.8 Hz, H-Ar), 7.95-8.01 (4H, m, H-Ar), 7.70 (4H, d8.8 Hz, H-Ar), 7.68 (4H, d, J
9.0 Hz, H-Ar), 7.60 (1H, tJ 7.6 Hz, H-isophthalic), 7.53 (2H, §, 7.7 Hz, H-isophthalic),
7.45-7.49 (8H, m, H-Ar), 7.43 (1H, t,7J6 Hz, H-isophthalic), 6.92—6.98 (8H, m, H-Ar), 6.77
(8H, d, J8.9 Hz, H-Ar), 5.41 (4H, m), 4.24—-4.34 (4H, m), 3.98-4.13 (24H, m), 3.91-3.96

148



Experimental part

MeQ C OMe
z 0., H MeO,,,
MeO—C{\ \\o . OMe
° L2 OMe
I‘ ;
O 0 o)
N N
H H
N N y §
’ Q Q ) Q Q )
(13 o
OMe OMe OMe

(4H, m), 3.43-3.52 (52H, m), 3.30-3.42 (32H, m), 3.14-3.20 (4H, m), 3.11 (486 Hz,
J 3.4 Hz) ppm. MS (ESI) 1499.5 {[M(#Hq2N4O-6) + NaJ'}.

4.2.34.8 Macrocyclic dilactams 3.52d and 3.52e
MeQ OMe {Me pMe
_o\ w1 OMe
OMe
O O 1)
e Q : Q ,
_( A i )
O NN 7N
H H —
N

o o)
MeO,,, OMe . MeO OMe
MeO = 'IIIO\“ OMe M7\ OMe

H MeO” Y~ 0O /
OMe OMe OMe OMe
Yield: 68 mg (0.09 mmol, 54%). TLC [AcOEt/MeOH/B (45:5:3)]! R = 0.69.'H NMR
(600 MHz):6 = 9.35 (2H, s, NH), 9.24 (2H, s, NH), 9.18 (2HN$]), 9.09 (2H, s, NH), 8.41

(2H, dd,J 7.7 Hz,J 0.6 Hz, H-pyridine), 8.20 (2H, d,7.8 Hz, H-pyridine), 8.03 (2H, d,7.7
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Hz, H-pyridine), 7.97 (1H, t, 7.7 Hz, H-pyridine), 7.94 (2HJ)t7.8 Hz, H-pyridine), 7.81

(2H, dd,J 7.7 Hz,J 0.8 Hz, H-pyridine), 7.76 (1H, 8 7.7 Hz, H-pyridine), 7.42—7.48 (12H,

m, H-Ar), 7.37 (4H, d)) 8.9 Hz, H-Ar), 6.92 (4H, d) 8.9 Hz, H-Ar), 6.84 (4H, dJ 8.8 Hz,

H-Ar), 6.79 (4H, d,J 8.8 Hz, H-Ar), 6.78 (4H, dJ 8.8 Hz, H-Ar), 5.58 (4H, m), 4.26-4.35

(4H, m), 4.19-4.26 (8H, m), 4.14—4.19 (6H, m), 4.08-4.14 (6H, m), 3.95-4.03 (6H, m), 3.90
(2H, dd,J 6.9 Hz,J 7.3 Hz), 3.84 (2H, dJ] 8.8 Hz), 3.67 (6H, s, 3H-G}{ 3.65 (6H, s, 3H-

CHs), 3.59 (6H, s, 3H-CH), 3.58 (6H, s, 3H-Ch), 3.51-3.58 (32H, m), 3.41-3.51 (32H, m),
3.32 (2H, dd,) 9.3 Hz,J 9.8 Hz), 3.27 (2H, dd] 9.5 Hz,J 3.5 Hz), 3.20 (2H, dd] 9.7 Hz,J

3.6 Hz) ppmXC NMR (150 MHz):5 = 160.78 (2C), 160.46 (2C), 160.36 (2C), 159.99)(2C
155.93 (2C), 155.83 (2C), 155.72 (2C), 155.42 (2C), 149.00 (2C), 148.97 (2C), 148.61 (2C),
147.95 (2C), 139.11 (2C), 139.05, 139.00, 131.01 (2C), 130.48 (2C), 130.47 (2C), 130.41
(2C), 125.33 (2C), 124.92 (2C), 124.67 (2C), 124.44 (2C), 121.90 (4C), 121.08 (4C), 120.98
(4C), 120.80 (4C), 115.42 (4C), 115.39 (4C), 115.10 (4C), 114.96 (4C), 104.06 (2C), 103.87
(2C), 89.57 (2C), 88.97 (2C), 85.86 (2C), 84.89 (2C), 84.68 (2C), 84.68 (2C), 83.40 (2C),
83.34 (2C), 81.76 (2C), 81.64 (2C), 79.48 (2C), 78.99 (2C), 78.86 (2C), 78.84 (2C), 74.19
(2C), 73.80 (2C), 70.09 (2C), 69.84 (2C), 69.67 (2C), 69.69 (2C), 67.08 (2C), 66.24 (2C),
60.79 (2C), 60.71 (2C), 60.55 (2C), 60.37 (2C), 59.41 (2C), 59.41 (2C), 59.24 (2C), 58.91
(2C), 58.80 (2C), 58.73 (2C), 58.50 (2C), 58.47 (2C)ppm. MS (ESI) 1501.6
{IM(C 74H9oNgO26) + NaJ'}.

4.2.34.9 6,6'©-{[Benzene-1,3-di-yl-bis(carbonylaminomethyl)]-2,2’-diphenyl}-
1',2,3,3,4,4’-hexa©O-methylsucrose (3.56a)

18 Yield: 84 mg (0.11 mmol, 64%). TLC (AcOEtR: = 0.35.
o dl e o White solid, m.p. 134 °C.ofp® = +78.8 (CHCL,). IR: v =
Lo 3347, 3064, 2982, 2933, 2830, 1658, 1603, 1590, 1526, 1495,
0 N S\~ 1451, 1359, 1318, 1293, 1250, 1186, 1161, 1100, 1049, 1017,
o o\T ~"° 1004, 982, 941, 882, 825, 753, 710, 593, 527.ctH NMR
MeO 6

(600 MHz): 5 = 8.01-8.05 (2H, m, H-17, H-17’), 7.57 (1H, s,
ot NP Nome  H-19), 7.52 (1H, tJ) 7.7 Hz, H-18), 7.32 (1H, d} 7,3 Hz, H-
Ome  Owe 8", 7.26-7.31 (3H, m, H-8', H-9, H-9’), 6.92-6.96 (2H, m, H-
10, H-10"), 6.90 (1H, dJ 8.5 Hz, H-11'), 6.85 (1H, br s, H-14), 6.74 (1HJ®&.0 Hz, H-11),
6.66 (1H, br s, H-14), 4.72-4.77 (2H, m, H-13, H-13’), 4.59 (1H}kd,3.3 Hz, H-1), 4.51
(1H, dd,J 13.8 Hz,J 6.2 Hz, H-13), 4.45 (1H, dd, 13.6 Hz,J 6.5 Hz, H-13"), 4.27 (1H, dd,
Jos 9.9 Hz,Jgs 2.3 Hz, H-6"), 4.14-4.20 (2H, m, H-5", H-6), 4.08 (1H,J¢,» 7.4 Hz, H-

MeO
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3’), 3.93-3.97 (2H, m, H-5, H-6’), 3.76 (1H, di}s 10.0 Hz,Js5 1.5 Hz, H-6), 3.70 (1H, dd,

Jys 7.5 Hz,Jy 3 7.5 Hz, H-4'), 3.56 (3H, s, H-C#}l 3.47 (3H, s, H-Ch), 3.46 (1H, m, H-3),
3.440 (3H, s, H-Ch), 3.435 (3H, s, H-ChJ, 3.40-3.43 (2H, m, H-1’, H-4), 3.39 (3H, s, H-
CHy), 3.23 (3H, s, H-Ch), 3.14 (1H, dJy 1 11.2 Hz, H-1"), 2.75 (1H, dd), 3 9.5 Hz, H-

2) ppm.**C NMR (150 MHz):5 = 166.96 (C-15), 166.75 (C-15"), 156.85 (C-7’), 18b(C-

7), 135.53, 135.42 (C-16, C-16"), 131.21, 130.87 (C-17, C-17’), 131.09 (C-8), 130.84 (C-8’),
129.43, 129.31 (C-9, C-9'), 129.16 (C-18), 127.05 (C-12"), 125.73 (C-12), 123.80 (C-19),
121.72 (C-10), 121.10 (C-10), 112.51 (C-11"), 110.99 (C-11), 104.37 (C-2'), 90.41 (C-1),
84.70 (C-3’), 84.09 (C-4’), 82.72 (C-3), 81.31 (C-2), 78.59 (C-4), 77.87 (C-5), 73.53 (C-1"),
70.95 (C-6’), 70.25 (C-5), 66.07 (C-6), 60.67, 60.33, 59.67, 58.87, 58.04, 57.99C613}, O
41.53 (C-13), 40.94 (C-13) ppm. HRMS (ESI) calcd foigHzoN-O3Na [M + NaJ*:
789.3205, found: 789.3228. Analysis fosg8s0N2013 (766.85): Calcd: C, 62.65; H, 6.57; N,
3.69. Found: C, 62.75; H, 6.68; N, 3.52.

4.2.34.10 6,6 ©-{[Pyridine-2,6-di-yl-bis(carbonylaminomethyl)]-2,2’-diphenyl}-
1',2,3,3',4,4’-hexa©-methylsucrose (3.57a)

18 Yield: 88 mg (0.11 mmol, 67%). TLC (AcOEtR = 0.37.
1777 17
o dl e o White solid, m.p. 96 °C.ofp*2 = +163.1 (CHCL). IR: v =

5 N 19

3537, 3403, 3303, 3064, 2984, 2933, 2831, 1735, 1674, 1602,
1590, 1528, 1494, 1452, 1360, 1289, 1278, 1244, 1186, 1161,
1149, 1101, 1051, 1017, 1003, 983, 945, 878, 844, 754, 683,
647, 609, 564 cih *H NMR (600 MHz):8 = 8.48 (1H, dd,
Jiaaz 4.3 Hz,J1413 7.3 Hz, H-14"), 8.34-8.37 (2H, m, H-17,
H-17"), 8.22 (1H, ddJi413 4.1 Hz,J1413 7.6 Hz, H-14), 8.02
(1H, t,J 7.8 Hz, H-18), 7.39 (1H, ddl1107.5 Hz,J116 1.6 Hz, H-11), 7.30 (1H, ddyy 10

7.6 Hz,J11¢ 1.6 Hz, H-11"), 7.23-7.29 (2H, m, H-9, H-9") 6.99 (1H, dgly 8.2 Hz,Jg 10

0.8 Hz, H-8'), 6.93 (1H, dddlo 7.4 Hz,J1050.9 Hz, H-10), 6.88 (1H, dddyy ¢ 7.4 Hz, H-

10%), 6.99 (1H, ddJg ¢ 8.2 Hz, H-8), 5.35 (1H, dl;» 3.4 Hz, H-1), 4.85 (1H, ddj3 13 14.4

Hz, H-13), 4.78 (1H, ddJi313 14.2 Hz, H-13), 4.69 (1H, dd, H-13'), 4.61 (1H, dd, H-13),
4.34 (1H, ddJ¢ ¢ 10.2 Hz,J¢.5 3.1 Hz, H-6"), 4.22 (1H, m, H-5") 4.11 (1H, dg 4 6.9 Hz,
H-3"), 4.01-4.07 (2H, m, H-5, H-6), 3.98 (1H, di§,s 7.7 Hz, H-6’), 3.86 (1H, ddly s 6.9

Hz, H-4'), 3.76 (1H, dJs¢ 9.2 Hz, H-6), 3.57 (1H, dl;1- 11.0 Hz, H-1"), 3.52 (3H, s, H-
CHs), 3.48 (1H, ddJs 2 9.6 Hz, 34 9.0 Hz, H-3), 3.460 (3H, s, H-GH 3.457 (3H, s, H-CH),
3.450 (3H, s, H-CH), 3.42 (3H, s, H-Ch), 3.41 (1H, d, H-1’), 3.32 (1H, dd,;J9.6 Hz, H-4),
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3.25 (3H, s, H-Ch), 2.81 (1H, dd, H-2) ppn*C NMR (150 MHz):8 = 163.38 (C-15),
163.12 (C-15), 156.67 (C-7), 156.64 (C-7'), 148.98, 148.89 (C-16, C16’), 138.83 (C-18),
130.72 (C-11), 130.02 (C-11’), 129.03 (C-9), 128.71 (C-9'), 128.34 (C-12"), 126.42 (C-12),
124.74 (C-17), 124.74 (C-17’), 122.67 (C-10’), 121.43 (C-10), 114.94 (C-8"), 112.44 (C-8),
104.92 (C-2"), 89.89 (C-1), 84.85 (C-3"), 84.19 (C-4’), 82.81 (C-3), 81.88 (C-2), 79.03 (C-4),
78.69 (C-5"), 73.65 (C-1'), 72.06 (C-6'), 70.26 (C-5), 67.30 (C-6), 60.48, 60.42, 59.54, 58.50,
58.38, 58.03 (6 x OHj), 39.65 (C-13), 38.14 (C-13) ppm. HRMS (ESI) calcd for
CaoHagN3O1aNa [M + NaJ: 790.3158, found: 790.3165. Analysis fogel84gNzO13 (767.84):
Calcd: C, 61.01; H, 6.49; N, 5.47. Found: C, 60.80; H, 6.57; N, 5.52.

4.2.34.11 6,60-{[Benzene-1,3-di-yl-bis(carbonylaminomethyl)]-3,3’-diphenyl}-
1',2,3,3',4,4’-hexa©-methylsucrose (3.56b)

18 Yield: 82 mg (0.11 mmol, 63%). TLC (AcOEtR = 0.36. White
solid, m.p. 111 °C.d]p** = +59.8 (CHCL,). IR: v = 3333, 2981,
2931, 2830, 1654, 1599, 1586, 1535, 1487, 1448, 1358, 1290,
1267, 1237, 1183, 1151, 1100, 1056, 1017, 997, 983, 956, 876,
755, 691, 622 cih *H NMR (600 MHz):8 = 7.97-8.01 (2H, m,
H-17, H-17’), 7.91 (1H, s, H-19), 7.52 (1H, dd; 15 7.8 Hz,
Ji71g 7.8 Hz, H-18), 7.24 (1H, ddy1107.8 Hz,J11.127.9 Hz, H-

9), 7.19 (1H, dd)i1 10 7.8 Hz,J1112 8.0 Hz, H-9"), 6.97 (1H, s,
H-12), 6.91 (1H, d, H-10"), 6.87-6.89 (2H, m, H-12’, H-10),
6.82—6.86 (2H, m, H-8, H-8"), 6.69 (1H, dd 13 5.6 Hz,Ji4 13 5.6 Hz, H-14"), 6.64 (1H,

dd, J14135.6 Hz,J14135.6 Hz, H-14), 5.70 (1H, dl; » 3.8 Hz, H-1), 4.65 (2H, m, H-13, H-
13"), 4.50 (1H, ddJi31314.7 Hz, H-13), 4.42 (1H, ddi313 14.5 Hz, H-13"), 4.12—4.23 (4H,

m, H-5, H-6, 2 x H-6"), 4.06—4.12 (1H, m, H-5’), 4.09 (1H, ¢4J8.0 Hz, H-3"), 4.03 (1H, br

d, Js6 9.1 Hz, H-6), 3.97 (1H, ddly 5 8.0 Hz, H-4"), 3.61 (3H, s, H-C#} 3.58 (1H, dJy 1

10.9 Hz, H-1'), 3.49 (3H, s, H-Gi)i 3.48 (1H, ddJs» 9.6 Hz,J34 9.3 Hz, H-3), 3.45 (3H, s,
H-CHs), 3.42 (1H, d, H-1"), 3.41 (6H, s, H-2GH 3.40 (3H, s, H-CH), 3.36 (1H, ddJs59.6

Hz, H-4), 3.21 (1H, dd, H-2) ppm3C NMR (150 MHz):5 = 166.71 (C-15), 166.34 (C-15),
159.20 (C-7), 159.01 (C-7’), 139.63 (C-11), 139.28 (C-11'), 134.69, 134.56 (C-16, C-16),
130.78 (2C, C-17, C-17’), 129.79 (C-9"), 129.77 (C-9), 129.39 (C-18), 124.05 (C-19), 121.64
(C-10), 120.80 (C-10), 115.13 (C-8'), 114.48 (C-12), 113.75 (C-12"), 112.49 (C-8), 104.15
(C-2), 88.69 (C-1), 85.02 (C-3), 83.17 (C-3), 83.03 (C-4"), 81.29 (C-2), 79.14 (C-4), 78.08
(C-5)), 74.83 (C-1'), 69.66 (C-5), 68.95 (C-6), 66.30 (C-6), 60.65, 60.46, 59.41, 58.59,
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58.39, 58.03 (6 x OHg), 44.25 (C-13’), 43.95 (C-13) ppm. HRMS (ESI) calcd for
C40Hs0N>013Na [M + NaT: 789.3202, found: 789.3214. Analysis foxo@50N2013 (766.85)1
Calcd: C, 62.65; H, 6.57; N, 3.69. Found: C, 62.47; H, 6.46; N, 3.74.

4.2.34.12 6,6 ©-{[Pyridine-2,6-di-yl-bis(carbonylaminomethyl)]-3,3’-diphenyl}-
1',2,3,3,4,4’-hexa©-methylsucrose (3.57b)

18 Yield: 86 mg (11 mmol, 66%). TLC (AcOEtR = 0.39. White
o ol e o solid, m.p. 125 °C.d]p?* = +61.6 (CHCL,). IR: v = 3317, 2980,
v 2930, 2831, 1679, 1661, 1599, 1586, 1532, 1488, 1448, 1358,
1312, 1287, 1271, 1237, 1180, 1148, 1101, 1057, 1038, 1019,
1002, 982, 876, 844, 755, 682, 647, 623'citH NMR (600
MHz): & = 8.34-8.38 (2H, m, H-17, H-17"), 8.04 (1H, dby; 15
7.8 Hz,d171¢ 7.8 Hz, H-18), 7.90 (1H, ddy4 13 5.1 Hz,d14 13
6.6 Hz, H-14"), 7.85 (1H, dd}i4135.6 Hz,J14135.6 Hz, H-14),
7.25 (1H, dd,Ji110 7.5 Hz, J1112 7.9 Hz, H-9), 7.10 (1H, dd,
Jivao 7.9 Hz,di112 7.9 Hz, H-9"), 6.92 (1H, d, H-10), 6.91 (1H, d, H-10), 6.81-6.89 (4H,
m, H-8, H-8", H-12, H-12"), 5.59 (1H, dl» 3.7 Hz, H-1), 4.70 (1H, ddhz 13 14.7 Hz, H-
13"), 4.61 (1H, ddJ;131314.7 Hz, H-13), 4.58 (1H, dd, H-13), 4.44 (1H, dd, H-13), 4.27 (1H,
m, H-6"), 4.21 (1H, dddJs 4 10.1 Hz,Js¢ 3.9 Hz,Js6 1.6 Hz, H-5), 4.10-4.17 (3H, m, H-5’,
H-6, H-6'), 4.08 (1H, dJs 4 7.7 Hz, H-3'), 4.05 (1H, ddJs 10.2 Hz, H-6), 3.90 (1H, dd,
Jys 7.7 Hz, H-4"), 3.64 (3H, s, H-C§) 3.58 (1H, dJy 1 11.0 Hz, H-1’), 3.52 (1H, ddls >
9.4 Hz,J349.2 Hz, H-3), 3.50 (3H, s, H-Gf 3.48 (3H, s, H-CH), 3.45 (3H, s, H-CH), 3.41
(3H, s, H-CH), 3.41 (1H, d, H-1'), 3.34 (3H, s, H-GH 3.29 (1H, dd, H-4), 3.19 (1H, dd, H-
2) ppm.**C NMR (150 MHz):8 = 163.14 (C-15’), 163.08 (C-15), 159.16 (C-7), B3(C-
7'), 148.63, 148.54 (C-16, C-16’), 139.25 (C-11"), 139.13 (C-11), 139.13 (C-18), 129.96 (C-
9), 129.92 (C-9), 125.17, 125.14 (C-17, C-17’), 121.11 (C-10), 120.84 (C-10"), 114.41 (C-
8"), 114.17 (C-12), 113.74 (C-12’), 112.95 (C-8), 104.07 (C-2’), 89.93 (C-1), 84.93 (C-3'),
83.61 (C-4’), 83.23 (C-3), 81.51 (C-2), 79.45 (C-4), 78.37 (C-5'), 74.19 (C-1’), 69.70 (C-5),
69.23 (C-6"), 66.77 (C-6), 60.69, 60.47, 59.34, 58.53, 58.41, 58.22 (BHs)D43.66 (C-13),
43.63 (C-13’) ppm. HRMS (ESI) calcd forséEsoNzO1aNa [M + NaJ: 790.3158, found:
790.3125. Analysis for £gH49N3013 (767.84): Calcd: C, 61.01; H, 6.49; N, 5.47. Found: C,
60.93; H, 6.51; N, 5.19.
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4.2.34.13 6,60-{[Benzene-1,3-di-yl-bis(carbonylaminomethyl)]-4,4’-diphenyl}-
1',2,3,3',4,4’-hexa©O-methylsucrose (3.56¢)

18 Yield: 93 mg (0.12 mmol, 71%). TLC (AcOEfR = 0.35. White
solid, m.p. 144 °C.d]p** = +58.2 (CHCL,). IR: v = 3301, 3064,
2982, 2931, 2831, 1649, 1613, 1586, 1542, 1514, 1455, 1422,
1359, 1319, 1300, 1248, 1160, 1101, 1024, 983, 951, 824, 754,
700, 603, 580 cih *H NMR (600 MHz):5 = 7.88 (1H, dJ171g

7.8 Hz, H-17), 7.85 (1H, di718 7.6 Hz, H-17’), 7.56 (1H, s, H-
19), 7.45 (1H, dd, H-18), 7.22 (2H, s 8.5 Hz, H-9, H-11),
7.07 (2H, dJo g 8.5 Hz, H-9’, H-11"), 6.91 (2H, d, H-8, H-12),
6.78 (2H, d, H-8', H-12"), 6.61 (1H, br s, NH), 6.56 (1H, br s,
NH), 5.55 (1H, dJi» 3.7 Hz, H-1), 4.45 (1H, ddhs13 13.9 Hz,J1314 5.2 Hz, H-13), 4.39
(1H, dd,J13 13 13.8 Hz,J13.14 6.7 Hz, H-13'), 4.35-4.39 (2H, m, H-13, H-6"), 4.32 (1H, dd,
Jiz14 4.8 Hz, H-13"), 4.28 (1H, m, H-5), 4.20 (1H, dd,s» 8.3 Hz,Js.¢ 6.7 Hz,J5.¢ 3.3

Hz, H-5"), 4.14 (1H, dJz 4 7.8 Hz, H-3'), 4.13 (1H, m, H-6), 4.09 (1H, di}s 9.8 Hz,Js5

5.3 Hz, H-6), 4.05 (1H, ddlg¢ 9.9 Hz,Js 5 3.3 Hz, H-6"), 4.03 (1H, ddls 3 8.0 Hz, H-4"),

3.65 (3H, s, H-CH), 3.57 (1H, dJy1» 11.0 Hz, H-1"), 3.56 (3H, s, H-G}){ 3.56 (1H, m, H-

3), 3.541 (3H, s, H-Ch), 3.535 (3H, s, H-Ch), 3.48 (3H, s, H-Ch), 3.44 (3H, s, H-Ch),

3.42 (1H, d, H-1'), 3.26 (1H, ddls 3 9.2 Hz,Js5 9.8 Hz, H-4), 3.18 (1H, ddb 3 9.6 Hz, H-

2) ppm.**C NMR (150 MHz):8 = 167.25 (C-15’), 166.87 (C-15), 158.47 (C-7), ¥=8(C-

7'), 134.88 (C-16), 134.88 (C-16), 131.03 (C-17), 130.99 (C-17’), 130.48 (C-10), 129.80 (C-
10"), 129.71 (C-18), 129.71 (2C, C-9, C-11), 128.59 (2C, C-9’, C-11’), 123.88 (C-19), 114.80
(2C, C-8', C-12"), 114.71 (2C, C-8, C-12), 103.74 (C-2"), 88.89 (C-1), 84.64 (C-3'), 83.72
(C-4'), 83.28 (C-3), 81.68 (C-2), 79.84 (C-4), 78.89 (C-5'), 74.22 (C-1'), 69.77 (C-5), 69.44
(C-6'), 67.69 (C-6), 60.71, 60.50, 59.38, 58.82, 58.69, 58.44 (Ebia)) 43.72 (C-13), 43.39
(C-13") ppm. HRMS (ESI) calcd for 4gHsoN-O13Na [M + NaJ: 789.3202, found: 789.3203.
Analysis for GoHsoN20,3 (766.85): Calcd: C, 62.65; H, 6.57; N, 3.69. Found: C, 62.83; H,
6.53; N, 3.50.

MeO

4.2.34.14 6,6 ©-{[Pyridine-2,6-di-yl-bis(carbonylaminomethyl)]-4,4’-diphenyl}-
1',2,3,3,4,4’-hexa©O-methylsucrose (3.57¢)

Yield: 97 mg (0.13 mmol, 74%). TLC (AcOE#R = 0.37. White solid, m.p. 115 °Ca]p** =
+28.4 (CHCL,). IR: v = 3330, 2982, 2932, 2831, 1671, 1613, 1585, 15354,11449, 1363,
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1301, 1287, 1248, 1151, 1100, 1023, 1003, 984, 949, 879, 827,
753, 677, 646, 603, 582 ém’H NMR (600 MHz):8 = 8.35

(1H, dd, 1617 7.8 Hz,Ji6.16 1.2 Hz, H-16), 8.32 (1H, ddie 17

7.8 Hz, H-16"), 8.05 (1H, dd, H-17), 7.69 (1H, db4.6 Hz,J

5.4 Hz, N-H), 7.63 (1H, dd] 4.6 Hz,J 4.8 Hz, N-H), 7.26 (2H,

d,J 8.7 Hz, H-9, H-11), 7.02 (2H, d,8.7 Hz, H-9’, H-11"), 6.93

(2H, d, J8.7 Hz, H-8', H-12"), 6.73 (2H, d] 8.7 Hz, H-8, H-12),
5.52 (1H, dJ1» 3.7 Hz, H-1), 4.67 (1H, dd}, 5.5 Hz,J 14.2 Hz,
H-13), 4.57 (1H, ddJ 5.9 Hz,J 14.9 Hz, H-13'), 4.53 (1H, dd,
Jos 6.8 Hz,Js¢ 10.0 Hz, H-6"), 4.46 (1H, dd] 4.2 Hz,J 14.9 Hz, H-13"), 4.42 (1H, dd]

4.1 Hz,J 14.2 Hz, H-13), 4.34 (1H, ddds ¢ 1.3 Hz,Js56 6.6 Hz,J54 10.3 Hz, H-5), 4.24 (1H,
ddd, Js¢ 3.2 Hz,J5.4 7.6 Hz, H-5'), 4.22 (1H, ddJs¢ 9.6 Hz, H-6), 4.15 (1H, ddly 3 7.9

Hz, H-4'), 4.12 (1H, d, H-3), 4.10 (1H, dd, H-6), 4.08 (1H, dd, H-6"), 3.65 (3H, s, H}CH
3.58 (6H, s, H-Ch), 3.57 (1H, dJy1- 11.0Hz, H-1"), 3.55 (4H, m, H-3, H-G}}f 3.47 (3H, s,
H-CHs), 3.45 (3H, s, H-CH), 3.40 (1H, d, H-1"), 3.15 (1H, ddy 3 9.6 Hz, H-2), 3.13 (1H,
dd, Js 3 8.7 Hz, H-4) ppm®C NMR (150 MHz):5 = 162.90, 162.77 (C-14, C-14’), 158.49,
158.42 (C-7, C-7'), 148.59, 148.43 (C-15, C-15'), 139.23 (C-17), 129.70 (C-9, C-11), 129.61,
129.11 (C-10, C-107), 128.17 (C-9", C-11"), 124.81, 124.76 (C-16, C-16"), 114.92 (C-8, C-
12), 114.70 (C-8’, C-12’), 103.71 (C-2), 88.70 (C-1), 84.51 (C-4"), 83.70 (C-3’), 83.34 (C-3),
81.73 (C-2), 80.20 (C-4), 79.01 (C-5"), 73.99 (C-1'), 69.93 (C-5), 69.42 (C-6’), 68.06 (C-6),
60.68, 60.47, 59.34, 58.91, 58.75, 58.42 (6GHg), 43.66, 43.06 (C-13, C-13’) ppm. HRMS
(ESI) calcd for GoHsoN3O13Na [M + NaJ: 790.3158, found: 790.3196. Analysis for
CaoHagN3013 (767.84): Calcd: C, 61.01; H, 6.49; N, 5.47. Found: C, 61.23; H, 6.55; N, 5.36.

4.3 Determination of the stability constants of sucrose-based aza-crown

ether complexes with chiral ammonium cations.

4.3.1 General procedure for the titration experiments:

A solution of the receptor in 0.5 mL of the respective solvent (gCkhe experiments with
phenylethylammonium chlorides; CDETLDsOD or DMSO-¢ for methyl ester amino acid
hydrochloride) was prepared (concentration given separately for each experiment). The NMR
spectrum was recorded. Subsequently small portions of a guest were added to the solutiot
After each addition of the ammonium salt the NMR spectrum was recorded. The change of

the shift of the signal of the anomeric proton of sucrosé (a6.5 ppm) was followed. The
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additions of the guest were continued until constant value of the chemical shift of H-1
(anomeric). The value of the shift of the signal was then plotted against the concentration of
the guest in solution. A curve was fitted to the plot, using the empirical equation described by
Fieldind®® with the application of the program Origin. The parametersi(désociation
constant) and\dnax (the difference in chemical shifts between that observed in the host-guest
complex and that observed in the host molecule) were determined by fitting the data to the

equation

{CH +Cot —J((CH +Cot ) —4cHCG)}MmaX
AJ: a a

2C,,

wheres is an experimentally measured chemical shidtjs the measured change in chemical
shift (upon addition of guest species) referenced to that of the uncomplexed hesig G

are the total concentrations of the host and guest, respectively.

The results are summarized in Tables 4.1-4.26. Additional labels are used:added
volume of the solution of the guest at the measuring paitg; is the measured change in
chemical shift (upon addition of guest species) referenced to that chemical shift in preceding
measuring.

This methodology can be used for the 1:1 complexes. If the method is applied successfully
(the error of the Ka determination is not very high) the stoichiometry of the complex does not

have to be additionaly proven by preparation of the Job plot.

4.3.2 Determination of the binding constants of macrocycle 3.19a—f complexes with S
or R-PEA - HCI in CDCl3

Table 4.1 Determination of the binding constant of the complex of 6,6’-(3-azabenzylpenta-
1,5-di-yl)-1",2,3,3",4,4’-hexa®-benzylsucrose3(19a) withS(-)-phenylethylammonium chlo-
ride in CDCE.

Cn = 0.023314 mol/L
No Ve, ub Ce, mol/L Co/Cy 3, ppm AAS, ppm | AS, ppm
1 0 0 0 5,426 0 0
2 10 0,00419 0,18 5,379 -0,047 -0,047
3 20 0,00822 0,37 5,3675 -0,011% -0,0585
4 30 0,0121 0,55 5,36 -0,0075 -0,066
5 40 0,01584 0,73 5,3565 -0,003% -0,0695

156



Experimental part

6 50 0,01943 0,92 5,351 -0,0055 -0,075
7 70 0,02625 1,28 5,3465 -0,004% -0,0795
8 100 0,03563 1,83 5,341 -0,005% -0,08%
9 140 0,04676 2,57 5,338 -0,003 -0,088
10 190 0,05887 3,48 5,334 -0,004 -0,092
11 250 0,07126 4,58 5,331 -0,003 -0,09%

K=69.79 +7.27 M

ABmax= - 0.1109 + 0.0016

Table 4.2 Determination of the binding constant of the complex of 6,6’-[3-aza(4-methoxy-

benzyl) penta-1,5-di-yl]-1’,2,3,3",4,4’-hex@-benzylsucrose 3(19bH with S(-)-phenylethyl-
ammonium chloride in CDGI

Ch =0.0211 mol/L
No Ve, ub Ce, mol/L Co/Cy 3, ppm AAS, ppm | AS, ppm
1 0 0 0 5,421 0 0
2 10 0,00464 0,22 5,363 -0,058 -0,058
3 20 0,0091 0,43 5,345 -0,018 -0,076
4 30 0,01339 0,63 5,338 -0,007 -0,083
5 40 0,01753 0,83 5,332 -0,006 -0,089
6 50 0,02151 1,02 5,328 -0,004 -0,093
7 70 0,02906 1,38 5,323 -0,005 -0,09¢
8 80 0,03263 1,55 5,321 -0,002 -0,1
9 90 0,03609 1,71 5,32 -0,001 -0,101
10 110 0,04267 2,02 5,318 -0,002 -0,103
11 130 0,04882 2,31 5,316 -0,002 -0,10%
12 150 0,0546 2,59 5,314 -0,002 -0,107
13 180 0,06263 2,97 5,312 -0,002 -0,109
14 220 0,07229 3,43 5,312 0 -0,109

K =140.19 + 9.83 M

Admax = - 0.1195 + 0.0009
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Table 4.3 Determination of the binding constant of the complex of 6,6'-[3-aza(pyridine-2-yl-

methyl)penta-1,5-di-yl]-1',2,3,3’,4,4’-hex@-benzylsucrose 3(199 with S(-)-phenylethyl-

ammonium chloride in CDGI

Cy =0.018595 mol/L
No Ve, ub Ce, mol/L Ce/Cy 3, ppm AAS, ppm | A9, ppm
1 0 0 5,415 0 0
2 0,0017 0,09 5,4055 -0,0095 -0,0095
3 0,00337 0,18 5,396 -0,0095 -0,019
4 12 0,00501 0,27 5,386 -0,01 -0,029
5 16 0,00663 0,36 5,38 -0,006 -0,035
6 20 0,00822 0,44 5,3755 -0,0045% -0,0395
7 25 0,01018 0,55 5,372 -0,0035 -0,043
8 30 0,0121 0,65 5,369 -0,003 -0,046
9 35 0,01399 0,75 5,366 -0,003 -0,049
10 40 0,01584 0,85 5,3645 -0,0015 -0,0505
11 45 0,01765 0,95 5,363 -0,001% -0,052
12 50 0,01943 1,05 5,3615 -0,0015 -0,0535
13 60 0,0229 1,23 5,3595 -0,002 -0,0555
14 70 0,02625 1,41 5,358 -0,001% -0,057
15 85 0,03106 1,67 5,3565 -0,0015 -0,0585
16 100 0,03563 1,92 5,3555 -0,001 -0,0595
17 120 0,04138 2,23 5,354 -0,0015 -0,061
18 150 0,04933 2,65 5,3535 -0,0005 -0,0615
19 200 0,06108 3,28 5,353 -0,0005 -0,062

K=316.7+32.2M

Admax = - 0.0657 = 0.0007

Table 4.4 Determination of the binding constant of the complex of 6,6'-[3-aza(pyridine-2-

ylmethyl)penta-1,5-di-yl]-1’,2,3,3’,4,4’-hex®-benzylsucrose3(199 with R(-)-phenylethyl-
ammonium chloride in CDGI

Cy = 0.018595 mol/L
No Vg, b Cgs, mol/L Co/Cq o, ppm AAS, ppm | Ad, ppm
0 0 5,416 0 0
0,00174 0,09 5,431 0,015 0,015
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3 8 0,00346 0,19 5,439 0,008 0,023
4 12 0,00514 0,28 5,443 0,004 0,027
5 16 0,00681 0,37 5,446 0,003 0,03
6 20 0,00844 0,45 5,447 0,001 0,031
7 25 0,01045 0,56 5,449 0,002 0,033
8 30 0,01242 0,67 5,4505 0,0015 0,034p
9 35 0,01436 0,77 5,451 0,0005 0,035
10 40 0,01626 0,87 5,452 0,001 0,036
11 45 0,01812 0,97 5,4525 0,0004 0,0365
12 50 0,01995 1,07 5,454 0,0015 0,039
13 60 0,02352 1,26 5,4555 0,0015 0,0395
14 70 0,02695 1,45 5,4565 0,001 0,0405
15 85 0,03189 1,72 5,4585 0,002 0,042b
16 100 0,03658 1,97 5,46 0,0015 0,044
17 120 0,04248 2,28 5,462 0,002 0,046
18 150 0,05065 2,72 5,4635 0,0015% 0,0475
19 200 0,06271 3,37 5,4655 0,002 0,0495

K=67.25+5.76 M

ASmax = 0.0580 + 0.0008

Table 4.5 Determination of the binding constant of the complex of 6,6’-[3-aza(prop-2-en-1-

yhpenta-1,5-di-yl]-1',2,3,3’,4,4’-hex&®-benzylsucrose 3(19d with S(-)-phenylethyl-

ammonium chloride in CDGI

Cn = 0.02318 mol/L
No Vg, b Cg, mol/L Co/Cq o, ppm AAS, ppm | Ad, ppm
1 0 0 5411 0 0
2 0,00251 0,11 5,362 -0,049 -0,049
3 10 0,00498 0,21 5,3175 -0,0445% -0,0935
4 15 0,00739 0,32 5,2895 -0,028 -0,1215
5 20 0,00976 0,42 5,275 -0,0145 -0,136
6 25 0,01208 0,52 5,264 -0,011 -0,147
7 30 0,01436 0,62 5,256 -0,008 -0,155
8 40 0,0188 0,81 5,246 -0,01 -0,165
9 50 0,02307 1,00 5,2395 -0,006% -0,1715
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10 65 0,02919 1,26 5,2345 -0,005 -0,176

11 80 0,035 1,51 5,229 -0,0055 -0,182

12 100 0,04229 1,82 5,226 -0,003 -0,185

13 120 0,04911 2,12 5,226 0 -0,185

14 150 0,05856 2,53 5,226 0 -0,185
K =426 + 42 M*

Admax=-0.1947 + 0.0016

Table 4.6 Determination of the binding constant of the complex of 6,6’-[3-aza(2-methoxy-2-

oxoethyl)penta-1,5-di-yl]-1’,2,3,3",4,4’-hex@-benzylsucrose3(19¢ with S(-)-phenylethyl-

ammonium chloride in CDGI

Cy = 0.00888 mol/L
No Vg, b Cgs, mol/L Co/Cq o, ppm AAS, ppm | Ad, ppm
1 0 0 0 5,409 0 0
2 0,00251 0,06 5,36 -0,049 0,049
3 10 0,00498 0,11 5,3065 -0,053% 0,1025
4 15 0,00739 0,17 5,2745 -0,032 0,134b5
5 20 0,00976 0,22 5,25 -0,0245 0,159
6 25 0,01208 0,28 5,233 -0,017 0,176
7 30 0,01436 0,33 5,2205 -0,012% 0,188b5
8 35 0,0166 0,38 5,215 -0,0055 0,194
9 40 0,0188 0,43 5,209 -0,006 0,2
10 45 0,02095 0,48 5,204 -0,005 0,205
11 50 0,02307 0,53 5,2 -0,004 0,209
12 55 0,02515 0,57 5,196 -0,004 0,213
13 60 0,02719 0,62 5,193 -0,003 0,216
14 65 0,02919 0,66 5,192 -0,001 0,217
15 70 0,03116 0,71 5,1915 -0,0005 0,217b6
16 80 0,035 0,80 5,191 -0,0005 0,218
17 90 0,03871 0,88 5,19 -0,001 0,219
18 100 0,04229 0,96 5,1885 -0,0015 0,2205
19 110 0,04576 1,04 5,188 -0,0005 0,221
20 130 0,05236 1,19 5,187 -0,001, 0,222
21 150 0,05856 1,33 5,186 -0,001 0,223

160



Experimental part

22 170 0,06438 1,47 5,1855 -0,0005 0,2235
23 200 0,0725 1,65 5,1855 0 0,223%
K=623+47 M*

Admax = - 0.2309 + 0.0011

Table 4.7 Determination of the binding constant of the complex of 6,6’-[3-aza(2-methoxy-

ethyl)penta-1,5-di-yl]-1',2,3,3",4,4’-hex®-benzylsucrose 3(19f) with S(-)-phenylethyl-
ammonium chloride in CDGI

Cy = 0.00568 mol/L
No Vg, pub Cg, mol/L Co/Cq o, ppm AAS, ppm | A9, ppm
1 0 0 0 5411 0 0
2 5 0,00212 0,08 5,383 -0,028 -0,02§
3 7 0,00295 0,11 5,372 -0,011 -0,039
4 9 0,00378 0,14 5,36 -0,012 -0,051
5 11 0,0046 0,17 5,3515 -0,0085 -0,0595
6 13 0,00542 0,20 5,346 -0,0055 -0,065
7 15 0,00623 0,23 5,341 -0,005 -0,07
8 18 0,00743 0,28 5,3345 -0,006% -0,0765
9 22 0,00901 0,34 5,3275 -0,007 -0,0835
10 25 0,01018 0,38 5,325 -0,0025 -0,086
11 30 0,0121 0,45 5,3205 -0,004% -0,0905
12 35 0,01399 0,52 5,3175 -0,003 -0,0935
13 40 0,01584 0,59 5,3155 -0,002 -0,0955
14 50 0,01943 0,73 5,313 -0,0025 -0,098
15 65 0,02459 0,92 5,3105 -0,0025 -0,1005
16 80 0,02949 1,10 5,3075 -0,003 -0,1035
17 100 0,03563 1,33 5,3075 0 -0,103p
18 120 0,04138 1,55 5,3075 0 -0,103pb

K=732+69M

Admax=-0.1078 = 0.0008
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4.3.3 Determination of the binding constants of receptor 3.19f complexes with amino
acid methyl ester hydrochlorides in CDC}-CD30D (80:20)

Table 4.8 Determination of the binding constant of the complex of 6,6’-[3-aza(2-methoxy-
ethyl)penta-1,5-di-yl]-1’,2,3,3",4,4’-hex®-benzylsucrose 3(19f) with D-alanine methyl
ester hydrochloride in CD&ICDs;0D (80:20).

Cy = 0.00639 mol/L
No Vg, b Cgs, mol/L Co/Cq o, ppm AAS, ppm | Ad, ppm
1 0 0 5,436 0 0
2 0,00213 0,17 5,486 0,05 0,05
3 10 0,00422 0,34 5,524 0,038 0,088
4 15 0,00626 0,50 5,554 0,03 0,118
5 20 0,00825 0,66 5,57 0,016 0,134
6 25 0,01021 0,81 5,581 0,011 0,145
7 30 0,01212 0,97 5,586 0,005 0,15
8 35 0,01399 1,12 5,588 0,002 0,152
9 40 0,01583 1,26 5,589 0,001 0,153
10 45 0,01763 1,41 5,59 0,001 0,154
11 50 0,01939 1,55 5,592 0,002 0,156
12 60 0,02281 1,82 5,594 0,002 0,158
13 80 0,02927 2,33 5,595 0,001 0,159
14 100 0,03526 2,81 5,594 -0,001 0,158

K = 1655 + 164 M

Admax = 0.1629 + 0.0009

Table 4.9 Determination of the binding constant of the complex of 6,6’-[3-aza(2-methoxy-
ethyl)penta-1,5-di-yl]-1’,2,3,3",4,4’-hex®-benzylsucrose3( 191 with L-alanine methyl ester
hydrochloride in CDGHCD3;OD (80:20).

Cn = 0.00639 mol/L
No Ve, ub Ce, mol/L Ce/Cy 3, ppm AAS, ppm | A, ppm
1 0 0 5,439 0 0
2 0,00215 0,17 5,478 0,039 0,039
3 10 0,00425 0,34 5,519 0,041 0,08
4 15 0,0063 0,50 5,546 0,027 0,107
5 20 0,00831 0,66 5,564 0,018 0,125
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6 25 0,01028 0,82 5,573 0,009 0,134
7 30 0,01221 0,97 5,58 0,007 0,141
8 35 0,0141 1,12 5,584 0,004 0,145
9 40 0,01595 1,27 5,587 0,003 0,148
10 45 0,01776 1,42 5,589 0,002 0,15
11 50 0,01953 1,56 5,5905 0,0015 0,1515
12 60 0,02298 1,83 5,594 0,0035 0,154
13 80 0,02949 2,35 5,597 0,003 0,158
14 100 0,03552 2,83 5,598 0,001 0,159

K=821+51M

A8max = 0.1657 + 0.0012

Table 4.10 Determination of the binding constant of the complex of 6,6'-[3-aza(2-methoxy-

ethyl)penta-1,5-di-yl]-1',2,3,3",4,4’-hex®-benzylsucrose3(19f) with D-valine methyl ester

hydrochloride in CDGHCD3sOD (80:20).

Cy = 0.0082 mol/L
No Vg, pub Cg, mol/L Co/Cq o, ppm AAS, ppm | A9, ppm
1 0 0 5,437 0 0
2 0,00118 0,07 5,46 0,023 0,023
3 10 0,00235 0,15 5,483 0,023 0,046
4 20 0,0046 0,29 5,528 0,045 0,091,
5 30 0,00677 0,43 5,5675 0,0395 0,130b
6 40 0,00886 0,56 5,591 0,0235 0,154
7 50 0,01087 0,69 5,5965 0,0055 0,1595
8 60 0,01282 0,81 5,598 0,0015 0,161
9 70 0,01469 0,93 5,599 0,001 0,162
10 80 0,0165 1,04 5,6 0,001 0,163
11 100 0,01993 1,26 5,6 0 0,163
12 120 0,02315 1,46 5,6 0 0,163
13 150 0,0276 1,74 5,6 0 0,163
14 200 0,03417 2,16 5,6 0 0,163
15 250 0,03987 2,52 5,6 0 0,163

K = 14737 + 991 M

Admax = 0.1637 + 0.0002
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Table 4.11 Determination of the binding constant of the complex of 6,6'-[3-aza(2-methoxy-
ethyl)penta-1,5-di-yl]-1',2,3,3",4,4’-hex®-benzylsucrose3(19f) with L-valine methyl ester
hydrochloride in CDGHCD3;OD (80:20).

Cy = 0.0082 mol/L
No Ve, ub Ce, mol/L Ce/Cy 3, ppm AAS, ppm | A9, ppm
1 0 0 5,437 0 0
2 0,00118 0,07 5,459 0,022 0,022
3 10 0,00235 0,15 5,482 0,023 0,045
4 20 0,0046 0,29 5,526 0,044 0,089
5 30 0,00677 0,43 5,567 0,041 0,13
6 40 0,00886 0,56 5,591 0,024 0,154
7 50 0,01087 0,69 5,596 0,005 0,159
8 60 0,01282 0,81 5,597 0,001 0,16
9 70 0,01469 0,93 5,598 0,001 0,161
10 80 0,0165 1,04 5,599 0,001 0,162
11 100 0,01993 1,26 5,599 0 0,162
12 120 0,02315 1,46 5,6 0,001 0,163
13 150 0,0276 1,74 5,6 0 0,163
14 200 0,03417 2,16 5,6 0 0,163
15 250 0,03987 2,52 5,6 0 0,163

K = 14385 + 1500 M

Admax = 0.1631 + 0.0003

Table 4.12 Determination of the binding constant of the complex of 6,6'-[3-aza(2-methoxy-

ethyl)penta-1,5-di-yl]-1’,2,3,3",4,4’-hex®-benzylsucrose 3(19f) with D-phenylglycine

methyl ester hydrochloride in CDECDs;OD (80:20).

Cn =0.01238 mol/L
No Ve, ub Ce, mol/L Ce/Cy 3, ppm AAS, ppm | A, ppm
1 0 0 0 5,432 0 0
2 10 0,00163 0,08 5,4535 0,0215 0,0215
3 20 0,00321 0,16 5,474 0,0205 0,042
4 30 0,00474 0,24 5,4935 0,0195 0,0615
5 35 0,00548 0,28 5,504 0,0105 0,072
6 40 0,00622 0,31 5,513 0,009 0,081
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45 0,00694 0,35 5,522 0,009 0,09
50 0,00765 0,39 5,531 0,009 0,099
60 0,00904 0,46 5,548 0,017 0,116
10 70 0,01039 0,52 5,563 0,015 0,131
11 80 0,0117 0,59 5,5755 0,0125 0,1435
12 100 0,01421 0,72 5,59 0,0145 0,158
13 120 0,01658 0,84 5,594 0,004 0,167
14 150 0,01989 1,00 5,596 0,002 0,164
15 180 0,02296 1,16 5,597 0,001 0,165
16 210 0,02579 1,30 5,5975 0,000% 0,1655
17 250 0,02926 1,48 5,598 0,0005 0,166
K = 5508 + 488 M
ABmax= 0.1675 + 0.0005

Table 4.13 Determination of the binding constant of the complex of 6,6'-[3-aza(2-methoxy-
ethyl)penta-1,5-di-yl]-1',2,3,3",4,4’-hex®-benzylsucrose 3(19f) with L-phenylglycine

methyl ester hydrochloride in CDECD3;OD (80:20).

Cy =0.01238 mol/L

No Ve, ub Ce, mol/L Ce/Cy 3, ppm AAS, ppm | A3, ppm
1 0 0 0 5,433 0 0

2 10 0,00163 0,08 5,454 0,021 0,021
3 20 0,00321 0,16 5,475 0,021 0,042
4 30 0,00474 0,24 5,495 0,02 0,062
5 35 0,00548 0,28 5,506 0,011 0,073
6 40 0,00622 0,31 5,516 0,01 0,083
7 45 0,00694 0,35 5,524 0,008 0,091
8 50 0,00765 0,39 5,534 0,01 0,101
9 60 0,00904 0,46 5,55 0,016 0,117,
10 70 0,01039 0,52 5,566 0,016 0,133
11 80 0,0117 0,59 5,579 0,013 0,146
12 100 0,01421 0,72 5,592 0,013 0,159
13 120 0,01658 0,84 5,595 0,003 0,162
14 150 0,01989 1,00 5,596 0,001 0,163
15 180 0,02296 1,16 5,597 0,001 0,164
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16 210 0,02579 1,30 5,597 0,164

17 250 0,02926 1,48 5,597 0,164

K = 4017 + 350 M
Admax = 0.1696 + 0.0006

Table 4.14 Determination of the binding constant of the complex of 6,6'-[3-aza(2-methoxy-
ethyl)penta-1,5-di-yl]-1’,2,3,3",4,4’-hex®-benzylsucrose 3(19f) with D-phenylalanine
methyl ester hydrochloride in CDECDs;OD (80:20).

Cy =0.01416 mol/L
No Vg, pub Cgs, mol/L Co/Cq o, ppm AAS, ppm | Ad, ppm
1 0 0 0 5,437 0 0
2 10 0,00364 0,26 5,477 0,04 0,04
3 20 0,00713 0,50 5,515 0,038 0,078
4 30 0,0105 0,74 5,55 0,035 0,113
5 40 0,01374 0,97 5,576 0,026 0,139
6 50 0,01686 1,19 5,587 0,011 0,15
7 60 0,01987 1,40 5,592 0,005 0,155
8 70 0,02278 1,6! 5,594 0,002 0,157
9 80 0,02558 1,81 5,595 0,001 0,158
10 100 0,03091 2,18 5,596 0,001 0,15¢
11 120 0,0359 2,54 5,597 0,001 0,16
12 150 0,0428 3,02 5,597 0 0,16
13 200 0,05299 3,74 5,597 0 0,16

K =3834+ 151 M'

Admax=0.16142 + 0.00021

Table 4.15 Determination of the binding constant of the complex of 6,6'-[3-aza(2-methoxy-
ethyl)penta-1,5-di-yl]-1’,2,3,3",4,4’-hex®-benzylsucrose 3(19f) with L-phenylalanine
methyl ester hydrochloride in CDECDs;OD (80:20).

Cy =0.01416 mol/L
No Vg, b Cgs, mol/L Co/Cq o, ppm AAS, ppm | Ad, ppm
1 0 0 0 5,437 0 0
2 10 0,00364 0,26 5,477 0,04 0,04
3 20 0,00713 0,50 5,515 0,038 0,078
4 30 0,0105 0,74 5,547 0,032 0,11
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5 40 0,01374 0,97 5,575 0,028 0,138
6 45 0,01531 1,08 5,582 0,007 0,145
7 50 0,01686 1,19 5,587 0,005 0,15
8 60 0,01987 1,40 5,592 0,005 0,155
9 70 0,02278 1,61 5,5935 0,0015 0,156p
10 80 0,02558 1,81 5,5945 0,001 0,157p
11 100 0,03091 2,18 5,595 0,0004 0,158
12 120 0,0359 2,54 5,597 0,002 0,16
13 150 0,0428 3,02 5,597 0 0,16
14 200 0,05299 3,74 5,597 0 0,16

K = 3392 + 223 M

A8max = 0.16145 + 0.00042

4.3.4 Determination of binding constants of receptor 3.19f complexes with amino acid

methyl ester hydrochlorides in DMSO-g

Table 4.16 Determination of the binding constant of the complex of 6,6'-[3-aza(2-methoxy-

ethyl)penta-1,5-di-yl]-1',2,3,3",4,4’-hex®-benzylsucrose 3(19f) with D-alanine methyl
ester hydrochloride in DMSQOsd

Cy =0.0144 mol/L
No Vg, b Cg, mol/L Co/Cq o, ppm AAS, ppm | A9, ppm
1 0 0 0 5,43 0 0
2 10 0,00358 0,25 5,432 0,002 0,002
3 20 0,00703 0,49 5,4335 0,0015 0,003b
4 30 0,01034 0,72 5,435 0,0015 0,005
5 40 0,01353 0,94 5,436 0,001 0,006
6 50 0,01661 1,15 5,437 0,001 0,007
7 60 0,01957 1,36 5,438 0,001 0,008
8 80 0,0252 1,75 5,4395 0,0015 0,0095
9 100 0,03045 2,11 5,4405 0,001 0,01056
10 120 0,03536 2,46 5,4415 0,001 0,0115
11 150 0,04216 2,93 5,443 0,0015 0,013
12 200 0,0522 3,62 5,4445 0,0015 0,0145

K=3236+221M

Admax = 0.0245 + 0.0008
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Table 4.17 Determination of the binding constant of the complex of 6,6'-[3-aza(2-methoxy-
ethyl)penta-1,5-di-yl]-1’,2,3,3’,4,4’-hex@®-benzylsucrose3(19f) with L-alanine methyl ester

hydrochloride in DMSO-¢l

Cy =0.0144 mol/L
No Ve, ub Ce, mol/L Ce/Cy 3, ppm AAS, ppm | A9, ppm
1 0 0 0 5,4285 0 0
2 10 0,00358 0,25 5,431 0,0025 0,0025
3 20 0,00703 0,49 5,4345 0,0035 0,006
4 30 0,01034 0,72 5,4365 0,002 0,008
5 40 0,01353 0,94 5,4385 0,002 0,01
6 50 0,01661 1,15 5,4405 0,002 0,012
7 60 0,01957 1,36 5,4425 0,002 0,014
8 80 0,0252 1,75 5,445 0,0025 0,0165
9 100 0,03045 2,11 5,448 0,003 0,0195
10 120 0,03536 2,46 5,45 0,002 0,0215
11 150 0,04216 2,93 5,4525 0,002% 0,024
12 200 0,0522 3,62 5,4565 0,004 0,028

K=16.24+1.21 M

Admax = 0.0650 + 0.0030

Table 4.18 Determination of the binding constant of the complex of 6,6'-[3-aza(2-methoxy-

ethyl)penta-1,5-di-yl]-1’,2,3,3",4,4’-hex®-benzylsucrose3(19f) with D-valine methyl ester

hydrochloride in DMSO-gl

Ch = 0.0144 mol/L
No Vg, b Cgs, mol/L Co/Cq o, ppm AAS, ppm | Ad, ppm
1 0 0 0 5,4295 0 0
2 10 0,00298 0,21 5,4335 0,004 0,004
3 20 0,00585 0,41 5,437 0,0035 0,0075
4 25 0,00724 0,50 5,4385 0,0015 0,00¢
5 30 0,00861 0,60 5,4405 0,002 0,011
6 35 0,00995 0,69 54411 0,0006 0,0116
7 40 0,01127 0,78 5,4423 0,0012 0,0128
8 45 0,01256 0,87 5,443 0,0007 0,0135
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9 50 0,01383 0,96 5,4441 0,0011 0,014p
10 60 0,0163 1,13 5,4457 0,0016 0,016R
11 80 0,02098 1,46 5,4475 0,001¢ 0,018
12 100 0,02535 1,76 5,449 0,0015 0,0195
13 125 0,03042 2,11 545005  0,00105  0,02055
14 150 0,0351 2,44 5,4507 0,00065 0,0212

K =301 +28 M*

ABmax= 0.0243 + 0.0004

Table 4.19 Determination of the binding constant of the complex of 6,6'-[3-aza(2-methoxy-

ethyl)penta-1,5-di-yl]-1’,2,3,3",4,4’-hex®-benzylsucrose3(19f) with L-valine methyl ester

hydrochloride in DMSO-gl

Ch = 0.0144 mol/L
No Ve, ub Ce, mol/L Ce/Cy 3, ppm AAS, ppm | A3, ppm
1 0 0 0 5,4295 0 0
2 10 0,00298 0,21 5,4333 0,0038 0,0038
3 20 0,00585 0,41 5,4368 0,0035 0,0073
4 25 0,00724 0,50 5,4383 0,0015 0,0088
5 30 0,00861 0,60 5,4395 0,0012 0,01
6 35 0,00995 0,69 5,4415 0,002 0,011p
7 40 0,01127 0,78 5,442 0,0005 0,0125
8 45 0,01256 0,87 5,4431 0,0011 0,0136
9 50 0,01383 0,96 5,444 0,0009 0,0145
10 60 0,0163 1,13 5,4455 0,0015 0,016
11 80 0,02098 1,46 5,4477 0,0022 0,0182
12 100 0,02535 1,76 5,4492 0,001% 0,0197
13 125 0,03042 2,11 5,4505 0,0013 0,021
14 150 0,0351 2,44 5,4511 0,000¢ 0,0216

K=206+7M

Admax = 0.0262 + 0.0002
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Table 4.20 Determination of the binding constant of the complex of 6,6'-[3-aza(2-methoxy-

ethyl)penta-1,5-di-yl]-1',2,3,3",4,4’-hex®-benzylsucrose 3(19f with D-phenylglycine

methyl ester hydrochloride in DMSQ:d

Cy =0.01237 mol/L
No Ve, ub Ce, mol/L Ce/Cy 3, ppm AAS, ppm | A9, ppm
1 0 0 0 5,429 0 0
2 10 0,00301 0,24 5,437 0,008 0,008
3 20 0,00591 0,48 5,4435 0,0065 0,014
4 30 0,0087 0,70 5,449 0,0055 0,02
5 40 0,01139 0,92 5,452 0,003 0,023
6 45 0,01269 1,03 5,454 0,002 0,025
7 50 0,01398 1,13 5,456 0,002 0,027
8 60 0,01647 1,33 5,458 0,002 0,029
9 70 0,01888 1,53 5,46 0,002 0,031
10 85 0,02234 1,81 5,4625 0,0025 0,033b
11 100 0,02562 2,07 5,465 0,0025 0,036
12 120 0,02975 2,40 5,467 0,002 0,038
13 150 0,03548 2,87 5,469 0,002 0,04
14 200 0,04392 3,55 5,472 0,003 0,043

K=145+10 M"

Admax = 0.0509 + 0.0010

Table 4.21 Determination of the binding constant of the complex of 6,6'-[3-aza(2-methoxy-
ethyl)penta-1,5-di-yl]-1',2,3,3",4,4’-hex®-benzylsucrose 3(19f) with L-phenylglycine
methyl ester hydrochloride in DMSQ:d

Cy =0.01237 mol/L
No Vg, b Cgs, mol/L Co/Cq o, ppm AAS, ppm | Ad, ppm
1 0 0 0 5,428 0 0
2 10 0,0031 0,25 5,4365 0,0085 0,0085
3 20 0,00608 0,49 5,441 0,0045 0,013
4 30 0,00895 0,72 5,4456 0,0046 0,0176
5 40 0,01172 0,95 5,45 0,0044 0,022
6 45 0,01306 1,06 5,452 0,002 0,024
7 50 0,01438 1,16 5,453 0,001 0,025
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60 0,01695 1,37 5,455 0,002 0,027
70 0,01943 1,57 5,458 0,003 0,03
10 85 0,02299 1,86 5,46 0,002 0,032
11 100 0,02637 2,13 5,462 0,002 0,034
12 120 0,03062 2,47 5,464 0,002 0,036
13 150 0,03651 2,95 5,467 0,003 0,034
14 200 0,0452 3,65 5,471 0,004 0,043
K =101+ 10 M*
ASmax = 0.0535 + 0.0017

Table 4.22 Determination of the binding constant of the complex of 6,6'-[3-aza(2-methoxy-

ethyl)penta-1,5-di-yl]-1’,2,3,3,4,4’-hex@®-benzylsucrose 319 with D-phenylalanine

methyl ester hydrochloride in DMSQ:d

Cy =0.01237 mol/L
No Vg, pub Cg, mol/L Co/Cq o, ppm AAS, ppm | Ad, ppm
1 0 0 0 5,428 0 0
2 10 0,00299 0,24 5,436 0,008 0,008
3 20 0,00587 0,47 5,441 0,005 0,013
4 30 0,00863 0,70 5,447 0,006 0,019
5 40 0,0113 0,91 5,4505 0,0035 0,0225
6 45 0,0126 1,02 5,4515 0,001 0,0235
7 50 0,01387 1,12 5,453 0,0015 0,025
8 60 0,01634 1,32 5,4555 0,0025 0,0275
9 70 0,01873 151 5,458 0,0025 0,03
10 85 0,02216 1,79 5,46 0,002 0,032
11 100 0,02542 2,05 5,462 0,002 0,034
12 120 0,02952 2,39 5,464 0,002 0,036
13 150 0,0352 2,85 5,4655 0,0015 0,037b
14 200 0,04358 3,52 5,468 0,0025 0,04

K=162+11 M

Admax = 0.04695 + 0.0008
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Table 4.23 Determination of the binding constant of the complex of 6,6'-[3-aza(2-methoxy-

ethyl)penta-1,5-di-yl]-1’,2,3,3",4,4’-hex®-benzylsucrose 3(19f) with L-phenylalanine

methyl ester hydrochloride in DMSQ:d

Cn =0.01237 mol/L

No Ve, ub Ce, mol/L Ce/Cy 3, ppm AAS, ppm | A9, ppm
1 0 0 0 5,4305 0 0
2 10 0,00302 0,24 5,4375 0,007 0,007
3 20 0,00592 0,48 5,4435 0,006 0,013
4 30 0,00871 0,70 5,4485 0,005 0,018
5 40 0,0114 0,92 5,452 0,0035 0,0215
6 45 0,01271 1,03 5,4535 0,0015 0,023
7 50 0,01399 1,13 5,455 0,0015 0,0245
8 60 0,01649 1,33 5,4575 0,0025 0,027
9 70 0,0189 1,53 5,4595 0,002 0,029
10 85 0,02237 1,81 5,462 0,0025 0,0315
11 100 0,02566 2,07 5,4635 0,001% 0,033
12 120 0,02979 2,41 5,466 0,0025 0,0356
13 150 0,03552 2,87 5,468 0,002 0,037b
14 200 0,04398 3,55 5,471 0,003 0,040b
K=127+6 M

Admax = 0.0491 + 0.0007

4.3.5 Determination of the binding constants of complexesf receptors 3.31 and 3.37
with S- or R-PEA - HCl in CDCl3

Table 4.24 Determination of the binding constant of the complex of 6,6’-[3,5-di(azabenzyl)-

hexa-1,6-di-yl]-6’-deoxy-1',2,3,3',4,4’-hexa-O-benzylsucrose 3@) with S(-)-phenylethyl-
ammonium chloride in CDGI

Cy = 0.0095 mol/L
No Vg, b Cgs, mol/L Co/Cq o, ppm AAS, ppm | Ad, ppm
1 0 0 5,482 0 0
2 0,00205 0,11 5,472 -0,01 -0,01
3 10 0,00407 0,21 5,4595 -0,0125% -0,022
4 15 0,00604 0,32 5,452 -0,0075 -0,03

172



Experimental part

5 20 0,00798 0,42 5,443 -0,009 -0,039
6 25 0,00988 0,52 5,437 -0,006 -0,045
7 30 0,01174 0,62 5,433 -0,004 -0,049
8 35 0,01357 0,71 5,429 -0,004 -0,053
9 40 0,01537 0,81 5,427 -0,002 -0,05%
10 50 0,01886 0,99 5,425 -0,002 -0,057
11 60 0,02223 1,17 5,423 -0,002 -0,059
12 80 0,02861 1,51 5,421 -0,002 -0,061
13 100 0,03457 1,82 5,419 -0,002 -0,063
14 120 0,04015 2,11 5,418 -0,001 -0,064
15 150 0,04787 2,52 5,417 -0,001 -0,065
16 200 0,05927 3,12 5,416 -0,001 -0,066

K =522 +33 M*

A8max= - 0.0678 + 0.0006

Table 4.25 Determination of the binding constant of the complex of 6,6’-[1,4-di(azabenzyl)-

hexa-1,6-di-yl]-6-deoxy-1",2,3,3",4,4’-hexa-O-benzylsucrosg& 37) with S(-)-phenylethyl-
ammonium chloride in CDGI

Cy =0.0130 mol/L

No Vg, b Cg, mol/L Co/Cq o, ppm AAS, ppm | A9, ppm

1 0 0 5,7065 0 0

2 0,00172 0,13 5,698 -0,0085 -0,0085
3 10 0,00341 0,26 5,69 -0,008 -0,016pH
4 15 0,00506 0,39 5,682 -0,008 -0,0245
5 20 0,00669 0,51 5,676 -0,006 -0,0305
6 25 0,00828 0,64 5,67 -0,006 -0,036pH
7 30 0,00984 0,76 5,666 -0,004 -0,0405
8 40 0,01288 0,99 5,659 -0,007 -0,0475
9 50 0,0158 1,22 5,653 -0,006 -0,053b
10 65 0,02 1,54 5,647 -0,006 -0,0595
11 80 0,02397 1,85 5,643 -0,004 -0,0635
12 100 0,02897 2,23 5,639 -0,004 -0,0675
13 120 0,03364 2,59 5,638 -0,001, -0,0685
14 140 0,03802 2,93 5,636 -0,002 -0,0705
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15 170 0,0441 3,39 5,634 -0,002 -0,07z|5
16 200 0,04966 3,8 5,632 -0,002 -0,0745
K =309 + 23 M*

Admax=-0.0796 + 0.0009

Table 4.26 Determination of the binding constant of the complex of 6,6’-[1,4-Di(azabenzyl)-

hexa-1,6-di-yl]-6-deoxy-1',2,3,3",4,4’-hexa-O-benzylsucros237) with R(+)-phenylethyl-
ammonium chloride in CDGI

Cy =0.0130 mol/L
No Vg, pub Cgs, mol/L Co/Cq o, ppm AAS, ppm | Ad, ppm
1 0 0 5,7065 0 0
2 0,00217 0,17 5,698 -0,0085 -0,0085
3 10 0,0043 0,33 5,689 -0,009 -0,017H
4 15 0,00639 0,49 5,684 -0,005 -0,0225
5 20 0,00844 0,65 5,678 -0,006 -0,0285
6 25 0,01045 0,80 5,672 -0,006 -0,0345
7 30 0,01242 0,96 5,668 -0,004 -0,0385
8 40 0,01626 1,25 5,659 -0,009 -0,0475
9 50 0,01995 1,54 5,653 -0,006 -0,0535
10 65 0,02525 1,94 5,649 -0,004 -0,057b5
11 80 0,03027 2,33 5,645 -0,004 -0,0615
12 100 0,03658 2,82 5,641 -0,004 -0,0655
13 120 0,04248 3,27 5,638 -0,003 -0,0685
14 140 0,04801 3,70 5,635 -0,003 -0,0715
15 170 0,05569 4,29 5,634 -0,001 -0,0725
16 200 0,06271 4,83 5,632 -0,002 -0,0745

K=131+6 M

Admax = - 0.0852 + 0.0009
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