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Trisaccharide analogs of natural nodulation factors from Rhizobium sp. NGR234, 
namely, 2-acetamido-2-deoxy-4-O-(2-deoxy-2-hexadecanamido-~-o-glucopyranosyl)-6-O- 
(2-O-methyl-a-k-fucopyranosyl)-t~-glucopyranose and its derivatives containing a 4-0-  
acetyl or a 3-O-sulfo group at the L-fucose residue, were synthesized. The otigosaccharides 
synthesized were shown to possess biological activity. 
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The concerted interact ion of  nitrogen-fixing bacteria 
of the Rhizobium species and legumes is established by 
exchange of  signal molecules between the symbionts.l,z 
An important  role in a series o f  complex processes, 
which eventually result in the formation of  nodules 
containing nitrogen-fixing bacteria,  belongs to the so- 
called nodulat ion factors (Nod-factors) ,  whose struc- 
tural features determine the specificity of  interaction of  
Rhizobia with the host plant. 

* Laboratoire de Biologic Mol6culaire des Plantes Sup~rieures 
(LBMPS), Universit6 de Gen~ve, 1 eh. de l'Imp6ratrice, 1292 
Chambesy-Gen6ve, Suisse. 

In the chemical  aspect, Nod-factors  are chitooligo- 
saccharides, in which the glucosamine residue located 
on the non-reducing end of the chain is N-acylated with 
a higher fatty acid, while all o f  the other amino groups 
of  the molecule are N-acetylated.  A characteristic fea- 
ture of  these compounds is addi t ional  modification of  
the terminal residues of  the reducing N-acetylglucosamine 
and non-reducing N-acylglucosamine.  

Nod-factors produced by different bacteria differ in 
chain length, nature of  the fatty acid, and modification 
of  terminal monosaceharide residues (see reviews 3,4 and 
a paper s dealing with the structure o f  Nod-factors).  The 
isolation of  individual Nod-factors  from natural sources 
is quite a laborious task, which encouraged the initiation 
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of studies into the synthesis of  compounds belonging to 
this series. 6-1z 

In the present communicat ion,  we start a series of  
publications on the chemical  synthesis of lipooligo- 
saccharides related to nodulation factors of Rhizobium 
sp. NGR234,  a strain of  unusually broad host-specific- 
ity, which interacts with over 110 genera of legumes and 
produces over 80 Nod-factors.  The general structure of 
the latter can be represented by formula 1. 

r i ~-OH i ~--0 
m O ~ o  l...-~---k~o I ~-..~.-o 

R4 0 ~ ' , ~  0 THO ~ ' ~ . . . . .  0 FHO ~ ' ~ 0  H 
NMeR~ i NHAc NHAc 

L Jn 

1 

R 1 = (Z)-CH3(CH2)sCH=CH(CH2)gCO; CH3(CH2)~4CO (Palm) 
R 2 = H, SO3-; R 3 =Ac, H; R 4 = NH2CO, H 
n = 2 , 3  

Unlike in the Nod-factors  of  other bacteria, the non- 
reducing terminal  glucosamine residue in these com- 
pounds can be N-acylated with a saturated fatty (palm- 
itic) acid. A characteristic modification of the N-acetyl- 
glucosamine residue on the reducing oligosaccharide 
end is substitution with 4-O-acetyl-2-O-methyl-ct-L- 
fucopyranose or 2- O-methyl- 3- O-sulfo-ct-L-fueopyranose 
residues at its C(6) atom. 

The purpose of  this work is the synthesis of the 
smallest lipootigosaccharides, whose chitooligosaccharide 
chains contain substituents characteristic of natural Nod- 
factors of Rhizobium sp. NGR234.  

The trisaccharide family of  general formula Z* was 
chosen as a primary synthetic goal. 

M e ~ , ~ ' O M e  

~/OH ~--.0 
H 0 0 0 0 

2a: R 1 = Palm;  R 2 = R 3 = H 

2 b :  FI 1 = Palm;  R 2 = S 0 3 - ;  R 3 = H 

2 r  R 1 = Palm; R 2 = H; R 3 = A c  

This choice is based on the following premises: first, 
trisaccharide 2 is the smallest fragment of  lipooligo- 
saccharide 1 possessing its characteristic pattern of sub- 

* According to the currently recommended nomenclature for 
Nod-factors, compounds 2a, 2b, and 2c are named 
NodNGR-II(C 16:0)(MeFuc), NodNGR-II(C16:0)(MeFuc,S), 
and NodNGR-II(C16:0)(MeFuc,Ac), respectively. 

stitution at amino groups and C(6) atom of  the reducing 
01igosaccharide end; second, the chitobiose fragment 
bearing an N-acyl and an N-acetyl  group undergoes 
cleavage with chitinases to the smallest degree; and 
third, the presence of an ct(l--+6)-linked 2-O-methyl-L-  
fucose residue should probably increase the stability of  
the glucosamine--glucosamine glycoside bond against 
chitinases of legumes z5 which inactivate natural  Nod-  
factors. 

Such compounds have not  been isolated from natural 
objects, and their study aimed at the detect ion of  struc- 
tural elements responsible for biological activity is of 
considerable interest. 

The following considerations were taken into ac- 
count in retrosynthetic analysis: first, the amino groups 
should be acylated with different acids; second, the 
synthesis of all three compounds should preferably start 
from a common trisaccharide precursor, which should 
be modified in a minimum number  of  final steps; and 
third, because of the low reactivity of the OH(4)  group 
of the glucosamine residue in glycosylation reactions, a 
glycosyl acceptor with the min imum steric hindrance 
should be used for the construction of  the chitobiose 
fragment. The combination of  these requirements led us 
to three key intermediates: 3, 4, and 5. 

_~-OBn _ ~-OSiMe2Bu t 

BnO"~ '~O~  HO~'~'~-O~ -OBn Me~'/~O~'~_SE_t 
B n O ~  B n O - - - ~  

N3/ NPht OC(NH)CCI 3 AcC) OMPM 

3 4 5 

O 

MPM = M e O ~ ' ~ C H ~ - - "  ; Pht = 

0 

The previously described 16 t r ichloroacet imidate  3 in- 
corporating an azido group at the C(2) atom was used as 
the gtycosyl donor, and phthal imide derivative 4 was 
used as the glycosyl acceptor. The condit ions for the 
transformation of  phthal imido and azido groups into 
free amino groups differ, which makes it possible to 
introduce different acyl substituents at the amino groups 
in GIcN residues. Protective groups in glycosyl donor 5 
enable selective introduction of  substituents at the C(3) 
and C(4) atoms of  the fucose residue. 

Thiofucoside 6 was obtained in high yield by the 
reaction of  L-fUcose acetate with EtSH in the presence 
of BF 3 �9 EtzO. Acetonat ion 9 of  thiofucoside 6 followed 
by methylat ion with MeI in the presence of  KOH 
afforded methylated acetonide 7 (Scheme 1). Mild re- 
moval of  the 3,4-O-isopropylidene protection by aque- 
ous CF3CO2H occurred smoothly,  and the diol obtained 
in quantitative yield was p-methoxybenzyla ted  without 
isolation, using a method based on the selective alkyla- 
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Scheme 1 

HO OH 

L-Fuc a I" Me ~ ~ H E t  

a. 1) Ac20, AcONa; 2) EtSH, 
Et20. BF3, 0H2012; 3) MeONa/MeOH; 

b. Me2CO, TsOH; c. Mel, KOH, DMSO; 
d. aq. CF3COOH; 
e. 1) Bu2SnO, Phil, &; 2) MPMCI, Bu4NBr; 
f. Ac20, Py 

Me Me 

o>( 
OMe b, c J. Me SEt 

7 

l d, e , f  
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tion of a stannylidene derivative. 17 Subsequent acetyla- 
�9 tion gave crystalline thioglycoside 5. 

Selective silylation Is of  reported 19 diol 8 with 
ButMe2SiCl in DMF in the presence of Et3N and 
4-dimethylaminopyridine (DMAP) gave (Scheme 2) se- 
lectively protected phthalimide derivative 4 in high yield. 

Scheme 2 

OH ~. -OSiMe2Bu t 

B n O ~  
NPht NPht 

8 4 

a. ButMe2SiCI, EL3N, DMAP, DMF 

Glycosylation of compound 4 with trichloroacet- 
imidate 3 16 catalyzed by BF3"Et20 in a MeCN-- 
CH2CI 2 mixture at - 4 0  ~ (Scheme 3) followed by 
removal of silyl protection by acid hydrolysis without 
isolation of the intermediate gave disaccharide derivative 
9, which had the only free hydroxyl group at the C(6) 
atom of the reducing monosaccharide residue, in 78% 
yield. Performing the glycosylation and desilylation in 
one preparative step made it possible to simplify the 
chromatographic isolation of product 9 from the reac- 
tion mixture. 

Glycosylation of derivative 9 with thiofucoside 5 in 
the presence of CuBr 2 zo gave the expected a-linked 
trisaccharide 10 in 73% yield. Its transformation into the 
target products is shown in Scheme 4. 

Removal of the phthalimide protection from com- 
pound 10 on treatment with N2H4"H20 in PraOH 
under reflux conditions followed by acetytation gave di- 
N,O-acetylated product 11 in 96% yield. The 1H NMR 
spectrum of the latter confirmed the absence of a 
phthalimide group and the presence of two acetyl groups. 

Reduction of the azido group in compound 11 with 
H2S in aqueous Py 21 followed by N-palmitoylation on 
treatment with N-acylthiazolidine-2-thione (similarly to 

Scheme 3 

BnO7~\ + ~ n u ~  HnOo--~OB~ 

3 4 

~.~OBn ~.--OH 

. B.o- L=o 
B n O ~  BnO-.~'rV " ~  

N 3 NPht 
9 

a.b 
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I i  
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10  

a. BF3-Et20, MeCN---CH2CI 2 1 : 1; b. TsOH'H20, CH3CN; 
c. 5, CuBr 2, Bu4NBr, DMF--CH2Cl 2 1 : 5, MS 4 ,~ 

Scheme 4 

10 

Ac? OMPM 

M e ~  -'-OMe 

a,b - ~oB~ ~o  
B n O " ~ O ~  _O - - - ' I ~  O ,OBn 
8 n O ~  BnO--~-""~ "-V 

N 3 
11 

AcO . . . .  c, d J  

M e ~  OMe 

~oa~ ~o  

B n O ~  BnO J i " ' T  .'-~ 
NHCOC15H31 NHAc 

12 

f . g , h  
2b ~ 

NHAc 

h g 
P 2C = 2a  

" ~  AoO OH 
M e ~  OMe 

~o~n ~o 
B nO1"t--~..---O _~-- - - r  OBn 

NHCOC15H31 NHAc 

13 

a. N2H 4- H20, PrOH, D; b. Ac20, Py, DMAP; 
c. H2S, Py--H20; d. N-(palmitoyl)thiazol idine-2-thione, 

DMF; e. DDQ, CH2CI 2, H20; f. Py-SO 3, DMF, Py; 
g. MeONa, MeOH; h. H 2, 10% Pd/C, 

THF--EtOH--H20 2 : 2 : 1 

the procedure in Ref. 7) gave trisaccharide derivative 12 
in 52% yield. 
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Hydrogenolysis  of  c o m p o u n d  12 resulted in trisac- 
charide 2e, which  was isolated in 56% yield after H P L C  
purification. The  structure o f  this t r isaccharide was con-  
firmed by its I H - - t H  C O S Y  N M R  spectrum. Four  
doublets at 8 5.00 (JL2 = 4.0 Hz) ,  4.94 (JI,2 = 4.5 Hz) ,  
4.56 (JI.2 = 10.0 Hz) ,  and 4.48 (JI,2 = 10.0 Hz)  were 
assigned to the four  anomer i c  protons  of  the c~-GlcNAc, 
a -L-Fuc ,  t3 -GlcNPalm,  and 13-GlcNAc residues, respec- 
tively. The  downf ie ld  shift o f  the signal of  H(4) of  c~-L- 
Fuc at ~ 5.10 (J3,4 = 3.6 Hz,  "/'4,5 = 0.5 Hz)  unambigu-  
ously indicates the presence o f  an acetyl group at the 
0 (4)  atom o f  the ct-t.-fucose residue. 

Saponif icat ion o f  t r isaccharide 2c followed by H P L C  
purification gave tr isaccharide 2a. 

T r e a t m e n t  o f  t r i s a c c h a r i d e  de r iva t ive  12 wi th  
2 , 3 - d i c h l o r o - 5 , 6 - d i c y a n o -  1 ,4 -benzoqu inone  ( D D Q )  zz 
resulted in removal  o f  the 4 -methoxybenzy l  protect ive 
group, and tr isaccharide derivative 13 with a free OH 
group at the C(3)  a tom of  the fucose residue was iso- 
lated in 55% yield.  Subsequent  sulfation with P y .  SO3, 7 
saponif icat ion with M e O N a  in M e O H ,  hydrogenolysis,  
and H P L C  gave the sodium salt of  tr isaccharide sulfate 
2b in high yield. 

The s tructure o f  t r isaecharide 2b was conf i rmed by 
its I H - - J H  C O S Y  N M R  spectrum. Four  signals at 8 
5.00 (br.d), 4.85 (Jr.2 = 4.5 Hz) ,  4.57 (Jr,2 = 9.5 Hz),  
and 4.48 (JI,2 = 10.0 Hz)  were assigned to the four 
a n o m e r i c  p r o t o n s  o f  t he  c~-GlcNAc,  c~-u-Fuc, 13- 
G l c N P a l m ,  and 13-GIcNAc residues, respectively. The  
downfield shift o f  the signal of  H(3) of  the ct-L-Fuc 
residue at 8 4.62 (J3,4 = 3.6 Hz,  J3,2 = 8.5 Hz)  unam-  
biguously indicates  that  sulfate is located at posit ion 3 of  
the fucose residue. 

A study of  the biological  activity in the test for root-  
hair curling 23 showed the high activity of  tr isaccharide 
derivatives 2 a - - c  at concent ra t ions  10-9--10 -6 tool L - ; .  

Experimental 

tH and 13C NMR spectra were recorded in CDCI3 or in 
CD3OD at 300 K on a Bruker WM-250 spectrometer with 
acetone as the internal standard. Thin layer chromatography 
was carried out on plates with a fixed silica gel (Merck) layer. 
Column chromatography was performed on Silpearl (Chemapol) 
silica gel with gradient elution. HPLC was carried out on a 
modular chromatographic system (Altex pump, Rheodyne 7025 
injector, Knauer ultraviolet detector (220 rim), Knauer chart 
recorder) with a C a column (250• 16 ram) in a MeOH--water 
system (15 : 85), 5 mL min - l .  The solutions were concen- 
teated in vacuo at 40 ~ Acetonitrile and methylene chloride 
were dried by distillation over Cal l  2. 

Ethyl 3,4- O-isopropylidene-2- O-methyl- 1-thio-~- L-fueo- 
pyranoside (7). t~-Fucose (l.64 g, 10.0 retool) was added in 
portions with stirring and heating (I00 ~ to a mixture of 
Ac20 (10 mL, 10.82 g, 0.106 moo and anhydrous AcONa 
(500 mg, 6.10 retool). The mixture was poured into water (I00 
mL). After 16 h, the solution was extracted with CHCI 3 (3x50 
mL), the organic layer~ were separated, and the combined 
extracts were concentrated /n vacuo. The syrup obtained was 
dissolved in 5 mL of dry CH2CI 2, and then EtSH (i.11 mL, 
0.932 g, 15.0 mmol) and BF 3"Et20 (0.127 mL, 142 rag, 

1.0 retool) were added with stirring. After 8 h, the reaction 
mixture was poured into saturated aqueous NaHCO 3 (50 mL) 
and extracted with CHCI 3 (3x50 mL). The combined extracts 
were concentrated in vacuo, the syrup obtained was dissolved 
in anhydrous MeOH (20 mL), and 1 M NaOMe in MeOH 
(0.1 mL) was added at 20 *C. After 16 h, the solution was 
neutralized with a KU-2 cationite (H +) to pH 7 (according to 
a universal indicator paper), the cationite was filtered off, and 
the filtrate was concentrated in vacuo. The thioglycoside syrup 
obtained was dissolved in anhydrous Me2CO (I0 mL), and 
TsOH-H20  (0.1 g, 0.53 mmol) was added with stirring at 
20 ~ After 24 h, NaHCO 3 (1 g) was added to the reaction 
mixture, and the mixture was stirred for 30 rain. The solution 
was filtered, and the filtrate was concentrated in vacuo. The 
syrup obtained was dissolved in DMSO (5 mL), and the 
solution was added with stirring to a suspension of powdered 
KOH (4 g) in DMSO (10 mL) at such a rate that the 
temperature did not exceed 30 ~ After 5 min, Mel (2.00 mL, 
4.56 g, 32.1 retool) was added dropwise at such a rate that the 
temperature did not exceed 40 oC, and stirring was continued 
for 30 rain. The reaction mixture was poured into ice water 
(100 mL) and extracted with Et20 (4• mL). The combined 
ethereal extracts were concentrated in vacuo, and the syrupy 
residue was crystallized from hexane (20 mL). The yield of the 
product was 1.36 g (52%), m.p. 82 ~ let]D20 + l l . 8  ~ (c 1.5, 
CHCI3). IH NMK (CDC13), 5:4.31 (d, I H, H- l ,  JI.2 = 
10.0 Hz); 4.10 (dd, I H, H-3, J3.4 = 4.0 Hz); 4.30 (dd, 1 H, 
H-4. J4.5 = 3.0 Hz); 3.80 (dq, I H, H-5, J5,6 = 6.0 Hz); 
3.58 (s, 3 H, OCH3); 3.20 (dd, 1 H, H-2, 12. 3 = 6.0 Hz); 
2.74 (m, 2 H, C_HH2CH3); 1.55 (s, 3 H, CH3); 1.40 (d, 3 H, 
H-6); 1.37 (s, 3 H, CH3); 1.30 (t, 3 H. CH2CH3). 

Ethyl 4- O-aeetyl-3- O-(4-methoxybenzyl)-2- O-methyl- 
l-thio-13-L-fueopyranoside (5). Compound 7 (750 rag. 2.86 
mmol) was dissolved in CHCI 3 (10 mL), and 90% aqueous 
CF3COOH (I mL) was added at 20 ~ After 15 min. the 
solution was concentrated in vacuo, and an EtOH--toluene 
mixture (1 : 1) was added and evaporated repeatedly until 
CF3COOH was completely removed from the residue. Bu2SnO 
(1 g, 4.02 retool) and benzene (20 mL) were added to the 
residue (700 rag), and the mixture was refluxed with a Dean-- 
Stark trap until the precipitate dissolved completely. Et4NBr 
(1.00 g, 4.76 retool) and MPMCI (0.65 mL, 0.75 g, 4.79 
retool) were added to the solution, and the reaction mi.~ture 
was refiuxed until disappearance of the starting compound 
(TLC monitoring). Chromatography in a benzene~EtOAc 
gradient gave 832 mg of a 3-O-p-methoxybenzyl derivative 
(85%), [a]D 2~ --10.5 ~ (c 1, CHC13), which was aeetylated in a 
mixture of Ac20 (3 mL) and Py (3 mL). The solvent was 
evaporated, and toluene (4• mL) was added to the residue 
and evaporated. Chromatography in a benzene--+EtOAc gradi- 
ent gave 884 mg (95%) of compound 5. [CqD 2~ --12.0 ~ (c 1.5, 
CHCI3), m.p. 81--82 *C (from hexane). 

tH NMR (CDC13), 6:5.35 (dd, I H, H-4, J4.5 = 1.5 Hz); 
4.32 (d, I H, H- l ,  JL2 = 8.5 Hz); 3.80 (s, 3 H, CI-[3OC6H4); 
3.62 (dq, I H, H-5, -/5,6 = 6.0 blz); 3.60 (s, 3 H, OMe); 3.50 
(dd, 1 H, H-3, J3.4 = 4.0 Hz); 3.25 (dd, 1 H, H-2, J2,3 = 
10.0 Hz); 2.74 (m, 2 H, CH2CI-I3); 2.15 (s, 3 H, OAc); 1.33 
(t, 3 H, C1:[3CH2); 1.20 (d, 3 H, H-6). 

Benzyl 3-O-benzyl-6-O-(tert-butTldimethylsi lyl)-2-deoxy- 
2-phthalimido-~-o-glucopyranoside (4). Bu~Me2SiCI (1.04 g, 
6.90 mmol) was added with stirring at 20 ~ to a solution of 
benzyl 3- O-benzyl-2-deoxy- 2-phthalimido-13- n-glucopyrano- 
side 8 is (2.94 g, 6.01 mmol), Et3N (1.68 mL, 12.05 retool), 
and DMAP (73 rag, 0.60 retool) in anhydrous DMF (12 mL). 
Stirring was continued for an additional 0.5 h, and then the 
reaction mixture was diluted with benzene (50 mL) and poured 
into water. The organic phase was separated, washed three 
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times with water, dried with MgSO4, concentrated in vacuo, 
and chromatographed in the gradient 20 vol.% petroleum ether 
in benzene ~ 20 vol.% EtOAc in benzene to give 3.12 g 
(86%) of compound 4, solid foam, Rr-0.38 (hexane--EtOAc 
3 : 1), [a]O 20 -4.6* (c 1, CHCI3). 

tH NMR (CDC13), 6: 7.88--7.45 (m, 4 H, Pht); 7.13-- 
6.82 (m, 10 H, C6H5); 5.16 (d, I H, H- l ,  Jx.2 = 8.5 Ha); 
4.83--4.40 (m. 4 H, PhC.H_2); 4.25 (dd, 1 H, H-3, J3.a = 
10.0 Hz); 4.17 (dd, l H, H-2, .[2, 3 = 10.0 Hz); 3.85 (br.t, 
1 H, H-4); 4.00--3.50 (m, 3 H, H-5 + H-6, H-6"); 3.40 
(br.s, 1 H, OH); 0.93 (s, 9 H, But); 0.15 (s, 6 H, Me2Si). 

Benzyl 4-  O-(  2-az ido-  3 ,4 ,6 - t r i -  O-benzyl-  2 -deoxy-~-v -  
glueopyranosyl)-3- O-benzyl- 2-deoxy-2 -phthalimido-~-D-gluco- 
pyranoside (9), A solution of  compound 4 (226 rag, 
0.374 retool) and 2-azido-3,4,6-tri-O-benzyl-2-deoxy-c~-D- 
gtucopyranosyl trichloroacetimidate 3 16 (295 nag, 0.476 retool) 
ira a mixture of anhydrous MeCN (5 mL) and an_hydrous 
CH2C12 (I : 1) was stirred for I h at 20 ~ with 1 g of powdered 
MS (4 A) in a dry argon atmosphere and then cooted to 
-40  ~ and a 0.5 M solution of BF 3-Et~O in anhydrous 
CH2C12 (95 ~.L, 0.0475 retool) was added dropwise. The reac- 
tion mixture was stirred for 0.5 h at -40  ~ the BF3.Et20 
solution (95 /zL) was added, the mixture was stirred for an 
additional 0.5 h at -40  ~ and Et3N (0.15 mL, 0.11 g, 1.08 
retool) was then added. After warming to 20 ~ the mixture was 
filtered through Celite, and the residue was washed with CHC13 
on the filter. The combined organic phases were washed three 
times with water, dried with MgSO4, and concentrated in vaeuo. 
The residue was dissolved in MeCN (5 mL), and TsOH" H20 
(0.15 g, 0.79 mmol) was added. The mixture was heated for 1 h 
at 50 ~ concentrated in vacuo, and the residue was partitioned 
between 50 mL of CHCI 3 and 50 mL of saturated aqueous 
NaHCO 3. The organic layer was separated, dried with Na2SO4, 
concentrated in vacuo, and chromatographed in the gradient: 
benzene --, 40 rot.% EtOAc in benzene to give 278 mg (78%) of 
compound 9, m.p. 154--155 ~ (benzene--hexane). Rf 0.08 
(hexane--EtOAc 3 : I), [a]D 2~ --16.8 ~ (c I, CHC13). 

IH NMR (CDCI3), 8:7.88--6.72 (m, 29 H, Harvm); 5.20 
(d, 1 H, H-I ,  l~, 2 = 8.5 Ha); 4.70 (m, I0 H, PhCH2); 4.55 
(d, 1 H, H - I ' ,  l l ' . 2 '  = 8.0 Hz); 4.33 (rid, l H, H-3, J'3,4 = 
10.0 Hz); 4.20 (rid, I H, H-2, J2,3 = 10.0 Ha); 3.50 (dd~ 
1 H. H-2", J2".3" = 9.5 Ha); 2.18 (br.s, 1 H, OH). 

Benzyl 6- O-[4- O-acetyl-3- O-(4-methoxybenzyl)-2- O-me- 
thyl-a- L- fucopyrauosyl]-4- O-(2-azido- 3,4,6-tri- O-benzyl- 2- 
deoxyq3-v-glucopyranosyl) - 3- 0- benzyt -2-deoxy-2-phthalimido- 
13-D-glucopyranoside (10). A mixture of disaccharide 9 (234 
rag, 0.247 retool), thioglyeoside 5 (120 rag, 0.312 retool), 
Bu4NBr (201 rag, 0.624 retool), and 0.5 g of powdered MS 
(4 A) in anhydrous CH2CI 2 (2.5 mL) was stirred for 1 h at 
20 ~ in a dry argon atmosphere, then CuBr 2 (139 rag, 0.622 
mmol) was added, and stirring was continued for three days. 
The mixture was filtered through Celite, and the residue was 
washed with CHCI 3 on the filter. The combined organic 
phases were washed with 5% aqueous Na2S203, then washed 
three times with water, dried with MgSO 4, and concentrated 
in vacuo. The residue was chromatographed in the gradient: 
hexane -+ 50 vol.% EtOAc in hexane to give 230 mg (73%) of 
compound 10, solid foam, Rf 0.38 (benzene--EtOAe 9 : 1), 
{~]DX20H -58"7~ (c 1, CHCI3) 

NMR (CDCI3), ~5:7.92--7.52 (m, 4 H, Pht); 7.48-- 
6.82 (m, 29 H, Harom); 5.41 (dd, 1 H, H-4 Fuc, J4.~ = 
0.5 Ha); 5.15 (d, 1 H, H- l ,  Jr.2 = 8.5 Ha); 5.00 (d, 1 H, 
H-I ,  Fuc, JT,2 = 3.5 Ha); 4.95 (d, 1 H, H ' I ' ,  "]'1",2" = 
8.0 Hz); 4.25 (dq, H-5, Fuc, JSA = 6.0 Hz); 4.23 (m, 2 H, 
H-2, H-3); 3.97 (dd, 1 H, H-3, Fuc, "/3,4 = 4.0 Hz); 3.77 (s, 
3 H, CH3OC6H4); 3.60 (dd, 1 H, H-2, Fuc, J2.3 = 8.5 Hz); 
3.54 (t, l H, H - I ' ,  Jr',2" = 9.5 Hz); 3.51 (s, 3 H, OMe); 

2.17 (s, 3 H, Ac); 1.13 (d, 3 H, H-6. F u e l  t3C NMR 
(CDCI3), 6:100.9 (C- l ) ;  97.2 (C-1"); 97.1 (C-I ,  Fuc); 59.7 
(2 signals), 55.9, 55.2 (C-2 + C-2" + MeO, Fuc + 
CH3OC6H4); 20.9 (CH3CO); 16.1 (C-6, Fuc). 

Benzyl 2-aeetamido-6- O-[4- O-aeetyl-3- O-(4-methoxy- 
benzyl)-2- O-methyl-co- L-fueopyranosyl] -4- O- (2-azido-3,4,6- 
tri- O-benzyl-2-deoxy- ~- u-glucopyranosyi)-3- O-benzyl-2-de- 
oxy-13-D-glueopyrauoside (11). A solution of compound 10 
(310 rag, 0.244 mmol) in PrnOH (18 rnL) and N2H 4- H20 
(2 mL, 41.2 retool) was refluxed for 8 h in an argon atmo- 
sphere, and the solvent was concentrated in vacuo to dryness. 
The residue was dissolved in a mixture of  Py (4 mL) and Ac20 
(4 mL), DMAP (10 rag, 82 ~.mol) was added, and the mixture 
was kept for one day at 20 ~ MeOH (5 mL) was added to 
the reaction mixture with stirring and cooling by ice water. 
After 5 rain, the reaction mixture was concentrated in vacuo to 
dryness, and toluene (4x5 mL) was added to the residue and 
evaporated. The residue was chromatographed in the gradient: 
benzene--+ 25 vol.% Me2CO in benzene to give 276 mg 
(96%) of derivative 11, solid foam, Rt-0.46 (benzene--Me2CO 
5 : 1), [~]D 20 --67.2 ~ (c 1, CHCI3). 

~H NMR (CDC13), 8:7.44--7.30 (m, 27 H, Harom); 6.87 
(d, 2 H, CH3OC6H__4); 5.42 (dd, 1 H, H-4, Fuc, .f4,5 = 
0.5 Ha); 5.35 (d, I H, NH);  5.05 (d, 1 H, H- l ,  Fuc, Jr.2 = 
3.5 Ha); 4.88 (d, 1 H, H - I ' ,  l~'.2" = 8.0 Hz); 4.82 (d, I H, 
H- l ,  arl.2 = 8.5 Hz); 4.36 (dq, 1 H, H-5, Fuc, J5.6 = 6.0 Hz); 
4.14 (t, 1 H, H-4, J4.5 = 9.5 Hz); 3.94 (t, i H, H-3, 13. 4 = 
9.5 Ha); 3.94 (dd, 1 H, H-3 Fuc, J3,4 = 4.0 Ha); 3.78 (s, 
3 H, MeO, MPM); 3.55 (s, 3 H, MeO, Fuc); 3.48 (dd, 1 H, 
H-2", J2,.3 .= 9.5 Ha); 2.13 (s, 3 H, OAc); 1.81 (s, 3 H, NAc); 
1.15 (d, 3 H, H-6, Fuc). 

Benzyl 2-aeetamido-6- O-[4- O-acetyl-3- O-(4-methoxy- 
benzyl)-2- O- methyl-a-L- fueopyranosyl] -3- O-benzyl-4- O- 
(3,4,6-tri- O-benzyl- 2-deoxy-2-hexadecanamido-[3- D-glucopy- 
ranosyl)-2-deoxY-13-x>-glucopyranoside (12). Water (1.5 mL) was 
added to a solution of  trisaccharide 11 (174 rag, 0.147 retool) 
Py (3.5 mL), and the mixture was saturated with H2S at 20 ~ 
for 20 rain and kept for three days in a place protected from 
light. The reaction mixture, which according to TLC data did 
not contain the starting azide, was concentrated /n vacuo to 
dryness. The residue was suspended in EtOAc, washed with 
saturated aqueous NaHCO 3, and then washed two times with 
water. The organic phase was separated, dried by filtering through 
a mixture of Celite and Na2SO4, and concentrated in vacua. The 
residue was dissolved in a mixture of D M F  (2 mL) and CH2CI 2 
(1 mL), N-pa lmi toy l th iazo l id ine-2- th ione  z4 (553 rag, 
1.472 retool) was added, and the mixture was kept for two days 
at 20 ~ and then concentrated in vacuo. Toluene (4• mL) 
was added to the residue and evaporated. The residue was 
chromatographed in the gradient: benzene ~ 25 vol.% Me2CO 
in benzene to give t07 nag (52%) of  compound 12, syrup, 
R r 0.46 (benzene--Mc2CO 5 : 1), [c~]D2~ -61.3 ~ (c 1, CHCI3). 

tH NMR (CDC13), 8:7.50--7.12 (m, 27 H, Harom), 6.84 
(d, 2 H from CH3OC6.~);  6.23 (br.d, 1 H, NH); 5.92 (br.d, 
I H, NH); 5.37 (dd, I H, H-4, Fuc, "/3,4 = 4.0 Hz, J4.5 = 
0.5 Hz); 3.76 (s, 3 H, CH3OC6H4); 3.51 (s, 3 H, OMe); 2.15 
(s, 3 H, OAe); 2.02 (br.t, 2 H, CH2CO); 2.00 (t, 2 H, 
CH2CO); 1.93 (s, 3 H, NAc); 1.57 (m, 2 H, CH2CH2CO); 
1.38--1.13 (m, 24 H, (CH2)12); 1.01 (d, 3 H, H-6, Fuc); 0.92 
(t, 3 H, CH3CH2). 13C NMR (CDC13), 8 :100 .8  (C-I ,  
GIcNAc); 100.1 (C-1, GIeNPalm); 97.5 (C- l ,  a-L-Fuc); 51.6, 
51.3, 49.3 (C-2, GIcNAc + C-2, GlcNPalm + OMe); 29.7-- 
29.4 (CH 2, Palm); 16.0, 14.1 (C-6, Fuc + CH 3, Palm). 

Sodium salt of 2-acetamido-2-deoxy-4-O-(2-deoxy-2- 
hexadecanamido- 13- D- glucopyranosyl) -6-  O- (2- O- methyl- 3- O- 
sulfo-ct-L-fncopyranos'yl)-v-glucopyranose (2h). Water (0.2 mL) 
and DDQ (12.0 rag, 52.9 tsmol) were added to a solution of 
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trisaccharide 12 (50.0 rag, 35.9 ~.mol) in CH2C12 (1.5 mL), 
and the mixture was vigorously stirred for 1.5 h at 20 ~ A 
new portion of DDQ (4.0 mg, 17.6 ~tmol) was then added, and 
stirring was continued for 45 rain. The reaction was then 
quenched by adding 5% aqueous Na2SO 3 (3 mL). The reaction 
mixture was diluted with CHCI3, and the organic layer was 
separated, washed three times with saturated aqueous NaHCO3, 
washed with water, dried with MgSO4, and concentrated 
in vacua. The residue was ehromatographed in the gradient: 
benzene --> 50 vol.% Me2CO in benzene to give 9.0 mg of the 
starting compound 12 (I8% with respect to the starting amount) 
and 20.5 mg of benzyl 2-acetamido-6-O-(4-O-aceDl-2-O- 
methyl-cc-L-fucopyranosyl)-3- O-benzyl-4- O-(3,4,6-tri- O-ben- 
zyl-2-deoxy-2- hexadecanamido- B-t)-glucopyranosyl)-2-deoxy- 
B-D-glucopyranoside (13) (55% with respect to the reacted 
compound 12). 

A solution of Py-SO 3 (26 rag, 163 ~.mol) in anhydrous 
DMF (0.5 mL) was added dropwise with stirring in adD' argon 
atmosphere to a solution of product 13 (20.5 rag, 16.1 rtmol) 
in anhydrous DMF (0.5 mL) and anhydrous Py (0.2 mL). The 
reaction mixture was kept for 2 h at 50 ~ and cooled to 
20 ~ MeOH (1 mL) was added, and the mixture was con- 
centmted in vacua to dryness. The residue was suspended in 
anhydrous CH2C12 (0.3 mL). The suspension was diluted with 
anhydrous MeOH (3 mL), and a 1 M solution of MeONa in 
MeOH (0.4 mL) was added. The mixture was heated for 3.5 h 
at 40 ~ and an excess of solid CO 2 was then added. Volatile 
compounds were distilled off in vacua. The residue was parti- 
tioned between the upper and lower phase of the BunOH - 
water system (2 mL of each). The upper phase was separated, 
and the lower phase was extracted with BunOH saturated with 
water (2• mL). The combined extracts were concentrated 
in vacua, and the residue (25 rag) was dissolved in 10 mL of a 
THF--EtOH--water  mixture (2 : 2 : 1) and hydrogenated 
under atmospheric pressure at 36 ~ over 10% Pd/C (25 mg). 
The catalyst was precipitated by centrifugation and washed 
with a THF--EtOH--water  mixture (2 : 2 : 1, 3x10 mL) and 
a CHCl3--MeOH--water  mixture (10 : 10 : 1, 3x10 ink). 
The combined supernatants were concentrated in vacua, and 
the residue was dissolved in water (5 mL), passed through a 
Sep-Pak Ct8 cartridge in water, and washed with water 
(5 mL). The adsorbed product was eluted with MeOH (I0 mL), 
and the eluate was concentrated in vacua. Trisaccharide 2c 
was purified by HPLC (R t = 5 rain) to give 7.5 mg of the 
sodium salt of sulfate 2b (52% with respect to compound 13), 
[ct]D2~ -12.4 ~ (c 1, MeOH). 

IH NMR (CD3OD), 3:5.00 (br.d, l H, H-l ,  cc-GleNAc): 
4.85 (d, 1 H, H-l ,  ec-L-Fuc, all, 2 =4.5 Hz); 4.62 (dd, I H, H-3, 
a-L-Fuc, J2,3 = 8.5 Hz, ]3.4 = 3.6 Hz); 4.57 (d, 1 H, H-I,  
~-GIcNPalm, JI,2 = 9.5 Hz), 4.48 (br.d, 1 H, H-1 ", 13-GlcNAs, 
Jl'.2" = 10.0 Hz); 4.13 (dq, 1 H, H-5, Cc-L-Fuc, J5,6 = 6.5 Hz); 
4.03 (dd, I H, H-4, ct-t.-Fuc, J4,5 = 0.5 Hz); 3.76 (dd, 1 H, 
H-2, I3-GIcNPalm, at2,3 = 9.5 Hz); 3.65 (rid, 1 H, H-2, 
a-~.-Fuc, J.~.3 = i0.0 Hz); 3.60 (s, 3 H, OCH3); 3.41 (dd, I H, 
H-4, 13-GlcNPalm, ]4,5 = 9.5 Hz); 2.28 (t, 2 H, COCH2); 2.00 
(s, 3 H, NAr 1.68 (m, 2 H, CH2CH2CO); 1.35 (m. 24 H, 
(CH2)12); 1.25 (t, 3 H, CH3, Fuc); 0.93 (t, 3 H, CH3CH2). 

2-Acetamido-6- 0-(4-  O-aeetyl-2- O-methyl-a-L-fueopyra- 
nosyl)-2-deoxy-4- O-(2-deoxy-2-hexadecanamido-~-D-g]uco- 
pyranosyl)-o-~ueopyranose (2c). Hydrogenolysis of derivative 
12 (20 rag, 14.3 lzmol) by a procedure similar to that for 
compound 2b followed by HPLC (R t = 35 rain) gave 6.5 rag 
of acetate 2c (56%), [aid 2~ --14.3 ~ (c 1, MeOH). 

tH NMR (CD3OD), 5 :5 .10  (dd, 1 H, H-4, cc-L-Fuc, 
�9 /4.5 --- 0.5 Hz); 5.00 (d, 1 H, H-I ,  a-L-Fue, ]1.2 = 4.0 Hz); 
4.90 (d, I H, H-I ,  cc-GlcNAs, ]L2 = 4.5 Hz); 4.56 (d, 1 H, 
H-I ,  13-GlcNPalrn, Jl,2 = 9.5 Hz); 4.48 (br.d, 1 H, H-I  

!3-GlcNAs, .1l. 2 -- 10.0 Hz); 4.18 (dq, I H, H-5, ec-L-Fuc, 
15,6 = 6.5 Hz); 4.02 (dd, 1 H, H-3, ct-L-Fuc, J3,4 = 3.6 Hz); 
3.82 (dd, 1 H, H-2, cc-GIcNAs, 3"2,3 - 9.5 Hz); 3.40 (dd, 
I H, H-2, ~-L-Fuc, "/2,3 = 10.0 Hz): 3.64 (dd, 1 H, H-2. 
13-GIcNPalm. -/2,3 = I0.0 Hz); 3.53 (s, 3 H, OCH 3, Fuc); 
2.20 (t, 2 H, COCH2); 2.10 (s, 3 H, OAc); 1.92 (s, 3 H, NAc); 
1.58 (m, 2 H, CH2CH2CO); 1.25 (m, 24 H, (CH2)I2); 0.99 
(t, 3 H, C(6), Fuc); 0.85 (t, 3 H, CH3CH~). 

2-Aeeta mido - 2 -deoxy- 4- O- (2-deoxy-2- hexadecanamido- [3- 
v-giucopyranosyt)-6- O-(2- O-methyt-c~- L-fueopyranosyl) - D-glu- 
copyranose (2a). Compound 2c (2 mg, 2.5 ~.moi) was saponi- 
fled with 0.1 M MeONa in MeOH as described above. The 
trisaecharide 2a obtained was isolated on Sep-Pak Cl8 simi- 
larly to compound 2]) to give 1.5 mg of compound 2a (79%), 
R t = 20 rain (HPLC). 

This  study was f inancial ly  suppor ted  by INTAS 
(Project  No.  93-769) and the  Russian Founda t ion  for 
Basic Research (Project  No.  96-03-33437) .  
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