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ABSTRACT 

Synthesis of the title oligosaccharides was performed with the use of peracetylated L-&zero-~-D- 
manno-heptosyl trichloroacetimidate as the heptosyl donor and (oligo)glucosyl acceptors bearing acyl 
and acetal protecting groups. 

INTRODUCITON 

Synthesis of protein-free neoglycoconjugates with pendant, immunologically 
significant carbohydrates can be based on copolymerization of acrylamide with 
sugar derivatives carrying an N-substituted acrylamide fragmentle3. One of the 
approaches3p4 makes use of ally1 glucosides, the aglycon moiety of which is further 
modified by reaction with 2-aminoethanethiol (cysteamine) followed by N-acryloy- 
lation. In another approach, the product of the cysteamine addition is treated with 
glutaraldehyde; the resulting Schiffs base is next condensed with a selected 
protein (e.g., bovine serum albumin, BSA). 

SugOCH,CH=CH, - SugO(CH,),S(CH,),NH, - 
_ ” T\,r(TT \ “1-11 \ .TT____TT n-w 

3ugU~LH2)33(LH2~2NH‘ILUCH~H 2 

- SugO(CH,),S(CH,),N=CH(CH,),CHO 

It is this approach that was chosen for preparation of neo-glycoconjugates 
bearing fragments of the outer-core region of the lipopolysaccharide from Es- 
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clgrichiu coli K-12’. In this communication, the synthesis of ally1 glycosides of 

three related oligosaccharides (l-3) is described: 

r-a-D-Hepp-(1 + 6)-a-D-Glcp-GAh (1) 

L-a-D-Hepp-(1 +6)-a-D-C&p-(1 +2)-u-~-Glcp-o~l (2) 
L-a-D-Hepp-(1 + 6)-a-D-Gkp-(1 + 2)-a-~-Gkp-(1 --) 3)-a-~-Gl~p-G~1 (3) 

RESULTS AND DISCUSSION 

Syntheses of all the three target oligosaccharide derivatives involved as a 
common feature the use of glycosyl acceptors with acyl and acetal protecting 
groups, whose removal did not require hydrogenolysis, incompatible with the 
presence of the ally1 group, and a single heptosyl donor 4. 

The successful glycosylation with this imidate is documented4. The precursor of 
4, the HO-l derivative 5, could be prepared in one step by selective 1-O-deacetyla- 
tion of the peracetate 6 with hydrazinium acetate without recourse to a two-stage 
procedure4. 

As glycosyl acceptors for heptosylation we tested two ally1 a-D-glucopyranoside 
derivatives, 7 and 8. Ally1 a-D-glucopyranoside could not be prepared by alcoholy- 
sis of D-glucose in the presence of hydrogen chloride6. The syrupy reaction product 
was acetylated and appeared to contain anomeric ally1 glucosides in a ratio close to 
unity as shown by 13C NMR data (6 94.56 and 99.25 for C-la and C-l& 
respectively). Treatment of this mixture with titanium tetrachloride in 
dichloromethane (cf. ref 7) enriched it in the a anomer 9 which was isolated by 
chromatography followed by crystallization. Sequential Zemplen 0-deacetylation 
of 9, selective tritylation, benzoylation, and detritylation afforded 7 in 34% overall 
yield. 

Alternatively, ally1 a-D-glucopyranoside was formed as the main product by the 
alceholysis of D-glucose in the presence of a strong cation-exchange resin. It was 
isolated as a crystalline isopropylidene a&al-dibenzoate 10. Deacetonation of 10 
with pyridinium perchlorate’ yielded the diol 8. 

Coupling of the imidate 4 with the alcohol 7 in the presence of trimethylsilyl 
trifluoromethanesulfonate (triflate) in dichloromethane gave 61% of a disaccharide 
product 11. Its structure was confirmed by the 13C NMR spectrum which con- 
tained, inter aiiu, signals for two a-anomeric carbon atoms (6 97.61, Hepp; and 
94.91, Glcp) and C-6 of 6-O-substituted glucopyranose (6 66.65). In an analogous 
coupling of the imidate 4 with the diol 8, the yield of the target disaccharide 
derivative 12 was lower (37%). In both cases, the mixtures contained several 
byproducts which were not investigated. The 13C NMR spectrum of 12 contained, 
inter aliu, signals for C-6 of glucose (6 66.14) and two a-anomeric carbon atoms (8 
97.85, Hepp; and 95.05, Glcp). 0-Deacylation of both 11 and 12 afforded 1; in its 
13C NMR spectrum were present characteristic signals for C-l (8 98.8) and C-l’ (S 
100.6). 



4 R = C(=NH)CCI~ 

5R=H 

bR=Ac 

rOAC 

7 R’ = R2 = Bz R3 = ,, 

8 R’ = B&-_k3= H 

9 R’ z R2z R3=Ac 

10 R’ = Br,U’, R3 = Mc2C 

t 
OAC 

7 OR3 

tl R = BZ 

12F?=H 

13 R’= OAc,R’= R3= R4=At 

15 R’ = Br,R’ = R3 = R4 = AC 

17 I?‘= 0All,R2= R3= R4= AC 

16 R’ = OAfl,R2 = R3= R4= H 

19 R’ = OAll,R* = H,R3= U4= PhCH 

20 R’ = OAIl,R’= i3r,R3= R4=PhCH 

21 R’ = 0All,R2= Bz R3 = H,R4 = PhCH 

22 R’ = 0AII,R2 = &R3= PhCH,R4 = H 

23 R’ = OAll,R2= 0z,R3= R4= H 

24d = 0All,R2= R3=B+,R4=H 

In the synthesis of the trisaccharide glycoside 2, the preparation of kojibiose 
preceded its ally1 glycosidation and heptosylation. A mixture of kojibiose and 
sophorose peracetates 13 and I4 in a ratio of 10 : 11 [ 13C NMR data, S (C-l’) 95.45 
and (C-l) 101, respectively], prepared according to Helferich and Zinnerg, was not 
separated but treated with hydrogen bromide in acetic acid” to give a mixture of 
the respective glycosyl bromides 15 and t6. Peracetylated sophorosyl bromide 16 
crystallized readily and the target, peracetylated kojibiosyl bromide 15 was addi- 
tionally purified from the mother liquor by flash chromatography. 

Interaction of the biosyl bromide I5 with ally1 alcohol in benzene in the 
presence of tetrabu~yla~oni~ bromide at WC afforded, in virtually quantita- 
tive yield, peracetylated ally1 Lu-kojibioside 17, which was then 0-deacetylated to 
give ally1 cr-kojibioside 18. In order to have an access to the trioside 2 from the 
ally1 bioside 18, we had to possess a specifically protected derivative of the latter 
with HO-6’ free, and this was a challenge. For instance, tritylation of 18 did not 
show any selectivity and a mixture of products was obtained. Be~lidenation of 18 
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afforded the bis-acetal 19 which was benzoylated (- 20) and subjected to mild, 
acid-catalyzed methanolysis in the presence of pyridinium perchlorate’. A mixture 
of two isomeric diols 21 and 22 and the tetrao123 was obtained, the yield and ratio 
of the products being dependent on the duration of methanolysis. The structure of 
the isomeric monoacetals 21 and 22 was ascertained on the basis of ‘H NMR 
spectra, signals for H-3 and H-3’ being characteristic. Their position for bis-acetal 
20 was at 6 5.96 and at S 5.5-5.6 for tetraol 23. Thus, the signal for H-3 adjacent 
to a 1,3-dioxolane ring was shifted downfield relative to its position in a monocyclic 
derivative. Hence, a monoacetal with chemical shifts of 5.62 and 5.92 ppm for H-3 
and H-3’, respectively, is the 4’,6’-0benzylidene derivative 21, while signals at 6 
5.93 and 5.58 for H-3 and H-3’ should correspond to the 4,6-0-benzylidene 
derivative 22. It is also worthy of note that proton H-6a in 20 and 22 (not in 21 or 
23, nor H-6b protons) resonates as an isolated doublet of doublets at S 4.30. 

The monoacetal 21 was benzoylated and debenzylidenated to give the target 
heptosyl acceptor 24. Signals for H-4, 6a, and 6b in its ‘H NMR spectrum are 
shifted strongly downfield as compared to those for H-4’, 6’a, and 6’b, which 
unambiguously proved its structure. 

This diol was glycosylated with the heptosyl donor 4 in dichloromethane in the 
presence of trimethylsilyl trifluoromethanesulfonate to give the protected trisac- 
charide glycoside 25 in 52.5% yield. The anomeric region of its i3C NMR spectrum 
contained three signals with S 94.9, 95.2, and 97.8, which correspond to C-l, C-l’, 
and C-l’, respectively. In the spectrum of the target trioside 2, obtained from 25 by 
deacylation, the respective signals were at 6 95.9, 97.7, and 100.9. 

Assembly of an ally1 glucotrioside fragment of the tetrasaccharide 3 with three 
1,2-c&glycosidic bonds could not be based entirely on the use of benzyl protecting 
groups, and kojibiose derivatives with the nonparticipating glucosyl group at O-2 
were tested as a-glycosylating agents. The successful use of 2-0-(glycosyl)-glycosyl 
bromides for selective 1,2-c&glycosylation of alcohols is documented”-13, al- 
though in one case a glycosyl donor of this kind was found to be unreactive14. 

As the “reducing” terminus in an attempted synthesis of a glucotrioside 
precursor of the tetrasaccharide 3, the 2-benzoate 26 was chosen and prepared 
from the kn~wn’~ diol27 by monobenzoylation via its 2,3-0-stannylidene derivative 
according to ref 16. 

The knowni kojibiose derivative 28 was prepared in 77% yield, together with a 
small amount of the corresponding sophorose derivative, by condensation of 
2,3,4,6-tetra-O-benzyl-n-glucopyranosyl bromide with 1,3,4,6-tetra-O-acetylyl-a-D- 
glucopyranose in the presence of mercuric cyanide. It was debenzylated by hy- 
drogenolysis, and the product was 6’-0-tritylated and then benzoylated to give 
derivative 29. This was conventionally detritylated (+ 30) and chloroacetylated to 
31. Under standard conditions, it was converted into the specifically acylated biosyl 
bromide 32 which was found to be unsuitable as a glycosyl donor; it was unreactive 
in Helferich glycosylation, whereas in the presence of silver trifluoromethanesul- 
fonate it underwent decomposition without formation of condensation products 
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l- 
OAc 

0 

14 R = OAc 

16 I? = Br 

OR 

26 R = Bz 

27~=ti 

r OAc 

0 

28 d = H,R2 = OAc,R3 = R4= Bzl 

29 R’= H,R2=OAc,R3=BZ,R4=Tr 

30 R' zz ,$= H,R2=OAc,R3= BZ 
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32 d = H,R’= Br,R3 = Bz,R4= COCHzCI 

33 R' = OC(=NH)CC13, R2 = H,R 
3- 
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R4= COCH2Cl 

34 R'= R2=H,0H,R3= Bz,R4= COCH2CI 

35 R’ = H,R2 = 0C(=NH)CC13,R3 = BZ 

R4 = COCH2CI 

HO 

0 

w 

OBz 

010 

082 

38 

with the acceptor 26. It was equally ineffective in an attempted ally1 glycosylation 
under the conditions employed for the preparation of 17. 

Successful biosylation of 26 was effected with trichloroacetimidate 33, prepared 
by hydrolysis of 32 in the presence of silver carbonate (-+ 34) followed by reaction 
with trichloroacetonitrile in the presence of potassium carbonate”. The anomeric 
trichloroacetimidate 35 was separated from 33 by flash chromatography, and the 
anomeric configurations of 33 and 35 were unambiguously established on the basis 
of ‘H NMR spectra which contained, inter ah, signals at 6 5.97 (d, J 7 Hz, H-l) 
and 4.20 (bt, H-2) for 33, and at 6 6.61 (d, J 3.7 Hz, H-l) and 4.07 (dd, J 3.7 and 
10 Hz, H-2) for 35. 
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002 
39 

Trimethylsilyl trifluoromethanesulfonate-promoted condensation of the p-tri- 
chloroacetimidate 33 with the glycosyl acceptor 26 resulted in a mixture of 
products which could be separated by means of HPLC following O-de(chloroacety- 
lation) with thiourea. The anomeric trisaccharides 36 and 37 were isolated together 
with an unsaturated derivative 38. ‘H NMR data indicated the (Y configuration of 
C-l’ for 36 and the j3 configuration for 37; the signals for H-l’ and H-2’ in these 
trisaccharide derivatives were found at S 4.91 (d, J 3.8 I-W and 3.77 (dd, J 3.6 and 
10 Hz), and, respectively, at 4.80 (d, J 7.6 Hz) and 3.66 (dd, J 7.7 and 9.0 Hz). 

The trisaccharide glycosyl acceptor 36 was heptosylated with the trichloroace- 
timidate 4 as mentioned above, to give the protected tetrasaccharide 39 in 52% 
yield. It was deprotected by successive deacetalation and 0-deacylation; the yield 
of the target ally1 tetraoside 3 was 96%. Its 13C NMR spectrum (S 97.45, 97.7, 98.9, 
and 100.8 for the anomeric carbon atoms) corroborated its structure. 
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Samples of oligosaccharides l-3 will be converted into artificial antigens. The 
results will be reported elsewhere. 

EXPERIMENTAL 

General methods.-TLC was performed on Kieselgel 60 or Kieselgel 60F 
(Merck), and column chromatography on Silasorb (CSFR). Optical rotations were 
determined for solutions in CHCl, with a Jasco DIP-360 automatic polarimeter 
(Japan) at 20 + 2°C. M p’s were determined on a Kofler apparatus and are 
uncorrected. ‘H and 13C NMR spectra were recorded with Bruker WM-250 and 
AM-300 spectrometers in CDCl, solutions with Me,Si as internal standard. Mass 
spectra (LSIMS, positive mode) were recorded on an AMD-604 mass spectrome- 

Ally1 2,3,4,6-tetru-0-acetyl-cr-D-glucopyrunoside (9).--D-Glucose (10 g, 55 mm00 
was vigorously stirred in ally1 alcohol (15 mL) containing HCl [prepared by 
addition of acetyl chloride (1.2 mL, 16 mmol) to ally1 alcohol] for 6 h at 70°C. The 
solution was neutralized by anion-exchange resin (HCO,) and concentrated to 
dryness. The syrupy residue was conventionally acetylated to give a mixture of two 
products having R, 0.43 and 0.38. This mixture was dissolved in CH,Cl, (60 mL), 
treated with titanium tetrachloride (3.9 mL) in CH,Cl, (40 mL) at O”C, and kept 
for 17 h at room temperature. It was then poured into ice and extracted with ether 
(3 x 75 mL), and the extract was washed with aq NaHCO, (3 X 100 mL) and water 
(100 mL), and concentrated. The faster-moving LY anomer 9 was isolated by 
column chromatography (1: 1 ether-hexane) and crystallization from the same 
solvent mixture; yield, 8.2 g (38%); mp 50-52°C; [ UY]D + 129” (c 1.1); lit.? mp 
51-53°C; [aID + 131” (c 1.1, MeOH). ‘H NMR data: 6 5.87 (m, 1 H, =CH-1, 5.51 
(dd, 1 H, J2,3 10.5, J3,4 9.5 Hz, H-3), 5.32, 5.23 (2 m, 2 H, =CH,), 5.11 (d, 1 H, J,,, 

3.8 Hz, H-l), 5.07 (dd, 1 H, J4,5 10.5 Hz, H-41, 4.90 (dd, 1 H, H-21, 4.27 (dd, 1 H, 
J .5,6a 4*7, J6a,6b 12.7 Hz, H-6a), 4.20 (m, 1 H, OCH,), 4.09 (dd, 1 H, J5,6b 2.5 Hz, 
H-6b), 4.08-3.98 (m, 2 H, H-5, OCH,), 2.11, 2.08, 2.05, 2.05, 2.03 (4 s, 12 H, 4 
OAc). 13C NMR data: 6 170.1-169.1 (Phco), 133.0 (CH,CH=CH,), 117.7 
(CH,CH=CH,), 94.6 (C-l), 70.4 (C-21, 69.8 (C-3), 68.4, 68.3 (C-4, CH,CH=CH,), 
67.1 (C-51, 61.6 (C-6), 20.2 (CH,CO). 

AlZyl 2,3,4-tti-O-benzoyhD-ghcopyrunoside (7).-A solution of tetraacetate 9 
(3.88 g, 10 mmol) in methanolic NaOMe (0.1 M, 30 mL) was kept at room 
temperature for 3 h, the mixture was neutralized with cation-exchange resin (H+), 
concentrated, and dried in vacua. The residue was dissolved in dry pyridine (10 
mL), chlorotriphenylmethane (3.6 g, 13 mmol) was added, and after 17 h at room 
temperature the solution was treated with benzoyl chloride (2.55 rnL, 22 mmol). 
The product was detritylated with aq 90% CF,CO,H. Conventional work-up and 
subsequent column chromatography (5 : 1 benzene-EtOAc) yielded the alcohol 8 
(3.73 g, 70%); [a], +5” (C 1.17). ‘H NMR data: S 6.26 (pt, 1 H, J2,3 = J3,4 = 9.9 

Hz, H-3),5.87 (m, 1 H, =CH-), 5.50 (pt, 1 H, J4,5 9.9 HZ, H-41, 5.19 (d, 1 H, JIz 4.0 
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Hz, H-l), 5.32 (m, 1 H, =CH,), 5.315 (dd, 1 H, H-2),5.12 (m, 1 H, =CH,), 4.27 (m, 
1 H, OCH,), 4.09 (m, 2 H, H-5, OCH,), 3.81 (m, 1 H, H-6aa), 3.72 (m, lH, H&b), 

2.64 (dd, 1 H, Jor-r,h,, 5.7, Jorr.68 8.5 Hz, OH). Anal. Calcd for C,,H,,O,: C, 67.66; 
H, 5.30. Found: C, 67.60; H, 5.36. 

Ally1 2,3-di-O-ben.zoyl-4,6-O-~opropylidene-cr-D-glucopyranoside (10.X-A mix- 
ture of D-glucose (10 g, 55 mmol) and strong cation-exchange resin QU-2 (H+> (2.5 
g) was stirred in ally1 alcohol (15 mL) at 70°C for 72 h. The resin was filtered off 
and the solution was evaporated to dryness in vacua. The residue was acetonated 
in 5 : 1 acetone-2,2-dimetho~rop~e (60 mL) in the presence of toluene-~-s~f~ni~ 
acid (0.5 g> at room tempera~re for 2 h. An undis~lved product was filtered off, 
and the solution was neutralized with pyridine and concentrated. Column chro- 
matography (10: 1 benzene-MeOH) of the residue gave a crude syrupy product 
which was conventionally benzoylated followed by crystallization from ether-pen- 
tane to give the dibenzoate 10 (7.5 g, 29%); mp 119-121°C; [a],, f 131” (c 2.3). rH 
NMR data: 6 5.94 (pt, 1 H, J2,3 = J3,4 = 9.5 Hz, H-31, 5.84 (m, 1 H, -XII-), 5.30 (d, 
1 H, Jr,, 3.8 Hz, H-l), 5.30 (m, 1 H, =CHJ, 5.23 (dd, 1 H, H-21, 5.15 (m, 1 H, 
==CH& 4.14, 4.03 (2 m, 2 H, OCH,), 4.00-3.80 (m, 4 H, H-4,5,6a,6b), 1.51, 1.40 (2 
s, 6 H, Me,C). EIMS: Calcd for C,H,O, [M - CH,l+: m/z 453.1550. Found: 
m/z 453.1549. 

Ally1 2~3-~-O-~~oy~-~-~-glucogyranoside (8X-A solution of the acetonide 10 
(2.3 g, 4.9 mmol) and p~i~ni~ perchlorate (1 g) in a mixture of nitromethane (40 
mL) and MeOH (6 mL) was kept at 50°C for 3 h, cooled to room temperature, 
treated with pyridine (0.5 mL), and diluted with CHCl, (50 ml;). The solution was 
washed with water (3 x 20 mL) and concentrated, and the residue was chro- 
matographed to give 8 (1.84 g, 88%); mp 116-118°C; [LY]~ f 169” (c 1.1). ‘H NMR 
data: 6 5.85 (m, 1 H, =CH-1, 5.75 (m, 1 H, H-31, 5.30, 5.16 (2 m, 2 H, =CHz), 5.26 
(m, 2 H, H-1,2), 4.25, 4.05 (2 m, 2 H, 0CH2), 3.93 (m, 4 H, H-4,5,6a,6b), 3.15 (d, 1 

H, JOH,4 4.5 Hz, OH-4), 2.08 (pt, 1 H, OH-6). 13C NMR data: S 166.9, 168.0 (2 C, 
PhCO), 133.35-133.14 (3 C, CH,CH=CH,, Ph), 129.7-128.3 (Ph), 117.5 (=CH,), 
95.2 (C-l), 73.7, 71.7 (x2) (C-45, OCH,), 69.2, 68.4 (C-2,3), 61.6 (C-6). LSIMS 
(+>: Calcd for C,H=O, [M + HI+: m/z 429.155. Found: m/z 429.155. 

2,3,4,6,7-Penta-0-acetyl-L-glycero-ar_D-manno-he t~~~oro~cet~rni- 
date (4).-BenzyI 2,3,4-tri-0-be~l-L-g~ce~o~-D-manno-heptop~anoside19 (0.6 g) 
was hydrogenated (Hz, Pd-C) and subsequently acetylated to yield peracetylated 
heptose 6. To a solution of 6 (382 mg, 0.83 mm00 in DMF (12 mL) was added 
hydrazinium acetate (92 mg, 1.0 mmol), and the mixture was stirred for 1 h at room 
temperature, diluted with EtOAc (120 mL), and washed with aq NaHCO, and 
water. The organic layer was dried (MgSO,) and concentrated, and the residue 
was dried in vacua to give the pentaacetate 5 (350 mg, 100%); R, 0.23 (3:2 
benzene-EtOAc). The product was dissolved in CH,Cl, (6 mL), K&JO, (1.2 g) 
and ~ichloroa~tonit~e (1.75 mL, 17.5 mmol) were added, and the mixture was 
stirred for 6 h. Then it was diluted with toluene (50 mL1, filtered through Elite, 
and concentrated. Column c~omatography of the residue (5 : 1 -+ 3 : 1 heptane- 
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EtOAc) yielded 4 (310 mg, 67%); R, 0.45 (3 :2 benzene-EtOAc). The optical 
rotation and ‘H NMR data of 4 were in agreement with the published data4. 

Ally1 2,3,4-tri-O-benzoyl-6-0-~2,3,4,6,7-penta-O-acetyl-~-glycero-c~-~-manno- 
heptopyranosy&a-D-glucopyrunoside W.-A solution of 7 (213 mg, 0.40 mmol) in 
CH,Cl, (5 mL) was stirred with 4A molecular sieves at room temperature for 1 h, 
and the imidate 4 (220 mg, 40 mmol) and trimethylsilyl triflate (10 PL, 0.05 mmol) 
were added under Ar. The mixture was stirred for 1 h, one drop of pyridine was 
added to destroy the catalyst, and the mixture was diluted with CH,Cl, (50 mL), 
filtered, washed with aq NaHCO, and water, and concentrated. cOh.unn chro- 
matography of the residue (1: 1 heptane-EtOAc) afforded 11 (228 mg, 61%); R, 
0.18 (1: 1 heptane-EtOAc). rH NMR data: 6 6.19 (pt, 1 H, J2,s = J3,4 = 9.8 Hz, 
H-3), 5.89 (m, 1 H, =CH-), 5.55-5.20 (m, 9 H, H-1,2,4, H-2’,3’,4’,6’, =CH,), 
4.40-4.05 (m, 5 H, H-5,7a’,7b’, OCH,), 3.82 (dd, 1 H, J5,6a 6.6, Jsa,s,, 11.0 Hz, 
H-6a), 3.64 (dd, 1 H, J5,6b 2.0 Hz, H-6b), 2.17, 2.13, 2.04, 2.03, 1.99 (5 s, 15 H, 5 
AC). r3C NMR data: 6 170.4-169.6 (5 C, CH,CO), 165.7-165.4 (3 C, PhCO), 118.2 
(=CH,), 97.6 (C-l’), 94.9 (C-l), 71.85, 70.39, 69.5, 69.4, 69.1, 69.0, 68.9, 68.6 
(C-2,3,4,5, C-2’,3’,5’, OCH,), 67.1 (C-6’), 66.65 (C-6), 64.8 (C-4’), 62.4 (C-7’), 
20.7-20.6 (CH,CO). LSIMS (+): Calcd for C,,H,,O,, + Na: m/z 957. Found: 
m/z 957. 

Ally1 2,3-di-O-benzoyZ-6-0-~2,3,4,6,7-penta-O-acetyl-L-glycero-a-D-manno- 
heptopyranosy&cr-D-glucopyranoside (12X-A mixture of the diol 8 (38 mg, 0.089 
mmol) and 4A molecular sieves (200 mg) was stirred at room temperature for 0.5 
h, then imidate 4 (50 mg, 0.09 mmol) and trimethylsilyl triflate (0.5 mL of 0.04 M 

solution in CH,Cl,) were added under Ar, and stirring was continued for 3 h. The 
mixture was worked-up as in the previous experiment and the product was purified 
by column chromatography to give 12 (27 mg, 37%); R, 0.66 (3 : 2 benzene-EtOAc); 
[aID + 101” (c 1.11). ‘H NMR data: 6 5.98-5.64 (m, 2 H, =CH-, H-3), 5.40-5.19 
(m, 7 H, H-1,2, H-2’,3’,4’,6’, =CH,), 4.98 (bs, 1 H, H-l’), 4.42 (dd, 1 H, J6,7a 4.9, 
J 7a,7b 11.5 Hz, H-7’a), 4.30-3.80 (m, 8 H, H-4,5,6a,6b, H-5’,7’b, OCH,), 2.20, 2.14, 
2.06, 2.01, 1.99 (5 s, 15 H, 5 AC). 13C NMR data: 6 170.6-169.6 (5 C, CH,CO), 
167.8, 165.7 (PhCO), 133.5, 133.2 (3 C, Ph, CH,CH=CH,), 129.9-128.3 (Ph), 
117.85 (CH,CH=CH,), 97.85 (C-l’), 95.05 (C-l), 74.9 (C-4), 71.0, 70.6, 69.4 (2 C), 
69.2, 68.65 (2 C) (C-2,3,5, C-2’,3’,5’, CH,CH=CH,), 67.2 (C-6’), 66.1 (C-6), 64.9 
(C-4’), 62.4 (C-7’), 20.9, 20.7 (2 C), 20.6 (5 C, CH,CO). LSIMS (+): C&d for 
CaH,60,, + Na: m/z 853. Found: m/z 853. 

Ally1 6-0-(L-glycero-~-D-manno-heptopyranosyl)-cu-D-glucopyranoside (l).-To a 
solution of 11096 mg, 0.21 nnnol) in 10: 1 MeOH-CH,Cl, (3 mL) was added 1 M 
methanolic NaOMe (0.3 mL) and, after 4 h at room temperature, the mixture was 
neutralized with cation-exchange resin (H+), filtered, and concentrated. The 
residue was diluted with water (2 mL) and filtered through a Sep-Pak C,, 
cartridge; the disaccharide was eluted with water (5-10 mL) and the nonpolar 
products with MeOH. The aqueous solution was concentrated to 2 mL, and 
subjected to gel filtration to give a disaccharide fraction (V,, 96 mL). After 
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evaporation and drying, the disaccharide 1 was obtained (64 mg, 74%); [ru],, 
+69.5” (c 1, H,O). 13C NMR data: 6 135.1 (CH,CH=CH,), 100.6 (C-l’), 98.8 
(C-l), 74.8 (C-3), 72.8, 72.4, 72.3, 71.4 (2 C), 70.9, 70.2, 70.1, (C-2,4,5, C-2’,3’,5’,6’, 
OCH,), 67.5, 66.55 (C-6,4’), 64.5 (C-7’). LSIMS (+): Calcd for Cr6HB0r2 + Na: 
m/z 435.1479. Found: m/z 435.1480. 

3,4,6-Tn’-O-acetyl-2-0-(2,3,4,6-tetra-O-acetyl-a- and -P-D-glucopyranosyl-~-~- 
glucopyranosyl bromides (15 and 16).-To a stirred solution of 1,3,4,6-tetra-0- 
acetyl-cu+glucopyranose (5.3 g, 15.2 mmol) in MeCN (17 mL) were successively 
added mercuric cyanide (3.8 g, 15.2 mmol), mercuric bromide (2.7 g, 7.6 mmol), 
and a solution of tetra-O-acetyl-cr-D-glucopyranosyl bromide (12.5 g, 30 mmol) in 
MeCN (20 mL). The mixture was stirred at room temperature for 2 h, diluted with 
CHCI 3 (150 mL), washed with aq 10% KI (2 X 50 mL) and water (50 mL), and 
concentrated. Column chromatography (4: 1 benzene-EtOAc) gave a mixture of 
13 and 14 (9.0 g, 87%) in the ratio 10: 11. 13C NMR data: 6 101.0 (C-l’ sophorose), 
95.45 (C-l’ kojibiose), 90.2 (C-l sophorose), 88.4 (C-l kojibiose). A solution of this 
mixture (9.0 g) in 1: 2 CHCI,-acetic acid (45 mL) was treated with acetyl bromide 
4.7 mL) and water (1.0 mL) with cooling. After 4 h at room temperature, the 
mixture was poured into ice (250 g) and extracted with CHCl, (3 X 100 mL). The 
extract was washed with water (2 x 100 mL), aq NaHCO, (2 X 100 mL), and water 
(100 mL), dried, and concentrated to the volume of lo-15 mL. After addition of 
ether (50 mL), the bromide 16 crystallized immediately and was separated by 
filtration (3.2 g, 34.5%); mp 180-181°C; [a]u i-97” (c 1.0); lit”‘: mp 190-191°C; 
[a& +97.4” (c 0.41). ‘H NMR data: 6 6.45 (d, 1 H, J1,2 4.0 Hz, H-l), 5.48 (pt, 1 H, 
J = J34 = 10.0 Hz, H-3), 5.20-5.06 (m, 3 H, H-4,3/,4’), 4.99 (dd, 
$0 I&; H-2’), 4.70 (d, 1 H, H-l’), 4.35 (dd, 1 H, J5,6a 4.2, Jsasb 

1 H, JIz 8.0, J2,3 
12.5 Hz, H-6a), 

4.30 (m, 1 H, H-5), 4.26 (dd, 1 H, J5,6a 2.7, Jsa,sr, 12.8 Hz, H-6’a), 4.17 (dd, 1 H, 
J 5,6b 4.4 Hz, H-6’b), 4.08 (dd, 1 H, J5,6b 2.3 Hz, H-6b), 3.60 (dd, 1 H, H-2’), 3.68 
(m, 1 H, H-5), 2.11-2.01 (7 s, 21 H, 7 AC). 

The filtrate was concentrated to dryness and the residue was chromatographed 
(4: 1 benzene-EtOAc) to give 15 (2.8 g, 30%); [a], +207” (c 1.1); lit.? [a], 
+218.5” (c ~1.2). ‘H NMR data: S 6.4 (d, 1 H, Jr2 4.0 Hz, H-l), 5.52 (pt, 1 H, 

J 2,3 = J3/, = 10.0 Hz, H-3), 5.38 (dd, 1 H, J2,3 10.5, J3.‘, 9.5 Hz, H-3’), 5.23 (d, 1 H, 
J1,2 3.6 Hz, H-l), 5.08 (pt, 1 H, J4,5 10.0 Hz, H-4), 5.05 (pt, 1 H, J4,5 10.5 Hz, H-4’), 
4.79 (dd, 1 H, H-2), 4.50 (dd, 1 H, J5,6a 3.9, Jsa,sb 10.5 Hz, H-6a), 4.30 (m, 1 H, 
H-5), 4.19 (d, 2 H, J5,6 3.0 Hz, H-6’a,6’b), 4.14-4.02 (m, 2 H, H-5’,6b), 3.85 (dd, 1 
H, H-2), 2.11-2.01 (7 s, 21 H, 7 AC). 

Ally1 3,4,6-tri-O-aceryl-2-0-~2,3,4,6-tetra-O-ace~~-~-~-glucopyrano~l)-a-~-glu- 
cogyranoside (17).-A mixture of the glycosyl bromide 15 (2.06 g, 2.94 mmol), 
tetrabutylammonium bromide (1.9 g, 5.9 mmol), ally1 aIcoho1 (2.04 mL, 30 mmol), 
and 3A molecular sieves (5 g) was stirred at 65°C for 20 h. The course of the 
reaction was monitored by TLC of an aliquot pretreated on a plate with bromine 
vapours. The reaction product had R, 0.57, whereas the starting bromide 15 had 
R, 0.50 (3 : 2 benzene-ether). After dilution with CHCI, (100 mL) and filtration 



S.A. ~e~~~u et al. /Ca~y~. Res. 254 (1994) 43-60 53 

through elite, the solution was washed with water (3 X 50 mL), concentrated, and 
chromatographed with 5 : 1 benzene-ether. Eluted first was 17 (1.73 g, 87%); Rf 
0.50 (3: 2 benzene-ether); mp 106-108”C, [(flu + 175” (c 1.1). ‘H NMR data: S 

5.90 (m, 1 H, =CH-), 5.46 (pt, 1 H, J2,s - - J3,4 = 9.5 Hz, H-3), 5.37 (dd, 1 H, J2,3 
10.7, J3,4 9.2 Hz, H-3’), 5.34, 5.24 (2 m, 2 H, =CH,), 5.19 (d, 1 H, Jr,, 3.7 Hz, 
H-l’), 5.03 (dd, 1 H, J4,5 10.2 Hz, H-4’), 5.00 (d, 1 H, Jr,, 3.7 Hz, H-l), 4.96 (dd, 1 
H, & 10.4 Hz, H-4), 4.55 (dd, 1 H, H-2’), 4.26 (dd, 1 H, J5,6a 4.7, Jsa6,, 12.6 Hz, 
H-6a), 4.21 (dd, 1 H, J5,6a 5.0, J&ah 12.8 Hz, H-6’a), 4.19 (m, 1 H, OCH,), 4.13 

(dd, 1 H, Js,a 2.5 Hz, H-6’b), 4.07-3.97 (m, 4 H, H-5,6b,5’, OCH,), 2.09, 2.07, 
2.04, 2.02, 2.00, 1.99 (7 s, 21 H, 7 AC). 13C NMR data: S 170.5-169.5 (CH,CO), 
133.05 (CH,CH=CH2), 118.3 (=CH,), 94.4 (2 C, C-1,1’), 74.6 (C-2), 71.2 (C-3), 70.9 
(C-2’), 69.7 (C-3’), 68.7, 68.4 (C-4,4’), 68.0 (2 C), 67.3 (C-5,5’, OCH,), 61.7, 61.3 
(C-6,6’), 20.6 (CH,CO). Anal. Calcd for C,,H,O,,: C, 51.48; H, 5.96. Found: C, 
51.38; H, 6.11. 

Eluted next was a mixture of 17 and its /3 anomer (287 mg). After repeated 
chromatography, the latter was obtained in a pure state; R, 0.46 (3 : 2 benzene- 
ether). ‘H NMR data: S 5.90 (m, 1 H, =CH-), 5.55 (d, 1 H, Jr,, 3.7 Hz, H-l’), 5.35 
(dd, 1 H, Jz3 10.4, J3,4 9.5 Hz, H-3’), 5.33-5.18 (m, 2 H, =CH,), 5.23 (pt, 1 H, 
J =A4 = 9.4 Hz, H-3), 5.06 (dd, 1 H, J4s 10.4 Hz, H-4’), 4.98 (dd, 1 H, J4,5 9.3 
Hz, H-4), 4.52 (d, 1 H, J,, 8.0 Hz, H-lj, 4.27 (dd, 1 H, JSba 5.0, J,, 7.4 Hz, 
H-6a), 4.34-3.98 (m, 6 H, H-db,5’,6’a,6’b, OCH,), 3.71 (dd, 1 H, H-2),‘3.69 (m, 1 
H, H-5), 2.11-2.00 (7 s, 21 H, 7 AC). 

Ally1 3- 0-benmyl-4,6- 0-bemytidene-2- 0- f2,3-di- 0-benzoyl-4,6- O-benzylidene-cu- 
D-glucopyranosyl)-a-wglucopyranoside (20).-Deacetylation of 17 (2.08 g, 3.07 
mmol) was carried out by treatment of its solution in abs MeOH (40 mL) with M 
methanolic NaOMe for 4 h at room temperature. After neutralization of the 
mixture with cation-exchange resin (H+), the solution was concentrated to give 
ally1 a-kojibioside (18; 1.15 g, 98.3%) as a yellow syrup. r3C NMR data: 6 134.5 
(CH,CH=CH,), 120.3 (CH,CH=CH,), 97.3 (C-l’), 95.6 (C-l), 76.3 (C-2), 73.9 
(C-3’), 73.03, 72.98, 72.68, 72.59 (C-3,5,2’,5’), 70.8, 70.7 (C-4,4’), 68.7 (OCH,), 
61.75, 61.6 (C-6,6’). 

Compound 18 was mixed with MeCN (40 mL), PhCH(OEt)~ (3 mL), and a 
catalytic amount of toluene-p-sulfonic acid monohydrate and stirred at 30°C until 
complete dissolution of 18 occurred. The solution was treated with pyridine (2 mL) 
and concentrated. The residue was dried in vacua and crystallized from EtOAc- 
hexane to give 19 (1.3 g, 76%); mp 230°C; [al, +119” (c 1.04). Conventional 
benzoylation of 19 followed by column chromatography afforded 20 (1.44 g, 71%); 
R, 0.84 (19 : 1 benzene-EtOAc); mp 200-203°C (ether-hexane); [crln + 154.5” (c 
1.04). “H NMR data: 6 5.96 (pt, 1 H, J2,3 =J3,4 = 10.0 Hz, H-3’), 5.95 (pt, 1 H, 
J “J34 = 10.0 Hz, H-3), 5.73 (m, 1 H, =CH-), 5.50 (s, 1 H, PhCH), 5.49 (d, 1 H, 
Jz 4.0 fIz, H-l’), 5.40 (s, 1 H, PhCH’), 5.23,5.12 (2 m, 2 H, =CH,), 5.12 (dd, 1 H, 
HLZ’), 4.93 (d, 1 H, J1,2 3.9 Hz, H-l), 4.28 (dd, 1 H, JsGa 5*o, $6a,6b 10.5 Hz, H-6a), 
4.12-3.97 (m, 5 H, H-2,5,5’,6’a, OCH,), 3.63 (m, 1 Ht OCH,), 3.76 (pt, 1 H, J45 
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10.0 Hz, H-4’), 3.74 (pt 2 H, J3,4 10.0, JS,& =JJ6a,6b = 10.0 Hz, H-4,6b), 3.51 (m, 1 H, 
H-6’b). Anal. Calcd for C,,H,,O,,: C, 68.95; H, 5.32. Found: C, 68.69; H, 5.35. 

Debenzylidenation of 20 (270 mg, 0.30 mmol) was performed by heating at 55°C 
in the presence of pyridinium perchlorate (60 mg, 0.33 mmol) in 1: 2 MeCN-MeOH 
for 1.5 h. The solution was treated with pyridine (0.1 mL), diluted with CHCl, (100 
mL), and washed with aq NaHCO, and water. The residue was chromatographed 
using successive elution with benzene (nonpolar products), 9 : 1 benzene-ether 
(unreacted 20), 3 : 2 benzene-ether (monoacetals 21 and 22), and EtOAc (tetraol 
23). 

Compound 21 (79 mg, 28%): R, 0.46 (3:2 benzene-ether); mp 177-179°C 
(from ether-hexane, after softening at 150°C); [al,, +201.5” (c 0.8). ‘H NMR 
data: 6 5.92 (pt, 1 H, J2,3 = J++ = 9.9 Hz, H-3’), 5.62 (m, 2 H, H-3, =CH-), 5.47 (d, 
1 H, Jr,, 3.8 Hz, H-l’), 5.41 (s, 1 H, PhCN), 5.17, 5.06 (2 m, 2 H, =CH,), 5.10 (dd, 
1 H, H-2’), 4.93 (d, 1 H, J,,, 3.6 Hz, H-l), 4.12-3.97 (m, 3 H, H-5,6a,6’a), 3.92 (dd, 
1 H, H-2), 3.88-3.50 (m, 7 H, H-4,6b, H-4’,5’,6’b, OCH,). Anal. Calcd for 
C,,H,,O,,: C, 65.98; H, 5.41. Found: C, 65.80; H, 5.25. 

Compound 22 (43 mg, 14%): Rf 0.50 (3: 2 benzene-ether). ‘H NMR data: 6 

5.93 (pt, 1 H, J2,3 = J+, = 9.2 Hz, H-3), 5.72-5.54 (m, 2 H, H-3’, =CH-), 5.50 (s, 1 
H, PhCN), 5.41 (d, 1 H, J,,, 4.9 Hz, H-l’), 5.26, 5.06 (2 m, 1 H, =CH,), 5.08 (dd, 1 
H, J2,3 9.2 Hz, H-2’), 4.98 (d, 1 H, J1,2 3.6 Hz, H-l), 4.28 (dd, 1 H, J5,6a 4.8, Jha,& 
10.3 Hz, H-6a), 4.07-3.90 (m, 3 H, H-2,5, OCH,), 3.90-3.42 (m, 7 H, H-4,6, 
H-4’,5’,6’a,6’b, OCH,). 

Compound 23 (44 mg, 18%): Rf 0.30 (EtOAc); mp 160-162°C (EtOAc-hexane); 
[a]u +231.5” (c 1). rH NMR data: 6 5.69-5.52 (m, 3 H, H-3,3’, =CH-), 5.40 (d, 1 
H, J,,, 3.7 Hz, H-l’), 5.23, 4.99 (2 m, 2 H, =CH,), 5.03 (dd, 1 H, J,,, 3.7, J2,3 10.2 
Hz, H-2’) 4.92 (d, 1 H, J,,, 3.5 Hz, H-l), 4.02-3.50 (m, 10 H, H-4,5,6a,6b, 
H-4’,5’-6’a,6’b, OCH,). Anal. Calcd for CS6H3aO14: C, 62.24; H, 5.51. Found: C, 
62.00; H, 5.44. 

Allyl 3,4,6-tri-O-benzoyl-Z0-(2,3-di-O-benzoyl-a-~-g~ucopyranosy~)-cu-D-g~uco- 
pyrunoside (24).-Diol 21 (79 mg, 0.1 mrnol) was benzoylated as usual, to give a 
completely protected product which was dissolved in CHCl, and treated with 90% 
CF,CO,H. After 1 h at room temperature, the solution was washed with aq 
NaHCO, and concentrated, and the residue was subjected to column chromatog- 
raphy (4: 1 benzene-ether) to give diol 24 (74 mg, 82%); mp 199-202°C (from 
EtOAc-hexane); [a],, + 169” (c 1.5). ‘H NMR data: 6 6.06 (pt, 1 H, J2,3 = J3,4 = 9.4 
Hz, H-3), 5.64 (m, 1 H, =CH-), 5.56 (pt, 1 H, J2,3 9.8, J3,4 8.8 Hz, H-3’), 5.54 (pt, 1 
H, J4,5 9.4 Hz, H-4), 5.42 (d, 1 H, J,,, 3.6 Hz, H-l’), 5.14, 5.04 (2 m, 2 H, =CH,), 
5.07 (dd, 1 H, H-2’), 5.02 (d, 1 H, J,,, 3.6 Hz, H-l), 4.52 (dd, 1 H, J5,6a 2.5, J6a,6b 
11.4 Hz, H-6a), 4.40 (dd, 1 H, J5,6b 4.8 Hz, H-6b), 4.34 (m, 1 H, H-5), 4.07 (dd, 1 H, 
H-2), 4.04, 3.61 (2 m, 2 H, OCH,), 3.78-3.65 (m, 2 H, H-4’,5’), 3.60-3.48 (m, 2 H, 
H-6’a,6’b). r3C NMR data: S 170.7-165.4 (PhCO), 133.5-128.4 (Ph, 
CH,CH=CH,), 118.2 (=CH,), Anal. Calcd for C,,H,,O,,: C, 66.51; H, 5.14. 
Found: C, 66.27; H, 4.95. 
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Ally1 2-0-[6-0-(L-glycero-cY-D-manno-hepto~runosy~)-a-D-g~ucogyra~~f~-a-~ 
glucopyrunoside (2).-A mixture of the imidate 4 (80 mg, 142 pmol), diol 24 (128 
mg, 142 pmol), and 4A molecular sieves (200 mg) in CHzCl, (3 mL) was stirred 
for 1 h, trimethylsilyl triflate (5 pL, 26 pmol) was added under Ar, and stirring was 
continued for 1 h at room temperature. Work-up as described for 11 and column 
chromatography with 1: 1 hexane-EtOAc afforded trisaccharide derivative 25 in a 
yield of 97 mg (52.5%). ‘H NMR data: 6 6.03 (pt, 1 H, Jz,s = J3,4 = 10.0 Hz, H-3), 
5.58 (m, 1 H, =CH-), 5.56 (pt, 1 H, Jd6 10.0 Hz, H-4), 5.48 (pt, 1 H, Jz,s zJ~,~ = 10.0 
Hz, H-3’), 5.45 (d, 1 H, J1,2 3.9 Hz, H-l’), 5.30-5.20 (m, 3 H, H-2”,4”,6”), 5.15 (dd, 
1 H, H-2’), 5.08, 4.98 (2 m, 2 H, =CH2), 5.01 (d, 1 H, J,,, 3.7 Hz, H-l), 4.63 (bs, 1 
H, H-l”), 4.50 (dd, 1 H, .T5+, 3.0, Jsa,s,, 12.1 Hz, H-6a), 4.42 (dd, 1 H, Js,6,, 5.6 Hz, 
H-6b), 4.37-4.26 (m, 1 H, H-5), 4.25-4.12 (m, 2 H, H-3”,7”a), 4.07 (dd, 1 H, H-2), 
4.07-3.95 (m, 3 H, H-5”,7”b, OCH,), 3.85-3.65 (m, 3 H, H-4’,5’, OCH,), 3.53 (dd, 

1 H, Js.ea 2.5, J&l,6c 11.0 Hz, H-6’a), 3.20 (dd, 1 H, J5,6b 1.3 Hz, H-6’b), 2.19, 2.12, 
2.10, 2.08, 2.07 (5 s, 15 H, 5 AC). i3C NMR data: 6 170.7-165.4 (10 C, RCO), 
133.5-128.4 (Ph, CH,CH=CH,), 118.2 (=CH,), 97.8 (C-l”), 95.2, 94.9 (C-1,1’), 
75.8, 74.4 (C-2,4’), 71.5, 71.3, 70.9, 69.8, 69.5, 69.2, 68.9, 68.7, 68.5, 67.8 (C-3,4,5, 
C-2’,3’,5’, C-2”,3”,5”, OCH,), 67.3 (C-6”), 65.2 (C-6’), 64.9 (C-4”), 63.25 (C-6), 
62.6 (C-7”), 20.75 (CH,CO). 

Deacetylation of 25 was carried out as described for 11, and the product was 
purified on Sep-Pak followed by gel filtration (I&, at 88 mL) to give the 
trisaccharide 2 in 87% yield; [aID + 125” (c 1.04, H,O). 13C NMR data (D,O): S 
134.8 (CH,CH=CH,), 120.4 (=CH,), 100.9 (Cl”), 97.7 (C-l’), 95.9 (C-l), 76.8 
(C-2), 74.5 (C-3’), 73.2, 72.8 (3 C), 72.3, 71.6, 71.4, 71.1, 70.8, 70.3, 69.9 (11 C, 
C-3,4,5, C-2’,4’,5’, C-2”,3”,5”,6”, OCH,), 67.5 (C-6’), 66.45 (C-4”), 64.6 (C-7”), 
62.0 (C-6). ISIMS (+): Calcd for CZ2H3s0i7 + Na: m/z 597.2007. Found: m/z 
597.2007. 

Allyi 2-O-benzoyl-4,6-O-benzylidene-a-D-glucopyranoside (26).-4,6-O-Benzyl- 
idene derivative 27i5 (3.08 g, 10.0 mmol) was boiled in benzene (50 mL) until 10 
mL of the solvent was distilled off, then dibutyltin oxide (2.5 g, 10 mmol) was 
added, and the solution was boiled in a Dean-Stark apparatus for 2 h. The 
mixture was cooled, benzoyl chloride (1.1 mL, 10 mmol) in benzene (5 mL) was 
added dropwise, and the solution was kept for 3 h, diluted with ether (100 mL), 
washed with aq 10% RF (2 x 50 mL) and water (2 X 50 mL), and concentrated. 
Column chromatography of the residue (9 : 1 benzene-ether) yielded 26 (syrup, 
3.54 g, 86%); [aID +98” (c 1.0). ‘H NMR data: 6 5.84 (m, 1 H, =CH-), 5.29, 5.16 
(2 m, 2 H, =CHz), 5.23 (d, 1 H, J,,, 3.5 Hz, H-l), 5.08 (dd, 1 H, J2,s 9.5 Hz, H-2), 

4.38 (pt, 1 I-I, J2,3 = J3/, = 9.5 Hz, H-3), 4.32 (dd, 1 H, J5,6a 5.0, J6a,6b 10.0 Hz, 
H-6a), 4.21 (m, 1 H, OCH,), 4.05-3.93 (m, 2 H, H-5, OCH,), 3.77 (pt, 1 H, J5,6,, 
10.0 Hz, H-6b), 3.61 (pt, 1 H, J4,5 9.5 Hz, H-4). 

1,3,4,6-Tetra-O-acetyl-2-O-(2,3,4,6-tetra-~-ben~~-a-D-g~ucopyranosy~~-a-D-g~u- 
copyranose (28).-A solution of 2,3,4,6-tetra-0-benzyl-a-D-glucopyranosyl bro- 
mide, obtained from the corresponding 1-p-nitrobenzoate (11.7 g, 17.36 mmol) by 
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reaction with HBr in CH,Cl,, in nitromethane (50 mL) was added dropwise to a 
mixture of 1,3,4,6-tetra-O-acetyl-a-D-ghIcopyranOSe (6.0 g, 17.2 mmol), mercuric 
cyanide (4.3 g, 17 mmol), and 3A molecular sieves (5 g>, which was previously 
stirred for 1 h in benzene (50 mL). The mixture was stirred overnight and 
subjected to the conventional work-up. Column chromatography of the products 
gave 28 (11.2 g, 77%), a small amount of its p isomer (340 mg), and 2.1 g of their 
mixture. Compound 28: [(u], +90.5” (c 1.2); lit.12 + 94” (c 1.0). ‘H NMR data: 6 
6.52 (d, 1 H, Jr,, 3.7 Hz, H-l), 5.54 (pt, 1 H, J2,3 =.&, = 10.2 Hz, H-3), 5.14 (pt, 1 
H, J4,5 10.2 Hz, H-4), 5.15 (d, 1 H, J,,, 3.5 Hz, H-l’), 4.34 (dd, 1 H, J5,6a 4.1, Jsa,& 
12.5 Hz, H-6a), 4.20-4.08 (m, 2 H, H-5,6b), 4.03 (dd, 1 H, H-2), 3.94-3.85 (m, 2 H, 
H-3’,5’), 3.78-3.76 (m, 3 H, H-4’,6’a,6’b), 3.56 (dd, 1 H, J2,S 10.0 Hz, H-2’), 2.12, 
2.07, 2.02, 1.99 (4 s, 12 H, 4 AC). 

Sophorose derivative: [(Y]D + 79” (c 1.48). ‘H NMR data: 6 6.50 (d, 1 H, J1,2 3.8 
Hz, H-l), 5.56 (pt, 1 H, J2,3 = J3,‘, = 10.0 Hz, H-3), 5.10 (pt, 1 H, J4,5 10.0 Hz, H-4), 
4.52 (d, 1 H, J1,2 7.9 Hz, H-l’), 4.35 (m, 1 H, H-6a), 4.14-3.96 (m, 2 H, H-5,6b), 
4.00 (dd, 1 H, H-2), 3.70 (d, 1 H, J5,6a 3.2 Hz, H-6’a), 3.68-3.58 (m, 3 H, 
H-3’,4’,6’b), 3.50-3.40 (m, 2 H, H-2’,5’), 2.18, 2.10, 2.04, 1.80 (4 s, 12 H, 4 AC). 

1,3,4,6-Tetra-O-acetyZ-2-0-(2,3,4-tri-O-benzoy2-6-O-tn’tyl-a-D-giucopyranosyl)-~- 
D-glucopyranose (29).-A mixture of the disaccharide derivative 28 (4.03 g, 4.63 
mmol) and 10% Pd-C (4 g) in 1: 1 EtOAc-EtOH (40 mL) was stirred for 6 h at 
38°C under H,, cooled, and filtered through Celite. The filtrate was evaporated 
and twice coevaporated with pyridine, the residue was dissolved in abs pyridine (20 
mL), chlorotriphenylmethane (2.58 g, 9.2 mmol) was added, and the mixture was 
kept overnight at room temperature. After the usual work-up, the product was 
purified by column chromatography (benzene + 2: 1 benzene-ether) and treated 
with benzoyl chloride (3.2 mL, 27.6 mmol) in pyridine (20 mL) for 2 h. The mixture 
was treated with water (0.1 mL), kept for 0.5 h, diluted with CHCl, (150 mL), and 
washed with aq NaHCO, and water. The solution was concentrated and the 
residue was chromatographed on a silica gel column (9 : 1 benzene-ether) to give 
29 (4.4 g, 90%); [aID + 109” (c 1.2). ‘H NMR data: 6 6.43 (d, 1 H, Jr,, 3.7 Hz, 
H-l), 5.98 (pt, 1 H, J2,S = J3,4 = 10 Hz, H-3’), 5.59 (pt, 1 H, J2,S =J3,4 = 10 Hz, H-3), 
5.67 (pt, 1 H, J4,5 10 Hz, H-4’), 5.55 (d, 1 H, H-l’), 5.33 (dd, 1 H, Jr,, 4.0 Hz, H-2’), 
5.20 (pt, 1 H, Ja5 10 Hz, H-4), 4.42 (ddd, 1 H, H-5’), 4.31 (dd, 1 H, J5,6a 4.5, J6a,6b 
12.5 Hz, H-6a), 4.05-4.14 (m, 2 H, H-5,6b), 3.33 (dd, 1 H, J5,6a 5.5, J6a,6b 10.5 Hz, 
H-6’a), 3.27 (dd, 1 H, J5,6b 3.0 Hz, H-6’b), 2.11, 2.09, 2.08, 1.50 (4 s, 12 H, 4 AC). 
Anal. Calcd for C,H,,O,,: C, 67.66; H, 5.30. Found: C, 67.72; H, 5.23. 

I,3,4,6-Tetra-O-ace~Z-2-0-(2,3,4-~r~-~-be~~oy~-ff-D-g~ucopyrano~~~-ff-D-g~uco- 
pyranose (30).-Hydrolysis of the trityl ether 29 (5.8 g, 5.4 mm00 was performed in 
CHCl, (50 mL) containing 90% CF,CO,H (5 mL) for 20 min at room temperature. 
The solution was poured into water (50 mL) and extracted with CHCl,, and the 
extract was washed with aq NaHCO, and water, and concentrated. Column 
chromatography of the residue yielded the alcohol 30 (2.42 g, 54%); [ CX]D + 136” (c 
1.1). ‘H NMR data: 6 6.40 (d, 1 H, J,,, 3.5 Hz, H-l), 6.09 (pt, 1 H, J2,3 = J3,4 = 10.5 
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Hz, H-3’), 5.55 (pt, 1 H, J2,s =.& = 10.0 Hz, H-3), 5.53 (d, l H, Jra 3.5 HG H-l’), 

5.53 (pt, 1 H, J4,s 10.5 Hz, H-4’), 5.30 (dd, 1 H, H-2’), 5.10 (pt, l H, Jd5 10.0 Hz, 

H-4), 4.27 (dd, 1 H, &a 4.7, Jsa,sr, 13.0 Hz, H-6a), 4.12 (m, 1 H, H-5’), 4.10-4.0 (m, 

3 H, H-2,5,6b), 3.87 (dd, 1 H, J5,6a 2.2, Jsa,sr, 13.3 Hz, H-6’a), 3.71 (dd, 1 H, &, 
3.7 HZ, H-6’b), 2.15 (s, 3 H, AC), 2.05 (3 s, 9 H, 3 AC). Anal. Calcd for C4rH&s: 
C, 59.85; H, 5.15. Found: C, 59.66; H, 5.17. 

~,3,4,6-Tetra-O-acety~-2-0-(2,3,4-tri-O-benzoyl-6-O-chloroacetyl-rr-n-g~uco- 

pyranosyZ)-a-D-glucopyranose (31).-To a cooled (0°C) solution of the alcohol 30 
(2.42 g, 2.94 mmol) in CH,Cl, containing pyridine (0.32 mL) was added chloroacetyl 
chloride (3.7 mL, 3.7 mmol) in CH,Cl, dropwise, and the mixture was stirred for 
0.5 h, diluted with CHCl, (100 mL), and washed with M HCI (20 mL), aq NaHCO, 
(20 mL), and water (20 mL). Evaporation of the solvent and chromatography of the 
residue afforded 31(2.70 g, 100%); [al, + 141” (c 1.7). ‘H NMR data: 6 6.36 (d, 1 
H, J,,, 3.5 Hz, H-l), 6.01 (pt, 1 H, J2,a = J3,4 = 10.3 Hz, H-31, 5.54 (pt, 1 H, 
J = Js4 = 10.0 Hz, H-3’), 5.49 (d, 1 H, J,, 3.8 Hz, H-l’), 5.30 (dd, 1 H, H-21, 5.10 
(;;, 1 ti, Jd5 10.0 Hz, H-4), 4.515 (bd, 1 ‘H, Jsa6,, 
H-5’), 4.33 idd, 1 H, J5,6b 

11.0 Hz, H-6’a), 4.39 (m, 1 H, 
6.5 Hz, H-6’b), 4.28 idd, 1 H, J5,6a 4.3, Jsa,sb 12.0 Hz, 

H-6a), 4.21, 4.20 (AB, 2 H, COCH,Cl), 4.11 (dd, 1 H, H-21, 4.12-4.05 (m, 1 H, 
H-51, 4.03 (dd, 1 H, J5,6b 2.0 Hz, H-6b), 2.17, 2.07, 2.05, 1.60 (4 s, 12 H, 4 AC). 
Anal. Calcd for C,,H,,O,, - H,O: C, 56.30; H, 4.94. Found: C, 56.41; H, 4.60. 

3,4,6-Tn’-0-ace~I-2-0-(2,3,4-tn’-O-be~oyl-6-O-chloroacetyl-a-~-gluco~yrano~l~- 

cY-D-glucopyrunosyl bromide (32X-A solution of 31 in a mixture of CH,Cl, (3 mL) 
and acetic acid (10 mL) containing acetyl bromide (1.58 mL, 20 mmol) was treated 
with water (0.32 mL, 18 mmol) in acetic acid (5 mL) at 0°C. After 4 h at room 
temperature, the solution was poured into ice-water and extracted with CHCl, 
(200 mL). The extract was washed with aq NaHCO, (2 X 50 mL) and water, then 
evaporated to dryness, and the residue was chromatographed (3 : 1 heptane- 
EtOAc) to give the bromide 32 (2.10 g, 76%); [(~]n + 146” (c 1.2). rH NMR data: 6 
6.41 (d, 1 H, J,,, 3.9 Hz, H-l), 6.08 (pt, J2,3 = J3,4 = 10.3 Hz, H-3’), 5.59 (pt, 1 H, 
J 2,3 = J3,4 = 9.5 Hz, H-3), 5.58 (pt, 1 H, J4,5 10.4 Hz, H-4’), 5.50 (d, 1 H, J,,, 3.8 Hz, 
H-l’), 5.25 (dd, 1 H, H-2’), 5.1 (pt, 1 H, J4,5 9.5 Hz, H-41, 4.50-4.25 (m, 5 H, 
H-5,6a, H-5’,6’a,6’b), 4.07 (m, 1 H, H-6b), 3.93 (dd, 1 H, H-2), 2.16, 2.06 (2 s, 6 H, 
2 AC). Anal. Calcd for C,,H,BrClO,,: C, 53.52; H, 4.38. Found: C, 53.57; H, 4.20. 

3, 4,6-Tri-0-acetyl-2-0-(2,3,4-tn’-0-benzoy~-6-O-ch~oroace~l-~-~-glucopyrano~l~- 

w-D-glucopyranose (34).-A mixture of the biosyl bromide 32 (1.79 g), silver 
carbonate (600 mg), and water (1.5 mL> in acetone (15 mL) was stirred overnight at 
room temperature, then filtered through Celite, and the filtrate was diluted with 
CHCl, (100 mL), washed with aq NaHCO, (2 x 50 mL) and water (50 mL), and 
concentrated. Column chromatography (3 : 1 heptane-EtOAc) of the residue gave 
34 (1.42 g, 85%); [(Y]n + 122” (c 1.02). 

3, 4,6-Tri-0-acetyl-2-0-(2,3,4-tri-0-benzoyl-6-O-chioroace~l-~-~-gIucopyrano~yI~- 

p- and -cw-D-glucopyranosyl trichloroacetimidates (33 and 35X-To a vigorously 
stirred solution of 34 (1 g, 1.63 mmol) in CH,Cl, (23 mL) was added K&O, (0.6 
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g) and, after 0.5 h, the mixture was treated with trichloroacetonitrile (1.6 mL, 16 
mmol) and stirred for 4 h at room temperature. The mixture was diluted with 
tohtene (50 mL), filtered through Celite, concentrated, and chromatographed on 
silica gel (4: 1 benzene-EtOAc). Eluted first was a small amount of 35, then 33 
(yield 48%), and, finally, unreacted 34. 

Compound 33: [ alD + 69” (c 1). ‘H NMR data: S 6.03 (pt, 1 H, J2,a = J3,4 = 10.0 
HZ, H-3’), 5.97 (d, 1 H, J1,2 7.0 Hz, H-l), 5.71 (m, 1 H, H-4’), 5.44 (dd, 1 H, H-2’), 
4.43 (pt, 1 H, J2,3 7.6, J3,4 9.0 HZ, H-3), 5.24 (dd, 1 H, J4,5 9.9 Hz, H-4), 4.41 (m, 3 
H, H-5’,6’a,6’b), 4.29 (dd, 1 H, J5,sa 3.5, Jsa,& 12.3 Hz, H-6a), 4.20 (pt, 1 I-L, H-2), 
4.18 (AB, 2 H, ClCH,CO), 4.01 (dd, 1 H, J5,6,, 2.5 Hz, H-6b), 3.94 (ddd, 1 H, H-5’), 
2.10, 2.09, 2.05 (3 s, 9 H, 3 AC). Anal. Calcd for C,H,,Cl,NO,s * H,O: C, 50.65; 
H, 4.25; N, 1.37. Found: C, 50.04; H, 4.30; N, 1.64. 

Compound 35: [a], +95” (c 1.67). ‘H NMR data: 6 6.62 (d, 1 H, J,,, 3.7 Hz, 

H-l), 6.0 (pt, 1 H, Jz,3 = J3,4 = 10.0 Hz, H-3’), 5.62 (pt, 1 H, J4,5 10.0 Hz, H-4’), 

5.56 (pt, 1 H, J2,3 = J3,4 = 10.0 Hz, H-3), 5.50 (d, 1 H, J,,, 3.5 Hz, H-l’), 5.25 (dd, 1 
H, H-2), 5.11 (pt, 1 H, J4,5 10.0 Hz, H-4), 4.46 (dd, 1 H, J5,6a 2.3, J6a,6b 12.3 Hz, 
H-6’a), 4.36 (m, 1 H, H-5’), 4.31-4.21 (m, 3 H, H-6a,6b,6’b), 4.20 (AB, 2 H, 
ClCH,CO), 4.10 (m, 1 H, H-5), 4.07 (dd, 1 H, H-2), 2.13, 2.04 (2 S, 9 H, 3 AC). 

Anal. Calcd for C,,H,,Cl,NO,, . H,O: C, 50.65; H, 4.25; N, 1.37. Found: C, 50.29; 

H, 4.03; N, 1.63. 
Ally1 0-(2,3,4-tri-0-benzoyenzoyl-a-D-glucopyranosyl~-(l --) 2)-O-(3,4,6-tri-O-acetyl-a- 

wglucopyranosyl)-(I * 3)-2-O-benzoyl-4,6-O-benzylidene-a-D-g~ucopyr~~side (36). 

-A mixture of the imidate 33 (1.18 g, 1.18 mmol), alcohol 26 (565 mg, 1.37 mmol), 
and 3A molecular sieves was stirred for 1 h in abs ether (50 mL), trimethylsilyl 
triflate (0.05 mL, 0.25 mmol) was added, and stirring was continued for 1 h at room 
temperature under Ar. The mixture was filtered, diluted with CHCl, (100 mL), 
washed with aq NaHCO, (2 X 50 mL) and water (50 mL), and concentrated. 
Column chromatography of the residue (3 : 1 heptane-EtOAc) afforded a main 
fraction (1.145 g; Rf 0.60, 3 :2 benzene-EtOAc), unreacted 26 (140 mg), and a 
product with high chromatographic mobility (138 mg; Rf 0.84, 3 : 2 benzene- 
EtOAc). The main fraction was dissolved in MeCN (14 mL) containing water (2 
mL), thiourea (500 mg) was added, and the solution was kept for 63 h at room 
temperature. The solution was diluted with CHCl, (150 mL), washed with aq 
NaHCO, (2 x 50 mL) and water, and evaporated. By means of HPLC (1: 1 
heptane-EtOAc), three products were isolated. Eluted first was the (Y anomer 36 
(450 mg, 32.5%), followed by the p anomer 37 (91 mg, 6.6%), and glycal38 (153 
mg, 17%). 

Compound 36: [a], + 195.5” (c 1.2). ‘H NMR data: 6 6.06 (pt, 1 H, J2,3 = J3,4 = 

9.9 Hz, H-3”), 5.77 (m, 1 H, =CH-), 5.63 (d, 1 H, J,,, 3.6 Hz, H-l”), 5.60 (s, 1 H, 
PhCH), 5.46 (pt, 1 H, J2,3 = J3,4 = 9.9 Hz, H-37, 5.35 (dd, 1 H, H-2”), 5.30 (d, 1 H, 
J,,, 3.6 Hz, H-l’), 5.31 (pt, 1 H, J4,5 9.9 Hz, H-47, 5.24, 5.12 (2 m, 2 H, =CH,), 
4.91 (d, 1 H, J,,, 3.8 Hz, H-l), 4.85 (pt, 1 H, J4,5 9.9 Hz, H-4’), 4.54 (dd, 1 H, J2,3 

3.8 Hz, H-21, 4.41 (pt, 1 H, J3,4 9.6 Hz, H-31, 4.14 Cm, 2 H, H-6’a, OCH,), 
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4.01-3.90 (m, 5 H, H-4,5’,6’b,S’, OCH,), 3.87 (m, 1 H, H-5), 3.77 (dd, 1 H, H-2’), 

3.73 (m, 1 H, H-6”a), 3.57 (m, 1 H, H-6”b), 3.45 (pt, 1 H, J5,6a = Jsa,sb = 10.4 Hz, 

H-6a), 3.25 (pt, 1 H, J5,6,, 10.0 Hz, H-6b), 2.25 (m, 1 H, OH), 2.13, 2.06, 1.63 (3 s, 9 
H, 3 AC). Anal. Calcd for CS2H62023 - H,O: C, 62.41; H, 5.41. Found: C, 62.57; H, 

5.33. 
Compound 37: [a], + 108” (c 1.11). ‘H NMR data: S 5.93 (pt, 1 H, J2,3 = J3,4 = 

9.9 Hz, H-3”), 5.77 (m, 1 H, =CH-), 5.64 (d, 1 H, JI,z 4.1 Hz, H-l”), 5.59 (s, 1 H, 

PhCH), 5.25, 5.12 (2 m, 2 H, =CH,), 5.19 (pt, 1 H, J2,3 = J3,4 = 9.9 Hz, H-3’), 5.10 

(m, 3 H, H-1,2,4”), 5.07 (dd, 1 H, H-2), 4.95 (pt, 1 H, J4,5 9.5 Hz, H-4), 4.80 (d, 1 H, 

J,,, 7.6 Hz, H-l’), 4.29 (pt, 1 H, J2,3 = J3,4 = 9.1 Hz, H-3), 4.16 (m, 1 H), 4.10-4.04 
(m, 2 H, H-6’a, OCH,), 3.97 (dd, 1 H, J5,6b 2.5, Jsa,sb 12.3 Hz, H-6’b), 3.94 (m, 1 
H, OCH,), 3.66 (dd, 1 H, H-2’), 3.64 (m, 1 H), 3.50 (m, 2 H), 3.40 (ddd, 1 H, H-5), 

3.34 (dd, 1 H, &,,hi, 2.5, Jsa,a, 12.8 Hz, H-6), 3.20 (m, 1 H), 2.03,2.01, 1.96 (3 s, 9 H, 
3 AC). Anal. Calcd for CnH6zOU * H,O: C, 62.41; H, 5.41. Found: C, 62.44; H, 

5.37. 
3,4,6-Tri-O-acetyE-l,5-anhydro-2-0-(2,3,~-t~-~-b~~~O~~-ff-D-g~UCOp~~U~O~~~-D- 

arabino-ha-l-enitoI (38): [a], +51” (c 1.17). ‘H NMR data: S 6.66 (s, 1 H, H-l), 

6.22 (pt, 1 H, Jz,3 = J3,4 = 10.0 Hz, H-3’), 5.58 (d, 1 H, J3,4 4.7 Hz, H-3), 5.53 (d, 1 

H, J1,* 3.6 Hz, H-l’), 5.51 (d, 1 H, J4,5 10.0 Hz, H-4’), 5.35 (dd, 1 H, H-2’), 5.18 (d, 

1 H, J4,5 6.2 Hz, H-4), 4.40 (dd, 1 H, J5,6a 6.2, Jsa,6b 11.6 Hz, H-6a), 4.26-4.08 (m, 3 
H, H-5,6b,5’), 3.85-3.70 (m, 2 H, H-6’a,6’b), 2.07, 2.06, 2.00 (3 s, 9 H, 3 AC). Anal. 

Calcd for C&H3s0i6: C, 61.41; H, 5.02. Found: C, 61.09; H, 4.83. 

Ally1 O-(2,3,4,6, 7-penta-O-acety~-L-glycero-a-D-manno-heptopyrano~~)-(1 --) 6)- 
0- (2,3, I-tri-O-benzoyl-a-D-glucopyranosylk (1 --) 2)-O-(3,4,6-tri-O-acetyl-a-D-gh~o- 
pyranosyZ)-(I + 3)-2-O-bentoyl-4,6-O-benzylidene-a-D-glucopyranoside (39X-A 
mixture of the trisaccharide 36 (240 mg, 0.20 mmol), imidate 4 (120 mg, 0.22 

mmol), and 4A molecular sieves (1 g) in CH,Cl, (4 mL) was stirred for 0.5 h and 

treated with trimethylsilyl triflate (0.05 mL) under Ar. The mixture was stirred 

overnight at room temperature, filtered through Celite, and worked-up as usual. 

Column chromatography (1: 1 --) 1:2 heptane-EtOAc) gave 39 (170 mg, 52%); 
[ aID + 157” (c 1.07); R, 0.41 (3 : 2 benzene-EtOAc). ‘H NMR data: 6 6.03 (pt, 1 

H, Jz,~ = Jw = 10 Hz, H-3”), 5.63 (d, 1 H, J1,2 3.6 Hz, H-l”), 5.61 (s, 1 H, PhCH), 

5.58 (pt, 1 H, Jz,3 = J3,4 = 9.9 Hz, H-3’), 5.42 (dd, 1 H, JIz 3.5, J2,3 10.2 Hz, H-2”), 
5.39 (dd, 1 H, J,,, 3.4, J2,3 10.2, H-21, 4.90 (d, 1 H, J1,* 3.7, H-l), 4.57 (dd, 1 H, J,,, 
3.8, J2,3 9.8, H-2’). LSIMS (+): m/z 1599 (1.4%, M +Na), 1575 (0.4%, M-H), 
1519 (0.5%, M - OAIl), 1165 (0.6%, Hep-Glc-Glc), 877 (2.8%, Hep-Glc), 403 

(19%, Hep). 
Ally1 3-0-{2-0-[6-0-(~-glycero-a-D-manno-heptopyranosy~~-a-D-g~ucopyranosy~~- 

a-D-&copyranosyl)-a-D-giucopyranoside (3) .-A solution of the protected te- 
trasaccharide 39 (170 mg, 0.11 mmol) in CHCl, (10 mL) was treated with 1 mL of 
aq 90% CF,CO,H for 2 h at room temperature, then diluted with CHCl, (40 mL), 
and washed with aq NaHCO, and water. The debenzylidenated product [112 mg; 

R, 0.24, 3 : 2 benzene-EtOAc; [aID + 140” (c l.O)l was deacylated and purified as 
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described for 11, to give 3 (78 mg, 96%) eluted with V_ 83 mL. [(Y], + 124” (C 1.1, 
HzO). i3C NMR data: 6 100.8 (C-l”‘), 99.9 (C-l), 97.7 and 97.4 (C-l’,l”), 81.2 
(C-3), 77.0 (C-2’), 74.5 (C-3”), 67.4 (C-6”), 66.2 (C-4”‘) 64.5 (C-7”‘), 61.7 (2 C, 
C-6,6’). LSIMS (+ ): CaIcd for C,sH,sO, + Na: m/z 759.2535. Found: m/z 

759.2525. 
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