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ABSTRACT 

Benzylated 1,Zorthoacetates were converted by dry acetic acid into 1,2-truns- 

diacetates which behaved as excellent /3-glycosyl donors with various non-acylated 

glycosyl acceptors in the presence of trimethylsilyl triflate. Dea~etylation, followed 
by xanthation and then radical reduction with tributyIstannane, led in high yields 

to the 2’-deoxy-P-disaccharides. In another approach, glycosylations were per- 

formed with various derivatives of N-formylglucosamine (p-acetate or a-trichloro- 

acetimidate, in the presence of trimethylsilyl triflate; a-chloride in the presence of 

silver or stannous trillate) upon acceptors having different kinds of protecting 

groups. The resulting disaccharides were smoothly deaminated into the corre- 

sponding 2’-deoxy-P-disaccharides through intermediate isonitriles by radical re- 

duction with tributylstannane. The p-stereocontrol in the glycosylation step was 

ensured by an intermediate oxazolinium ion. A ~-trichloroacetimidate of N- 

phthaloylglu~osamine was used as a more powerful glycosylating reagent in the 

case of acid-sensitive molecules, with the conversion of the N-phthaloyl into an 

N-formyl group being effected in a high yield after the glycosylation step. 

INTRODUCTJON 

The search for highly stereoselective and high-yielding syntheses of glycosides 

and ohgosaccharides is one of the classical topics of carbohydrate chemistry. 2- 

~eoxy-~~-gly~osides are impo~ant as components of various natural products of 

biological signi~~ance, such as the orthosomycin’ group of antibiotics and a group 

of related cytostatics including chromomycin A32, olivomycin A3, and mithramycin4 

(aureolic acid). 

Although various stereoselective methods for the synthesis of 2-deoxy-a- 

glycosides are available, the p anomers are not accessible readily. Attempts to pre- 
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part /3-glycosides directly from tho 2-deoxy sugar have not hecn satisf:lctor). The 

use of silver zeolitc :ls a promoter for the activatic)n of hcnzrtvl:ttetf ?-deosy-cr-n- 

gtucopyranosyl hromidc gave an fr@nixfurc5. In orcfer to ohtai~t Xeoxy-&gfyco- 

sides, it is advantageous to have an equatorial neighhouring group at C-2 which 

subsequently WI be removed readily under mild conditions. Thus. 3-bromc+2- 
deoxy-cu-o-glucopyr~ln~~s~l bromides”-i can bc converted selectively into I!-deoxy-/j- 

glycosidos under the appropriate conditions x Iii in moderate yields. The stereo- 
chemistry of glycosylation can be controlled by ;m equatorial phcnylthio gmup. 

Thus. in the elegant work of Nicolaou er N/. ” bsed on that of Acton PI rrl.“, tht: 

rcquircd 2-dcoxy-2-phenylthioglucctpyranosyii fluoride was ohtakd from the: corrc- 

spending mannopyranosyl phenyl sulfide IGU ;I 1 ,?-migration triggered by diethyt- 

~irnin~~sul~tlr trifkmridc (DMST). Elcctro~hilic addition of a sulfur species at C-2 01 

a tri-O-bcnzyl-I,-gl~cal has hecn studied. Ito anrf C>gawa’” used it sulfcnatc cstclr. 

but the stcr~~)~h~rnic~~l ~)LIt~~)rn~ of the reaction was variable. The ~~dditi~?n of 

ph~n~i~ulf~n~l chloride to 3.4,~-tri-O-h~nzyt-r>-glucaI, folltt~ed bj- hydrofysis with 

sodium carbonate. affc\rdcd 3.4,h-tri-O-benzyt-~-~i~~~x~-~-pbcnylthi[)-L~-~t~l~~~- 

pyranosc. Conversion into the I-trichloroacctirnidate gave an cfficicnt /3-glyct)s~;I 

donor. although total ,!!-stereocontrol W;IS not ilchicvcd unil’ol-mly “. Sirnilal- p- 

sclcctivity was uchicvcd with an equatorial phcnylsclcno group”. licduction ot’ the 

temporary group 3t C-2 was effected with tributylstannanc or Raney nickel in 
ethanol. 

The stereochemical outcome of the above reactions depends on the structure 

of the glycosyl donor. the acceptor, and the conditions of the reaction. especially 
the polarity of the solvent. This last point WHS illustrated clearly in the glycosyloxy- 
selenation of glycal~‘~ Ih. which is not surprising since such 2-suhstituents as 
bromine. sulfur. or selenium give rise to species that undergo the ~quifibr~ti(~ll’~ 

shown in the next Schcmc. 

X = Br.I,SPn.SePh 

Thus, it is understandable that complete control of ~iyc~s~l~~tj~)n sterco- 

chemistry, using these. strategies, is not governed ~utom~tjcaIly by the c~~n~gur~tion 
of an inrermcdi~te with a participating group at C-2 or by the kinetic. diasterco- 
facia1, selective forrn~~~j~~~l of an intermediate oniunt ion. 

Another approach involves sclecrive ~~~(~xyge~~~tion at C-2 of 3 natural p- 
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linked disaccharide18, but the regioselective manipulation of protecting groups in 
disaccharides is not always straightforward. 

We now report on two fully stereoselective and general preparations of 2- 
deoxy-P-disaccharides where the stereochemical outcome of the glycosylation step 
is controlled by a neighboring 0-acetyl or N-formyl group. 

RESULTS AND DISCUSSION 

The first method involves 1-0-acetyl-P-D-glycopyranoses having a 2-0-acetyl 
group (1,2-trans) and benzyl groups on the other positions. Provided that the 
glycosyl acceptor is not protected by 0-acyl groups, HO-2’ in the product can be 
exposed, thereby allowing selective deoxygenation. Although benzylated ortho- 
esters have been used as glycosyl donors 19Jo, the yields and stereoselectivity have 
not been consistently high. 

Benzylated 1,Zorthoesters react at room temperature with dry acetic acid to 
give exclusively the corresponding 1,2-trans-di-0-acetyl derivatives in high yield. 
The presence of traces of water in the acetic acid is detrimenta12i. Application of 
this method to the stereoselective synthesis of acetylated 1-O-acyl-P-D-gluco- 
pyranoses has been reported 22. The 1,2-trans-di-0-acetyl derivatives 4-6 were ob- 
tained from the respective benzylated orthoesters llg, 223, and 324. A similar benzyl- 
ated orthoester of L-quinovopyranose has been described25. Compound 5 has been 
prepared in moderate yield from a benzylated orthoester by another routez6. 

1 R’ = R3 = 0B”,R2 = H.R4 zz ,+,e 
1 3 

4 R = R = OBn,R’= H 

2 R’ = R’= OB”,d= H,R4 2~ ,.4e 5R’= R2= 0Bn,R3= H 

3 R’ = R2= H,R3= OB~,R~ z it 6 R’ = R2 = H,R3= 06” 

In the presence of trimethylsilyl trifluoromethanesulfonate, p-acetates 
react27Js with hydroxyl groups of acceptors to give P-linked di- and oligo-saccharides 
in high yields. In the presence of this reagent, 4-6 were excellent p-glycosyl donors 
at -20”. Thus, 4 reacted with 1,2: 3,4-di-0-isopropylidene-a-D-galactopyranose 
(13) to give 85% of the disaccharide derivative 14, with methyl 2-0-benzyl-6-deoxy- 
4-0-methyl-P-D-galactopyranoside24 (41) to give 78% of 42, and with phenyl2,3-di- 
0-benzyl-6-deoxy-1-thio-P_D-glucopyranosidez4 (50) to give 75% of 51. The gahcto 
derivative 5 is an efficient @-D-galactosyl donor under such conditions28 and reacted 
with methyl 2,3,4-tri-O-benzyl-cw-D-glucopyranoside29 (21) and methyl 2,3,6-tri-O- 
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benzyl-cu-D-glucopyranoside3a (29) to give 22 (82%) and 30 (90%), respectively. 
The quimvo-diacetate 6 reacted with 50 to give 80% of 55. No trace of &inked 
disaccharides was isolated under these conditions. 

The disaccharide derivatives 14, 22, 30, 42, 51, and 55 were deacetylated 
(sodium methoxide in methanol) to give, respectively, X5,23,31,43,52, and 56. 
These alcohols were converted into the corresponding disaccharide xanthates 16, 
24,32,44,53, and 57 by treatment in tetrahydrofuran with sodium hydride, carbon 
disulfide, and a catalytic amount of imidazole, followed by reaction with methyl 
iodide. The radical reduction31 of the xanthates by tributylstannane in the presence 
of azobi~isobutyronitril~ (AIBN) gave the protected ~-deoxy-~-disaccharides 17, 
25, 33, 45, 54, and 58, respectively, in excellent yields. Thus, the availability of 
benzylated p-acetates of the types 4-6 opens the route to a sin@e, probably 
general, efficient, and stereospecific preparation of a variety of 2-deoxy-pdi- 
saccharides. This approach is limited because acylated acceptors cannot be used. 

In order to enlarge the scope of this strategy, another approach was developed, 
based on 2-ammo-2-deoxy-D-glucoses where an O-acyIated glycosyl donor or 
acceptor can be used. 

Aliphatic or alicyclic isocyanides can be reduced smoothly with tributyl- 
stannane to the corresponding hydrocarbons 32. Isocyanides can be obtained in high 
yields by dehydration of formamides. These two reactions are compatible with the 
common functional groups found in carbohydrate chemistry and they were applied 
in an efficient synthesis of 1,3,4,6-tetra-t?-acetyl-2-deoxy-P_D-arabino-hexo- 
pyranose from 1,3,4,6-tetra-O-acetyl-2-deoxy-2-formamido-~-D-glucopyranose3~ 
(7). Benzyl 6-U-benzoyl-2,4-di-O-benzyl-~-D-galactop~anoside f37), obtained by 
selective benz~ylation of benzyl Z,4-di-~-benzyl-~-D-galactopyranoside34, reacted 
with 7 at room temperature in the presence of tr~methyIsi~y1 triflate, to give 94% of 
the Plinked disaccharide derivative 38. The reactions of 7 with the atcohols 21,29, 
and 41 gave the corresponding disaccharide derivatives 26,34, and 46 in yields of 
64, 64, and 29%) respectively. Attempts to glycosylate 13 resulted in decomposition 
since the isopropyl~dene groups could not withstand the conditions of the reaction. 

10 R. = 0C:NHCC13, RZ = H 

f? R’= H,R2=OMe 
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Although attempts33 to prepare a chloro sugar from 7 led to syrups, treatment 
with a saturated solution of hydrogen chloride in acetyl chloride at room tempera- 
ture gave 80% of the crystalline a-chloride 8. Compound 8 reacted at room temper- 
ature in the presence of silver triflate with alcohols 13,21,29,37, and 41 to give the 
corresponding disaccharide derivatives l&26,34,38, and 46 in yields of 83,97,15, 
27, and 26%, respectively. The results with the primary alcohols 13 and 21 were 
excellent and the disappointing yield for the glycosylation of 41 by 8 was not im- 
proved significantly when stannous triflate was used as a promoter35. The low yields 
obtained on glycosylation of 41 by either 7 or 8 are attributed to the formation of 
an isomeric O-methyl-a-disaccharide. Glycosylation of 8 by methanol was best 
accomplished with stannous triflate35 at room temperature, when 58% of the methyl 
&glycoside 11 was obtained. 

Treatment of 7 with benzylamine36 in tetrahydrofuran gave 84% of the 
hemiacetal9, which reacted with trichloroacetonitrile in the presence of a catalytic 
amount of 1,8-diazabicyclo[5.4.0]1~ndec-7-ene~~ (DBU) to give 95% of the cr-tri- 

OH 

0 
0 

G? 

4 or 6 R20R&&/o 

R’ 

Me,C/O 0 - 

h 

0 

/ 

0 

0-CMe2 
Me*C A0 

13 -)I ‘; 
O-CM+ 

14 R’ = OAc,R2 = Bn 

15 R’ = OH,R2= Bn 

16 R’ = OC:SSMe,d = Bn 

17 R’= H,R2 = Bn 

16 R’ = NHCH0,R2 = AC 

19 R’= NC,R*= AC 

20R’= H,R2= AC 

21 22 R’ = 

23 R’ = 

24 R’ = 

25R’ = 

26 R’ zz 

27 R1 = 

26 R’ = 

OAc,R’= R4=OBn,R3= H 

0H,R2= R4=OBn,R3= H 

OC: SSMe,R’= R4=OBn,R3= H 

R3= H,R’= R4= OBn 

NHCH0,R2= R3= 0Ac,R4= H 

NC,R2= R3= 0A‘,R4= H 

R4= H,R*= R3=OAc 
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30 R: = 
31 R’Z 

32 R’ = 

33 R’ = 

34 4’ = 

35 R’ = 

36 R’ - 

OMe 

OAc,R’= R4= 0Bn.R3= H 

OH,R*= R4=OBn,R3= H 

OC: SSMe,d= R4=OBn,R3= H 

R3= H,R’= R4=OBn 

NHCH0,R2=R3=OAc,R4=H 

NC,R’= R3= OAc,R4= H 

R4 = H,R2 = R3= OAC 

36R = NHCHO 

39 R = NC 

40R = H 

/OR2 
Me0 

I CH< 

R20RaO!&Me 4 or 10, 

‘> 
R b0n 

42 R’ = OAc, R2 = Bn 

43 R’zOH,R2= Bn 

44 R’ = OC: SSMe,R’= BI- 

45 R’ = H, Ra= Rn 

46 Ri = NHCHO,R’= AC 

47 R1 = NC,R’= AC 

46 R’ = H,R’-AC 

49 R’ = NPhth,R’= AC 

chloroacetimidate 10. Reaction of 10 with 41 in the presence of trimethykilyl triflate 
at room temperature gave 54% of the disaccharide derivative 46. 

The /3-stereocontrol observed in the glycosylations performed with deriva- 
tives of 2-deoxy-Zformamido-D-glucose can be attributed to an intermediate 
oxazolinium ion. Indeed, 86% of the oxazoline 12 could be isolated when the 
chloride 8 was treated with silver triflate for 4 h at room temperature. The iH- 
n.m.r. spectrum of 12 showed coupling constants similar to those of 2-methyl- or 
2-phenyl-1,3-oxazolines, and, particularly, a long-range coupling between H-2 and 
H-4 (1.1 Hz) involving a planar W arrangement where H-2,4 are pseudo-equato- 
ria138. 
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CH,R’ 

4or6 -Ba”&SPh SPh - 

51 R’ = OAc ,R2 = OBn 

52 R’=OH,R2=00n 

53 R’=OC:SSMe,R’=OB” 

54 R’ zz H,R’= OBn 

55 RI= OAc,R2=H 

56 R’ = OH,R’= H 

57 R’ = OC : SSMe ,R’ = H 

58 R’= R’=H 

The *E-I-n.m.r. spectra reveal that various derivatives of 2-deoxy-2-form- 
amido-D-glucose exist in solution in both the cis and tram configurations about the 
central C-N bond39. Two formyl H signals are present at 6 U-8.3 (CDCI,); one 
(bs) at lower field corresponds to the tram rotamer and the other (d, J -11 Hz) to 
the cis-rotamer. H-l usually gives two distinct signals in the mixture of rotamers. 

The 2-deoxy-Zformamido disaccharide derivatives 18, 26, 34, 38, and 46 
were converted into the corresponding 2-deoxy-2-isocyano derivatives 19 (85%), 
27 (92%), 35 (88%), 39 (97%), and 47 (92%) by dehydration with phosphorus 
oxychloride and triethylamine in dichloromethane”. The radical reduction of the 
isocyano derivatives by tributylstannane in refluxing toluene gave the corre- 
sponding 2-deoxy-disaccharide derivatives 20 (96%), 28 (97%), 36 (74%), 40 
(87%), and 48 (86%). 

A drawback of this methodology is the sluggishness of the glycosylation reac- 
tion, which results in low yields for such acid-se&rive molecules as 41. In order to 
circumvent this difficulty, 41 was treated with the more powerful glycosylating 
reagent 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-~-~-glucopyranosyl trichloro- 
acetimidate4’, readily prepared from 2-amino-2-deoxy-D-glucose. In the presence 
of a catalytic amount of trimethylsilyl triflate, the reaction occurred almost in- 
stantaneously at -70” to give 93% of the disaccharide derivative 49. Sequential 
removal of the 0-acetyl groups by transesterification and the IV-phthaloyl group by 
hydrazinolysis42, followed by N-formylation and then 0-acetylation, gave 85% of 
46. 

The disaccharide derivatives 58 and 48 are key intermediates in the synthesis 
of orthosomycin fragments. Thus, 58 has been converted (92%) into the corre- 
sponding crystalline glyca143. 

The numerous glycosy~ation reactions described above consistently gave /3- 
linked disaccharides exclusively. 
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General methods. -Melting points were determined with a Biichi Model 510 

capillary apparatus and are uncorrected. Optical rotations were measured at 20 

rt2” with a Per-kin-Elmer Model 241 polarimeter. C.i. (ammonia)-mass spectra 

were obtained with a Nermag RIO-10 spectrometer. Elemental analyses were per- 

formed at the University Pierre et Marie Curie (Paris VI). ‘H-N.m.r. spectra were 

recorded with Cameca 250 and Bruker AM-400 spectrometers for solutions in 

CDCI, or C,D, (internal Me,%). “C-N.m.r. spectra were recorded at 100.57 MHz 

with a Bruker AM-400 spectrometer for solutions in CDCI,. adopting 77.0 p.p.m. 

for the central line of CDCI,. Assignments were aided by the J-MOD techniquc~~.~‘. 

Reactions were monitored by t.1.c. on Silica Gel 60 F,,, (Merck) and detection by 

charring with sulfuric acid. Flash column cl~ron~atography~~ was performed on Silica 
Gel 60 ~2~~~~~ mesh, Merck). 

General proced~tre fw the c~~~~~ersioi~ of’l,2-~rth~~~etate~ into 1.2-trans-r&O- 

acet,vE derivatives. - A solution of 1,2-orthoacetate (I mmol) in glacial acetic acid 

was stirred for I h at room temperature under argon and then conccntratcd, and 

tolusne was evaporated several times from the residue. The residue was a nearly 

pure 1.2-trans-di-0-acetyl derivative, slightly contaminated with products resulting 

from the hydrolysis of the starting material. The polar by-products were con- 

veniently removed by filtration through silica gel. 

I,2-K~i-O-acetyl-3,4,6-rvi-O-henzyl-~-~-~~u~~~~~r~~~~~.~f~ (4). - 3.4,6-Tri-CZ- 

benzyl-1,2-O-( I-methoxyethylidene)-N-r,-glucopyranose’” (1: SO7 mg, 1 mmol) 

reacted with acetic acid to give 4 (454 mg; 85X), isolated as a syrup, [aILI -t-25.5” 

(c 0.9, chloroform), R, 0.35 (50: 1 di~hloroInethane-acetone); !H-n.m.r. (CIX&): 
67.42-7.16 (m, 15 H, 3 Ph), 5.64 (d, 1 H, Jr.2 8.5 Hz. H-l). 5.15 (dd. I H, .I,‘.; 9.S 

Hz, H-2). 4.82 and 4.68 (2 d, 2 H, Jger,, 11 .S Hz, OCH,Ph). -1.79 and 4.56 (2 d. 2 H. 

J grm 10.5 Hz, OCfri,Ph), 4.65 and 4.50 (2 d, 2 II, J,,,,, 12 Hz. CfCH,Phf, 3.9%3.68 

(m, 4 H, H-3,4,6a,6b), 3.62 (dad, 1 H. JJ,g 10. Js~ho 2.5, J5+,, 35 Hz.-II-T). 2.118 and 

1.93 (2 s. each 3 H, 2 OAc). 

And. Calc. for C,,H,,O,: C. 69.65; II, 6.41. Found: C, 69.94: H. 6.57. 

1,2-Di-0-acet~l-3,4,6-t~i-O-benzyl-~-~-~~~lf~c~f~~~yrunosc (5). - 3.3,6-Tri-O- 

benzyl-I ,2-O-( 1-methoxycthylidene)-cu_D-galactopyranoscz.l (2; 507 mg. 1 mmol) 

reacted with acetic acid to give 5 (449 mg, 840/o), isolated as a syrup. [LY],, i-Z0 (c 

1, chloroform), R, 0.61 (3: 1 toluene-ethyl acetate): ‘H-n.m.r. (CDCI,): 8 7.%- 

7.15 (m, 15 H, 3 Ph), 5.62 (d, I H. J,,, 8.5 Hz. H-l), S.SO(dd. 1 H,J,,, 10 HZ, H-2), 

4.96 and 4.62 (2 d, 2 H. J,,, 11.5 Hz, 0CH2Ph), 4.70 and 4.52 (2 d. 2 H, +,a, 1235 

Hz, OCH,Ph), 4.44 (2 d, 2 II, Jgcm 11 .S Hz, OCN,Ph), 4.02 (d, 1 H, ‘I,., 2.5 Hz. 

H-4), 3.77-3.56 (m, 4 H, H-3,5,6a$b), 2.06 and 2.01 (3 s, each 3 H, 2 OAc). 

Annl. Calc. for C,,Hj,O,: C, 69.65; H, 6.41. Found: C. 69.30: II. 6.37. 

~,~-~i-O-acetyI-3,4-~~i-O-henz~Z-6-~e~x~-~-ct-gIt~top~mrro,sc (6), - 3,-LDi- 

0-benzyl-h-dcoxy- 1 ,2-O-(l-cthoxy~ihyIiden~j-cu-r,-glucc7p)irn~~~~s~~~ (3: 31-t mg. I 

mmol) reacted with acetic acid to give 6 (394 mp. 92’%), m.p. 112-I 13” (from 
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ethanol), [cI]~ +24” (c 1, chloroform), R, 0.57 (4:l toluene-ethyl acetate); rH- 
n.m.r. (CDCl,): 87.49-7.29 (m, 10 H, 2 Ph), 5.66 (d, 1 H, I,,, 8.5 Hz, H-l), 5.13 
(dd, 1 H, J2,s 9.5 Hz, H-2), 4.89 and 4.69 (2 d, 2 H, Jgem 11 Hz, OCH,Ph), 4.86 and 
4.71 (2 d, 2 H, Jgem 11.5 Hz, OCH,Ph), 3.73 (dd, 1 H, & 9.5 Hz, H-3), 3.62 (dq, 

1 H, J4,5 9.5, Js,~e 6.0 Hz, H-5), 3.34 (dd, 1 H, H-4), 2.11 and 1.95 (2 s, each 3 H, 
2 OAc), 1.34 (d, 3 H, CH,-6). 

Anal. Calc. for CZ4H,,0,: C, 67.28; H, 6.59. Found: C, 67.15; H, 6.56. 
General procedure for glycosylution with 1,2-trans-di-0-acetyl derivatives. - 

A solution of the 1,2-truns-di-0-acetyl glycosyl donor (1 mmol) and the alcoholic 
acceptor (1 mmol) in dry dichloromethane (40 mL) was stirred for 1 h at room 
temperature in the presence of activated powdered molecular sieves (4 A, 2 g) 
under argon, then cooled at -20”. Trimethylsilyl bit-late (0.2 mL, 1 mmol) was 
added, and the mixture was stirred at -20” for -20 min, the reaction being 
monitored by t.1.c. The mixture was neutralized at -20” with triethylamine (-0.15 
mL), then allowed to reach room temperature, diluted with dichloromethane, and 
filtered. The filtrate was washed successively with dilute hydrochloric acid, water, 
aqueous sodium hydrogencarbonate, and water, dried (MgSO,), and concentrated. 

6-0-(2-O-Acetyl-3,4,6-tri-O-benzyl-~_~-glucopyranosyi)-l,2:3,4-di-O-~o- 
propylidene-a-D-galactopyranose (14). - Clycosylation of 1,2:3,4-di-O-isopropyl- 
idene-cY-D-galactopyranose (13; 260 mg, 1 mmol) with 4 (535 mg, 1 mmol), followed 
by column chromatography (8:I toluene-ethyl acetate), gave 14 (625 mg, 85%), 
isolated as a syrup, [o]n -34” (c 1.1, chloroform); lit.19: [o]n -31” (c 0.05-1.0, 
chloroform); rH-n.m.r. (CDCl,): 67.44-7.19 (m, 15 H, 3 Ph), 5.54 (d, 1 H,J,,, 5.0 
Hz, H-l), 5.03 (dd, 1 H, J1,,2, 8.0, J2,,aj 9.0 Hz, H-2’)) 4.81 and 4.71 (2 d, 2 H, Jgem 
11 Hz, OCH,Ph), 4.81 and 4.57 (2 d, 2 H, Jgem 12 Hz, OCH,Ph), 4.67 and 4.58 (2 
d, 2 H, Jgem 12 Hz, OCH,Ph), 4.60 (dd, 1 H, J6a,6b 8.0, J5,6a 2.5 Hz, H-6a), 4.46 (d, 
1 H, H-l’), 4.30 (dd, 1 H, J2,a 2.5 Hz, H-2), 4.21 (dd, 1 H, &,, 2.0 Hz, H-6b), 4.09 

(dd, 1 H, Js,e,a 3.5, JQ~,v~, 11.5 Hz, H-6’a), 3.95 (ddd, 1 H, J4,,5P 7.0, J5,,@,, 2.0 Hz, 
H-5’), 3.80-3.60 (m, 5 H, H_3,4,3’,4’,6’b), 3.50 (m, 1 H, H-5), 2.02 (s, 3 H, OAc), 
1.51, 1.43, 1.32, and 1.31 (4 s, each 3 H, 2 CMe,). 

Anal. Calc. for C,,H,,012: C, 67.01; H, 6.86. Found: C, 66.88; H, 6.90. 
Methyl 3-0-(2-O-acetyl-3,4,6-tri-O-benzyl-~-D-glucopyrunosyZ)-2-O-benzy~- 

6-deoxy-4-O-methyl-p-D-galactopyrunoside (42). - Glycosylation of methyl 2-0- 
benzyl-6-deoxy-4-O-methyl-P-D-galactopyranoside24 (41; 282 mg, 1 mmol) with 4 
(535 mg, 1 mmol), followed by column chromatography (97:3, then 19:l dichloro- 
methane-acetone), gave 42 (594 mg, 78.5%), m.p. 136” (ethanol), [a]o +12” (c 1, 
chloroform); ‘H-n.m.r. (400 MHz) (C&D,): 6 7.49-7.03 (m, 20 H, 4 Ph), 5.48 (m, 
1 H, J,,,Z, 8.0 Hz, H-2’), 5.05 and 4.45 (2 d, 2 H, J,,, 11 Hz, OCH,Ph), 4.72 and 
4.68 (2 d, 2 H, .I,,, 11.5 Hz, OCH,Ph), 4.72 and 4.65 (2 d, 2 H, Jgem 12 Hz, 
OCH,Ph), 5.01 (d, 1 H, H-l’), 4.34 (m, 2 H, OCH,Ph), 4.17 (d, 1 H, J,,, 7.5 Hz, 
H-l), 3.99 (dd, 1 H, Jz,a 9.5 Hz, H-2), 3.85 (dd, 1 H, J5,,6,a 3.0, J6’a,6rb 10 Hz, H-6’a), 
3.67 (s, 3 H, OMe), 3.63 (m, 3 H, H-3,3’,5’), 3.55 (dd, 1 H, J5V,6Vb 5.0 Hz, H-6’b), 



3x M. TRUMTEL, P. TAVECCHIA, A. VEYRIf?RES. P. SINA% 

3.37 (m, 4 H, OMe, H-4’), 3.31 (dd, 1 H, .73,4 3.0, J4.? 0.5 Hz, H-4), 3.16 (dq, 1 H, 
J s,Mr 6.5 Hz, H-5), 1.63 (s, 3 H, OAc), 1.22 (d, 3 H, CH,-6). 

Anal. Calc. for C,,H520,,: C, 69.82; H, 6.93. Found: C, 69.70; H, 6.90. 
Phenyl 4-0-(2-0-acetyl-3,4,6-tri-O-benzyl-p-D-glucol?yrunosyl)-Z,-O- 

benzyld-deoxy-I-thio-P-D-glucopyranoside (51). - Glycosylation of phenyl2,3-di- 

U-benzyI-6-deoxy-l-thio-/3-D-glucopyranoside24 (50; 437 mg, I mmol) with 4 (535 

mg, 1 mmol), followed by column chromatography (19:l toluene-ethyl acetate), 

gave 51 (683 mg, 75%), m.p. 129-130” (from ethanol), [cy]b +22” (c 1.2, chloro- 

form); ‘H-n.m.r. (CDCI,): 67.61-7.17(m,30H,6Ph),5.18-4.51 (m,lOH,H-l.l’, 

4 OCH,Ph), 5.04 (dd, 1 H, J,,>,, 8.5, J2’.3, 9.5 Hz, H-2’) 4.38 (s, 2 H, OCH,Ph), 

3.78-3.34 (m, 9 H, H-2,3,4,5,3’,4’,5’,6’a,h’b), 1.96 (s, 3 H, OAc), 1.35 (d, 3 H, 

J S.Me 6.0 Hz, CH,-6). 

Anal. Calc. for C,,H,,O,,S: C, 72.50; H, 6.42. Found: C, 72.63; H, 6.46. 

Methyl 6-0-(2-0-acetyl-3,4,6-tri-O-benzyl-~-D-galactopyranosyl)-2,3,4-fri-O- 
benzyl-cr-D-glucopyranoside (22). - Glycosylation of methyl 2,3,4-tri-0-benzyl-a- 

D-ghrcopyranoside29 (21; 465 mg, 1 mmol) with 5 (535 mg, 1 mmol). followed by 

column chromatography (17:3 toluene-ethyl acetate), gave 22 (845 mg, 82%), m.p. 

117” (ethyl acetate-hexane), [a], +lO” (c I, chloroform); ‘H-n.m.r. (CDCI,): S 
7.48-7.20 (m, 30 H, 6 Ph), 5.49 (dd, 1 H, J,,,,, 8.0, J,.,,, 10 Hz, H-2’), 4.42 (d. 1 H, 

H-l’), 3.35 (s, 3 H, OMe), 1.96 (s, 3 H, OAc). 

Anal. Calc. for Cs7Hh2012: C, 72.90; H, 6.65. Found: C, 72.85; H, 6.65. 

Methyl 4-0-(2-O-acetyl-3,4,6-tri-O-benzyI-~-~-galactopyrano.~yyl)-2,3,6-tri-O- 
benzyl-a-D-glucopyranoside (30). - Glycosylation of methyl 2,3,6-tri-@benzyl-cr- 

D-glucopyranosidej” (29; 465 mg, 1 mmol) with 5 (535 mg, 1 mmol), followed by 

column chromatography (24: 1 dichloromethane-acetone), gave 30 (845 mg, 90%>, 

isolated as a syrup, [c~]b +9” (c 1.3, chloroform); ‘H-n.m.r. (CDCI,): S 7.46-i-7.15 

(m, 30 H, 6 Ph), 5.33 (dd, 1 H, J1,,Z, 8.0, J2S,3f 10 Hz, H-2’), 3.38 (s, 3 H, OMe), 

1.95 (s, 3 H, OAc). 

Anal. Calc. for C,,H,,O,,: C, 72.90; H, 6.65. Found: C, 72.86; H, 6.82. 
Phenyl 4-0-(2-0-acetyl-3,4-di-O-benzylB-deoxy-~-D-glucopyrunosyl)-2,3-di- 

0-benzyl-6-deoxy-I-thio-P-o-glucopyranoside (55). - Glycosylation of 50 (437 mg, 

1 mmol) with 6 (428 mg, 1 mmol), followed by column chromatography (19:l 

tolueneeethyl acetate), gave 55 (644 mg, 80%), m.p. lSO-151” (from ethanol), [~]n 

-t-25” (c 0.9, chloroform); ‘H-n.m.r. (400 MHz, C,D,): 6 7.82-7.08 (m, 25 H, 5 Ph), 
5.47 (dd, 1 H, J,.,,, 8.0, .J2j.3S 9.5 Hz, H-2’), 5.34 and 4.95 (2 d, 2 H, Jgem 11.5 Hz, 

OCH,Ph), 5.02 and 4.90 (2 d, 2 H, J,,, 11 Hz, OCH,Ph), 4.86 and 4.45 (2 d, 2 H, 

J,,, 11.5 Hz, OCH,Ph), 4.76 and 4.73 (2 d, 2 H, Jgem 12 Hz, OCI-I,Ph), 4.75 (d, 1 
H, J,,, 9.5 Hz, H-l), 4.55 (d, 1 H, H-l’), 3.72-3.05 (m, 5 H, H-2,3,4,3’,4’), 3.28 

and 3.23 (2 dq, 2 H, J4,5 = J.,C,5, = 9.5, Js,Mc = JS,,Me = 6.0 HZ, H-5.5’). 1.84 (s, 3 
H, OAc), 1.41 and 1.23 (2 d, each 3 H, CHI,-6,6’). 

Anul. Calc. for C&H,,O,S: C, 71.62; H, 6.51. Found: C, 71.32; H, 6.46. 

General procedure for 0-deacetylation of disaccharides. - A solution of the 

protected disaccharide (1 mmol) in anhydrous methanol (30 mL; dry 1,4-dioxane 
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was added when the mixture was not homogeneous) was treated with sodium (a 
few mg) at room temperature under argon. The reaction was monitored by t.1.c. 
(l-3 h). After the starting material had disappeared, the solution was neutralized 
with IR-120 (H+) ion-exchange resin, filtered, and then concentrated to give a 
quantitative yield of 0-deacetylated disaccharide. 

1,2:3,4-Di-O-isopropylidene-6-0-(3,4,6-tri-~-benzyl-~-~-glucopyranosyl)-~- 
D-guluctopyranose (15). - 0-Deacetylation of 14 gave 15 (100%) as a syrup. An 
analytical sample, prepared by column chromatography (4: 1 toluene-ethyl 
acetate), had [a],, -42” (c 0.6, chloroform); IHi-n.m.r. (CDCI,): 6 7.49-7.16 (m, 
15 H, 3 Ph), 5.61 (d, 1 H, J1,2 5.0 Hz, H-l), 5.07 and 4.84 (2 d, 2 H, Jgem 11.5 Hz, 
OC&Ph), 4.89 and 4.53 (2 d, 2 H, Jgem 11 Hz, OC&Ph), 4.65 and 4.56 (2 d, 2 H, 
Jgem 12 Hz, OCHrPh), 4.64 (dd, 1 H, J,,, 2.5, Jsa,sb 8.0 Hz, H&a), 4.37 (d, 1 H, 
J1+2’ 8.0 Hz, H-l’), 4.36 (dd, 1 H, Jr2 5.0, Jr,s 2.5 Hz, H-2) 4.26 (dd, 1 H, &,, 2.0 
Hz, H&b), 4.14 (dd, 1 H, J5g,ga 3.5, J6’a,6,h 11 Hz, H-6’a), 4.06 (ddd, 1 H, J4,,f’ 8.0, 
J5t,6’b 2.0 Hz, H-5’), 3.83-3.61 (m, 6 H, H_3,4,2’,3’,4’,6’b), 3.52 (m, 1 H, H-5), 
1.56, 1.47, 1.35, and 1.33 (4 s, each 3 H, 2 CMe,). 

Anal. Calc. for C&,0,,: C, 67.61; H, 6.98. Found: C, 67.37; H, 7.04. 
Methyl 2-0-benzyl-6-deoxy-4-O-methyl-3-0-(3,4,6-tri-O-ben~l-~~-giuco- 

pyranosylj-/3-D-galactopyranoside (43). - 0-Deacetylation of 42 gave crystalline 
43 (100%). An analytical sample, preparedby column chromatography (4: 1 toluene- 
ethyl acetate), had m.p. 149-150” (ethanol), [c$, +lO” (c 0.9, chloroform); ‘H- 
n.m.r. (CDCI,): 67.48-7.23 (m, 20 H, 4 Ph), 5.02-4.46 (m, 9 H, 4 OCH,Ph, H-l’), 
4.24 (d, 1 H, J,,, 7.0 Hz, H-l), 3.78-3.45 (m, 9 H, H_2,3,5,2’,3’,4’,5’,6’a,6’b), 3.63 
and 3.56 (2 s, each 3 H, 2 OMe), 3.43 (d, 1 H, J3,4 2.0 Hz, H-4), 2.79 (s, 1 H, OH), 
1.30 (d, 3 H, J5,Me 6.5 Hz, CH,-6). 

Anal. Calc. for C,,H,O,,: C, 70.57; H, 7.05. Found: C, 70.45; H, 6.97. 
Phenyl 2,3-di-O-benzy~-6-deoxy~-o-(3,4,6-tri-O-benzy~-&D-glcopyrano- 

syl~-~-thio-~-D-glucopyra~oside (52). - 0-Deacetylation of 51 gave crystalline 52 
(100%). An analytical sample, prepared by column chromatography (9 : 1 toluene- 
ethyl acetate), had m.p. 97-99” (from ethanol), [& +2W (c 1, chloroform); ‘H- 
n.m.r. (CDCl,): S 7.63-7.19 (m, 30 H, 6 Ph), 5.14-4.52 (m, 10 H, H-1,1’, 4 
OC~~Ph),4.43(~,2H,OCH,Ph),3.69-3.39(m,lOH,H-2,3,4,5,2’,3’,4’,5’,6’a,6’b), 
2.41 (s, 1 H, OH), 1.44 (d, 3 H, JS,Me 6.0 Hz, CH,-6). 

Anal. Calc. for C,,H,,O,S-0.5 H,O: C, 72.49; H, 6.54. Found: C, 72.53; H, 
6.44. 

Methyl 2,3,4-fri-O-benzyl-6-0-(3,4,6-tn‘-O-benzyl-~D-galactopyranosyl)-ar- 
D-gkapyranoside (23). - 0-Deacetylation of 22 gave crystalline 23 (100%). An 
analytical sample, prepared by column chromatography (8: 1 toluene-ethyl 
acetate), had m.p. 77-78” (from ethanol), [ah, i-6” (c 0.8, chloroform); ‘H-n.m.r. 
(CDCl,): S 7.46-7.26 (m, 30 H, 6 Ph), 4.25 (d, 1 H, J1,,2, 8.0 Hz, H-l’), 3.38 (s, 3 
H, OMe). 

Anal. Calc. for C,,H,O,,: C, 73.64; H, 6.74. Found: C, 73.49; H, 6.79. 
Methyl 2,3,6-rri-O-benzyl-4-0-(3,4,6-tri-O-benzyt-P-D-galactopyranosyE 
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~-gZ~c~py~u~uside (31). - U-Deacetylation of 30 gave 3X (100%) as a syrup. An 

analytical sample, prepared by culurmr chromatography (4 : 1 toluene-ethyl 

acetate), had [aID +8.5” (c 1.2, chloroform); rH-n.m.r. (CD&,>: & 7.43-7+19 (m, 

30 H, 6 Ph), 4.48 (d, 1 H, _Q2’ S.OHz, H-I’), 3-37 (s, 3 H, QMe), 2.98 (s, 1 H, OH), 

Anal. Calc. for C&f,OI1: C, 73.64; H, 6.74. Found: C, 73.41; H, 6.78. 

Phmyl 2,3-di-U-benzyM-deoxy-4-C?- (3,4-di-O-benzyZ-6-deo~y-/3-~-glucapy- 
nmusyll)-1 -Theo-P-D-gl~cOPyYanOside (56). - O-Deacetylation of 55 gave crystalline 

56 (lUO%}, mp. 106-108” (from ethanol), [ala +21” (c 1.1, chloroform); lH-n.m.r. 

(CDCl,): S 7.59-7.15 (m, 25 H, 5 Ph), 5.08-4.59 (m, 8 H, 4 OCIfzPh), 4.64 (d, 1 

H, JIa 9.5 Hz, H-l), 4.50 (d, 1 H,J1,,2 7.5 Hz, H-l’), 3,68--3.33 (m, 8 H, H-2,3,4,5, 

2’,3’,4’,5’3, 2.47 (s, 1 H, OH), 1.44 and 1.20 (2 d, 6 H, -IEjqMe = Js’,Me = 6.0 Hz, 

CH,-6,6’)* 

hydride (80 mg of a 60% dispersiun in aif, 2 mmof) was added to an ice-eookrS 
s~fution of disaccharide alcohol (1 mmol) and imidazoie (14 mg, 0.2 mmol) in dry 
tetrahydrofuran (60 mL). The mixture was stirred for 1 h at room temperature 

under argon, and carbon disulfide (0.6 mL, 10 mmol) was then added. Stirring was 

continued for 20 min, and methyl iodide (0.6 mL, 10 mmol) was added. The reac- 
tion was monitored by t-1-c. (4:l toluene-ethyl acetate). Methanol was added at 0 

to destroy the excess of sodium hydride. The mixture was concentrated. the residue 

was taken up in ether, and the extract was washed successively with water, dilute 
hydrochloric acid, and water, dried (MgSU,), and concentrated. 
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Phenyl 2,3-di-O-benzy~-6-deoxy-4-0-[3,4,6-tri-O-benzyE-2-0-(methylthio)- 
thiocarbonyf-P-D-glucopyranosy~-I-thio-P-D-gEucopyranos~de (53). - Xanthation 

of 52, followed by column chromatography (19: 1 toluene-ethyl acetate), gave 53 

(95%), [& - 13” (c 1.1, chloroform); lH-n.m.r. (CDCl,): 6 7.61-7.16 (m, 30 H, 6 

Ph), 4.08 (dd, 1 H, J,f,,f 8.0, J2t.3r 9.0 Hz, H-2’), 5.15-4.49 (m, 9 H, H-l’, 4 

OCH,Ph), 4.66 (d, 1 H, I,,, 9.5 Hz, H-l), 4.40 (s, 2 H, OCH,Ph), 3.79 (dq, 1 H, 

J4,5 9.07 J&Me 6.0 Hz, H-5), 3.69-3.33 (m, 8 H, H_2,3,4,3’,4’,5’,6’a,6’b), 2.61 (s, 3 

H, SMe), 1.38 (d, 3 H, C&-6). 

Anal. Calc. for C,,HS,O,S,: C, 68.87; H, 6.09. Found: C, 68.82; H, 6.14. 

Methyl 2,3,4-tri-O-benzyl-6-0-[3,4,6-tri-O-benzyl-2-O-(methylthio)thiocar- 
bonyI-p-D-gaiuctopyranosy&r-D-gkupyrunoside (24). - Xanthation of 23, fol- 

lowed by column chromatography (toluene, then 16: 1 toluene-ethyl acetate), gave 

24 (99%), [LY]~ -4” (c l,l, chloroform); lH-n.m.r. (CDCl,): 6 7.43-7.24 (m, 30 H, 

6 Ph), 6.41 (dd, I H, J,,,,, 8.0, &, 10 Hz, H-2’), 4.36 (d, 1 H, H-l’), 3.32 (s, 3 H, 

OMe), 2.44 (s, 3 H, SMe). 

Anal. Calc. for C&H,,O,,Sz: C, 69.35; H, 6.33. Found: C, 69.46; H, 6.37. 

Methyl 2,3,6-tri-O-benzyl-4-O-[3,4, 6-tri-O-benzyl-2-O-(methyEthio)thiocar- 
bony/-/3-D-&actopyrunosy~-a-D-glucopyranoside (32). - Xanthation of 31, fol- 

lowed by column chromatography (16: 1 toluene-ethyl acetate), gave 32 (96%), 

k& -3” (c 0.6, chloroform); IH-n.m.r. (CDCI,): S 7.41-7.17 (m, 30 H, 6 Ph), 6.32 

(dd, 1 H, I,, 2’ 8.0, J2f 3, 10 Hz, H-2’), 3.37 (s, 3 H, OMe), 2.59 (s, 3 H, SMe). 

Anal. kale. for ‘C,,H,,O,,S,: C, 69.35; H, 4.33. Found: C, 69.21; H, 6.46. 

Phenyl 2,3-di-0-benzyl-6-deoxy-4-0-[3,4-di-O-benzyl-6-deoxy-2-O-(methyl- 
thio)thiocarbonyE-~-D-giucopyrunosyl]-l-thio-~-D-gEucopyranoside (57). - Xantha- 

tion of 56, followed by column chromatwgraphy (toluene), gave 57 (lOO%), m-p. 

140” (from ethanol), [aID -14” (c 0.3, chloroform); lH-n.m.r. (CDCI,): 67.51-7.09 

(m, 25 H, 5 Ph), 5.98 (dd, 1 H, JIn 2, 8.0, J2r,3, 9.5 Hz, H-2’), 5.04-4.52 (m, 9 H, 4 

OCH,Ph, H-l’), 4.59 (d, 1 H, JI,; 9.5 Hz, H-l), 3.78-3.20 (m, 7 H, H-2,3,4,5, 

3’,4’,5’), 2.53 (s, 3 H, SMe), 1.36 and 1.16 (2 d, 6 H, JS,Pvle = 15J.Me = 6.0 Hz, 

CH,-6,6’). 

Anal. Calc. for C,,H,,O,S,: C, 67.58; H, 6.14. Found: C, 67.62; H, 6.31. 

General procedure for radical reduction of disaccharide xanthates. - A 

solution of disaccharide xanthate (1 mmol) in dry toluene (70 mL) was added drop- 

wise to a refluxing solution of tributyltin hydride (2.7 mL, 10 mmol) in dry toluene 

(35 mL) containing a,a’-azobisisobutyronitrile (40 mg). The reaction was moni- 

tored by t.1.c. and was usually complete in 4 h under reflux. The mixture was 

cooled, then concentrated. 

1,2~3,4-Di-O-isopropylidene-6-0-(3,4,6-tri-O-benzyl-2-deoxy-P_D-arabino- 
hexopyranosyl)-a-D-galactopyrunose (17). - Reduction of 16 (783 mg, 1 mmol), 

followed by column chromatography (9: 1 toluene-ethyl acetate), gave 17 (582 mg, 

86%), [aID -47” (c 0.5, chloroform); *H-n.m.r. (CDCl,): S 7.45-7.22 (m, 15 H, 3 

Ph), 5.61 (d, 1 H, J1,2 5.0 Hz, H-l), 4.94 and 4.57 (2 d, 2 H, Jyem 11 Hz, OCH,Ph), 
4.73 and 4.60 (2 d, 2 H, Jjiem 11.5 Hz, OCH,Ph), 4.67 and 4.56 (2 d, 2 H, Jsem 12.5 
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Hz, OCH,Ph), 4.62 (dd, 1 H, J5,6a 2.5, J6a,6b 8.0 Hz, H-6a), 4.54 (dd, 1 H, JI,,Z,e 2.0, 
J ,‘,2’a 9.5 Hz, H-l’), 4.34 (dd, 1 H, Jz13 2.5 Hz, H-2), 4.25 (dd, 1 H, J5,,6h 2.0 Hz, 
H-6b), 4.12 (dd, 1 H, J5s,6ga 3.5, J6$a,6,b 11 Hz, H&‘a), 4.03 (m, 1 H, H-5’), 3.80-3.52 
(m, 5 H, H_3,4,3’,4’,6’b), 3.43 (m, 1 H, H-S), 2.49 (ddd, 1 H,.&. 5.0, J2je.2sn 12.5 
Hz, H-2’e), 1.67 (ddd, 1 H, Jz,a,3r 12 Hz, H-2’a), 1.55, 1.45, 1.34, and 1.32 (4 s, 
each 3 H, 2 CMe,). 

Anal. Calc. for C,,H,8010: C, 69.21; H, 7.15. Found: C, 69.15; H, 7.35. 
Methyl 2-O-benzyl-6-deo;cy-4-O-~ethyl-3-O-(3,4,6-tri-O-benzyi-2-deoxy-p-D- 

arabino-hexopyrunosyl)-P-D-gulactopyranaslde (45). - Reduction of 44 (805 mg, 1 
mmol), followed by column chromatography (17:3 toluene-ethyl acetate), gave 45 
(573 mg, 82%), m.p. 95” (from dichloromethane-hexane), [aID +2” (c 0.8, chloro- 
form); ‘H-n.m.r. (CDCI,): 6 7.44-7.26 (m, 20 H, 4 Ph), 4.94 and 4.56 (2 d, 2 H, 
J,,, 11 Hz, OCH,Ph), 4.93 and 4.58 (2 d, 2 H, J,,, 11.5 Hz, OCN,Ph), 4.68 (dd, 1 

H, J1’.2,e 2.0, J1’,2’u 10 Hz, H-l’), 4.66 and 4.62 (2 d, 2 H, J,,, 12 Hz, OCH,Ph), 4.64 
and 4.60 (2 d, 2 H, Jgem 11 Hz, OC&Ph), 4.22 (d, 1 H, J1.2 7.5 Hz, H-l), 3.80-3.34 
(m, 9 H, H_2,3,4,5,3’,4’,5’,6’a,6’b), 3.63 and 3.56 (2 s, each 3 H, 2 OMe). 2.33 
(ddd, 1 H, .TZ+2’a 12.5, Jz,e,3’ 5.0 Hz, H-2’e), 1 A2 (ddd, 1 H, J2’a,3s 9.5 Hz, H-2’n), 
1.29 (d, 3 H, .JMe 6.5 Hz, CH,-6). 

Anal. Calc. for C&H,*O,: C, 72.18; H, 7.21. Found: C, 72.27; H, 7.45. 
Phenyl 2,3-di-O-benzyl-6-deoxy-4-0-(3,4,6-tri-O-benzyE-2-deoxy-~-r>-arab- 

ino-hexopyranosylj-I-thio-P-D-glucopyrunoside (54). - Reduction of 53 (959 mg, 
1 mmol), followed by column chromatography (19: 1 toluene-ethyl acetate), gave 
54 (734 mg, 86%), m.p. 128-129” (from ethanol), [alo -t-10” (c 0.6, chloroform); 
“)-I-n.m.r. (CDCI,): 6 7.64-7.17 (m, 30 H, 6 Ph), 5.17-4.53 (m, 10 H, H-1,1’, 4 

OCEI~Ph), 4.45 (m, 2 H, OCH,Ph), 3.70-3.31 (m, 9 H, H_2,3,4,5,3’,4’,5’,6’a,6’b), 
2.35 (ddd, 1 H, Jls,?‘? 2.5, J2se,2’u 12.5, Jzje,3f 4.5 Hz, H-2’e), 1.63 (ddd, I H, J,T,2,a 10, 
J 2fa,3’ 9.5 Hz, H-2’a), 1.34 (d, 3 H, Jsq6 6.0 Hz, CH,-6). 

Anal. Calc. for C,,H,,O,S: C, 74.62; H, 6.62. Found: C, 74.41; H, 6.55. 
Methyl 2,3,4-tri-0-benzyl-6-O-(3,,4,6-tri-O-benzy~-2-deoxy-~-~-~yxo-hexo- 

pyrunosyf)-cu-D-glucopyraaoside (25). - Reduction of 24 (987 mg, 1 mmol), foi- 
lowed by column chromatography (50: 1 dichloromethane-ethyl acetate), gave 25 
(881 mg, lOO%), m.p. 100” (from ethanol), fair, +7” (c 0.9, chloroform); *H-n.m.r. 
(CDCI,): 87.43-7.25 (m, 30 H, 6 Ph), 4.24 (dd, 1 H, J1J,2,a 9S,J,,,,, 2.0 Hz, H-l’), 

3.35 (s, 3 H, OMe), 2.12 (ddd, 1 H, J2gee2,n 12, J2,a,3, 10 HZ, H-2’a), 1.94 (ddd, 1 H, 
J 2’e,3, 3.5 Hz, H-2’e). 

Anal. Calc. for CS5H60010: C, 74.98; H, 6.86. Found: C, 74.73; H, 6.71. 
Methyl 2,3,6-tri-O-benzyl-4-0-~3,4,6-tri-O-benzyl-2-deoxy-p-D-lyxo-hexo- 

pyuanosyl)-a-D-glucopyranoside (33). - Reduction of 32 (987 mg, 1 mmol), fol- 
lowed by column chromatography (9:1 toluene-ethyl acetate), gave 33 (705 mg, 
SO%), [&, -3” (c 1.1, chloroform); ‘H-n.m.r. (C,D,): 6 7.64-7.07 (m, 30 H, 6 Ph), 
4.75 (dd, 1 H, J1v,Z.e 2.0, J1..2’a 10 Hz, H-l’), 3.19 (s, 3 H, OMe), 2.45 (ddd, 1 H, 
.J 2’e.Tll 12.5, JZ’P,T 10 Hz, H-2’a), 2.09 (ddd, 1 H, J2,e,3j 3.5 Hz, H-2’e). 

Anal. Calc. for CSsH6U010: C, 74.98; H, 6.86. Found: C, 74.90; H, 7.05. 
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~~e~~l 2,3-di-O-benzyl-6-deoxy-4-0-~3,4-di-O-be~~l-2,6-dideoxy-~-~-arab- 
ino-hexopyra~osyf~-~-trio-~-D-g~ucopyra~#s~de (58). - Reduction of 57 (853 mg, 
1 mmoi), followed by column chromatography (24: 1 toluene-ethyl acetate), gave 
58 (598 mg, SO%), m.p. 136-138” (from ethanol), [& +6” (c 0.8, chloroform); 
iH-n.m.r. (C,D,): 6 7.64-6.86 (m, 25 H, 5 Ph), 5.20 and 4.47 (2 d, 2 H, J,,, 11 Hz, 
OCII,Ph), 4.86 and 4.80 (2 d, 2 H, J,,, 11 Hz, OCN,Ph), 4.86 and 4.75 (2 d, 2 H, 
Jgem 11 IIz, OCHzPh), 4.63 (d, 1 H, J1,2 9.5 Hz, H-l), 4.41 and 4.32 (2 d, 2 H, J,,, 
12 Hz, OCN,Ph), 4.36 (dd, 1 H, J1,,2,e 2.0, J1,,2ra 10 Hz, H-l’), 3.60-2.97 (m, 7 H, 
H-2,3,4,5,3’,4’,5’), 2.19 (ddd, 1 H, J2,e,2,a 12, J2,e,3, 5.0 Hz, H-2’e), 1.68 (ddd, 1 H, 
J 2’0,3’ 10 Hz, H-2’a), 1.22 and 1.20 (2 d, 6 H, JS,Me = Js,,Me = 6.0 Hz, CH,-6,6’). 

Anal. Calc. for C,H,,O,S: C, 73.97; H, 6.75. Found: C, 73.56; H, 6.92. 
3,4,6-Tri-O-acetyl-Z-deoxy-Z-fo~a~~d~-~-D-g~ucopyr~no~y~ chbride (8). - 

A stream of dry hydrogen chloride was passed through a sus~nsion of 1,3,4,6- 
tetra-O-acetyl-2-deoxy-2-formamido-P-D-glucopyranose3~ (7; 3.75 g, 10 mmol) in 
acetyl chloride (60 mL}, with stirring and coohng at O”, until a clear solution was 
obtained. The reaction mixture was left overnight at room temperature, then con- 
centrated. The residue crystallized from dichloromethane-benzene to give 8 (2.82 
g, SO%), m.p. 105-107” (dec.), [EX]~ +106” (c 1, chloroform); ‘H-n.m.r. (CDCl,): 
6 8.15 (bd s, 0.9 H, CHO, tram), 8.03 (d, 0.1 H, JcHO,NH 11.0 Hz, CHO, cis), 6.27 

(d, 1 IL JZ,NW 9.0 Hz, NH, cis and trans), 6.20 (d, 0.9 H, J,,, 3.5 Hz, H-l, tram), 
6.15(d,0.1H,J1,23.5Hz,H-l,cis),5.J7(dd,1 H,J,,,9.5,J4,510.5H~,H-4),5.22 
(dd, 1 H, Jz,3 9.5 Hz, H-3), 4.64 (ddd, 1 H, H-2)) 4.39-4.09 (m, 3 H, H-5,6a,6b), 
2.19 (s, 3 H, OAc), 2.09 (s, 6 H, 2 OAc). 

Anal. Calc. for C,,H,,CINO,: C, 44.39; H, 5.15; N, 3.98. Found: C, 43.72; 
H, 5.32; N, 3.75. 

3,4,6-Tri-O-acetyl-2-deoxy-2-formamido_ae (9). - Ben- 
zylamine (0.52 mL, 4.8 mmol) was added at room temperature to a suspension of 
7 (450 mg, 1.2 mmol) in dry tetrahydrofuran (5 mL). The mixture was stirred over- 
night at room temperature, by which time 7 had dissolved. The solution was 
neutralized with IR-120 (H+) resin, filtered, and concentrated. Column chromatog- 
raphy (5:3 dichloromethane-acetone) of the residue gave 9 (334 mg, 84%) as a 
white foam, [& +52” (c 1, chloroform); v,,,,, CHC’3 3410 (NH), 3380 (OH), 1750 
(OAc), 1690 (NCHO) cm-l; iH-n.m.r. (CDCl,): 6 8.18 (bd s, CHO, tram), 8.02 

(d > JCHO,NH 11.5 Hz, CHO, cis), 6.50 (m, 1 H, NH), 5.43-5.27 (m, 1 H, H-4), 5.29 
(d, J,,z 3.5 Hz, H-l, tram), 5.22-5.01 (m, 1 H, H-3), 4.91 (d, J,,, 3.5 Hz, H-l, cis), 
4.44403 (m, 4 H, H-2,5,6a$b), 2.31 (bd s, 1 H, OH), 2.17-1.96 (9 H, 3 OAc). 

Anul. Calc. for C1sH,,NO,: C, 46.83; H, 5.75; N, 4.20. Found: C, 46.21; H, 
5.85; N, 4.01. 

3,4,6-Tri-O-acetyl-2-deoxy-2-formamido-a-1)-glucopyranosyl trichloroacet- 

imidate (10). - l,S-Di~abicyclo~5.4.O]undec-7-ene (15 pL, 0.1 mmol) was added 
at 0” to a stirred mixture of 9 (346 mg, 1.03 mmol), trichIoroacetonit~Ie (0.21 mL, 
2.07 mmol), and activated powdered moiecular sieves (4 h;, 100 mg) in dry di- 
chloromethane (2 mL). This mixture was stirred for 30 min at 0”; t.1.c. (5:4 hexane- 
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acetone) then showed the disappearance of 9 and the presence of one compound 
(I?, 0.8). The reaction mixture was directly poured onto the top of a column of 
silica gel eq~libratcd in 250:200:9 hexane-acetone-tricthylaminc. Et&ion with the 
same solvent gave 10 (469 mg, 95%) as a white foam, faJD +87” fc 1, chloroforms; 
“H-n.m.r. (CDCI,): S 9.00 (s, 0.1 H, CCI,C:NH, cis), 8.91 (s, 0.9 H, CCl,C:NH, 
tram), 8.24 (bd s, 0.9 H, CHO, tram), 8.16 (d, 0.1 H, JCNo,NH 11.5 Hz, CHO, cis), 
6.46 (d, 1 H, J,,, 3.5 Hz, H-l), 5.90 (m, 1 H, NH), 5.48-5.19 (m, 2 H, H-3,4), 4.69 

(ddd, 1 H, 52,s 10, J2,p.w 9.5 Hz, H-2), 4.35-4.11 (m, 3 H, H-5,6a,6b), 2.10, 2.09, 
and 3.07 (3 s, each 3 H, 3 OAc). 

Anal. Calc. for ~~~H~~~l~N*O~: C, 37.71; H, 4.01; N, 5.86. Found: C, 37.65; 
H, 4.07; I?, 5.76. 

(3,4,6-T~i-O-acetyl-l,Z-did~ony-cu-~-glucopS,varsct)-f2,I-d]-2-oxuzuline (12). 
- Silver triflate (154 mg, 0.6 mmol) was added to a mixture of 8 (176 mg, 0.5 
mmol) and activated powdered molecular sieves (4 A, 300 mg) in dry dichloro- 
methane (2 mL) at -20” under argon. The mixture was stirred for 1 h at -2O”, 
then 4 b at room temperature. T.1.c. (5: 4 hex~ne-acetones showed the disappear- 
ance of 8, and the presence of two compounds, 12 and some hydrolysis product. 
The mixture was neutralized with triethylamine, then poured onto the top of a 
column of silica gel equilibrated in 250:200:3 hexane-acetone-triethylamine. Elu- 
tion with the same solvent gave 12 (135 mg, 86%), [a],, +23” (c 1.4, chloroform); 
Vg!$c’3 1760, 1640, 1380 cm- ‘; ‘H-n.m.r. (CDCI,): fi 7.20 (d, 1 H, J2_NzCW 2.5 Hz, 

N==CH), 608 (d, 1 H, J,,, 7.5 Hz, H-l), 5.36 (dd, 1 H, J& 2.2, & 2.8 Hz, H-3), 
4.96 (ddd, 1 I-f, J.,59.0tJ2,4 1.1 Hz, H-4), 4.29-4.12 (m, 3 H, H-2,6a,6b), 3.64 fm, 
1 W, W-S), 2.15, 2.12, and 2.10 (3 s, each 3 H, 3 QAc); mass spectrum: ~n/z 333 
(M+ + B), 316 (M+ + 1). 

Ad. Calc. for C,,H,,NO,: C, 49.51; H, 5.44; N, 4.44. Found: C, 49.36; H, 
5.52; N, 4.30. 

Methyl 3,4,6-tri-O-acetyI-2-deoxy-2-~o~~a~z~do_P-e (11). - 
Stannous triflate (208 mg, 0.5 mmot) was added to a mixture of 8 (176 mg, 0.5 
mmol), anhydrous methanol (0.2 mL), and activated powdered molecular sieves (4 
A, 400 mg} in dry dichlorometha~e (2 mL) at 0”. The mixture was stirred at room 
temperature under argon for 66 h, then neutralized with saturated aqueous sodium 
hydrogencarbonate (2 mL), and filtered. The organic layer was separated and con- 
centrated. Column chromatography (5:4 hexane-acetone) of the residue gave 11 
(100 mg, SS%), m.p_ 131-132” (from hexane-acetone), ((~1~ - 11” (c 1, chloro- 
form}; IH-n.m.r. (CDCI,): 6 8.24 (d, 0.4H, J,-.IIo,NH 1.5 Hz, CHO, tram), 8.04 (d, 

0.6 W JCHD,N)I 11.0 Hz, CXO, cis), 6.60 (dd, 0.4 H, JZ,NH 9.5 Hz, NH, cis), 6.43 

(dd, 0.6 H, J2,NN 9.0 Hz, NH, tams), 4.66 (d, 0.4 H, J,_, 8.0 Hz, H-l, WW), 4.37 
(d, 0.6 H, J,,z 8.0 Hz, H-l, cis), 3.58 (s, 3.2 H, OMe, c&j, 3.54 (s: 1.8 H1 OMe, 
trans), 2.13-2.01 (9 H, 3 OAc). 

And. CaIc. for C,,H,,NO,: C, 48.41; H, 6,09; N, 4.03. Found: C, 48.48; H, 
6.09; N, 3.96. 

Berzzyl 6-0-benzoyI-Z,#-di-O-benzyl-P-u-galactopyranoside (37). - A sofu- 
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tion of benzyl 2,4-di-0-benzyl-P-D-galactopyranoside3” (2.25 g, 5 mmol) in pyridine 
(4 mL) was added at room temperature to a solution of benzoyl cyanide (983 mg, 
7.5 mmol) in dry dichloromethane (20 mL). The reaction mixture was stirred for 24 
h at room temperature under argon. Methanol (2 mL) was added, and stirring 
continued for 1 h. The solution was concentrated, the residue was taken up in 
dichloromethane, and the extract was washed successively with saturated aqueous 
sodium hydrogencarbonate, ice-cold dilute hydrochloric acid, and water, then 
dried, and concentrated. Column chromatography (3: 1 hexane-acetone) of the 
residue gave 37 (1.23 g, 44%), m.p. 77” (from di-isopropyl ether), [cy]o -38” (c 1, 
chloroform): ‘H-n.m.r. (CDCl,): 68.03 and 7.70-7.22 (2 m, 2 and 18 H, 4 Ph), 5.00 
and 4.68 (2 d, 2 H, J,, 12.5 Hz, OCII,Ph), 5.06, 4.93, 4.77, and 4.72 (4 d, 4 H, 
.&, 11.5 Hz, OCH,Ph), 4.60 (dd, 1 H, JsTtia 6.5, JbH,hb 11.0 Hz, H&a), 4.50 (d, 1 H, 
I,,, 7.0 Hz, H-l), 4.41 (dd, 1 H, J,,, 7.0 Hz, H-&j, 3.92 (m, 1 H, H-4), 3.84-3.67 
(m, 3 H, H-2,3,5), 2.39 (bd s, 1 H, OH); (CDCl, c CCI,CONCO): 6 8.10 (s, 1 H, 
NH), 8.02 and 7.65-7.19 (2 m, 2 and 18 H, 4 Ph), 4.48 and 4.90 (2 d, 2 H, Jgc,,, 12.5 
HZ, OCN,Ph), 4.91 (dd, 1 H, J;l..l 10.5, Jj!l.d 3.0 Hz, H-3), 4.73-4.60 (m, 5 H, 2 
OCN,Ph and H-6a), 4.58 (d, 1 H, J,,Z 7.5 Hz, H-l), 4.40 (dd, 1 H, Js,bb 7.0, Jba,hb 
11.0 Hz, H-6b), 4.09 (dd, 1 H, H-4), 3.91 (dd, 1 H, H-2), 3.87 (m, 1 H, H-S). 

Anal. Calc. for C,,II,O,: C, 73.61; !I, 6.19. Found: C, 73.46; H, 6.16. 
General procedure for glycosylatiorzs with @acetate 7. - Trimethylsilyl triflate 

(2.5-4.0 mmol) was added with stirring to a mixture of 7 (2 mmol), alcohol (1 

mmol), and activated powdered molecular sieves (4 A, 2 g) in dry dichloromethane 
(If) mL) at -20” under argon. The reaction mixture was allowed to reach room 
temperature, and stirring was continued until t.1.c. indicated the reaction to be 
complete (h-48 h). The mixture was neutraiized with saturated aqueous sodium 
hydrogencarbonate (IO mL); the water layer was extracted with dichloromethane 
(10 mL), and the combined dichloromcthane extracts were dried (MgSO,), then 
concentrated. 

General procedure for glycosylutions with cY-chloride 8. - Silver triflate or 
sta~nous triflate (2 mmol) was added with stirring to a mixture of 8 (1.7 mmol), 

alcohol (1 mmol), and activated powdered molecular sieves (4 A, 1.3 g) in dry 
dichloromethane (7 mL) at -20” under argon. The mixture was aILowed to reach 
room temperature, and stirred until reaction was complete (24-48 h), with further 
additions of 8 and the catalyst being made if required. Work-up was effected as 
described for reactions with 7. 

C;enerai procedure for glycosylntions with cr-trichloroacetimidate 10. - Tri- 
methylsilyl trifiate (1.2 mmol) was added with stirring to a mixture of 10 (1.2 
mmol), alcohol (1 mmoi)~ and activated powdered molecufar sieves (4 A, 2 g) in 
dry dichloronlethane (10 mL) at -20” under argon, The mixture was allowed to 
reach room temperature, and stirred until reaction was complete (24 h). Further 
additions of 10 and trimethylsilyl triflate were made if required with cooling at 
-10”. Work-up was effected as described for reactions with 7 (neutralization of the 
reaction mixture could be done with tri~tilylai~~ine, giving rise to the formation of 
O-trimethyisi~y~ derivative if alcohol was still present). 



46 M. TRUMTEL, P. TAVECCHIA. A. VEYR&RES, P. SINAii 

1,2:3,#-Di-O-isopropyZidene-6-0-(3,4,6-tri-O-acetyl-2-deoxy-2-formamido-~- 
D-glucopyranosyl)-ff-D-galactopyranose (18). - Glycosylation of 13 (260 mg, 1 
mmol) with 8 (586 mg, 1.7 mmol) in the presence of silver triflate gave, after 
column chromatography (4:l chloroform-acetone), 18 (478 mg, 83%), m.p. 143- 
144“ (from hexane-acetone), [ aID -67” (c 1, chloroform); ‘H-n.m.r. (CDCI,): 6 

8.25 (d, 0.8 H, Jcno,Nn 1.0 Hz, CHO, trans), 8.06 (d, 0.2 H, J,-Ho,NH 11.5 Hz, 
CHO, cis), 6.17 (d, 0.8 H, J2,NH 8.5 Hz, NH, trans), 5.92 (d, 0.2 H, J2.NH 10.5 Hz, 
NH, cis), 5.65 (d, 0.8 H, J,,, 5.0 Hz, H-l, truns), 5.60 (d, 0.2 H, J,,, 5.0 Hz, H-l, 
cis), 5.26-5.06 (m, 2 H), 4.80 (d, 1 H, J,,,,. 8.5 Hz, H-l’), 4.64 (dd, 1 H, JS,+ 2.5, 
J 6a,6b 8.0 Hz, H-6a), 4.44-3.38 (m, 9 H), 2.16-2.00 (9 H, 3 OAc), 1.60-1.28 (12 H, 
2 CMe,); 13C-n.m.r. (CDC1,): 6 101.92 and 101.01 (C-l’), 96.01 and 96.16 (C-l). 

Anal. Calc. for C25H37N014: C, 52.17; H, 6.47; N, 2.43. Found: C, 51.99; H, 
6.48; N, 2.60. 

Reaction of 13 with 7 in the presence of trimethylsilyl triflate only gave rise 

to decomposition products. 

Methyl 2-0-benzyl-6-deaxy-4-O-methyJ-3-0-~3,4,6-tri-O-acety~-2-deoxy-2- 
formamido-P-D-glucopyranosyl)-p-D-galactopyranoside (46). - Glycosylation of 
41 (282 mg, 1 mmol) with 10 (812 mg, 1.7 mmol) in the presence of trimethylsilyl 
triflate gave, after column chromatography (20:3 dichloromethane-acetone), 46 
(383 mg, 64%), m.p. 202-208” (dec.) (from hexane-acetone), [cz]u +2” (c 1, chloro- 

form); 13C-n.m.r. (CDCl,): 6 109.39 and 104.44 (C-l’), 101.60 and 101.46 (C-l). 

Anal. Calc. for C,H3,N0,,: C, 56.26; H, 6.59; N, 2.34. Found: C, 56.40; H, 
6.60; N, 2.36. 

Reaction of 41 with 7 in the presence of trimethylsilyl triflate gave 46 in 29% 
yield. 

Reaction of 41 with 8 in the presence of silver triflate or stannous triflate gave 
46 in 26 and 34% yields, respectively. In the presence of mercury cyanide at room 
temperature, no reaction occurred. 

Methyl 2,3,4-tri-O-benzyl-6-0-(3,4,6-tri-O-acetyl-2-deoxy-2-formamido-~-D- 
g~ucopyranosy~)-a-D-gh.Kopyranoside (26). - Glycosylation of 21 (464 mg, 1 

mmol) with 8 (586 mg, 1.7 mmol) in the presence of silver triflate gave, after 

column chromatogaphy (lo:7 hexane-acetone), 26 (756 mg, 97%), m.p. 185-186 
(from ethanol), [@In +12” (c 1, chloroform); ‘“C-n.m.r. (CDCI, + C,D,): 6 101.20 
and 100.16 (C-l’); 97.81 and 97.78 (C-1). 

Anal. Calc. for C,,H,,NO,,: C, 63.14; H, 6.33; N, 3.79. Found: C, 62.95; H, 
6.32; N, 1.92. 

Reaction of 21 with 7 in the presence of trimethylsilyl triflate gave 26 in 64% 

yield. 

Methyl 2,3,6-tri-O-bentyl-4-0-(,4,6-tri-O-acetyl-Z-deoxy-2-formamido-~-D- 

glucopyrunosyZ)-cu+gZucopyranoside (34). - Glycosylation of 29 (464 mg, 1 
mmol) with 7 (7.50 mg, 2 mmol) in the presence of trimethylsilyl triflate gave, after 
column chromatography (3:2 ethyl acetate-hexane), 34 (499 mg, 64%), m.p. 160- 
162” (from methanol), [~y]n -28” (c 1, chloroform); 13C-n.m.r. (CDCI,): 6 100.23 
and 100.13 (C-l’), 98.30 and 98.20 (C-l). 
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Anal. Calc. for C,,O,,NO,,: C, 63.14; H, 6.33; N, 1.79. Found: C, 63.27; H, 
6.33; N, 1.95. 

Reaction of 29 with 8 in the presence of silver triflate gave 34 in 15% yield. 

Be& 6-0-benzoy13,4-di-O-benzyl-3-0-(3,4,6-tri-O-acetyl-~-deoxy-~-form- 
~mido-~-D-gi~copyrunosy~~-~-D-gal~cto~yrunoside (38). - Glycosyfation of 37 

(555 mg, 1 mmol) with 7 (750 mg, 2 mmol) in the presence of trimethylsilyl triflate 

gave, after column chromatography (3:2 hexane-acetone), 38 (818 mg, 94%), m.p. 

157-159” (from ethanol), [aID -55” (c 1, chloroform); 13C-n.m.r. (CDCl,): 6 
102.06, 101.97, 101.93 (C-l and C-l’). 

Anal. Calc. for C,,H,,NO,,: C, 64.89; H, 5.90; N, 1.60. Found: C, 64.86; H, 
5.87; N, 1.70. 

Reaction of 37 with 8 in the presence of silver triflate gave 38 in 27% yield. 

General’ procedure for dehydratiotz of formamido-disaccharides. - Phos- 

phorus oxychloride (0.2 mL, 2 mmol) was added with stirring to a solution of the 

formamido-disaccharide (1 mmol) and triethylam~ne (0.6 mL, 4 mmol) in dry di- 

chloromethane (20 mL) at -30” under argon. The mixture was allowed to reach 

room temperature, and stirred until the starting material had disappeared, further 

additions of phosphorus oxychforide and triethy~amine being eventually made. The 

mixture was then poured directly onto the top of a coiumn of silica gel, and the 

isocyanide was eluted with an appropriate solvent. 

1,2:3,4-Di-O-isopropylidene-6-0-~3,4,6-tri-O-acetyl-2-deoxy-2-isocyano-~-D- 
glucopyranosy~)-cu-D-galactopyranose (19). - Dehydration of 18, followed by 

column chromatography (2:l hexane-acetone), gave 19 (85%), [air, -2x” (c 1, 

chloroform), v~!$~J 2160 (-NC), 1760 (OAc) cm-‘; ‘H-n.m.r. (CDCI,): 65.60 (d, 1 

H, Jiz 5.0 Hz, H-l), 5.37 (dd, 1 H, J3,,4’ = J,,,,, = 10.0 Hz, H-4’), 4.98 (dd, 1 H, 

J2,,3, 10.0 Hz, H-3’), 4.87 (d, 1 H, J,+s~ 8.0 Hz, H-l’), 4.66 (dd, 1 H, J5,ha 2.5, Jba.hb 

8.0 Hz, H-k), 4.40-4.27 (m, 3 H), 4.20-3.88 (m, 4 H), 3.77 (ddd, 1 H, J5c,6Sb 9.5 

Hz, H-5’), 3.68 (dd, 1 H, H-2’), 2.12, 2.10, and 2.05 (3 s, each 3 H, 3 OAc), 1.56 

and 1.46 (2 s, each 3 H, CMe,), 1.39 (s, 6 H, CMe,). 

Anal. Calc. for C,H,,NO,,: C, 53.84; H, 6.33; N, 2.51. Found: C, 53.96; H, 

6.34; N, 2.68. 

~~t~~~l 2-O-benzyl-6-deo~y-4-0-methy1-3-0-(3,4,6-tri-O-acetyl-2-deoxy-2-iso- 
cyano-fi-D-gh.kcopyranosyl)-@-D-gukzctopyranoside (47). - Dehydration of 46, 

followed by column chromatography (2: I hexane-acetone), gave 47 (92%), [alD 

1-34” (c 1, chloroform), I&!!~~~ 2160 (-NC), 1760 (OAc) cm-‘; ‘H-n.m.r. (C,D,): 6 

7.78-7.14 (m, 5 H, Ph), 5.34 (dd, 1 H, I,,,,, 9.5, J,‘,,, 10.5 Hz, H-4’), 5.07 (m, 2 H, 

OCH,Ph), 5.03 (dd, 1 H, J,.,,, 10.5 Hz, H-3’), 4.80(d, 1 H,/,,,,. 8.0Hz, H-l’), 4.25 

(d, 1 H, J,,,7.5 Hz, H-l), 4.12 (dd, 1 H, J5S,60a 4.0,Jh’a,h,h 12.5 Hz, H-6’a), 4.09 (dd, 

1 H, & 10.0 Hz, H-2), 4.01 (dd, 1 H, .I,,,,,,, 2.5 Hz, H-6’b), 3.70 (dd, 1 H, .I,,, 3.5 

Hz, H-31, 3.51 (s, 3 H, OMe), 3.45 (dd, 1 H, H-2’), 3.42 (s, 3 H, OMe), 3.26-3.15 

(m, 2 H, H-4,5), 2.92 (ddd, 1 H, H-S’}, 1.72,1.69, and 1.67 (3 s, each 3 H, 3 OAc), 

1.25 (d, 3 H, Js,Me 6.5 Hz, CH,-6). 
Anal. Calc. for C,H,,NO,,: C, 58.01; H, 6.44; N, 2.41. Found: C, 58.04; H, 

6.57; N, 2.36. 
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MethyZ 2,3,4-tri-O-benzyl-6-U-(,4,6-tri-O-ace~yl-2-deoxy-2-isocyaao-P_u- 

glucopyranosyi)-a-n-glucopyranoside (27). - Dehydration of 26, followed by 
column chromatography (2: 1 hexane-acetone), gave 27 (92%), [a]o -1-34~ (c I, 

chlaroform), ~~~~~~ 2160 (NC), 1760 (OAc) cm-‘; Wn.m.r. (CDCI,): 6 7.50-7.30 
(m, 15 H, 3 Ph), 5.34 (dd, 1 M, J3s,4’ 10.5, JgG,s, 9.5 Hz, H-4’), 4.98 (dd, 1 H, Jze.3f 
10.5 Hz, H-3’), 4.67 (d, t H, J,~, 3.5 Hz, H-l), 4.46 (d, 1 H, f,s,Z’ 8.0 Hz, H-l’), 
4.29 (dd, I H, Js,,+a 4.5, Jh,a.6’b 12.5 Hz, H-6’a), 4.20-4.00 (m, 3 H), 3.90-3.55 fm, 
6 Ii), 3.44 (s, 3 H, OMe), 2.14, 2.07, and 2.05 (3 s, each 3 H, 3 OAc). 

Anal. Calc. for C,,H,NO,,: C, 44.63; H, 6.23; N, 1.83. Found: C, 64.52; H, 
6.26; N, 1.99. 

Methyl 2,3,6-tri-O-benzyl-4-0-(3,4,6-tri-O-acetyl-2-deoxy-2-isocyano-P_~- 
glucopyranosyl)-cu-u-gll~copyrara~s~de (35). - Dehydration of 34, followed by 
column chromatography (2: 1 hexane-acetone), gave 35 (88%), f& i-14” (c 1.1, 
chloroform), z$$‘J 2150 (NC), 1755 (OAc) cm- I; ‘H-n.m.r, (C&3,): S 7.56-7.06 
(m, 15 I-I, 3 Ph), 5.28 (dd, 1 H, J3s.4, 9.5, fi,,5, 1O.S Hz> H-4’), 5.09 and 4.92 (2 d, 2 
H, .I,,, 11.5 Hz, OCN,Ph), 5.02 (dd, 1 H,J,.,js 10.5 Hz, H-3’), 4.63,4.55,4.41, and 
4.35 (4 d, 4 H, J,,, 12.0 Hz, OCN,Ph), 4.24 (d, I H, f,,,, 8.0 Hz, H-l’), 3.98 (m, 
3 H), 3.78 (dd, 1 H, J5.6a 2.0, Jhashb 12.5 Hz, I-I-Ba), 3.67 (dd, 1 H, J5.6h 1 A Hz, 
H-6b), 3.53 (dd, 1 H, J,,: 3.5, Jz.J 9.0 Hz, H-2), 3.28 (dd, 1 H, H-2’), 3.11 (s, 3 H, 
OMe), 1.69, 1.67, and 1.65 (3 s, each 3 H, 3 OAc). 

Anal. Calc. for C4,HJ7N0,3: C, 64.63; H, 6.23; N, 1.83. Found: C, 64.59; H, 
6.23; N, 1.98. 

Benzyf 6-0-henzu~y~-Z,4-di-O-benzyl-3-0-f3,4~6-tri-O-acetyl-2-deoxy-2-iso- 

cyano-PD-glucapJlranosy~~-_P-D-gffluclopy~~noside (39). - Dehydration of 38, 
followed by column chromatography (2: 1 hexane-acetone), gave 39 (97%), [cx&., 
-25” (c 1, ~h~~roforln~; 1, z,H,c”~ 2150 (-NC), 1770, 1730 cm-‘; ‘H-n.m.r. (C,D,): 6 
8.22 and 7.77-7.09 (2 m, 2 and 18 H, 4 Ph), 5.31 (dd, 1 H, J3r,4z 9.5, Jdr,5, 10.5 Hz, 
H-4’), 5.14-4.86 (m, 5 H, H-3’ and OCH,Ph), 4.73 (d, 1 H, J1,? 8.0 Hz, H-i), 
4.69-4.59 (m, 3 H, H-6a and OCH,Ph), 4.51 (dd, 1 H, J5.6b 6.0, J6a,bb 11.0 Hz, 

I+6b), 4.44 (d, 1 H, &’ 7.5 Hz, H-l’), 4.24 (dd, 1 H,.& 9.5 Hz, H-Z’), 4.15 (dd, 
1 H, Jy,e’a 4.5, Jl’a,O’h 12.5 Hz, H-6’a), 3.94 (dd, 1 H, JsS.h’b 2.0 Hz, H-6’b), 3.90 (m, 
1 H, H-4), 3.66 (dd, 1 H, & 10.0, .J,,_, 3.0 Hz, H-3), 3.55 (ddd, 1 H, H-S), 3.39 (dd, 

1 II, H-2), 2.92 {ddd, I H, H-5”), 1.73, 1.71, and 1 .h6 (3 s, each 3 H, 3 OAc). 
Anal. Cafe. for C‘,,H,,NQ,,: C, 66.25; H, 5.80; N, 1.64. Found: C, 66.24; H, 

5.82; N, 1.65. 
Generat ~r~ced~~~e for the radicuf reduction of isocyaac7-disacGharide~. - A 

solution of the isocyano-disaccharide (1 mmol) in dry toluene (10 mL) was added 
dropwise to a refluxing solution of tributyltin hydride (10 mmol) and ar,a’-azobis- 
isobutyronitrile (160 mg) in toluene {4 mL). The reaction was monitored by t.l.c, 
and was usually complete after IO min. The mixture was cooted, then concentrated. 

1,2:3,4-f)i-0-isopro;nylidene-6-0-1’3,4,6-tri-O-ncef?li-2-de~~~~-~-~-arabino- 
h~XOpyr#noS_Yf)-ff-D-gU~nClopyrUnOse (20). - Reduction of 19, followed by column 
chromatography (2:l hexane-acetone), gave 120 (96%). m.p. 115” (from di-iso- 
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propyl ether), [cI]~ -68” (c 1, chloroform); ‘H-n.m.r. (400 MHz) (C,D,): 6 5.56 (d, 

1 H, J,,, 5.0 Hz, H-l), 5.24 (dd, 1 H, J3,,4s = J4’,5, = 10.0 Hz, H-4’), 5.06 (ddd, 1 H, 

J2k.3’ 12.0, JTe.3’ 5.5 Hz, H-3’), 4.47 (dd, 1 H, JS,,.. 2.5, J6n,bh 8.0 Hz, H-6a), 4.38 

(dd, 1 H, J5’,6fa 4.0, J6,i1.6’b 12.0 Hz, H-6’a), 4.30 (dd, 1 H, J1,.2su 9.5, J1,,2,e 2.0 Hz, 

H-l’), 4.21 (dd, 1 H, J5,6b 4.0 Hz, H-6b), 4.20 (dd, 1 H, J,,* 5.0, & 2.0 Hz, H-2), 

4.16 (ddd, 1 H, J,,, 7.0 Hz, H-5), 4.03 (dd, 1 H, J5,,6sb 2.5 Hz, H-6’b), 3.93-3.87 (m, 

2 H, H-3,4), 3.13 (ddd, 1 H, H-5’), 2.25 (ddd, 1 H, J2’a.Z,e 12.5 Hz, H-2’e), 1.78 

(ddd, 1 H, H-2’a), 1.75, 1.72, and 1.63 (3 s, each 3 H, 3 OAc), 1.50, 1.47, 1.16, 

and 1.08 (4 s, each 3 H, 2 CMe,). 

Anal. Calc. for C,,H,,O,,: C, 54.11; H, 6.82. Found: C, 54.03; H, 6.77. 

Methyl 2-O-benzyl-6-deoxy-4-O-methyl-3-0-~3,4,6-tri-O-acetyl-2-deoxy-~-~- 
arabino-hexopyranosyl)-/3-D-galactopyranoside (48). - Reduction of 4’7, followed 

by column chromatography (2O:l dichloromethane-acetone), gave 48 (86%), [cI],, 

+0.2” (c 1, chloroform); ‘H-n.m.r. (C,D,): 6 7.50-7.17 (m, 5 H, Ph), 5.28 (dd, 1 

H, J,,,,, 9.5, JC,s, 9.5 Hz, H-4’), 5.11 (ddd, 1 H, J2,a,3, 11.5, J2,e,3, 5.0 Hz, H-3’), 5.05 

and 4.58 (2 d, 2 H, Jgcm 11.5 Hz, OCH,Ph), 4.81 (dd, 1 H, J1,,2,u 9.5, J,‘,2sc 2.0 Hz, 

H-l’), 4.32 (dd, 1 H, Js,,h,a 4.0, Jh>a,b’b 12.5 Hz, H-6’a), 4.25 (d, 1 H, J1,2 7.5 Hz, 

H-l), 4.14 (dd, 1 H, J,,,,,, 2.5 Hz, H-6’b), 3.97 (dd, 1 H, & 10.0 Hz, H-2), 3.71 

(dd, 1 H, 53,4 3.0 Hz, H-3), 3.58 and 3.45 (2 s, each 3 H, 2 OMe), 3.31 (dd, 1 H, 

J4,5 0.5 Hz, H-4), 3.23 (m, 1 H, J5,Me 6.5 Hz), 3.09 (ddd, 1 H, H-5’), 2.39 (ddd, 1 

H, J~a,z’e 12.5 Hz, H-2’e), 1.76 (ddd, 1 H, H-2’a), 1.76, 1.72, and 1.08 (3 s, each 3 

H, 3 OAc), 1.36 (d, 3 H, CH,-6). 

Anal. Calc. for C,,H,,0,2: C, 58.46; H, 6.91. Found: C, 58.52; H, 7.05. 

Methyl 2,3,4-tri-O-benzyl-6-0-~3,4,6-tri-O-acetyl-2-deoxy-~-D-arabino-hexo- 
pyranosyl)-a-D-gkcopyranoside (28). - Reduction of 27, followed by column 

chromatography (2:l hexane-acetone), gave 28 (97%), [LX]~ +20” (c 1.2, chloro- 

form); ‘H-n.m.r. (400 MHz) (C,D,): 6 7.37-7.05 (m, 15 H, 3 Ph), 5.24 (dd, 1 H, 

J , ,= J,, 5’ = 10.0 Hz, H-4’), 5.07 (ddd, 1 H, J2sa,3s 12.0, Jzfe,3, 5.0 Hz, H-3’), 5.05, 
4!44, 4.7d, and 4.59 (4 d, 4 H J , gem 11.5 Hz, OC&Ph), 4.66 (d, 1 H, I,,, 3.5 Hz, 

H-l), 4.52 and 4.46 (2 d, 2 H, Jgem 12.0 Hz, OCH,Ph), 4.37 (dd, 1 H, J5,,6’a 4.5, 
J 6’a,6’b 12.0 Hz, H-6’a), 4.26 (dd, 1 H, J 2,3 = J3,4 = 9.0 Hz, H-3), 4.15 (dd, 1 H, J5,6a 

2.0, J6a,6b 11.0 Hz, H-6a), 4.08 (dd, 1 H, JSs,hCb 2.5 Hz, H-6’b), 4.07 (dd, 1 H, J,,,2sa 

9.5, J,‘.yr 2.5 Hz, H-l’), 3.96 (ddd, 1 H, JS,hh 5.5, JJ,g 10.0 Hz, H-5), 3.61 (dd, 1 H, 

H-4), 3.60 (dd, 1 H, H-6b), 3.57 (dd, 1 H, H-2), 3.20 (ddd, 1 H, H-5’), 3.16 (s, 3 

H, OMe), 2.18 (ddd, 1 H, J2Ca,2fC 12.5 Hz, H-2’e), 1.79 (ddd, 1 H, H-2’a), 1.72, 

1.70, and 1.61 (3 s, each 3 H, 3 OAc). 

Anal. Calc. for C,,H,,O,,: C, 65.19; H, 6.57. Found: C, 65.22; H, 6.64. 

Methyl 2,3,6-tri-O-benzyl-4-0-(3,4,6-tri-O-acetyl-2-deoxy-p-D-arabino-hexo- 
pyranosyl)-a-D-glucopyranoside (36). - Reduction of 35, followed by column 

chromatography (40: 1 dichloromethane-acetone), gave 36 (74%), [cx]~ +6” (c 1.6, 

chloroform); ‘H-n.m.r. (400 MHz) (C,D,): 6 7.50-7.02 (m, 15 H, 3 Ph), 5.25 (dd, 

1 H, J3,,1, = Jd’,5’ = 9.5 Hz, H-4’)) 5.20 and 4.91 (2 d, 2 H, .I,,,,, 11.5 Hz, OCH,Ph), 

5.05 (ddd, 1 H, J2,a,3, 12.0, JZ,e,3’ 5.5 Hz, H-3’), 4.70 (dd, 1 H, J1s,2sa 10.0, J,,,2’e 2.0 
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Hz, H-l’), 4.63 (d, 1 H, Jr,, 3.5 Hz, H-l), 4.56,4.51,4.41, and 4.32 (4 d, 4 H, .I,,, 
12.0 Hz, OCU,Ph), 4.34 (dd, 1 H, J5C,6Ta 4.0, Jti’a.h,b 12.0 Hz, H-6’a), 4.17 (dd, 1 H, 
J 2,3 = f3+ = 9.0 Hz, H-3), 4.13 (dd, I H, J,,s 9.0 Hz, H-4), 3.37 (dd, I H, Jj,,h’b 2.0 
Hz, EWb), 3.80 (m, 1 H, H-S), 3.57 (dd, 1 H, Ji;.ha 3.5, Jha,hh 11 .O Hz, Ii-&), 3.53 
(dd, 1 H, I,,,, 2.0 Hz, H-6b), 3.52 (dd, 1 H, H-2), 3.19 (ddd, 1 H, H-S), 3.13 (s, 3 
H, OMc), 2.24 (ddd, 1 H, J2),o,?,p 12.5 Hz, H-2’e), 1.76 (ddd, I H, H-2’~) 1.70, 
1.68, and 1.65 (3 s, each 3 H, 3 OAc). 

Anal. Calc. for C,,,H,,O,,: C, 65.19; H, 6.57. Found: C, 65.17: H, 6.66. 
Renzyl 6-0-benzoyl-2,4-di-O-benzyl-S-0-(3,4,6-tri-O-acetyZ-2-deoxy-P_o- 

arabino-hexopyrunosyl)-B-D-galactopyrunoside (40). - Reduction of 39, followed 
by cohunn chromatography (100:3 dichloromethane-acetone), gave 40 (87%), ]&, 
-49” (c 2.3, chloroform); ‘H-n.m.r. (400 MHz) (C&I,): 6 8.16 and 7.45-7.04 (2 m, 

2 and 18 I-1,4 Ph), 5.20 (dd, 1 H, I,s,ds = J,t,,8 = 9.5 Hz. H-4’), 5.08 and 4.99 (2 d, 

2 H, J,,* I1.S Hz, CW&Ph). SOS (ddd, I H, J2,u,3’ 11.5, JZ+p,j’ 5.5, J,.,o 9.S Hz, 
H-3’), 4.91 and 4.61 (2 d, 2 H, .?,,, 12.0 Hz, OCH,Phf . 4.72 and 4.53 (2 d. 2 H, 
J,,, 11.5 Hz, OCHJ’hf. 4.69 (dd, 1 F-L, JsSko 6.5, Jcw.h,, lf .O Hz, H-6a), 4.66 (dd, 1 
H, Ji’,7,,a 9.5, Jr, 2’e 2.0 Hz, H-l’), 4.47 (dd, 1 H, J,,,, 6.0 Hz, H-6b), 4.41 (d, 1 N, 

J,,z 7.5 Hz, H-lj, 4.29 (dd, 1 H, Js.,6,a 4.5 J , 6ca.htb 12.0 Hz, H-@a), 4.08 (dd, 1 N, .72.3 

9.5 Hz, H-2) 4.07 (dd, 1 H, JS,,b,b 2.0 Hz, H6’b), 3.99 (dd, 1 H, J,,, 3.0, J,,, 0.5 
Hz, H-4), 3.61 (dd, 1 H, H-3). 3.52 (ddd, 1 H, H-5), 3.10 (ddd, 1 H, H-S), 2.34 
(ddd, 1 H, Jpo,7’e 12.5 Hz, H-2/e), 1.74 (m, 1 H, H-2’0). 1.74, 1.71, and 1.67 (3 s, 
each 3 H, 3 OAc). 

AnaL Calc. for C,,H,,O,,: C, 66.80; H, 6.10. Found: C, 66.77; H, 6.21. 
Nethyl ~-O-benzyl-6-de~xy-4-O-~~ethyl-3-0-(3-2- 

phthalimido-~-D-g~~copyranosyij-P-D-gulactopyranoside (49). - A mixture of 
3,4.6-tri-O-acetyI-Zdeoxy-‘_‘-phthalimido-P-D-glucopyranosyI t~chloroacetimi- 
dated1 (580 rug, 1 mmol), 41(282 mg, 1 mmol), and activated powdered molecular 
sieves (4 A, 1 g) in dry dichlorometharle (10 mL) was stirred for 1 h at room temp- 
erature under argon, then cooled at -78”. ~rr~methylsilyl triflate (40 FL. 0.2 mmol) 
was added. T.1.c. (7:3 hexane-acetone) showed that the reaction was completed 
within a few min. The mixture was neutralized at -78” with triethylamine, then 
allowed to reach room temperature, and filtered. The filtrate was washed with 

water and then concentrated, and toluene was evaporated several times from the 
residue. The residue crystallized from ethanol-water to give 49 (651 mg, 93%) 
m.p. W--166”, [cr]u i-40” (c 1, chloroform); rH-n.m.r. (CDCI,): 6 7.86-7.10 (m, 9 
H, aromatic), 5.89 (dd, 1 H, JzJq3, 10.5, J3g,4< 9.0 Hz, H-3’), 5.74 (d, 1 H, J1,,2, 8.5 
Hz, H-l’), 5.23 (dd, 1 H, .JJ’,5, 10 Hz, H-4’) 4.45 and 4.18 (2 d, 2 H, J,,,, 11.5 Hz, 
OClf,Ph), 4.41 (dd, 1 H, H-2’), 4.14 (d, 1 Ii, J,,, 7.5 Hz, H-l), 3.79 (ddd, 1 H, 
J 5’S, 3.0, JS,6’b 4.0 Hz, H-5’), 3.74 (dd, 1 H, JWdTVb 10 Hz, H-Va), 3.56 and 3.41 (2 
s, each 3 H, 2 OMe), 3.12,2.07, and 1.88 (3 s, each 3 H. 3 OAc), 1.29 (d, 3 H, Js.Me 
6.0 Hz, CH;-6). 

Anal. Calc, for C,,H,,NO,,: C. 60.08: H, 5.91: N, 2.00. Found: C, 59.68; H, 
5.91; N, 2.03. 
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Conversion of the N-phthuloyi disaccharide 49 into the N-formyl disaccharide 
46. - A solution of 49 (700 mg, 1 mmol) in O.IM sodium methoxide in methanol 
(20 mL) was stirred at room temperature under argon. T.1.c. (5:l chloroform- 
methanol) showed the deacety~ation to be completed after 35 min. The mixture 
was neutralized with Amberlite IR-120 (H”) resin, filtered, and then concentrated. 
The crude residue was dissolved in ethanol (10 mL) and treated with hydrazine 
hydrate (0.15 mL, 3 mmol) at reflux. A precipitate appeared gradually, and t.1.c. 
(5:l chloroform-methanol) showed the dephthaloylation to be finished after 2 h. 
The mixture was cooled, then concentrated. The crude residue was dissolved in 2: 1 
1,4-dioxane-water (20 mL) and treated with ~-n~tropheny1 formate (335 mg, 2 
mmol) at room temperature for 24 h. T.l,c. (3:3: 12-propanol-ethyl acetate-water) 
then showed the Il’-formylation to be incomplete. 1,4-Dioxane was evaporated, 
and the aqueous residue was extracted with ether to remove the p-nitrophenol and 

then concentrated. The residue was dissofved in 1: I I ,&dioxane-water, and treated 

again with p-nitrophenyl formate (335 mg, 2 mmol) for 40 h at room temperature. 

The mixture was worked-up as previously, and the residue was acetylated with 13~2 

pyridin~acetjc anhydride (15 mL) for 90 min at room temperature. Solvents were 

evaporated, and t.1.c. (17:3 dichIoromethane-acetone) showed the residue to be 

nearly pure 46. Crystallization from ethanol or dichloromethane-hexane gave 46 

(508 mg, 85%) identical to the product described above. 
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