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205. Synthesis of Heparin Saccharides1) 
IV. Synthesis of Disaccharides Possessing the Structure 

of a Repeating Unit of Heparin 
by Pierre C. Wyss, Joseph Kiss and Wolf Arnold 

Chcmical and Physical Rcsearch I)eportmcnts, 
I;. Holfmans-La Roche & Go., Ltd., Baslc, Switecrland 

(13. Vl. 75) 

Sermmavy. The synthesis of disaccharides posscssing the structure of a repcatjng unit of 
heparui is rcportcd. 2-hcetsmido-2-deoxy-4-O-(methyl a-u-glucopyranosy1uronatc)-u-gluco- 
pyranose (1) and 2-[l-(bcnzyloxy)formamido~-2-deoxy-4-O-(mcthyI a-n-glucopyranosy1uronata)- 
n-glucopyranosc (2) have been prepared by two routcs, (a) from u-glucose and i>-gJucosaminc, 
and (b) from n-glucuronolactonc and a-glucossmine. 

1. Introduction. - One project in this laboratory was concerned with thc synthcsis 
of heparinoids having structures closely related to that of heparin [I] [Z]. The purpose 
of this paper is to report the synthesis of disaccharides 1 and 2 as starting matcrials 
for heparinoids. Other disaccharides (3, 4 and 5) have also been synthesized as 
reference substances. 
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Several approaches to m-D-glucopyranosidc synthesis have been developed 131 141, 
but most of the methods available have met with only limited success. One of these 
methods involved the use of ‘‘BYigJ’s anhydride” (6) as a glycosylating agent as in the 
synthesis of the disaccliarides maltose [5], maniocnso [6],  sucrose [7] and trehalose [83. 

+ R-OH - 
Ac Ac 

OH 8 
Using 3,4,6-tri-O-acetyl-2-deoxy-2-nitr~so-~-~~-glucopyra1~osy1 chloride (7), Le- 

miew d al. hava developed a promising, new synthesis of ar-n-$lucopyr~~osides. This 
glycosylating agent has been sliown to react rcadily with dcohols in N,N-dimctliyl- 
formamide at room temperature to givc the 3,4,6-tri-0-acetyt-2-oximino-a-n-uvatri9co- 
liexopyranosides 8 in excellent yield 191, Deoximation of 8 with levulinic acid and 
hydrochloric acid, followed by horohydride rcduc tion of the Iiberatcd ulosc, and 
acetylation of the resulting hydroxyl p u p ,  gave the ar-glucosides 9 [lo]. The gly- 
cosidation and reduction reactions have h e n  shown to be highly stereospecific [9-111. 
Lemiezlx ed al. have applied this new method with siicccss to the synthesis of a-linked 
disaccharides [I21 [13]. Howcver, this rricthod has, to our knowledge, not yet been 
used for the synthesis of disaccharides of the maltose type. 

1) Wiic acid, HCI 
Ac Qa -g+ Ac 6 R 8 arkan4 Ac@.Py ---- Ac &-JR 

No NOH QAc 

7 I1 9 
In contrast with these results, Niyui & Jearcloz [I41 have obtained ;L niixturc of 

anomers by condensation of benzyl2,3,4-tri-O-benzyl-#h~-galactopyranoside with 7. 
These auttiors have suggested that the nature of the alcohol might influence the 
mechanism of the glycosidation rcaction. 

SCItbrn8 7 

Ac f i t  &$& + Ac b No 

6 -\ WLXb 11 

H 

1 Ft=cna- 
2 RaPhCH,O- 
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The synthesis of disaccharides 1 and 2 has now been achieved following two dif- 
ferent routcs: by condensation of the amino sugar 10 (a) with “Briglls anhydride” 
(6). and (b) with the nitrosyl chloride adduct 11 (Scheme 7). 

2. Synthesis of benzylfLO=acetyl-3-O-benzyl-Z [l-(benzyloxy)form~rnid0]-2- 
deow - 4- 0- (methyl 2,3,4- tri- 0-acetyl- a- D-glucopyranosyluronate)-&D- gluco- 
pyrenoside (21). - 2.1. From benzyi 3-0-belazyl-2-i 1 -  (henzyloxy) formamido]-Z-deoxy- 
60-pSolyls. tslfonyl-a-D-glucop~a~s~de (10) and Rrigl‘s aNhydride” (6) (Scheme 2). 
Benzyl 3-0-benzyl-2 -[I- (benzy1oxy)formamidoJ - 2-dcoxy-6-0-~-tolylsulfonyl-or-~- 
glucopyranoside (10) was allowed to react with “Rrigl’s anhydride” (6) in dry toluenc 
at 130” for 3 days. The reaction mixture was fractionated by column chromato- 
graphy, to give a 68% yield of starting material 10, and a 23% yield of benzyl3-0- 
benzyl-2- 11-( benzy lox y ) - f ormamido] -2-dcox y-4-0- (3,4,6- tr i-0-ace tyl-u-u-glucopyran- 
osyl)~-O-~-tolylsulfonyl-a-D-glucopyranoside (12) as a foam. The corresponding 
6-0-bcnzylsulfonyl- (15; 12% yield) and 6-iodo- (16; 11 yo yield) disaccharides were 
prepared by the same method from 13 and 14 respectively. The u-configuration of 
the glycosidic linkage in disaccharides 12, 15 and 16 was strongly suggested by a 
comparison of their optical rotations with thosc of the parent monosaccharide 
components (Table 1). 

Scheme 2 

Ac 
NWCOICHph WJHcDICHzPh 

6 

I- 

Dc-0-acetylatjon of 12 and 16 with mcthdnolic ammonia gave disaccharides 17 
and 18 rcspectively. The crystalline 6-iodo-disaccharide 18 was also prcpared in good 
yield by reaction of its amorphous 6-O-~-tolylsulfonyl-analog 17 with sodium iodide 
in boiling 2-pentanone. 
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TaMc 1. Molecular rotation ofdisaccharides 12,15 and L6 campaved k, the sum of the moleculav rota&ions 
of their monosamhavide comfonents 

disaccharide 12 
methyl 3,4.6-tri-O-acctyl-~-D-g~ucopyranoside (22) [I 51 -+ 10 
methyl 2,3,4,6-tctra-O-acctyl-~-D-glucopyranoside (23)[161+ 10 
mcthyl 2,3,4,6-tetra-O-acetyl-~-~-~lucopyranosit1t~ (24) [171+ 10 

107 
57 
44 
98 

disaccharide 15 
22-t 13 
23+ 13 
24-t 13 

93 
52 
39 
93 

disaccharide 16 
22+ 14 
23i-14 
24+14 

81 
53 
40 
94 

The a-configuration of the glycosidic linkage in these disaccharides as in their 
precursors could definitely be establislied by the analysis of the 360 MHz 1H-NMR. 
spectrum of the acetylated disaccharide 19 (.Fig. l ) ,  obtained by reaction of 18 with 
silver acetate in a mixture of acetic anhydride and pyridinc. The coupling constant 
J l r , ~ ’  N 4 Hz in this compound was consistent with an equatorial-axial arrangement 

I I I 
6 6 5 m a  

Fig. 1. Pavd ofthe 360 M H a  I H - N M R .  spectrum of disaccharide 19 (ca. 30 mg in 0.7 ml &Do) 
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of protons H-C(1') and H-C(Z'), thus confirming the configuration of its glycosidic 
linkage. 

The conversion of disaccharide 17 into uronic acid by catalytic oxidation was 
difficult to reproduce and gave very poor yields. It might bc possible that tliep-tolyl- 
sulfonyl protecting group of 17 acts as a catalyst poison. These difficulties could be 
avoided by using the iodo-disaccharide 18 as a substrate for oxidation. This disac- 
charide was oxidized in dioxane/water 1 : 1. at 65" arid pH 8.5 with oxygen in the 
presence of a 13% Pt /C catalyst. The crude uronic acid was estcrified with diazo- 
methms and the resulting ester was purified by column chromatography, to give 

' n 33% overall yield of crystalline methyl uronate 20. Bcnzyl 3-O-benzyl-2-[l-(ben- 
z ylox y ) f orm amido] -2,6-dideoxy-(i-iodo-a-u-glucopyran osi dc (1 4) was isolated as a 
by-product of the oxidation reaction. Thc product was identical (m.p., [IX~D, IR. 
spsctrum and TLC.) with an authentic sample of 14. The lability of the a-glycosidic 
linkage under the conditions of catalytic oxidation has already keen observed 11.81. 
Thc catalytic oxidation of benzyl maltoside lids heen reported to give ben~yl4-O-(a-u- 
glucopyranosyluronic acid)P-D-glucoy~anosidt? and bcnzyl b-D-glucopyranosid- 
uronic acid as chief products [ 181. 

The iodine atom of 20 was finally substitutcd by an acctoxy group by treatment 
with silver acetatc in a mixture of pyridine and acetic anhydride at 70" for 12 hours. 
Purification of thc crude product gave a 69% yield of acetylated disaccharide 21. 
The a-configuration of the glycosidic linkage in this disaccharide was established by 
1H-NMR. spectroscopy. The magnitude of the coupling constants ( J l t , ~ .  N 3 Hz, 
JzJ,st  N Jw,4'  - J4 . ,5 .  - 8.5 Hz) is consistent with the equatorial orientation of 
H-C(1') and axial orientation of H-C(2') to H-C(5') protons in the C 1 conformation 
(25). 

2.2. From benzyl 3.0. benzyl-l-[ 1 -(benzyloxy)formamido]~2-deoxy-6-O-p-tolyl 
sulfonyl -a-D-glucopyranoside ( 10) and me thy1 3,4-d i -0 -acetyI-Z -deoxy 3 -nitroso 4- 
D-glucopyranosyluronate chloride (I  1). - 2.2.1. Synthesis of11 (Schemea?). Base-cata- 
lyzed esterification of u-glucuronolactone (26), followed by acetylation, gave methyl 
1,2,3,4-tetra-O-acetyl-~-glucopyranuronatc (27) as a mixture of thc a- and &anomers 
6191 [20:I. Treatment of 27 with hydrobromic acid in acetic acid 1191, followed by 
reduction of the a-bromide with zinc dust in aqueous acetic acid provided methyl 
3,4-di-O-acetyl-l, 2-dideoxy-~-arabino-ticx-1-enopyranuronate (28) [213 in 86.5% 
yield based on 27. 

Reaction of 28 with nitrosyl chloridc jn dicliloromethane as in thc preparation 
of 3,4 ,6- t~-0-ac~ty l -2-deoxy-2-ni troso-a-1 ,  chloride I 22- -2q afforded 
crystalline methyl 3,4-di-0-acetyl-2-~eoxy-Z-nitroso-a-~-glu~opy~~osyluro~~t~ 
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Scheme 3 

chloride (11) in 71% yield. This nitroso sugar possesses the characteristic properties 
shown by C-nitroso compounds. I n  the solid state, the product is white and exists 
as a dimer (29), dissociating in solution to give a blue color. The IH-NMR. spectrum 
of 11 was found to be consistent with formulation as the a-D-gluco-configuration in 
the C1 conformation (30). The first-order coupling constants (]1,2-3.8 Hz, J2,3 N 
10.5 Hz, Ja,4 N 9 Hz and J4,5 N 10.2 Hz) indicated the 1,2-equatorial-axial and 
2,3-, 3.4- and 4,Miaxial arrangement of ring protons. 

2.2.2. Condensatiofi of 10 with 11 (Scheme 4). The reaction of the amino sugar 10 
with the nitrosyl chloride adduct 11 in N, N-dimcthylformamide at  room temperature 
was followed by TLC., which indicated thc formation of three new products. The 
intensity of thesc spots increased very slowly at thc exycnsr: of the starting materials, 
and thc rcaction was practically complete in 7 days. Higher temperaturcs or use of 
bases did not affect the reaction rate. Column chromatography on silica gel of the 
reaction mixture gsvc a good resolution of products with Rf 7- 0.39, 0.47 and 0.61., 
which crystallized easily. However, the product with TCf = 0.72 wits still contaminated 
by components with Rf = 0.61 and 0.39. 

The product with Rf =: 0.61 was shown to be starting matcrial 10 (2% yield). 
The components with Rf 5 0.39 and 0.47 were characterized by elementary 

analysis, IK. and IH-NMR. spectroscopy as disaccharidcs 31 (65%, yield) and 32 
(17% yield) respcctivcly. Their high molecular rotations supported the a-configura- 
tion of their glycosidic linkage. 
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Scheme 4 

185.‘. 

The components with Rf = 0.72 and 0.61 were then easily separated by column 
chromatography after acetylation of the mixture with acetic anhydride in pyridine. 
The acetylated products were characterized as benzyl 4-O-acetyl-3-O-bcnzyl-Z-[1- 
(benzyloxy)formamido~6-chloro-2,G-dideoxy-cc-n-glucopyranosidc (33) and benzyl 
4-0-acetyl3-O-benzyl-2-[1-( benzyloxy ) formamido: -2-dcoxy-6-O-p-tolylsulfonyl-ct-11- 
glucopyranoside (34). 

Hydrolysis of the hydroxyimino disaccharidc 31 with lcvulinic acid and hydro- 
chloric acid, followed by borohydride reduction arid acetylation gave a good yield of 
amorphous 35. The structure assigned to disaccharide 35 was fully supported by the 
analysis of its 1H-NMK. spectrum. The observed coupling constants ( J 1 ~ , 2 !  - 4.2 Hz, 
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Jzt,sr N J Q ~ , ~ !  N J 4 ~ , 5 '  - 8 Hz) are consistent with the a-u-gluco configuration in 
the C 1 conformation (36). 

Attempts to displace the p-toluenesulfonyloxy group of 35 by acyloxy groups 
werc without success. Its substitution had then to be achieved by thc sequence of 
reactions (TsO- + J- --f AcO-) previously used for thc conversion of disaccharide 17 
into 22. Disaccharide 35 was treated with sodium iodide, followed by reaction of 37 
with silver acetate, to givc the acctylated disaccharide 21. 

The disaccharides obtained by the two routes wcre shown to bct identical by 
comparison of their m.p., mixcd m.p., optical rotation, 1R. and 1H-NMR. spectra, 
and behaviour in TLC. 

Attempts to condense the amino sugars 38, 39,40 and 41 [Z]  with 11 were under- 
taken in order to avoid the sequence of substitutions involved in the removal of thc 
p-toluenesulfonyl protecting group of 35, hut these efforts remained unsuccessful. 
As the reactivity of the C(4) hydroxyl group 01 glycopyranose derivatives is known 
to hc particularly low (25.1, the above results would then suggest that the C(4) 
hydroxyl group in the aniino sugar 10 rnight possibly be activated by thc p-tolucne- 
sulfonyl group. 

3. Synthesis of 2 - acetamfdo - 2-deoxy-4-O-(methyl a-D-glucopyranosyl- 
uronate)-D-glucopyranose ( 1) and 2-1 1 - (benzyloxy)fonnamido] -2-deoxy -4 -0- 
(methyl a-n-g1ucopyranosyluronate)-D-glucopyranose (2) (.'ckme 5). - Com- 
pound 21 was hydrogenated over black palladium and thc amino disaccharide 
42 was subscqucntly acetylated with acetic anhydridc in pyridinc to give a good 
yicld of 2-acetarnido-l,3,6-tri-0-acctyl-2-dcoxy-4-0-(mcthyI 2,3,4-tri-O-acetyl-or-~- 
glucopyranosyluronate)-~--n-glucopyranose (43). De-0-acetylation of 43 with sodium 
methoxide in methanol afforded a quantitative yicld of 1. 

N-Acylation of the amino disaccharide 42 with benzyl chloroformate, followed by 
de-0-acetylation of 44 finally gave 2. 
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Scheme 5 

s 855 

4. Synthesis of disaccharides 3,4and 5. - 4.1. Ijenzyl Z-~~-(Benzy~xy)fornzamidol- 
Z-deoxy-6-0-(2,3,4, G-te t ra -0 -ace~~-~-D-~~z~copyra~~sy~) -&-a-g l~opynar tos~e  (3). Bcnzy I 
2-~l-(~nzyloxy)formam~do]-2-dcoxy-a-n-gluco~~~~1~os~de (46) was treated with 
2,3.4,6-tetra-~-acetyl-or-D-glucnyyranosyl bromidc (45) in chloroform in the prescncc 
of silver oxide and a drying agent, giving a low yieJcl (1 1%) of crystalline 3. The site 
of glycosidation .and the configuration of thc glycosidic linkage in disaccharide 3 
were established by IH-NMR. spectroscopy (Fig. 2). :The presence of the hydroxyl 
signals as doublets established that glycosidation had occurred at C(6) .  On the ot.her 
hand, the coupling constant. J1t.z. - 7.5 Hz showed. that protons H-C(1’) and 
H-C(2’) are in axial positions, thus indicating p-anomeric configuration. 
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PhGH2OCO- 

I 

4.2. 13enzy2 2-[ I-( bemyloxy) fornzamado]d-U-heriz~lsz~lfonyl-Z-deoxy-3-0-(2,,~, 4,6- 
t e t r a - U - a c e ~ y l - ~ - r ~ - ~ L u ~ o ~ ~ ~ r u n o s ~ ~ l ) - a - ~ ~ - ~ l t ~ c o ~ ~ v r u n o . s i d c  (4). Condensation of beiixyl 2- 
1.l-i benzyloxy)forniaiiiidol-6-0-hen~ylsulfonyl-2-decrxy-a-r~-glucopyranosidc (47) with 
45 under the above reaction conditions gave a low yield (14%) of crystalline disac- 
charide 4. The coupling site was presuriied to he at C ( 3 )  on account of the higher 
reactivity of C(3) compared to C(4) Iiydroxyl groups. The @-configuration of the 
glycosidic linkage in this disaccharide was tentatively assigned on thc basis of 
molecular rotation (Table  2). 

4.3. Bmzy2 .3,4-di-0-benzyl-z-l I -( b~n~yloxy)formamido]-2-rleo~~-0’-0-(~-u-~lz~co~yra- 
nosyZ)-a-n-glucuihyraizosille (5), Benzyl 3,4-di-O-benzyl-2-l1 -(benzyloxy) forrnarnidol- 
2-deoxy-cr-u-gtucopyranoside (48) was allowed to react with “Hrigl’s anhydride ” (6) 
under the usual conditions, followed by de-0-acetylatian with mcthanolic ammonia. 
One of the components of the reaction mixture wa5 obtained crystalline in very low 
yield (2%) and was shown to be 5. The ,%xmfiguration of the glycnsidic linkage in 
5 was suggested by a coniparison of its optical rotation with that of the iiiorio- 
saccharide component 48 ( TnUe 2). 
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Table 2. Moleclrlar yolation of disacchavides 4 and 5 comfiured lo the sum of the naolecular rotations of 
their monosaccharide colnponcirts 

[MID (degrees) 
x 10 -3 

disaccharide 4 f 413 
methyl 2,3,4,6-tetra-c)-acetyl-~-~-glucopyranosiclc (23) [l6 j + 47 f 39 
methyl 2,3,4,6-tctra-(~-acctyl-a-~-g~ucopyranoyidc (24) r17J + 47 + 93 
disaccharide 5 
48 

c 53 
.t 58 

Thc authors wish to express their thanks to Dr. L.. Chopavd and Dr. M .  Grosjean of our 
Physical Chemistry Departmcnt for thc spcctroscopic clctcrrninations and to Ur. A .  Dirscherl 
for the microanalyses. Wc are gratcful fur the skillful technical assistance of Mr. P. Heyer. Mr. 
G.  Gdberl, Mr. G. Humer. Mr. K. Lmain, Mr. P. Tasckner and Mr. W. Sclrwara. 

Experimental Part 
1. General Methods. - Soc [ Z ] .  

2. Synthesis of benzyl 6-O-acetyl-3-O-benzyl- 2 - [l - (benryloxy)formarnido] - 2 - 
deoxy- 4 - 0 - (methyl 2,3,4- tri - 0 - acetyl - a - D - glucapyranosyluronate) - a - D - gluco- 
pyranoside (21). - 2.1 . Fvom bsrzyl J-O-henzyl-Z-[l -(benzyloxy) formumido]-2-deoxy-6-Q-p.toZyi- 
su~~yEu-~-g~zcco~yiyvaro.Pide (10) and "Brigl's anhydride" (6). - 2.1.1. Benayl3-0-benzyG2-r7-(he~~~- 
0x9)- formamido]-Z-deoxy-4-~- (.?,4,6-tri-O- ucetyl- a-i~-glzrco~yrunosyl)~-O-p-tdylsulfonyl- a - D - g l w o -  
pyvurroside (12). A solution of 6 (19.5 g. 68 mmol) [26] and 10 (36.8 g, 57 mmol) [27] in toluene 
(1 80 ml) was refluxed for 3 days and then evaporstcci to dryness. TLC. of the  syrup obtained, with 
pctrolcum ctherlacetone 7: 3. revealcd two major cornponetits with Rf = 0.65 and 0.50, and sevcral 
other minor cornponcnts. The first two compoIients of tho mixture wcre scparated on a silica gel 
column (1.2 kg). by development with bcnzenclethyl acctatc 30% and 40% respectively. Crystal- 
lization of the conipodent with Rf = 0.65 from isopropyl cthet gave starting matorial 10. yialcl 
25.0 g (68%), m.p. and mixrd m.p. 1.22-1 23". The component. Rf = 0.50, obtaincd as a glass was 
shown to bc disaccharide 12, yield 12.0 g (23%). [ a J g  F. +114.4" (c = 0.94, chloroform). - 1R.: 
1747 (C-0, cster), 1727 (C-0, carbamatc), 1364. 1178 cm-1 (SO$). - UV.: 228 nm (E 13360). 
Ca?HsaNOi.rS (935.99) Calc. C 60.31 H 5.71 N 1.50% Found C 60.00 H 5.75 N 1.81% 

2.1.2. Ben.@ 3-0-beor@-2- -(benzyloxy) Jovmu~Prido~d-O~e~ersylsvlfo~y~-2-d~~xy-4-O-(3,4,6-M- 
o-acetyl-u-u-~lucopyvanosyl)-u-n-g~zrco~y~unoside (15). Tlic titlc compound was prepared from 
benzyl 3-0-bcnzy~-2-~l-(benzyloxy)f~1rmani~doj-6-~.~-bcnxylsuifonyI-Z-dcoxy-a-~-glucopyrant~sidr: 
(13) [Z ]  nnd 6 according t c i  thc gencral procedure clescritwd for the  synthesis of disacclmricle 12. 
Thcproduct wasobtaincdasaglass: yield 120/,, [ajg = + W O O  (c = 1.00, chloroform), Rf = 0.50 
(pctrolcum ctherlacetonc 7: 3). 
C ~ P H ~ S N O ~ ~ S  (935.99) Calc. C 60.31 11 5.71 S 3-43?; Found C 59.97 I€ 5.84 S 3.18% 

2.1 -3. Bengl  3-0-bemyl-2-[1- (berzyloxy)Jormamil~-2,6-didEOXy-4-O-(3,4, G-#ri-O-acetyE-u-D- 
~ l u c o ~ y v a ~ o s y l ) - 6 - i 0 ~ 0 - ~ - ~ - g 2 u c o ~ y r a ~ s i d e  (16). Tht: title compound was prepared from benzyl 

117 
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3-O-benzyl-2-[ll-(l~cnzyloxy)forrnamido]-2, G-dicleoxy-6-iodo-~-~-glucopyranoside (14) [27] and 6 
according to the general procedure descrihcd for tho synthesis of disaccharide 12. Thc product Was 
obtained a5 a glass: yield 11%, [a]g = +91.0" (c = 1.00, chloroform), RI -- 0.23 (petrolenm 
etherlacetonc 7:3). 

C4DHaJNO14 (891.69) Calc. C 53.87 H 5.20 J 14.24% Vound C 53.93 H 5.36 J 13.87% 

2.1.4. Aenzyl 3-U-be~l-2-[?-(benz~~~y) . furm~mido~-2-~eoxy-4-0-(a-~-g2ucupy~anosyl)-6-0-p-  
t O l y ~ 5 u l f o ? t y ~ - U - D - ~ ~ ~ C O ~ y ~ U l p O ~ ~ d e  (17). Compound 12 (12.0 g, 12.8 mmol) was disaolved in 250 ml 
of dry methanol and the solution was nearly saturated at 0" with ammonia. After stancling for 
18 h itt RT. the solvent was removcd under reduced pressure, and the residual syrup was 
triturate? with chloroform to remove acetamidc. The cruclu product was chromatographed on 
a silica gcl column (300 g) by dcvelopment with ethyl acetate. and the cluatc was concentratcd 
to a glass: yicld 8.0 g (77%). [MI!; = + 112.6' (c -- 1..53, chlorohrm). 1H.: 1728 ( G O ,  carbamato), 
1363, 1.180 cm-1 (SO*). - UV.: 224 nm (e 12600). 

C411h$Kh4S Calc. C 60.80 H 5.85 N 3.73 S 3.96% 
(809.90) Found ,, 60.68 ,, 6.03 ,, 1.82 ,, 3.64% 

2.1 .S. Belpzyl 3-0-bercayl-Z-[7-@enayloxy) formamido~-2,6-dadeoxy-4-O-(u-~-glucu@y~anosyl) -6- 
iodo-cc-D-~lucopyranoside (18). - 2.1.5.1. From 17. A solution of 27.5 g (34 mmol) of 17 in 375 ml of 
2-pcntanone was treatcd with sodium iodide (37.5 g), and the mixture was then rcfluxcd for 8 h 
under stirring. Thc reaction mixture was evaporded to dryness, and watcr (500 ml) was addcd to 
the residue. The mixture was extractcd with 2 x  250 nil of ethyl acetate, and the extract wnss 
washed with water, dricd ovcr anhydrous sodium sulfate, and cvapnrated to dryness. Thc crystal- 
line residue wns recrystallized from ethyl acctatc/isopropyl cthcr: yicld 23.7 g (91%), m.p. 
132-133'. [u$ = +122.0" (c = 1.00, chloroform). 

CaHaJNOll (765.59) Calc. C, 53.34 R 5.27 J 16.580/, Found C 53.06 H 5.45 J 17.45% 

2.1.5.2. F ~ o m  16. Compound 16 was dcacetylatcd by the method used for thc 6-O-$-tolyl- 
sulfonyl analog 17: yicld 58%,  mp., mixcd m.p. 133 -134' (from ethyl acetatelisoproyyl ethcr), 
[u]g = +122.0° (c = 1.00, chloroform). 

2.1.6. Belpzyl 6-U-aceryl-3-O-henHyl-2- [1-(benzyloxy)fo~nzamido]-2-deoxy-4-0- (2, .3,4,6-tetva-O- 
uCety~-a-D-g~uco@yranosyi)-~-D-g~uco~yYu~o.~ido (19). 'Jlitr solutioii of 5.0 g (6.5 mmol) of 18 in 
100 ml of acctic anhydride was heated to 70'. To this solution a warm solution (70') of 10 g of silver 
acctate in 100 ml of pyridine was added dropwise undcr stirring. After the addition was completc, 
the reaction rnixturc was heatcd for thrce additional hours under stirring. The rcaction rnixturc 
was evaporated to a dark brown residue from which thc lest trams of pyricline wcre rcmovcd by 
codistillation wklk toluenc. Thc dricd residue was cxtractcd with 3 x 100 ml oi bcngenc, and the 
extract was evaporated to dryness. TLC. of the product, with hexanelethyl acetate 1 : 1 as dcvel- 
opcr, reveded a major component, NL -- 0.45, and two minor componcnts, Rf = 0.59 and 0.29. 
Thc mixture was fractionated on a column (1.50 g) of silica gcl with hexanelethyl acetate 2: 1,  Thc 
crystalline product with Rf = 0.45 was recrystallized from ethyl acctak/isopropyl other: yield 
4.0 g (71%), m.p. 91-93", [ajff = $. 125.1° (c = 1.00, chloroform). - IK.: 1758 cm.-l (C ~0 cster, 
carbarnate). ..- IH-NMK. (100 MtIz; 360 MHz, C&): 1.53 (s, - O h ) ;  l..G!3 (s, -0.4~); 1.72 
(S, -0Ac) ;  1 . 7 4 ( ~ ,  -OAc); 1.7'3(~, -0Ac); -4.78 (d,.Jl,z-4, FI-C(l.)); 5 . 0 6 ( d X d . J 1 > , 2 ~ - 4 ,  
J e # , a t ~  10, I€-C(Z')): 5.31 ( d x d ,  J 3 d . v  w JQ',~,' -9, LLC(4')); 5.62 (d ,  H--.C(l')); 5.87 ( d x d ,  
H--C(3')). 
C44H61N0l7 (865.88) Calc. C 61.03 H 5-94 N 1.62% Found C 60.86 31 6.07 N 1.50"/, 

2.1.7. Belzzyl .f~-bcnzyZ-2-[7-(ben%yloxy)~~rmamnido]-2, ~-di l leoxy-CO-(msthyl  a-v-g~ucq5yra9zo- 
sylu~onate)-6-iodo-u-D-~luc~~y~urcos~d~ (20). Compound 18 (23.5 g, .30.6 rnmol) was tlissolvcd in 
50o/, aqucous dioxanc (2.4 1). Thc solution was trcated with platinum (13o/,)-l)arco [rM) catalyh? 
(24 g) [ZSj, and oxygcn was bubbled through thc solutimt with vigorous stirring at 65" for 70 h, 
while thc pH was maintained at  8.4 by thc addition of a total uf 6 g  of sodium hydrogen carbonate. 
Watcr (1 1) was adcled t o  the reaction rnixturc, and the light brown solution was filtcretl from 
catalyst and the Patter was washed with. hot watcr. Thc combined filtrate and washings were 
conccntratcd to about 1 1 and thc solution was djustcd to pll 2 undcr cooling by the dropwise 
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addition of conc. hydrochloric acid. The reaction mixturc was oxtracted with 5 x 250 ml of ethyl 
acctatc, and the combined extracts wcre dried over anhydrous sodium sulfate and evaporated to  
a white, amorphous solid: yicld 15.0 g. The crudc acid (4.0 g) was dissolvcd in clry methanol 
(80 ml) and thc solution was treated with an excess uf a solution of diazomcthane in ctbcr. After 
10 min at liT. the solution was evaporaicd to a yellow. atnorphous foam. TLC., using a mixture 
o f  chloroform, methanol and 3~ ammonia (40: 10: 1) rcveakd B major component with .RE = 0.7 
and a minor component with Rf I 0.8. The mixturc was fractionated on a silica gel column 
(150 g), by dcvclopmcnt with cthyl acetatc/bcnzonc 3:l. The crystalline residuc (RI = 0.7) was 
recrystallized from ethyl acetste]isopropyl ether : yiolcl2.1 g (33"/,), m.p. 1 17-11fio, [a]$ -= 4 100° 
(c -- 0.40. chloroform). - I.R.: 1730 (C-0, ester), 1700 cm-1 ( L O ,  carbarnate). . -  111-NMR. (100 

C.a~H4oJNCllp (793.60) Calc. C 52.97 H 5.08 J I.5.99% Found C; 52.76 H 5.26 J 15.62% 

The product with IZf = 0.8 was crystallized and recrystallixctl from cthyl acctate/pctroleura 
cthcr, and was shown to be benzyl 3-0-hcnzyl-2-[1 -(~nxyloxy)forrl.lamido]-2,6-d~deoxy-G-iocto-a- 
13-glucopyranoside (14) [27]: yicld 0.3 g. imp. 115 -116', [riig = +83.7" (c ;= 0.56, chloroform). 

CgbHsoJNOe Calc. C 55.73 El 5.01 N 2.32 J 21.03% 
(603.45) Found ,, 55.49 ,, 4.99 ,, 2.19 ,, 20.82% 

MHz, CDCI,) : 3.75 (s, - CQCHs). 

2.2. From lenzyE 3-O-bsnuyl-241 -(brnzyloxy)~orn?arnirEoJ-2-rleoxy-6-r)-p-toly~~u~~~y6-u-~-~lu~r1- 
pyranoside (lo) und mslhyl 3, ~ - d a - ~ - a c ~ t y Z - ~ - d s r ~ x y - ~ - r ~ t r u s o - c - ~ - ~ ~ ~ o ~ y ~ a n o . ~ y ~ u r o f l a l e  chloride (1 1). 
-. 2.2.1. Methyl 7,2,3, #-tefra-O-acety6-D-gEuco~yranumna6e (27) [j 91. D-Ghcuronolactone (26; 
400 g, 2.28 mol) wars addcd portionwise t o  the solution of 1.1 g of sodium hydroxide in 3 1 of 
methanol and the solution was stirred ior 1 h at R'l'. 'rhc ycllow solution wa8 concentratcd to 
a syrup which was driccl under reduced pressure. 'rho syrup was dissolved in 1 1 of pyritline, ant1 
1.5 1 of acetic anhydride was added dropwise under icc-cooling and stirring. On standing in the 
refripator overnight crystalline material separated. 'h crystals wcre filtered Off and washcd 
with cold ethanol. A sccond crop of crystallinc matcrinl was obtained after concentrirt;ic)n of 
the reaction mixturc to givc 331.4 g (38.5%) of mctbyl 1,2.3,4-tetra-O-acetyl-B-D-gluco- 
pyranuronate. m.p. 178-179'. [u]g -- +&to (c -; 1.11, chloroform) (lit. [191: m.p. 176.5-.178", 
[a$' =: 4- 7.4" (c = 2, chloroform)). Thc dark brown syriip obtained after cvaporation of the 
mother liquor was chrcimatographcd nrl a silica gel column (2 kg) by clution with ethyl acetatcl 
hexztnc 1 : 1. Evaporation of thc solvent gavc: a ycllow syrup which was crystallized from ether, 
to givc 257.5 g (30%) of a dxLure of methyl 1,2,3,4-tetra-O-acetyl-a-~- and fi-n-glucopyran- 
uronatr, m.p. 103-115", [ M ~ V  = + 75.9" (c -- 1.30, chloroform). TLC. (hexanelethyl acetatc 1 : 1) : 
spots at Rf = 0.25 (u-anomer) and 0.45 (p-anomer) , 

2.2.2. Methyl 3,4-di-O-ucatyZ-7, 2-dideoxy-~-ara.rshino-hex-7-enupyvaPru (28) [21]. Corn- 
F u n d  27 (200 g, 532 mmol) was dissolved in 750 ml of B 30-33% solution of hydrogen bromide 
in acetic acid, and this solution was maintained a t  5' for 20 h [lql. Zinc dust (400 g) was addod 
to the solution of sodium acetatc (500 g) and copper sulhte (40 g) in 1.3 1 of 50% aqueous acctic 
acid. The solution of the bromide was addcd dropwise to this mixturc a t  -10' uzrdcr stirring. 
Stirring was continucd for 3 h at - 10". The rcaction mixture WM filtered, the filtcr Cdk(! was 
washcd with 100 ml of 50% aqueous acctic acid, and the combined tiltratcs were poured into 
3 1 of iced water. The reaction mixture was axtractctl with 3 x 1 1 o f  dichloromethane, and the 
extract was succcssively wash4 with iced water, 1.0% nquc:ous sodium hydrogen carbonate, 
water, and dried over anhydrous sodium sulfate. Evapuration imder reduced prcssurc gavc a 
syrup which crystallized on standing. This crystalline material was triturated with isopropyl 
ether, stored overnight in a refrigerator, filtered of f .  washed with isopropyl etheT ant1 thcn with 
petroleum ether: yield 118.8 g (R6.59/,), m.p. 88-91", [alg = -61.3" (c = 0.87, chloroform). - 
TR.: 1762, 1733 ( C - 0 ,  ester), 1649 ~111-1 ( L C - 0 ) .  - 'H-NMR. (100 Mllz, C&): -4.74 ( d x  d, 
.[a,s = 1,4, J4,4 ..i 2.8, H-475)) ; 4.91 ( d x  d x  d, J1.z .= 6.0, Jg,:3 7~ 5.0, Js.4 = 1.5 H- 4 J 2 ) ) ;  5.09 

C11111407 (258.23) Calc. C Sl.16 li 5.477" Found C 51.33 H 5.45% 

2.2.3. Methyl .7 ,4-di-0-acetyl-2-deoxy-2-ni trosu-a-i~-~luco~yrarcosyl~te  chbmids (11). 51. .ti g 
(200 mrnol) of 28 wcrc added to the soliition of 15.7 g (240 mmol) of nitrosyl chloride in 250 ml 
of dichhromcthdnc, and the solution w39 allowcd to stantl for 20 h a t  5". TW,. with hcxa;ne/cthyl 

(M, H-C(3)) ; 5.59 (d x d x d ,  R--C(4)) ; 6.42 (d,  €i--C(l)). 
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acctate 1 : 1 as doveloper indicated that no st-trting mstcrial, Hf F 0.65, was present, and showed 
one new suhstancc.with Rf = 0.40. Thc solution was pourcd into 500 ml of icc-watcr, and the 
organic layer was washed with watcr. dried over anhydrous sodium suIfate and cvaporatcd t o  
dryness. T ~ G  crystalline rcsidue was recrystallized from. acetonc/hcxane: yield 54.2 g (71%). 
m.p. 111-112". [a)!; = 4- 145.9" (c = 0.95, chloroform). - UV. (dioxane): 299 nm (e 2880). -_ 
1H-NMH. (100 MPh,  CDC13): 2.01 (s, - OAC); 2.05 (s, - O h )  ; 3.76 (s, - C02CkIa) ; 4.62 (d ,  
J4,6 1.0.2, €I--C(5) ; 5.27 ( d x  d,  J5,4 - 9, H A ( 4 ) ) ;  5.43 ( d x  d ,  11,s N 3.8, J ~ , s  N 10.5,1I-C(2)); 
6.05 (d X d ,  H--C(3)) ; 6.67 (d ,  H--C(l)). 

CIIHI~CINO~ * CIIaCOCHs C ~ C .  C 44.05 l I  5.28 N 3.67 C19.29% 
(381.76) Found ,, 43.75 ,, 5.27 ,, 3.58 ,, 9.44% 

2.2.4. Reaction of methyl 3,4-d~-~-ecety1-2-daoxy-2-niCroso-cr-1>-g chlmide 
(1 1) with. bemyl3-0-benzyl-2- [-7 (bewylOXy) f O r r u l a r n i d ~ J ] - 2 - d e o x y - 6 - r ) - p - t o l y l s u l f o Y & n ~ -  
Side (10). 137.5 g (212 mrnol) of 10 and 121.4 g (3211 mnml) of 11 werc dissolved in 500 ml of dry 
N, N-dimcthylfmmanidc, and the solution was allowed to stand in the dark and at RT. for 7 days. 
Thc rcaction mixturc was cvitporatcd under reduced prcssure (0.01 'Torr) t o  givc a tan-colored 
syrup. The crude product was dissolved in 500 1111 01 dichloromothnnc:, and the solution was suc- 
cessively washed with water, 3% aqueous sodium hydrogcn carbonate, water, dried over .an- 
hydrous sodium sulfate and concentrated to  a syrup. TLC., using hcxanclethyl acetate 1 :1 as 
dcvelopcr, revealcd 5 spots with Rf = 0.00, 0.39, 0.47, 0.61 and 0.72. The spot with Rf = 0.61 
corresponded with x rnarkcr of 10. The spots with Rf I- 0.39 and 0.47 were the most intense spots, 
whercas the othcr thrce wern vcry wcak. The mixture was fractionated on a silica gel column 
(3 kg), and elution was effcctcd with hcwnelcthyl acetatc 3 : 2 (fraction A) ant1 1 : 1 (fraction B). 
As shown by TLC., fraction A contained a major component with Rf -- 0,61, a minor component 
with Rf = 0.72 and very littlc of a third component with Rf = 0.47; fractivn I3 contained two 
major componcnts with Hf = 0.47 and 0.39, and very small amounts of another component with 
Hf = 0.61. Solvent removal from these fractions gave a yellow foam (fraction A, 17.2 g) and a 
crystalline residuc (fraction B, 184.4 g). 

2.2.4.1. RenzyZ .?-0-henzyl-Z-~l-(ben~loxy) fovwramid~J-2-deoxy-4-O- (wethy2 3.4-di-U-acetyl-2- 
h y d r o x y ~ m i ~ - ~ - ~ - a r a ~ ~ ~ n ~ - h s x o p ~ ~ a n o ~ y ~ u ~ o n a t e )  -6-O-p-toZylsu2 funyZ-cu-n-g~~o~yra~nsz~e (3 1). The 
white crystalline solid (Iraction l3) was trituratcd in cthcrlisopropyl cthor, filtcred off, washed 
with ether/ivopropyl ether 1 : 1 and dried: yield 107.0 g (54%). m.p. 155-157°. After recrystal- 
lixation from ncetone/cthcr, thc product hsd m.p. 158-159" and [a$ = f 115.1" (c = 0.97, 
chloroform). - IR. : 1759 ( G O ,  cstcr), 1735 cm-1 ( C - 0 ,  carbarnate). - UV. : 225 n m  (6 12800). - 
1H-NMR. (90 MHz, CDCIv): 2.05 (s, - 0 A c ) ;  2.07 (5,  - 0 A c ) ;  2.41 (s, e-C&): 3.75 
(s. - CO&Hs); 5.32 (d  x d ,  Js*,Q- N f4e.5. N 9.5. EI--C(4')) ; 5.77 (d ,  HA(3 ' ) )  ; 6.3BGr. s, FI-C(l')) ; 
~ 7 . m  (br. s, I-N-OH). 

C&S&O178 Calc. C 59.09 H 5.39 N 3.00 S 3.43% 
(934.97) Pound ,. 58.98 ,, 5.23 ,, 3.03 ,, 3.28% 

The mother liquor of the above crystallization was cvaporsted to dryness, aud thc residue was 
fractionated on 4 silica gel column (2 kg). Elution was effected with hexanelethyl acetatc 2: 1 and 
3:2. Fractions containing Q U r c  materials with Hf = 0.61., 0.47 and 0.39 were evaporated to syrups 
which were crystallized and recrystallized from cthcr. 

2.2.4.2. Rswyl 3-O-benzy l -Z-[~-(bee lray loxy)~~~mama~o~-2Jeoxy-~-V-y- to~yls~~~ny~-u-D-~Zu~o-  
pyyvanoside (10). The product was obtained from fractions with Rf = 0.61: yield 2.5 g (2%), 
m.p. 121-122". 

2.2.4.3. Belaz-yl3-i~-bsnzyl-2-[7-(ben~loxy) fov~awrid~~-6-clrlnvo-Z, 6-dideoxy-4-O-(methycyl3,4-di- 
~-acety~-2-hydroxyima~~-~-D-ara~ino-~e~o~yr~nasydztroll.ate)-a-~~-g~uca~yvanoside (32). The atruc- 
turu of the material with Rf = 0.47 was provd as shown h h w :  yield 28.7 g (17%), m.p. 138-139', 
[a]g = -+ 126.9' (c = 0.69, chloroform). - IH.: 1757, I731 ( C - 0 ,  aster), 1699 cm-1 (C=O, 
carbarnate). 

C~VII~CINs0l4 C ~ C .  C 58.61 H. 5.42 N 3.50 CL 4.44% 
(799.23) Found ,, 58.59 ) )  5.38 ,, 3.53 ,, 4.42% 

2.2.4.4. Disaccharide 31 was ubtaincd from iraclions with Rf =.: 0.39: ykld 21.9 g (11%). 
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2.2.4.5. Acstyhtim of th6 prodwcts offrucfinn A .  Thc products of fraction A (15.5 g) WDrC 
dissolved in 100 ml of pyridinc, the solution was cooled to Ow, and 40 ml o f  acetic anhydride were 
added dropwisc under stirring. After 24 h standing at HT., the solution was evaporated to dryncss. 
The residue was treated with 200 rnl of ice and water and stirred for 1 h. The reaction mixture was 
cxtracted with 500 ml of chloroform. The extract was washed with water, dried over anhyrlrous 
sodium sulfate, and evaporated t o  yield 17.2 g of a ycllow syrup. TLC., using hexanelethyl 
acetate 1 : 1 a$ developer, showed a major spot st Rf == 0.72, and a minor one at Rf == 0.82. Tht: 
mixture was fractionated on a sjlica gel column (500 g). 

2.2.4.6. Benzyl dO-acety2-3-Q-bs~ql-2-~~ -(berrzyloxy)farmamido~-6-chlor0-2,6-diJeoxy-u-~-~luco- 
pyranosids (33). Development with hexanelethyl acetate 3 : 1 gavc a crystalline product, Hf = 0.82. 
Recrystallization from ethyl acetatc, ether and hcxanc gavc pure product: yield 3.6 g, 111.1). 
136-138', [u]g L + 97.2" (c = 1.03, chloroform). - IR.: 1740 ((:=(:>, ester), 1695 cm-I (C- 0, 
carbarnate). -. 1H-NMR. (100 MHz, GD6): 1.50 (s, -0Ac); -3.37 (center of thc /1B part of an 
ABX spectrum, J~ ,~ . -12 .5 ,  HaC(6)); 3.60 ( d x d .  , / z , a - j s , d - 9 ,  H.-C(3); 3.90 ( d x d x d ,  
J4.5 N 10, 15.6 N 4.5. J5,of 
-5.03 ( d x d ,  H-C(4)). 

6.5, H-C(5)) ; d 4 . 2 5  (m. J1.z 3, H--C(2)) ; 4.75 (d, II--C(I)); 

GoHssClN07 Calc. C 65.04 H 5.82 N 2.53 C16.40% 
(554.04) Found ,, 65.24 ,, 5.73 ,, 2.46 ,, 6.07% 

2.2.4.". Beazyl 4 - ~ - a c e t y l - 3 - ~ - b ~ a % y l - 2 - [ ? ~ ( b s ~ z y ~ ~ ~ ~ y ) ~ o r ~ a ~ a ~ o ~  -2-deoxy-6-O-p-lolylsu~onyl-a- 
u-glucopyvmosidr (34). Devclopment with hexanelcthyl acetate 2:l gavc a syrup, Rf .= 0.72; 
yield 9.6 g. Crystallization and recrystallization from bcnzcne, cthcr and bexane gavc piire 
product: yield 8.7 g, m.p. 98-100', [u]: = + 83.8' (c = 1.04. chloroform). - 1H-NMR. (100 MHz, 
CDCla) : 1.92 (s, - OAc); 2.42 ( 5 ,  n,-CHs) ; 3.66 (d x d, .f2,3 N 10, Js.4 H 9, H. 4 7 3 ) )  : 4.83 
(d, J ~ , B  = 3.5, H--C(l)) : -4.90 (H-C(4). masked by other signals). 

Ca7H8gNOioS Calc. C 64.43 H 5.70 W 2-03 S 4.65% 
(689.78) Found ,, 64.26 ,, 5.64 ,, 1.98 ,, 4.70% 

2.2.5. Belzyl 3-0-benzyl-2-[l-(ben~~~xy)formamida]-Z-deoxy-4-0-(1#ethy~ 2,3,4-tri-O-acetyl-a-n- 
~ l l r t o ~ ~ r a n o s y l t t r o n I r r t s ) - 6 - O - p - t o l y ~ s u ~ o n y l - u - ~ - g l ~ c o ~ ~ y ~ ~ ~ ~ s i ~ c  (35). 36.0 g (38.5 mmol) of 31 wem 
suspended in 360 ml of lcvulinic acid and 100 ml of 1~ hydrochloric acid, and the suspcnsioa was 
heated for 7 h at 40" (bath) under stirring, whsrcupon solution occurred. Thc rcaction mixturc: 
was extracted with 1 1 of ethyl acetate. The extract was successively washcd with water, aqueous 
sodium hydrogen carbonate and water, thcn dried over anhydrous sodium sulfate and evaporated 
to dryness. The dried white foam was dissolved in 360 ml of tctrahydrofurane and coolcil in ice 
and water. Sodium borohydride (1.14 g) in water (30 mlj was atldcd dropwiso to this solution 
under stirring. After stirring at 0' for 30 min and a t  R'I'. for 1 h, thc reaction mixture wds ncu- 
tralized with acetic acid and evaporated under mtluccd pressure to ncar dryness. Remaining 
acids werc removed by repeated codistillation with methanol. The dried residuc was dissolvod in 
200 ml of pyridinc, acetic anhydride (40 ml) was added with cooling and stirring, and thc solution 
was maintained at KT. overnight. The reaction mixture was cvaporatcd to  a syrup. This syrup 
was treated with 200 rnl of ice and water, and the rnixturc was stirred for 1 h. The reaction 
mixture was extracted with chloroform (500 ml). Thc extract was washed with water (100 ml), 
dried over anhydrous sodium sulfate and evaporated to give an amber syrup; yield 36.4 g. TLC. 
with hexanelethyl acetatc 1 : l  as developcr showed one main spot at  Rf s 0.40 and minor 
spots at Rf = 0.50, 0.20 and 0.00. The mixture was separated on a silica gel column (1 kg) by 
development with hexanelcthyl acetate 1 : 1. Solvent removal from fractions with Rf = 0.40 leIt 
a whits foam: yicld 25.8 g (70%), [a]:" = + 114.7" ( E  = 0.63, chloroform). - UV.: 224 nm 

72 

( E  12175). -lH-NMR. (100 MHz. CDCls): 1.81 ($, - 0 A c ) ;  1.92 (s, -0Ac);  2.06 (s, - O h ) ;  2.42 

(s. O c H a ) ;  3.73 (s, -COnCHs); 4.88 ( d x d ,  J I , , ~ .  ~ 4 . 2 ,  Jg#,a' -8,  H x ( 2 ' ) ) ;  5.16 
( d x d ,  Js*,4' - J4*,v -8, H-C(3') or H--C(4')): 5.38 (d,  H-C(l')); 5.40 ( d x  d, H-C(4') or 
H-C(3')). 

CaHssNOlsS C ~ C .  C59.81 H 5 .54  ?r: 1.45 CHaO- 3.22% 
(964.00) Found ,, 59.73 ,, 5.58 ,, 1.41 ,, 3.30% 
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2.2.6. Rslzzyt 3-0-bcn@-2-r1- (benzy2oxy)jormarnido1-2, fi-diLoxy-4-0- (methyl 2, -3, &tri-O-acetyl. 
a - ~ - g ~ u w p y ~ u n o s y ~ ~ t r o A a l s ) - 6 - i o d ~ - a - n - ~ ~ u c o Q y r a ~ ~ ~ ~ e  (37). Compound 35 (25.1 g, 26 nimol) wa: 
dissolved in 350 nil of 2-pentanone and sodium iodide (33.6 g) was addcd. The rnixturc was heated 
for 7 h undar reflux with stirring. and the solvcnt was rcmovcd under reduced pressure. Thc 
residue was treated with watcr (250 ml), and the mixturc was extractcd with 500 ml of cthy: 
acetatc. Thc extract wits rlricd over anhydrous sodium sulfate. After solvent removal uncle] 
rcduccd prcssure a syrup was obtained, which was crystallized from benzcne and hexane as smal: 
whitc needles: yield 19.3 g (St%), m.p. 147-148", (aJ# = + 118.5" (c = 0.95, chloroform). - 1R. 
1.759 (C=O, ester). 1700 c i r l  (C-0, carbarnate). - TH-NMLl. (100 M H z ,  CDCls) : 1.83 (s, - OAc), 

( d X  d, J y . 3 ,  - .]3?,4- - 34*,5' - 8, 'kI-C(3') o r  HX(4' ) ) ;  5.43 ( d x  d, I IX(3 ' )  or H-C(4')); 5.57 
(d,  .[i, ,ap =: 3.5, l.I-C(l')). 

C ~ ~ H M J N O I ~  C ~ C .  C 53.54 13 5.04 N 1.52 J 13.80% 

1.94 (s, -Oh); 2.05 (s, -OAc); 3-75 (s. -CC)sCHs) -4.89 (d. J1.2 H 3.0, H-C(l)); 5-15 

(919.71) Found ,, 53.72 ,, 4.97 ,, 1.66 ,. 1.3.81% 
2.2.7. Benzy26-0-acetyl-3-0-bcnzyl-2- [ I -  (bcnayloxy) furmamido~-2-deoxy-4-0-(methyl2,3,4-tri-O- 

acetyl-u--n-~l~~yranosyl~ronate)-#-o-gl~copyranr~sside (21). - 2.2.7.1. From 37. The solution oi 
40.0 g (43.5 mmol) of 37 in I .6 1 of acctic anhydride was hcated to  70". To this solution, a warm 
solution (70") of 65 g of silver acetatc in 2 1 of pyridine was added dropwise under stirring over 
a period of 30 rnin. After the addition W;LS complete, the rcnction mixture was heated 12 additional 
hours with stirring. 'The reaction mixturc was cvaporsbd unrlcr reduced pressure to a dark brown 
residue from which the last traces of pyridine were rcmovcd by repated c:vaporation with toluene. 
The dried residue was triturated with warm benzcne (500 nil), thc mixture was filtered, and the 
filter cakc was washed with 4 x 100 ml of warm licnzenc. Thc brown syrup obtained aftcr solvcnt 
removal from the cornlined hcnzcne extracts was cxamined by TLC. with hcxanc/ethyl acetate 
1 : 1 as dcveloper. A major spot with Rf = 0.45 and a minor spot with Rf = 0.65 wcre observcd. 
The spot with HI z;. 0.65 corrcspondcd with a markcr of 37. Tho mixture was fractionated on a 
column (2 kg) of silica gel by clcvelopment with hexanclethyl acctate 2:l. Solvent removal from 
fractions with Rf = 0.65 gave crystalline 37: yield 4.9 g (12%). Fractions with Rf = 0.45 gave, 
aftcr solvent removal, an amorphous, slightly ycllow product, which was crystallized and rc- 
crystallized from methanol as small, white ncedles: yield 20.4 g (55%). m.p. 101-102", [ m ] E  7 
+ 131.8' (c - 0.47, chloroform). - TK.: 1759 cm-1 (C- 0 cster. carliamate). -. lH-NMR. (100 MHz, 
CDCla) : 1.86 (s, - OAc); 1.W (s, - OAc); 2.03 (s ,  - Oh) ; 2.08 (5, - O h )  ; 3.72 (s, - -CO&Hs); 
5.15 (d x d ,  Jzp,ae N J 3 v . 4 ~  N ,J4-,5' - 8.5, H 4 ( 3 ' )  or HX(4'))  ; 5.43 ( d x  d, H-C(3') or HK(4')); 
5.61 (d, J1* .8~  3, H-C(1')). 
C4aH4BNO11 (851.85) Calc. C 60.63 ii 5.80 N 1.64% Found C 60.35 H 5.83 N 1.57% 

2.2.7.1. From 20. Conipound 20 was convcrted into 21 following the abovc proccduru (70% 
yicld). 

3. Synthesis of 2- acetamido - 2- deoxy - 4- 0- (methyl a -D- glucopyranosyluronat ) - 
D-glucopyranose (1) and 2-[1-(benzyloxy)formido] - 2- deoxy-4- O-(methyl a - D -  
glucopyraaosyluronate)-D-glucopyranose (2). - 3.1. 2-Acetamidn-l,3.6-tri-O-acetyl-Z- 
deoxy-4-O-(methyl 2 , .8 ,4- tr i -O-ac~tyl-u-n-~l~~a~yranosylz troa~c)-~-o-~L~opyranoss (43). A solu- 
tion of 7.0 g (8.2 mmol) of 21 in 150 ml of acetic acid was hydrogenated over black paHadium 
(1 g) for 3 days. The catalyst was filtered off ant1 washed with methanol. The combincd filtrate 
and washings wcre trcated with 8.2 ml of 1 N hyrlrochlnric acid and evaporated to dryness to givc: 
a qumtitativc yield of thc hydrochloridt: 42. TLC. of  this glass with chloroform/mcthanol 1: l  
as devcloper showcd a singlc spot with Rf = 0.65. 

A solution of 4.7 g (8.2 rnmol) of 42 in 50 ml oi dry pyridine was treated dropwisc under 
stirring at OU with 22 nil of acetic anhydridc. Sftcr 24 h at RT. thc mixture was pourcd into icc.: 
and water (500 nil) and cxtracted with 2 x 100 ml of dichloromcthane. ' I le combined extracts 
were successively wa%hcd with 3~ sulfuric acid, watcr, and then driad over anhydrous sodium 
sulfate. Concentration 01 thc solution gave a glass (4.6 g) showing one rnajjor Spot at Rf 7 0.75 
and one vcry small spot at Rf -. 0.55 on TLC. with cliloroforrri/methwo19: 1 as clcvelopcr. Thc 
crudc matcrial was chromatographcd on a column (150 g) of silica gel. Kvaporation of the cthyl 
acetatc eluatc gavc p r o  product as a whitc amorphous solid. which was crystallimcl and recrystal- 
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lized from acetone and ether: yicld 3.5 g (G4%), m.p. L84. .L85", [a:;: y= + 74.8" (c =. 0.90, chloro- 
form). - 1H-NMR. (100 MHz, 220 MHz, CL)Cls): 1.90 (s, -NAc); 2.00 (s, -0Ac); 2.02 (s, P X  

Jy.g* -3.5, .Ja*.ae -10, I-i-.C(Z')); 5.41 ( d x d .  . J S f , , r  - 9 . 5 ,  II--C(3')); 5.54 (d ,  H-C(I.')); 5.65 

Cg,Hs&O18 (663.58) Calc. C 48.87 I1 5.62 N 2.11% Found C 48.62 €1 5.44 N 2.02% 
3.2. 2-Aceturnnido-2-deoxy-kO-(methyl u-D-g2licop.yranosydacronufe)-D-~l~~~ranosc (I). . cORl -  

pound 43 (3.18 g. 4.8 mmol) W L ~  dissolved in 30 ml of abs. i~icthanol, and 10 mloia0.5% inethmolic 
sodium mcthoxide soliitiori was added. After stirring at R T .  for 20 niin ttic solution was neutralized 
iiy stirring with Amberlite IH 120 (H+) catiun-exchange resin arid Lhen crinccntratctl utidcr reduced 
prcssurc to give 1.97 g (100%) of a white amorphous solid. Crq?stallizstion and recrystoilizatiork 
from methanol and acetone gave pure product, m.p. 149 -150" (tlec.), [aJg == -k 82.+ $. 96" 
(G = 0.80, methanol). 
&.HZJNOl$ (421.36) Calc. C 43-80 H 6.13 N 3.4074 Found C 43.55 H 5.87 N 3.11y" 

3.3. 6-0-Acetyl-2-[l-(belrzyloxy)formamidu~-P-~Z~nx-y-J-O-(nae6~yl 2,3,#-tri-O-acety~-u-D-~~ak~O- 
pyranosyluronate)-n-glucopyra.Nose (44). Rcnzyl chloroformatc (5.4 g, 31.6 mmol) was added to 
the solution of 42 (11.0 g, 19.2 minol) and sodiurn hydrogcn carbonate (3.52 g, 41.8 mmol) in 
250 ml water. The reaction mixturc was shaken overnight at RT. i m r i  then extractcd with 2 x 
250 ml of chloroform The extract wm washed with water, driad over anhydrous sodium sulhto 
antl evaporatcd to  a brown oil (14.6 g). Examination of this oil by TLC., using chloroform/ 
methanoI/3~ ammonia 40:10:1, revealetl a major coinptmcnt with IXf :z 0.65 and a miiior com- 
poncnt with Rf ;= 0.80. The mixture was fractionated on a column (500 g) of silica gel. Elution 
with benzene/eihyl acetatc 1:l gave 44 as a yellow, amorphous solitl: yield 6.2 g (480/,), [a]:: 7- 

.t 84.7" (c =: 0.47, chloroform). 
~ ~ H ~ ~ N O I T  (671.61) Calc. C 51.86 H 5.55 N 2.09% Found C 52.10 K 5.77 N 2.00yo 

3.4. 2-[ 7 - (Ucwyloxy ) jormamido]-2-deoy-4-CI-( aoethyl cr-n-~ltco~yra~osyluronalc) - n-gltcco&yru- 
nose (2). Disaccharide 44 was de-0-acctylated with sotliiim nlcthoxidc as rlcscribetl for 1 (yicld 
100%). Crystallization and recrystallization from 2-propanot : m.p. 189-190°, [a];: =:- $. 97.6 -+ 
+ 86.3" ( E  = 0.89, water). 

- OAC); 2.04 (5. - OAC) : 2.06 (5, - OAC) ; 2.08 (6 ,  -. Ohc); 3.73 (s, - C02CHs); 4.87 (d  X d, 

(d, J1,z 8.5, H-L(l)). 

ColHgoNOla (503.46) Cdc. c 150.10 . lf 5.81 N 2.78% ,Fouxld C 49.62 H 5.130 N 2.66% 
4. Synthesis of disaccharides 3, 4 and 5. .-  4.1. Renay1 2-~l-(be~~yZoxy)form~~mGdnl..2- 

rlenxy-6-0-(2,3,4,6-te~~ara-O-ace~yyl-~-D-gl~o~y~unusyl)-u-~-~l~~lztcopy~anoside (3). Benayl 2-[l-(lmn- 
ryloxy)formamido]-2-dcoxy-a-rr-glucopyranosidc (46; 4.0 g. 9.9 mmol) [233, Drieritc (4 g) and 
silver oxidc (2 g) were stirred in 200 ml o f  chlorrifcrmk for 30 min in  the dark. 4.1 g (10 rnmol) of 
2.3,4.6-Tetra-O-acetyl-a-~-glucopyranosy1 bromide (45) [3@; were added to this mixhrc. Thc: 
reaction mixture was stirred for 16 h at RT. The solids v.we filt.crcc1 off ,  washed with ctilorofortn, 
and thc combined filtrate and washings were concentrated to a syrup. TLC. using ethyl acctste 
as dcvcloper revealed 6 major components with Itf 7~ 0.93, 0.85, 0.78, 0.70, 0.52 anr1.0.30. The 
crude mixture was separated on a silica gel crilurnn (250 9) .  I*:Iution with ethyl acctatc/benxcnc 
3: l  gave compound 3 with Rf = 0.52. Crys;tallization and rccrystallization from licnzene gsvc 
purcproduct: yicld 0.8 g (11%), m.p. 137--138'. [zjff = + 36.2" (6 'Z 1.01, chloroform). - 111-IYMR. 
(1.00 MHr, 270 MHz, CIICls) : 2.00 (s, - OAc) ; 2.01 (s, - W r : )  ; 2.03 (.E, - OAc) ; 2.07 (9, - OAc) ; 
3.14 (d,J-3.0,-011); 3.34 (d, J-3.3, -OH); -4.15 ( d x d ,  J5.6 = 2.2. Js ,w -12, H-C(b)); 
4.23 ( d x d .  Js.w = 4.4, H-C(6')); 4.61 (d, . Jv ,B ,  - 7.5, H--C(J')); 4.88 (d,  J l , z  = 3.6, H..C(l)); 

(k5H4aNOla (733.72) Calc. c 57.29 H 5.91 S 3 .W "/o Found C 57.11 H 5.83 N 1.840/, 
4.2. Rcnzyl Z-r7-(lrenqdoxy) fovmamido~-6-O-be~yi.~uljbnyl-Z-de~xy-3-0-(2,3,4.6-tedra-O-uccfyl-~- 

~ - ~ ~ u c ~ p y r a n o s y l ) - u - u - ~ ~ ~ c o p y ~ a n o s i d e ( ~ ) .  t3cnzj-1 2- [L-(l.~nzyloxy)formankicio~-6-(~-bcn~ylsulfonyl- 
2-dcoxy-a-n-glucopyranosidc (47; 2.7 g, 4.85 mmoI), Uriei-itc (4 g) and silver oxide (Z g) were stirrctl 
in 300 mi of anhydrous chloroform for 30 inin in the dark. 2.1 g (5.1 mmol) of 2,3,4,6-Tetra-O- 
acetyl-cr-~-glucopyranovyl bromide (45) [30] wcrc iidtlccl to this mixture. The reaction mixture 
was rcfluxctl for 6 h with .stirring. The solids wcrc filtered off, washed with cMoro€orm, md thc 
combincd filtrate antl washings were conccntratrrl to  a syrup. TLC. using ethyl accc:tatc/dichloro- 
nicthane 1 : 1 as dcvclopcr rcvcalcd one major coinptment with Rf =: 0.52 and twcr minor COITI- 

5.02 ( d x d ,  J Z ' , ~ '  = 9.3, H-C(Z')); 5.20 ( d x d ,  . J y , 4 *  -9.3, H--C(3')). 
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ponents with Kf = 0.80 and 0.65. Thc crude mixturc was fractionated on a silica gel column 
(100 g), and the component with Rf = 0.52 was elntcd with benzcnelethyl acetate 9: I. Crystal- 
lieation and rccrystallizittion from ethyl acctate and petroleum ethcr gave pure product : yiclcl 
0.6 g (14%). m.p. 162-163", [E~E -- + 55' (c =i 1.00, chloroform). 
C49H49N018S (887.89) Calc. C 57.46 H 5.63 S 3.65% Found C 57.08 H 5.89 S 3.32% 

4.3. Benzyl 3, d-di-V-ben~y~-~-~7-(be~aybxylformamidoJoxy)form~m~d~J-~-deoxy-6'-V-(~-~-g2zdcopyvauosyI)-u-~- 
glucopyranoside (5).  A solution of 3,4,B-tri-C)-acetyl-l. 2-anh ydro-u-I-n-glucopyranoRc-glucop~~~ (6; 3.6 g, 
12.5 mmol) and benzyl3,4-di-O-bcnzyl-2-~l-(bcnzyloxy)formamido]-2-d~oxy-cl-n-glucopyanosidt: 
(48: 6.8 g, 11.6 mmol) [21 in acctonitrile (50 mi) was rcfluxed for 3 days and then evaporated to 
dryness. Crystallization from methanol gave starting matcrial 48: yield 5.1 g (75%), m.y. and 
mixed m.p. 151 -152". T1.C. o f  thc mother liquor, with dichloromcthane/cthyl acetatc 3:2 as 
developcr, rcvcalcd two major components with ICf = 0.55 and 0.45, and scvcral othcr minor 
components. Tlic product obtained after solvent removal (2.2 g) was dissvlvcd in dry methanol 
(100 ml) and thc solution was saturated at 0" with ammanin. After standing for 18 h a t  HT., the 
reaction rnixturc was evaporatcd to a syrup. TLC., using a mixture of chIoroforni/methanol/3~ 
ammonia 40: 10: 1 rcvealed compononts with Hf = 0.65, 0.55 and 0.45. The crude mixture was 
chromatographcd on a silica gel column (120 g), and devclopment with ethyl acctate gave com- 
ponent 5 with Rf .= 0.45. Crystallization and rccrystallization from acetone and ether gave pure 
product: yicld 0.15 g (2%), m.p. 174-175', [a]? A- + 70.8" (c 
C41H47NO12 (745.82) Calc. C 66.03 H 6.35 N 1.88% Found C 65.80 H 6.41 N 1.82% 

1.02, chloroform). 
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