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204. Synthesis of Heparin Saccharides l )  

111, Synthesis of Derivatives of D-Glwcosamine as Starting Materials 
for Disaccharides 

by Pierre C. Wyss and Joseph Kiss 
Chemical Research Department, F. Hoffmarin-1,a Rachc & Co., Wd., Raslc, Switzcrlantl 

(13. V1. 75) 

.Surrr?napy. l)erivitives of bcnzyl ~-[~-(bcnzy~ax'y)for~llamit~o]-~-d~!oxy-cr-D-g~uc:~~~yranr~side 
with various protecting groups at C(3) (hnxoy) ,  tmkeyl ant1 3-phcnylcarbamoyl) and C ( G )  (bcn- 
zoyl, bunzylsulfcmyl, N-phcnylcarbamoyl am1 tosyl) havc h e n  synthesizcd as starting materials 
for disaccharidcs. The C(4) and C(6) hydroxyl groups of thc amino sugar wcre initially blocked by 
an acctal group. After introduction of thc protecliiig group xt C(3), t h e  acetal group was rcniovcd 
by acid hydrolysis, and the G(6)  hydroxyl group 'was s~lcctively acylated or sulfo~iyliltcd. 1 1 ~  
3,6-di-O-bcnzoate has also been preparcci by di tiiolar bcnzoylation of Chc amino sugar, whereby 
the 4,G-isomer was obtained as a by-prc~duct.. 

1. Introduction, , The polysaccharidc Iieparin is widcly used as an anticoagulant 
agent and to a lesser extent as an antiliyaemic agent in medical practice. Although th is 
polymer has been available for sevcral decades, knowledgc of its structural dctails 
still remains uncertain 131 [4]. 

Heparin is composed of partially sulfated units of hcxosamine -< 2-amino-2- 
deoxy-D-glucose (1) [5] I$:\ > and hexuronic acid .r: u-glucuronic acid (2) [G-81 and 
L-idurnnic acid (3) 18.1 [!I] > in approximatsly equirnolar ratio. Thc predominancc of 

' 

eH 1 NH2 
H eH 2 hi 

3 
L-iduronic. acid aver D-glucuronic acid has bwm recogni7,ed, but the relative proportions 
of thc uronic acids haw not yet been exactly dctermincd. Most of the information 
available on the position, sequence and configuration of the glycosidic linkages of tlic 
constituent monosaccharides has been nbtairied by characterizing the disacchrtrides 
(e.g. 4-10, Table 1) released by chemical and eiizyrnatic dcgradatjon of heparin or 
modified heparins. 
1) 

_. .-" - 
Part I see p]; Part I1 see [Z] .  
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Table 1. nisacGharides veieased by chemical and enzymatic degradalion of he#avin and modified 
heparins 

B [I5481 

The sulfate groups have been fourid to bc located at positions 2 and 6 of the 
2-amino-2-deoxy-n-glucopyranosyl [ 15-21] and at p s i  t ion 2 of the L-idopyranosyl- 
uronic acid residues [ 161 I 171 [tS] 1 221, the u-glucopymnosylurorlic acid residues being 
nonsulfated 1.211 [22]. Accordingly, on thc basis of the information available on its 
structure, the heparin polymer may be formulated as consisting of the sulfated 
disaccharide residues 11, 12 and 13, tts in Scheme 1. However, the sequence of thew 
units has not bccri definitely established. 

In the last decades, tnany attcrnpts have h e n  made to dcvelop incxpensivc syn- 
thetic products possessing hcprin-likc! activity. For this purpose, a number of 
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sulfuric acid esters of various degraded pAysact:liaricles (cellulosc, chitin, dextr:ui, 
starch, ctc.) have been prepared. However, most o f  tlicse heparinoids have been 
found to be too toxic for clinical use [23] 1243. h project in this laboratory was 
concerned with the synthesis of heparinoids having structures closely rclatcd to that 
oi heparin. As thc predominance of L-iduronir wid over D-glucuronic acid had not 
been recognized whcn this work was initiated, we chosc thc synthesis of disdccharidrs 
derived from 11 (14 and 15) as starting matcrrals for the synthesis of hepttrinoids. 

H 
H 

14 RI%- 
1s R-PhCHR- 

The present paper is concerned with thc synthesis of derivatives of the amino 
sugar part of thesc disaccharides. The readily nvailablc hnzyl  2-1 l-(benzyloxy)- 
formamido]-2-dcoxy-a-~-glucopyranoside (16) 2.51 was chosen as a. starting Iriatcrkd 
because of the stability of its protecting groups. Further, due to thc well-known ltjw 
reactivity of the hydroxyl group at C(4) of glycopyratioses as comparcd with that of 
the C(3) and C(6) hydroxyl groups, the latter had to he protected in order to establish 
the glycosidic linkage at C(4). Six dif1ere11.t derivatives of 16 with various protecting 
groups at C(3) and C(G) were synthesized (17-22). Hciizyl 3,4-di-O-bcnzyl-2-!l-(ben- 
zyloxy)formamjdo]-2-deoxy-a-~-glucopyranosidc (23) was also prepared as a stwting 
matcrial for the synthesis of a disaccliaridc in which the. uronic acid is linked to C(6) 
of D-glucosamine. 

18 

2. Synthesis of derivatives of benzyl 3- 0-benzyl-2-[ 1-(benzyyloxy)forma- 
mldo]-2-deoxy-a-D-glucopyranoside (.%hem 2). - I<eaction of kneyl -(btnzyb 
oxy)formamido]-2-deoxy-a-D-gtucopyranosidc (16) 1.251 with bcnzsldellyde in t he 
prescnce of anhydrous zinc chloride gave the 4,6-O-benzylidene derivative 24 [26] 
[27] in good yicld. However, thc usc of a benzylidcne protecting group provcd not to 
be practical €or the synthesis on a large scale. The rcaction required large amounts of 
benzaldehyde and considerable iLIIlou1lts of solvents werc, necessary to isolate t tic 
product from the reaction mixture. Keactiori of 16 with acetyldehyde, i t s  cljmetl~yl 
acetal or paraldehyde 1261, in thc prcsencc of  a catalytical amount of sulfuric acid 
gave high yields of the corresponding 4,G-0-ethylidene derivative 25. 
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Scheme 2 

H NHCOICH,Ph - '=CHd'h- NHCUCHzPh '%CH2ph WCOaCH,Ph 
l6 24 R-Ph- 28 R-Ph- 

25 R-GHs- 27 R-CHa- 

- 
H ePh NHCEkCH,Ph -4 H - P  c H 2 P h  

39 I7 R= TS - 
l 8 R - P h c H ~ -  
19 R+ phco- 

Renzylation of compounds 24 and 25 with benzyl bromide in thc prcsencc of 
potassium hydroxidc afforded the corrcsyonding 3-C)-beIizyl cthers 26 and 27 [28') 
respectively. However, the rcaction of 25 with benzyl chloride, instead of thc cor- 
responding bromide, gave a mixture of three products, as shown by thin layer 
chromatography of the reaction mixture. Thc corriyoncnts of the rnixture werc 
separated by chromatography on a silica gcl colurnn, lollowed by preparative thin 
layer chromatography (TLC.). Only low yields of purc products (27, 28 and 29, 
Scheme 3) could be obtained, because of difficulties cncountercd in separation. The 
absence of an -NH- band in the IK. spectrum of 28 arid the prcsencc of an estct absorp- 
tion at 1141 ctri-1 in the IIC. spectrum of both 27 atd 28, indicated that bcnzyl- 
ation had occurrcd at the N-atom of the carbanioyl group in 28. The hand observed 

0- at 1752.cm-Iin the I K .  spcctrum of 29 and thc peak at m/e !L 176 ( &--k:,ph) 

in its mass spectrum supportcd thc 5-membcred cyclic carbamoyl structiire of 29. 

.%heme 3 

27 28 29 
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The C(4) and C(6) hydroxyl groups of 26 and 27 werc subsequently deblocked by 
hydrolysis with 55% aqueous acctic acid (30; 56% yield from 27 “283 or with 
p-tolucnesulfonic acid in aqueous methanol (97% yield from 26; 90% yield from 27). 
Finally, the 6-0-P-tolylsulfonyl- (17) [2H I, 6;-O-bcnzylsulfonyl-( 18) and 6-0-benzoyl- 
(19) derivatives were prepared by selectivc sulfonatiorr or acylation of componnd 30. 

3. Synthesis of derivatives of benay1 3- O-benzoyl-2-[1 -(benzyloxy)form- 
amid0]-2-deoxy-a-~-glucopyran0side. - 13enxnylntion of compound 25, followed 
by acid hydrolysis of the cthylidene group of 31, and selective monobenzoylation of 
the primary hydroxyl group of 32, yielded bemy1 3 ,(i-di-Q-b~nnzoyl-Z-[l.-(bcnzyloxy)- 
iorrnnmido:l-Z-deoxy-a-n-~lucopyranoside (20) (Scheme 4). 

-- phcocl &$ 
H OCHiPh (86%) OCHzPh 

NHCOzCH,,PII NH-CH,Ph - @  20 

TK)H 
(75 %) H 

32 

The location of the benzoyl group on the C(6) hydroxyl group oi 20 was indicated 
by the presence of the C(4)-OH signal as a doublet in its 1H-NMR. spectrum. OR tlic 
other hand, the coupljng constants between the ring protons in this compound 
(J13 = 3.5, Jz,a - 10, J3,4 - 9.5 and 14,s - 10 Ilz) were cansistent with a trans- 
diaxial arrangemcnt of protons H-C(2), H-C(3), H-C(4) and H-C(S), and an equa- 
torial-axial arrangement of protons H- -C(l) and H-C(2) in tlic C1 -conformation (33). 

33 

The synthesis of the 3,fj-di-O-benzoatc 20 from n-glucosamine, by a sequencc of 
blocking and deblocking reactions (Scheme 4 ) ,  requires six steps. Several studies of 
selective benzoylation of hexopyranosides liave shown that the C(4) hydroxyl group 
is generally tbc least reactive one towards bcnzoylation by benzoyl chloride in 
pyridine 1291. For instance, dimolar hcnzoylation of methyl 2-benzamido-2-deoxy- 
a-o-glucopyranoside has been reported to give thc corresponding 3,6-rli-O-bcnzoate 
W I  * 

The possibility of preparing the 3 , 6-di-0-hcnzoate 20 by selective acylation of 16 
was therefore examined. Compound 16 was trcated in separate experiments with 1.1, 
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2.2 arid 3.3 equivalents of benzoyl chloricle in pyridinc (Scheme5) in order to detcrmine 
the relative reactivity of its hydroxyl groups. 1Ceaction of 16 with 1.1 equivalents 
of benxoyl chloridc gave a major product, which was shown to be benzyl 6-0- 
benzoyl-Z-[l- (benzyloxy)formamido]-2 - deox y -a - u -glucopyranoside (34). Further 
treatment of compound 34 with 1.1 equivalents o f  benzoyl chloride gave a mixture 
of two products, as shown by TLC. Thc componcrits of thc mixture were separated 
by column clirornatagraphy on silica gel. The major component was isolated in 60% 
yield, and was shown to bc benzyl3,G-di-O-benzoyl-2-l l-(beneyloxy)formamido]-2- 
deoxy-a-I)-glucop~~nosi~e (20). The product wds identical (m.p., mixed rn.p., [a:lu, 
IH-NMK., ‘I.‘LC.) with a sample of tho product prepared by the definitive route 
described above. The minor comyoncnt, isolated in 17% yield, was shown to be 
the isomeric 4,fi-di-O-benzoate 35. 

Dimolar bsnzoyhtion of 16 gave a boyo yield of benzyl 3,6-di-O-benzoyl-2- 
[~~-(benzy~oxy)fo~amido~-~-deoxy-a-D-~~:lucopyranos;idc (20), together with a small 
amount of the isomer 35. 

Treatment of 16 with 3.3 equivalents of benmyl chloride gave a mixture of two 
compounds, as shown by TLC. As the scpaation could not be achieved at this stage, 
the crude product was treated with methanesulfonyl chloride in pyridine, and the 
reaction products wcre tlicn separatcd by column chromatography on silica gel. 

Thc major product was isolatcd as a loam in 33% yield, and was characterized as 
benzyI3,4,6-tri-O-benzc)yl-2-[1-( benzyloxy) ~ormarrlic~o~/-2-cieoxy-a-~-glucopyr~o~~~e 
(36). The minor product was obtaincd crystallinc in 13% viield and was shown to be 
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benzyl 3,6-di-O-benzoyl-Z-!, I-(benzyloxy) for ma m id~~~-2-der~~x~-4-C)-mcthylsulfonyl-a- 
u-glucopyranoside (37). 

The abovc results clearly indicated that tho  ordcr of rcixtivity of the hydroxyl 
groups of 16 towards benzoylation with bcnzoyl. c.iilt~ri& in yyridine was the cxpcted 
om (C(6)-OH 3 C(3)-OH > C(4)--OH). Howevcr, tiic synthesis of ttic 3,6-di-O- 
benzoate 20 by selcctive acyhtion of 16 proved mt to br: practical, becausc of the 
difficulties encountcred in its purification. 

4. Synthesis of derivatives of benzyl 2- [ 1 -(benzyloxy)forrnamido]-2-deoxy- 
3-O-(N-pheny1carbamoyl)-a-~-glucopyranoside (,%heme 6). Reaction of bcnzyl 
2-[l-(benzyloxy)formamido]-2-deoxy-4,6-O-ethyl~~~ne-a-~-glucopyran~~sidr! (25) with 
phenyl isocyanate in boiling toluene afforded bcnzyl 2-[ l.-(bcnzyloxy)formamido]-2- 
deoxy-4,6-0-et hylidene-3-O-(N-phenylcarbamoyl)-a-D-glucopyranoside (38). Thc 
4,6-0-ethylidenc group of 38 was liydrolyscd with ~-tolrienesulfonic acid, and the 
resulting compound (39) was treated with 3 . 1  equivalents of phenyl isoc,yatiatc in 
pyridine to give benzyl Z-[l-(benzyloxy) formamido I-2-deoxy-3,6-di-O-(N-phenyl- 
carbamoy1)-a-n-glucopyranoside (21). 

Similarly, reaction of 39 with 1.1 equivalents of bcnzoyl chloride in pyridjne 
yielded the corresponding 6-0-benzoyl derivative 22. 

Scheme 6 

5. Synthesis of benzyl 3,4-di-O-benzy1-2-[1 -(ben~yloxy)formamido]-2- 
deoxy-a-D-glucopymnoside (23) (Scheme 7). Thc title compound was prepared 
from benzyl 3-0-benzyl-2- [l-(benzyloxy)f ortiiarnirlo ~-Z-~eoxy-G-O-~-tolylsulfony1-r*- 
D-glucopyranoside (17) by the following scqucnce of reactions : the 6-O-$-tolylsulfo- 
nyl derivative 17 was treated with an excess of sodium iodide in boiling 2-pentanone, 
whereupon the corresponding 6-iodide 40 was obtained in good yield r28J ; cornpound 
40 was benzylated with benzyyl bromide in the presencc of potassium hydroxide, and 
the iodine atom of the 3,4-di-O-benzylatcd sugar 41 was substituted by  an acetoxy 
group by reaction with silver acetate in a mixture of acetic anhydride and pyridim; 
ammonolysis of 42 finally gave the title compound 23. 
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~ H C C X C H ~  kHmCH,Ph 

42 23 
Thc aatbors wish to oxprcss their thanks to  Dr. W. Arnold, Dr. L. Chopard, nr .  G. E ~ g l t ~ l ,  

Dr. M. Grosjean and nr. W. VeclCer of our Physical Chcmistry l.)epartment for the spectroscopic 
determinations and to Dr. A. Uirsclierl for thc microanalyses. Wc arc grateful for thc skilllul 
kchnical assistancc of Mr. P .  Beytr, Mr. G. Gib&, Mr. G. Hzswzer. Mr. K. Lenzin and Mr. P.  Z'aschmv. 

Experimental Part 
1. General methods. - Melting points werc detcrrnineti on a Uiichi melting point apparatus 

and arc not correctcd. - Spcctral measurcments wcre performod in the Physical Chemistry Dcpart- 
rncnt of F. .lIoff?nann-I..a Roche or clsewherc: using thc following instru mcn,ts: IH-NMR. : Vuvian 
H A  100 and Bruker Fourier TransfoFmspectromcter FIX 90/15 with NicoZet computcr 1083; Vavim 
HH 220 (University of Frciburg irn Brcisgilu). Chemical shifts arc givcn in ppm rclative to tetra- 
methykilane (= 0 ppm) as internal standard, coupling constants J in Hz. TH. : Beckmann IT3 9 
spectrometer. UV. : Cavy Model 14 spcctrometcr. MS. : A B I  MS 9 spectrometer with a direct inlet 
system (70 ev). Optical rotations: Pevkin-Elmer poladmeter Model 141. - Precoatcd silica gcl plates 
F 254 (Mwck) were used for the thin laycr chrorniatography (TIC.). 'llic sputs were observed by 
spraying with 10% sulfuric acid and subscqucnl: hcnting. For the column chromatography silica 
gel (30-70 rnesh/0.2-0.5 mm) of MercR w w  used. 

2. Synthesie of derivatives of bensyl 3-0-benzyl-2- [ l-(benzyloxy)formamldo]-2- 
deoxy-a-m$lucopyranoeide. -. 2.1. Benqd 4,8-O-benzyli~ene-2-[?- (berrzyZoxy)formamid~-2- 
deoxy-a-n-g~ucolhyra~~s~~e (24) [26] [Z?]. A mixture of 80.6 g (0.2 niol) of 16 [251, benzaldeh.yde (1 1) 
and anhydrous zinc chIoride (15.8 g) was shaken at room tcmpcmturc (RT.) for 16 h. Ilie reaction 
mixture was pourcd into 3 1 of water and cxtracted with 13 1 of chlorofw~n. ' L k  cxtract was washed 
with 2 x 1 1 of watcr, dried aver anhydrous sodium sulfate and conccntrated to a small volume 
(2 1). Ether (5 1) was added to thc residue, whereupon crystallization occurrcd. The mixture was 
thcn allowed tci stand ovcrnight at RT., and thc product w& Iiltcred and successively washed 
with cold methanol and cthcr, and dried: yield 83.3 g (85%), rn.p. 21(%220". Hecrystallization 
from dioxane/isopropyJ ethcr gave purc materid, n1.p. 223-224", [a]? = + 81.7" ( E  -. 0.70, 
chloroforni) . 
C ~ H z ~ N O ~  (491.52) Calc. C 68.42 l I  5.95 N 2.85% Found C 68.G2 II 6.11 N 2.89% 

2.2. Benzyl 2-[ l-(benzyloxy) formumidol-2-~eteoxy-/I, 6-O-ellrylidene-a-n-gZ~co~yvrzno~~de (25). - 
2.2.1. Keuction of 16 with acetaldekyde dimethyl ocelul. A sospension of 50 g (124 mmol) of 16 in 
400 ml of acetaldehyde dimethyl acetal was coolcd in ice and water uncicr stirring. Concentrated 
sulfuric acid (5.0 g) was addcd dropwise to this suspcnsion with ice-cooling, and stirring Was 
continued overnight a t  RT. Petroleum ethcr (1.5 I )  and potassium carbonate (10 g) wcre added, 
and the product was filterad, washcd with water, and dried: yield 49.6 g (93%). Rccrystallization 
from ethyl acetatclpetroleum ether gave 25 as whitc needles: yield 46.7 g (88%), m.p. 163-163.5", 
[aJg+= -+ 106.8" (c = 0.46, chloroform). - IH-NM'K.") (100 MHz, CDCls): 4.90 (d, J l , z  -.. 3.0, 

C2&127N07 (429.45) Calc. C 64.32 F16.34 N 3.26% Found C 64.19 H 6.28 N 3.22% 
H-L(l)). 

.-- 
a) Only the most characteristic features of thc 1H-NMR. spcctra are given. 
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2.2.2. Reaction of 16 with acctaZddsyd6. A suspcnsion of 100 g (248 mmol) of 16 in 800 ml of 
acetaldehyde was cooled to  5". and 5.4 ml of conccntrated sulfuric acid wcre added dropwise with 
ice-cooli and stirring. The te.mpcrature rose rapidly to about 40". and the mixture solidificd on 
cooling. After 20 min, the reaction mixture was treated with 3 1 of petroleum ether and 22 g of 
potassium carbonate. The. mixture was filtered, thc solids shaken with a 5% aqueous solution of 
potassium carbonate, and filtered off. The product was washed with water and dried: yicld 98.5 g. 
Recrystallizatiolr from ethyl acetate/petroleum ether gave pure material: yield 91.6 g (86%), 
m.p. 160-161Q, [a$ = + XO4,O" (c = 0.36, chloroform). 

2.2.3. Reactios of 16 with ParaJdehyde [ZG]. Concentrated sulfuric acid (5.4 ml) was addcd 
dropwise undcr stirring to 600 ml of paraldehydc at  So, and the solution was allowed to warm 
to 15". An amount of 100 g (248 mmol) of 16 was added, and the mixture was stirred at R%. for 
1 h. Petroleum ether (500 ml) and potassium carbonate (25 g) were addcd to the mixture and 
stirring was continued for 15 min. The reaction mixturc was filtered, and the filter cake was 
washed with water and dried. The crystalline material was rccrystallizcd from cthyl acetate1 
petroleum ether: yield 92.8 g (87%). m.p. 164-165', [ct]E = f 106.0" (c - 1.0, chloroform). Thc 
product, Rf 5 0.3 (petroleum etherlacetone 7 : 3) was chromatographically identical with samples 
prepared by the above methods. 

2.3. Benay1 3-0-bcnzyl-4,6-O-&nvwne-2-[ ~ - ( b e n ~ l o x y ) / o r m a m ~ ~ o ] - ~ - d s o x y - a - ~ - ~ ~ u c o ~ y ~ a n o -  
side (26). A mixture of 1% g (0.4 mol) of 24,ll of dry dioxane, 500 ml of benzyl bromide and 60 g 
of powdered potassium hydroxide was refluxed for 12 h under stirring. The reaction mixture was 
cooled and treated with 2.5 1 of dichloromethane. Thc dichloromethane solution was washed with 
3 x 1.5 1 of water, then dried over anhydrous sodium sulfatc and concentrated to a small volume 
(I 1). Methanol (5 1) was added to the stirrcd mixture, whereupon crystallization occurrcd. After 
1. h standing at  RT., the white precipitate was filtcred off, successively washed with methanol (2 1) 
and ether (2 l), and dried: yield 181.1 g (78%), m.p. 192-193". [a]: = + 85.5' (c = 0.93, chloro- 
form). - 1H-NMR. (100 MHd, CDC.18) : 5.09 (d,  J1.s - 1, H-C(l)). 

CsfisNO? (581.67) Calc. C 72.27 H 6.07 N 2.41 % Found C 72.26 H 6.04 N 2.530/, 
2.4. Bemy1 3 - o - b e n ~ ~ - 2 - [ 9 - ( b e n ~ l o ~ )  fo~inamido]-2-deo.zy-~, 6 - O ~ l l i y ~ ~ d ~ - c r - ~ - ~ ~ u c o ~ y r u ~ o s i d s  

(27) [ZS]. A mixture of 200 g (466 mmol) of 25, 1 1 of dry dioxanc, 500 ml of bcnzyl bromide and 
50 g of powdered potassium hydroxide was refluxcd for 12 h undcr stirring. The reaction mixture 
was cooled and treated with 2.9 1 of chloroform. The chloroform-phase was washed with 3 x 1.5 1 
of iced water, then dried over anhydrous sodium sulfate and cvaporated to dryness. The resulting 
yellow syrup was treated with 4 1 of petroleum ether, whcreupon crystallization occurred. After 
1 h standing at RT., the crystalline material was filtercd off, washed with petroleum cthcr, and 
dried: yield 190.8 g (79%). m.p. 165-166", [ct]g = + 116.5" (c -- 1.0, chloroform). Recrystalliza- 
tion from ethyl acetate/petroleurn ether afforded pure material, m.p. 169", [a]: = + 117.7' 
(c = 0.95, chloroform). IR.: 1693 (C=O, carbamatc), 1141 cm-1 (cster). - 1H-NMK. (100 MHz, 
CDCls): 4.89 (a, J1,s -4, H-C(l)). 
f.&HsaNO7 (519.S9) Calc. C 69.35 H 6.39 N 2.70% Found C 69.07 H 6.25 N 2.600/, 

2.5. Bemylatam of bmzyl %[1-(&cmryloxy) f o ~ m a m i d o ] - 2 - d e o n y - 4 , 6 - ~ - e t h y ~ ~ ~ e l l e - u - D - g ~ ~ ~ y ~ a n o -  
side (25) with benql chZoVids. To a solution containing 10 g (23 mmol) of 25 in 200 ml of dry dioxano 
6 g of powdered potassium hydroxide and 100 ml of bcnzyl chloride were addcd, and the solution 
was refluxed for 18 h under stirring. The reaction mixture was cooled and treatcd with 300 ml of 
dichloromethane. The extract was washed with 3 x 200 ml of watcr and cvaporated under rcduced 
pmssurc (0.01 Ton). TLC., using hexanclethyl acetate 3:2, revealed three spots at Rf = 0.55, 
0.50 and 0.35. The mixture was fractionated on a column (500 9 )  of silica gel. Elution with benzene/ 
ethyl acetate 19: 1 gave a mkture (3.1 g) of components with Rf - 0.55 and 0.50 (mixture A), 
and elution with benzenelethyi acetate 9:1  gave a mixture (5.1 g) consisting of a major com- 
ponent at Rf = 0.35 and a minor component at Rf = 0.50 (mixture B). Attempts to scparate the 
components of mixture8 A and B by recrystallization failed, 

Mixture A (0.8 g) was separated by TLC. (two 200 x 200 x 2 mm silica gel plates, hexanc/ 
ethyl acetate 5:l. UV. indication), Recrystallization from ethyl acetatelhexanc gave 0.27 g and 
0.05 g of products with Rf = 0.55 and 0.50 respectively. Mixture R (2.0 g) was scparaied on a 
silica gel column (100 g) by development with hexanclethyl acetate 3: 2. Crystallization and 
recrydlization from ethyl acetate/hexane gave 0.41 g of component with Rf = 0.35. 

116 
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2.5.7 The component with Rf L= 0.55 was shown to bc bcnzyl 3-O-benzyl-2-[(N-bcnzyl-N- 
benzyloxycarbonyl)amino~-2-deoxy-4,6-O-ethylidenc-a-n-glucopyranoside (28), m.p. llV, [u]g =! 

-p 127.1" (c = 0.63, chloroform). - IR.: 1714 (C-20, carbamatc), 1141 cni-1 (cster). - MS. (m/e): 
609 (M), 51H (M - PhCHz.). 474 [A4 - (PhCIIa. + COs)], 412 [M - (PhCHx- + WCHO)], 386, 

91- 368 [M - (PhCHs- + COa + PhCHO)], 181, 101 

CmHsgN07 (609.72) Calc. C 72.89 H 6.45 N 2.30% Found C 72.79 H 6.47 N 2.44% 
2.5.2. The product with Rf = 0.50 was bcnzyl 3-O-benzyl-2-[l-(benzyloxy)formamidq7-2- 

dcoxy-4,6-O-ethylidene-a-D-glucopyranoside (27). m.p. 165- lMw, = + 116.8" (C = 0.51, 
chloroform). 
cau&No:, (51.9.59) Calc. c 69.35 I3 6.40 N 2.70% Found C 69.22 H 6.30 N 2.91% 
2.5.3. The component with Rf = 0.35 was shown to bc benzyl 2-[(N-bcuzyl)amino]-Z-N:4-0- 

carbonyl-2-deoxy-4,6-Q-cthy~idene-a-1~-glucopyr~n~ir~c (29), m.p. 128", [a19 = + 95.8" (G = 0.65, 
chloroform). - IR.: 1752 cm-1 (C=Q, 5-mcmbcred carbamate). .-MS. (mle): 412 [ ( M +  H)+J 410 

, 101, 91. - 1H-NMR. (100 MHz, 
( o L l : , P h )  

( M - H  -), 320 (M- WlCHz *), 234, 176 

CDCla): 3.21 ( d x d ,  J1,a = 3.0, Jg,8 -11.5, HX(2) ) ;  4.77 (d,  H-C(1)). 
Czzs3rrS~NO8 (411.45) Calc. C 67.14 H 6.12 N 3.40% Friund C 67.12 H 6.08 N 3.61% 
2.6. BenyE 3- O-benzyl-2-[ 7 - (bmzylaxy ) fovmamidoJ-2-loxy-a-~-g~uco~yranosids (30). - 2d.l. 

Hydrdys is  of benzyl 3-O-ben~l-4,6-O-benzy2idene-2-~7-(benay&xy)formamid~-2-dea~-a-~-~~uco- 
pyyvanoside (26) with p-toluemsdfmric acid. An amount of 100 g (172 mmol) of 26 was suspended in 
3 1 of mcthanof and 1 1 of water, and 25 g of p-toluencsulfonic acid monohydrate wcre added. 
Thc mixture was rcfluxcd for 48 h under stirring, whercupon solution occurred. The solution was 
filtcred and evaporated under reduced pressure, leaving a crystalline material which wm disscllved 
in 1.5 I of dichloromcthanc ccmtaining a small amount of methanol. Thc dichloromethane solution 
was washcd with 3 x 1.5 1 of water, dried over anhydrous sodium sulfate and evaporat~d to dryness. 
The crystalline residue waa triturated with dry ether (2 l), filtered off, washed with dry ether and 
dricd: yicld 82.1 g (97%), m.p. 165-166O, [a]g = + 146.5" (G = 1.0, pyridine). 

CwHslN07 (493.58) Calc. C 68.14 H 6.33 N 2.84% l'ound C 67.92 H 6.35 N 2.75% 
2.6.2. Hydrolysis of benzy l3 -O-be .~y l -2 - [ I - (ben~~oxy)  formam~~o~-8deoxy-4,66-O-efhyl~dene-u-~- 

gtucopyramside (27) with aqueous acetic acid. An amount of 10 g (19.2 mmol) of 27 was suspended 
in 500 ml of 55% aqucous acetic acid, and the mixturc was refluxcd for 12 h under stirring, 
whereupon solution occurred. Thc solution was filtered, conccntrated noarly to dryness, and the 
acid was removed by repcated evaporation with benzene. The crystalline rcsiduc was treated with 
200 ml of ethcr, and the mixture was stored for 4 h in a refrigerator. Thc white crystalline solid 
was filtercd off, washed with ether and dried: yield 5.3 g (56%). m.p. lG0-162". [a]$ = + 138.0' 
(c = 0.99, pyridine). 'Ihe substance was recrystallized from 2-propanol; yield 4.2 g (My'), 
m.p. 162.-163", [u$ = + 140.0" (c = 0.97, pyridine). 

&eHalNO? (493.58) Calc. C 68.14 H 6.33 N 2.84% Found C 67.70 H 6.39 N 2.76% 
2.6.3. Hydrolysis ($27 wi#h p-folzcmesulfonic acid. An amount of 200 g (385 mmol) of 27 was 

suspended in 6.8 1 of methanol and 940 ml 01 water, and 49.6 g of p-toluenesulfonic acid mono- 
hydrate wcre added. The mixture was refluxd for 72 h under stirring, wlmrcupon solution oc- 
curred. The solution wag filtercd and evaporated under reduced pressure, leaving a crystalline 
material. Thc residue was dissolved in 1.5 1 of chloroform c:ontaining a small amount of mcthanol, 
and the solution was washcd with 3 x 1.5 1 of water, drier1 over anhydrous sodium sulfatc, and 
evaporated to clryness. The crystalline residue was triturated with dry ether (2 l), filtercd off, , 

washed with dry other and dried: yield 170.4 g (go%), m.11. 163-164", [a# = + 141.0" (c = 1.0, 
pyridine). 

2.7. Benayl 3 - 0 - b e n ~ y l - 2 - ~ 7 - ( b e n a y b x y ) f o r m a m ~ d o J - 6 - ~ - b ~ ~ y ~ s u 2 f o w y o -  
side (18). The solution of 4 g (8.1 mmol) of 30 in 50 ml o f  pyridine was trcated with 2.3 g (12.1 mmol) 
of knzylsulfonyl cliloride under ice-cooling and stirring. Aftcr 20 h standing at RT., thc redction 
mixturc was pourcd into 100 ml of iced water and extracted with 200 ml of dichtoromethane. The 
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extract wirs washed with watcr, dried over anhydrous sodium sulfatc: and evaporated to dryness. 
Thc crystalline residue was recrystallized from ctliyl acctatclpctro1euIn cthcr : yield 3.8 g (720/,), 
m.p. 125-126", [a]g == + 71 .Or' (G I 1.0, chloroform). 
casH8,NO~s (647.72) Calc. C 64.94 H 5.76 S 4.95% Found C 64.56 11: 5.84 S 4.92% 

2.8. Bensyl 6-O-ben~oyl3-O-lr~ry~-2-[7-  (besezy~r~xy)~ormamid0)-2- deoxy -u- D -gl%co$yvanosidc 
(19). An amount of 10 g (20.3 mmol) of 30 was dissolved in 50 ml of pyridinc antl 2.6 ml (3.2 g, 
22.8 mmd) of hnzoyl chloridc were added with ice-cooling and stirring. After 20 h standing at O", 
the reaction mixture was poured into 100 ml of iced water and cxtracted with two 150 nil portions 
of chloroform. Thc chloroform extract was successively wrr~hcrl with water, 10% aclucous sodiuni 
hydrogen carbonate and water, then dried over anhydrous sodium sulfate and evaporatcd to 
dryness. Thc crystallinc residua was recrystallized froin cthyl acetatelhexane: yicld 11.6 g (96%), 
m.p. 130-131", [UJE = + 84.3" (F = 0.61, chloroform). - -  IR.: 1727 (C-0. ester), 3.694 cni-l 
(C=O, carbarnate). - TIV.: 230 nm (6 12640). - 1Ii-NMR. (90 MHz, 100 MHz, CUCla): 2.90 (la., 
OH); 4.91 (a, ~ J , S  = 3.5, H-C(1)); ((CD&SO): 5.65 (d ,  J4, on = 6.5, OH). 

CasHasNOs (597.64) Calc. C 70.33 H 5-90 N 2.34% Found C: 69.88 H 6.16 N 2.56% 
3. Synthesis of derivatlves of benzyl 3-0-benzoyl-2-[1 -(benzyloxy)fomamido]-2- 

deaKy-cx-D-gluCopyranoaide. - 3.1. Uenzyl 3-O-benzoyl-2-[l. (henayloxy) fovrnumidol-Z-deoxy-4,6- 
O-ethyl i~ne-a-D-gl io~~yanosidc (31). Bcnzoyl chloridc (3.6 g, 25.6 mmol) was added dropwise 
under stirring to a solution of 10 g (23.3 mmol) of 25 in 50 nil of dry pyridine at 0". Thc mixture 
was kept at RT. for 20 h, and then diluted with 250 ml of i c d  watcr. The product was extracted 
with 2 x 100 ml of chloroform. The extract w a ~  succcssivcly washed with 3N sulfuric acid, water, 
dried over anhydrous sodium sulfate, and then evaporatcd to  dryness. Thc crystallinc product 
was recrystallizcd from ethyl acetate/isopropyl ether to givc 9.3 g (7.5%) of 31, m.p. 141-144'. 
[u]:;~= + 128.5" ( E  == 1.04, chloroform). IH.: 1725 ( C - 0 ,  cstcr), 3700 cm-1 (C=O, carbarnate). - 
UV.: 229 nrn (8 12420). 

CsoHslNOs (533.56) Calc. C 67.53 H 5.86 N 2.63% Found C 67.55 11 5.78 N 2.63% 

3.2. Bnrzyl3-0-benzoyl-2-[7-(knryloxy) f o r m r s n r z d o ~ - 2 - L 2 ~ o . ~ y - a - ~ - ~ ~ ~ o ~ y ~ a n o s ~ d e  (32). Compound 
31 (8 g, 15 mmol) and p-toluencsulfonic acid inonohydmte (2 g )  were rcfluxed in methanol (270 mi) 
and water (40 ml) for 20 h under stirring, and the solution was cvaparated to dryness. The rcsiduc 
was dissolved in 250 ml of chloroform, and the solution was washed with water. dried ovcr an- 
hydrous sodium sulfatc, and then evaporated to a syrup which was crystallized and recrystallirccl 
from ethyl acetatelpetroleum ether: yield 5.7 g (7593, m.p. ll€i-l17", [u]g = + 155.1" (c = 0.63. 
chloroform). -. IR.; 1727 (C=O, ester), 1701 cm-1 ( C - 0 ,  carbarnate). - UV.: 230 (11610). - .  
1H-NMR. (I00 MMz, CDCls): 4.97 (d,  J l , z  = 3.5, H-C(J)); 5.34 ( d x d ,  1 2 . 3  - 8 ,  5.3.4 -9.5, 

Ca8HagNOa (507.52) Calc. C 66.26 14 5.76 N 2.76% Fouriil C G5.92 I1 5.85 N 2.86% 
3.3. Benay1 3.6-di-0-bmtoyl-2- [ 7 -(b.mzyloxy) formamido] -2 -L2eoxy-u-D-~~uco~y~~~oside (20). - - 

3.3.1. Mombmzoylation of 32. An amount of 4.5 g (8.9 mmol) of 32 was dissolved in 25 ml of 
pyridine and 1.4 g (9.9 mmol) of benzoyl chloridc wcrc added with ica-cooling antl stirring. .After 
20 h standing at RT., the reaction mixture was cvaporatctl to dryness. l'he residue was dissolved 
in 250 ml of chloroform, and the solution was washed with 3N sulfuric acid, watcr, dried ovcr 
anhydrous sodium sulfate, and evaporated to a colorless syrup. TLC., using hexanc/uthyl acetate 
l:l, revcaled onc major component with Rf = 0.45 and a minor one with Hf = 0.10 (32). The 
major component was separated on a column (lo0 g) of silica gel with hexanc/ethyl acetate 1 :l. 
Crystallization from benzene/hexane gavc thc 3,6-di-O-bcnao-dte 20, yield 4.7 g (86%), m.p. 
12&12Z0. [a]g = + 131.3' (c = 1.26, chloroform). 
CasHsaNOg (611.65) Calc. C 68.73 H 5.44 N Z.Z9yo liound C 68.57 1-T 5.45 N 2.250/, 

3.3.2. Uibmzoylation of 16. Cornpound 16 (8.1 g, 20 mmol) was dibenzoylatcd as describctl 
above. TLC. of thc syrupy product with pctrolcum cthcr/acotonc 7 : 3 indicated thc presence of 
a major component, with Rf = 0.50, and a minor component, with Rf = 0.65. The mixture waq 
chromatographcd on silica gel (300 g) with hexane/cthyl acctatc 3: 1. The major component 
crystallized and was recrystallizcd from &nxcne/huxane to give thc 3,6-di-O-banzoate 20 (7.3 g, 
60%), m.p. 121-122", [ u ] v  = + 130.8' (c = 0.64, chloroform). - IK.; 1724 cm-1 (C-=O, cster, 
carbarnate). - UV.: 230 nm ( E  25375). - IH-NMR. (100 MHz, 220 MHz, CI)(=Is) : 3.31 (d, J4, oH -4, 

N-C(3)). 
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OH); 3.81 ( & ~ d X d ,  J9,4-9.5, J4.5-10. H-C(4)); 4.03 (m, J5,6-4.5, J5,6,-2, H-C(5)); 
4.20(dxdxd,J1,2 = 3.5,J2,~-10,J2,~~-10,H-C(2));4.98(d,H-C(1));5.36(d~d,~H-C(3)). 

Cs5HssNOg (611.65) Calc. C 68.73 H 5.44 N 2.29% Found C 68.58 H 5.30 N 2.54% 
3.4. Benzyl6-O-benzoyl-2-[7-(benzyloxy) formamido]-2-deoxy-u-~-glucopyranoside (34). Benzoyl 

chloride (3.1 g, 22 mmol) was added dropwise to  a solution of 8.1 g (20 mmol) of 16 in 50 ml of 
dry pyridine at O", and the mixture was maintained at this temperature for 20 h. It was then 
concentrated nearly to  dryness and pyridine was removed by co-distillation with toluene. TLC. 
of the resulting colorless syrup with petroleum etherlacetone 7: 3 revealed the presence of a major 
product, with Rf = 0.25, and a minor product, with Rf = 0.55. The major component was 
obtained pure by chromatography on silica gel (300 g) with benzenelethyl acetate 1 : 1. The product 
crystallized and was recrystallized from ethyl acetatelpetroleum ether to  give the 6-0-benzoate 34 
(6.3 g, 62%), m.p. 149-152", [a]g = + 70.3" (c = 0.38, chloroform). - IR.: 1723 (C=O, ester), 
1695 cm-1 (C=O, carbamate). - UV.: 229 nm (E 12800). - 1H-NMR. (100 MHz, CDCls): 4.91 
(d, J1.z = 2.8, H-CP)). 
CzsH29NOa (507.52) Calc. C 66.26 H 5.76 N 2.76% Found C 66.37 H 5.72 N 2.66% 

3.5. Benzyl 4,6-di-O-benzoyl-2-[l-(benzyloxy)formamido]-2-deoxy-a-~-gluco~yranoside (35). 
Compound 34 (2.5 g, 4.9 mmol) was monobenzoylated as already described. TLC. of the syrupy 
mixture with petroleum etherlacetone 7 : 3 revealed the presence of two components, with Rf = 
0.40 and 0.15. The mixture was fractionated on a column of silica gel (150 g) with hexanelethyl 
acetate 3: 1. 

3.5.7. Recrystallization of the faster moving component from benzenelhexane gave 1.8 g 
(60%) of the 3.6-di-0-behzoate 20, m.p. 122-123". [u]g = + 131.0' (c = 0.65, chloroform). - 
UV. : 230 nm (E 24945). 
C35HssNOg (611.65) Calc. C 68.73 H 5.44 N 2.29% Found C 68.47 H 5.39 N 2.30% 

3.5.2. Recrystallization of the slower moving component from benzene/hexane gave 0.50 g 
(17%) of the 4,6-di-O-benzoate 35, m.p. 149-150", [a]g = + 81.4" (c = 0.47, chloroform). - IR.: 
1730 (C=O, ester), 1715 cm-1 (C=O, carbamate). - UV.: 230 nm (E 25250). -1H-NMR. (100 MHz, 
CDCIa): 2.94 (br., nearly d ,  sharpening after irradiation at 4.05 ppm, OH); 5.01 (d, Jl,2 = 3.5, 
H-C(1)); -5.33 (d X d, Js.4 - 9, J4.5 - 7.5, H-C(4)). 

CsaHsNOg (611.65) Calc. C 68.73 H 5.44 N 2.29% Found C 68.78 H 5.38 N 2.26% 
3.6. Benzyl 3,4,6-tri-O-benzoyl-2- [l-(benzyloxy) formamido]-2-deoxy-a-~-glzlcopyranoside (36). 

Compound 16 (8.1 g, 20 mmol) was tribenzoylated as already described. TLC. of the colorless 
syrup with hexanelethyl acetate 2 : 1 indicated the presence of two products, with Rf = 0.40 and 
0.30. Attempts to separate these products by column chromatography on silica gel were unsuc- 
cessful. The mixture (12.5 g) in cold pyridine (100 ml) was treated with methanesulfonyl chloride 
(5 ml). After 20 h at RT., the reaction mixture was poured into ice-cold water (500 ml), and 
extracted with 2 x 250 ml of dichloromethane. The extract was washed with 3 N sulfuric acid, 
water, dried over anhydrous sodium sulfate, and then evaporated to  a syrup. Two products with 
Rf = 0.45 and 0.40 were shown to be present by TLC. with hexanelethyl acetate 2:  1. The mixture 
was fractionated on a column (250 g) of silica gel with the same solvent system. 

3.6.7. The first product was shown, after unsuccessful attempts of crystallization, to  be 36: 
yield 4.7 g (33%), [a13 = + 76.0" (c = 0.53, chloroform). - IR.: 1733 cm-1 (C=O, ester). - UV.: 
231 nm (E 36185). 
C42H~7N010 (715.75) Calc. C 70.48 H 5.21 N 1.96% Found C 70.45 H 5.33 N 1.91% 

3.6.2. The second product crystallized, and recrystallization from 2-propanol gave benzyl 
3,6-di-O-benzoyl-2 - [l- (benzyloxy)formam~do]-2-deoxy-4-O-methylsulfonyl-u-~- glucopyranoside 
(37): yield 1.8 g (13%), m.p. 109-110", [a$ = + 116.4' (c = 0.56, chloroform). - IR.: 1728 
(C=O, ester), 1352,1180 cm-1 (-S02-). - UV.: 230 nm (E 25020). -1H-NMR. (100 MHz, CDCls): 
5.02(d,Ji,z-5H~,H-C(1));5.05 (dxd,JZ,s-lO, J3,4-9.5,H-C(3)); -5.65 (dxd,J4,5- 
10'5t H-c(4)). CSHasNO11S Calc. C 62.69 H 5.11 N 2.03 S 4.65% 

(689.74) Found ,, 62.69 ,, 5.19 ,, 2.09 ,, 4.63% 

4. Synthesis of derivatives of benzyl 2-[1-(benzyloxy)formamid0]-2-deoxy-3-0- 
(N-phenylcarbamoy1)-a-D-glucopyranoside. - 4.1. Benzyl 2-[l-(benzyloxy)fo~mamido]-2- 
deoxy-4,6-O-ethylidene-3-O-(N-~henylcarbamoyl)-a-~-glucopyranoside (38). An amount of 10 g 
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(23.3 mmol) of 25 was dissolved in 200 ml of dry toluene and 10 nil of phenyl isocyanate weri: 
added. After 10 h of rcfluxing. thc solution was cvaporatucl to dryness. Rccrystallization from 
cthyl acetate/pctrolcum cthcr gave purc inatcrial: yicld 11.3 g (88%), Ik1.p. 184-18S0, [a$ =: 

f 96.9" (c = 1.14, chloroform). - IH.: 1730, 1702 c n r l  (C 4, carbarnate). - IN.: 236 nm 

Ja,a N JS,A - 10, H--C(3)). 
(E 17305). - 1H-NMR. (100 MHz, 220 MHz. CZ1Cl3) : 4.91 ((4. J J , ~  = 3.8, H*-C(1)); 5.22 (d X d ,  

CaoHagNgO~ (548.57) Calc. C 65,68 H 5.88 S 5.11 "/o Ziouncl C 65.70 H 5.70 N 5.03% 
4.2. Bemyl 2-[l-(benzyloxy)formamirlo~-2-deo,~y-3-O-(N-phenylr~~~amojtl)-a-~-~lzcco~yrunosi~e 

(39). Compound 38 (52.2 g, 95 mmol) was suspcntlctl in 1.8 I (Jf methanol antl 250 in1 of witcr. 
$-Toluencsulfonic acid monohydratc (13.2 g) was atltled arid the  mixture wis heated for 48 h 
linter reflux with stirring. The solution was cvaporated to dryness, and the residue was  di~wlvctl 
in 1 1 of chloroform. Thc extract was washed with watw, clrictl ovcr anhydrous sodium sulfate and 
concentratcd to dryness. The crystalline resicluo 'was recrystallixccl from ethyl acetate/ir;opropyl 
ether: yield 35.4 g ('71%), m.p. 164-165", [a]g 7- + 106.6" (1: = 1.02, chloroform). - JR.: 169!) cm 
(C-0, carbarnatc). - UV. : 236 nm (e 17780). 
C S ~ H S ~ N ~ O ~  (522.54) Calc. C G4.35 €I 579  N 5.36% Found C 64.21 H 5.77 N 5.27% 

4.3. Rmayl Z-[f-(bemyloxy) fom~umtd~]-2-deoxy-3,6-di-O-( . \ ~ - ~ ~ a n y ~ c a v b a m o y ~ ) - s - ~ - ~ l ~ ~ o ~ y v u l f o -  
side (21). hoduc t  39 (5.22 g, 10 mmol) was dissolved in 30 In1 of  pyritline and 1.3 g (11 mmol) of 
phenyl isocyanate werc addccl with ice-cooling and stirring. AIttx stmiding a t  0' for 20 niin and at 
RT. for 4 h, the solvent w a  removed under rcdncctl prcssurc. 'J'hc residual syrup was dissolved in 
300 ml of dichloromcthanc, and the solution was washed with 3~ sulfuric acicl, wdor, drjcd ovw 
anhydrous sodium sulfate, and cvaporated to dryness. 'J'LC. (ethyl acetate) showed one ncw spot 
at Rf = 0.90, besides the spot of 39, Rf I= 0.55. Tho mixture was scyarated on a silica gcl column 
(250 g) by devclopmcnt with ethyl acetatc. Fractions containing material with. Kf := 0.90 wen: 
cvaporated under rcduced prcssurc, and the crystalline residue was rccrystallizcd fro111 ethanol : 
yicld 3.25 g (51%), m y .  188--190", [a]g = 4. 86.7" (c = 0.94, chlorolorrn). -. IR. :  1716 cni-1 
{C=O. carbamatc). - UV.: 236 nm ( E  36655). - 1.H-NMR. (IOU MHz, CDCls/(Cl)&SC) -6:l):  

CasHasNaOu (641.65) Calc. C G5.51 H 5.S0 N 6.550/, 'Found C G5.23 H 5.48 N 6.22% 
4.4. Benzy l 6-0-benzuyl-2- [ I  - (bemyloxy ) fomsamido) -2-dmuy-5 0- ( N - p  henylcarbamu$) -a-u-&co- 

pyrurtoside (22). A solution of 10.6 g (20.3 ~nmnl) of 39 in 50 nil of dry ppidinc. was trcatccl at Oo 
with 3.05 g (23.5 mmol) of bcnzoyl chloriclc, a n d  thc niixturt: was kept for 18 b at 0". Thc mixturc? 
was thcn poured into 100 ml of iced watcr antl cxtractcd with Zx  150 ml (if chloroform. Ttic 
extract was washed with 3N sulfuric ,acid, watcx, thcn driotl ovcr anhydrous sodium sulfate and 
evaporated to dryness. TLC. of the product with hexanc/ethyl acetattc 1 : t rcvcalctl a inajor 
cornponcnt, Kf :: 0.60, and a minor componcnt, Hf -..: 0.10 (starting material). Thr: mixturc: was 
redissolvccl in cthyl acetate and placed on a coluriin (500 g) of silica gel. Tlic material with 
Rf = 0.60 was washctl from the column with 250 ml of cthyl acetate. Evaporation of tlic eluate 
left a crystallinc solid which was rccrystallizctl rrotn ctl)!.l ncetatcpicxanc. yiejding 9.8 g (77%) : 
m.p. 139-140", [ct$; = + 105.1" (c = 0.74, chloroforui). . I R :  1718cm-1 (C:-.O cstcr, carbaniate).- 
TJV.: 232 nrn ( B  29095). - 1H-NMR. (100 MIfz, CIIClr) : 4.91 (a, J1.z 7.. 3.8, H-Cp)). 
C35H34N209 (626.63) Calc C 47.08 H 5.47 N 4.47% Found C 67.20 H 5.43 N 4.19% 

5. Synthesis of benzyl3,4-di-O-bet1zyl-Z-[l -(benzyloxy)formamldoJ-2-deoxy-a-D- 
glucopyrmoeide (23). - 5.1. Rentyl 3,4-di-Q-De~zyZ.~l-l.Y -(b~nzylo~y)jornaamirlo]-2,6-dideoxy-G- 
iUdO-ec-D-glUGOpyranOS~~e (41). A mixture of 31.5 g (.iZ.2 mmol) ol40 [28J, 200 mi of bcnzyl txomidc 
and 32 g of powdercd potassium hydroxicla was rcfluxccl lor 20 h under stirring. Thc reaction 
mixturc was cooled and treated with 11 of knzc~ric. Thc lwnzene solution was washed with water, 
dried over *anhydrous sodium sulIitc and conccntratctl to a syrup. Crystallization from isopropyl 
ether ant1 recrystallization from cthyl ;tcctatc/isrJiirol)!.1 rthcr gavc purc product: yicld 18.5 g 
(51%), m.p. 134-135'', [BIB = f 84.1" (c = 1.11, chloruformj. 
Cd-IsJNOr, (693.58) Cele. C 60.61 IT 5.23 J 18.30%, l+)und C 60.67 I1 5.01. J J 7.8(>%, 

5.2. Renzyl 6-O-a~ety1-3,8-d~-~-benzy~-~-[~-(hs~zz~ybxy) ,~~rmam~do~-2-deoxy-u-i~-~lucopyrunasi lde 
(42). The solution of 15.5 g (22.3 mmol) ( ~ f  41 in 230 in1 of acetic anhydride was hcatccl to 704. To 
this solution a warm solution (70') of 9.7 g o f  silver acctntc. in 2530 mI of pyridinc was atltlcd drop- 
wise under stirring. After thc completc addition, thc rcaction mixturc was heated thrcc: additional 

4 . 9 7 ( d , J l . z ~ 4 , H - - C : ( 1 ) ) ; 5 . 1 3 ( d ~ d , J e , 3 ~ 9 , J ~ , 4 ~ 9 . 5 ,  H-C(3)). 
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hours uiitler stirring. The reaction mixture was eva1)oratcd to a dark brown rcsidue from which 
the last traces of pp-idine were removed by repcatcd evaporation with toluene. The dried residue 
was extracted with bcnzeno, and the bcnzent? solution was pourcd onto a column (100 g) of silica 
gcl. Elution was effected with benzenelether 9:l. Evaporation of thc eluate left crystalline ma- 
tcrial, which was recrystallized from cthyl acctate/hexane: yield 9.2 g (G6%), m.p. 129-130°, 
[u]$ = f 99.4" (c = 1.01, chloroform). .- 1R.:  1734 (C- 0, cstcr), 1697 cm-1 ( G O .  carbamatc). 
C ~ ~ H S ~ N O I J  (625.69) Calc. C 71.02 H 6.28 N 2.24% Found C 70.65 H 6.27 N 2.57% 

5.3. Uenzy l 3.4-di-O-benzy 1-2- r7 - (benzyAoxy) formamidol -2-deoxy-a-n-gluco~~ranosade (23). Com- 
pound 42 (9.2 g, 14.7 mmol) was dissolved in 500 ml of anhydrous methanol containing 0.3 g of 
sodium, ant1 tho solution was allowcd t o  stand h c  2 h at RT. The solution was neutralized to 
pH 7 with Aniberlitc IH-120 ( H t )  cation-exchange resin and concentratcd to a small volume 
(50 ml). whereupon crystallization occurrcd. Rccrystallization from c th  yl acetate/hcxane gave 
the pure product 23: yicld 7.4 g (86%). n1.p 156", I,a]g -- + 100.2" (c = 1.01, chloroform). - 
IR. : 3490 cni-1 (OH). 
&H37N07 (583.415) CdC. C 72.02 11 6.39 N 2.40% Found C 71.80 H 6.35 N 2.47% 
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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. 


