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ABSTRACT 

2-Acetamido-2-deoxy-4- and -6-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-D- 

glucopyranose, 2-acetamido-2-deoxy-3-~-(D-2-propanoyl-L-alanyl-D-isoglutamine)-D- 

allopyranose, -D-gulopyranose, -D-galactopyranose, -D-mannopyranose, and -L-ido- 

pyranose, and 3-0-(D-2-propanoyl-r_-alanyl-D-isoglutamine)-D- and -L-glucopyranose 
were synthesized, in order to clarify the structural requirements for the immuno- 

adjuvant activity of the carbohydrate moiety in ~-acetylmuramoyl-L-alanyl-D-iso- 

glutamine. Immunoadjuvant activity of the N-acetylmuramoyl-dipeptide analogs 

was examined in guinea-pigs. 

INlRODUCTION 

Since the discovery5 of a simple, dipeptide derivative of muramic acid, namely, 

N-acetylmuramoyl-r_-alanyl-D-isoglutamine (MDP), which is the minimal, immuno- 

adjuvant-active structure capable of (a) replacing whole bacterial cell in complete 

Freund’s adjuvant, for increasing levels of antibodies against a given antigen, and 
(b) inducing a deIayed type of hypersensitivity, a great number of analogs6 have been 

synthesized with the objective of elucidating the mechanism of action, and developing 

a new class of organic compounds useful for clinical applications. In our continuing 

efforts to delineate the relationship between the activity and the structure of the 

carbohydrate moiety in MDP, we have demonstrated that not only is the sugar moiety 

essential for the activity’ but also that chemical modifications’**** of the functional 

groups in the carbohydrate moiety produce various, important effects on the mani- 

festation of activity 2-4 The present report describes the synthesis of 2-acetamido-2- . 

deoxy-4-and-6-O-(D-propanoyl-L-alanyl-D-isoglutamine)-D-glucopyranoses (position- 

*Studies on Immunoadjuvant Active Compounds, Part XIII. For Part XII, see ref. 1. For preliminary 
reports on part of this work, see refs. 2-4. 
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al isomers of MDP, as regards the lactoyl-dipeptide linkage), D-a/lo, ~-g&o- 

D-gahCf0, D-manno, and ~-id0 types of MDP (configurational isomers of MDP 
bearing IactoyI-dipeptide at C-3), and D- and L-3-0-(D-2-propanoyl-r-alanyl-D- 
isoglutamine)glucopyranoses, and their immunoadjuvant activities. 

RESULTS AND DISCUSSION 

Benzylation of benzyl 2-acetamido-2-deoxy-4,6-U-isopropylidene-a-D-gluco- 
pyranosideg (1) gave crystalline” 2, from which benzyl 2-acetamido-3-0-benzyl-2- 
deoxy-x-D-glucopyranoside’ 1 (4) was prepared by hydrolytic removal of the 4,6-0- 
isopropylidene group with 60 % aqueous acetic acid. Partial benzylation of 4 according 
to the procedure of Sinaji ei ai.12, gave benzyl2-acetamido-3,6- and -3,4-di-O-benzyl- 
2-deoxy-z-D-glucopyranosides (5 and 8). Compounds 5 and 8 were condensed with 
L-2-chloropropanoic acid in the presence of sodium hydride, to give the corresponding 
4-O- and 6-O-(D-I-carboxyethyl) derivatives (6 and 9) in high yield. Coupling of 6 
and 9 with r_-alanyl-D-isoglutamine benzyl ester, using dicyclohexylcarbodiimide and 
N-hydroxysuccinimide (DCC-HOSu) as activatin g agents in l+dioxane, respectively 

afforded the corresponding lactoyl-dipeptide derivatives (7 and 10) in almost quanti- 
tative yield. Hydrogenolytic removal of the protecting groups in compounds 7 and 10, 
in 10: 10: 1 (v/v) methanol-water-acetic acid, with hydrogen in the presence of 10% 
Pd-C catalyst at 30”, gave the desired, positional isomers (11 and 12) of MDP (45) 
as amorphous materials_ 
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On the other hand, the benzyl 4,6-0-isopropylidenehexopyranosides (13, 16, 
and 19) and the benzyl 5,6-0-isopropylidenehexofuranosides (25 and 37) were first 
prepared as convenient intermediates for the synthesis of the configurational isomers 
of the carbohydrate moiety of MDP (45). Treatment of benzyl 2-acetamido-2-deoxy- 
4,6-0-isopropylidene-cc-D-glucopyranoside’ (1) with methanesulfonyl chloride in 
pyridine afforded the 3-0-mesyl derivative 3, which was converted, in 79% yield, 
into benzyl 2-acetamido-2-deoxy-4,6-O-isopropylidene-cr-~-allopyranoside (13) by 
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heating with sodium acetate in aqueous 95% 2-methoxyethanol. The kinetically 
controlled isopropylidenation l3 of benzyl 2-acetamido-2-deoxy-u-D-gulopyranoside’4 
and benzyl 2-acetamido-2-deoxy-a-D-galactopyranoside15, with 2,2-dimethoxy- 
propane, ZVJV-dimethylformamide, andp-toluenesulfonic acid, gave thecorresponding 
4,6-0-isopropylidene derivatives (16 and (19) in good yield. Acetylation of 19 with 

RO NHAc 

13R = H 19R = H 

14R = (I 17R= Q 

l5R = b 18R= b 

20R = AC 

21R = o 

acetic anhydride-pyridine afforded a 92% yield of a crystalline monoacetate, 20, 
whose n.m.r. spectrum indicated that the observed low-field position of the H-3 
signal provided clear evidence for the presence of an acetoxyl group at C-3. Treat- 
ment of benzyl 2-acetamido-2-deoxy-a-D-mannofuranoside16 with the 2,2-dimethoxy- 
propane reagent at room temperature gave a crystalline 5,6-0-isopropylidene deriva- 
tive (25) in 95 % yield. 

Benzyl 2-acetamido-2-deoxy-5,6-O-isopropylidene-/3-D-glucofuranoside1 ’ (28), 
derived from 2-acetamido-2-deoxy-D-glucopyranose in one step, served as the starting 
material for the synthesis of the r_-inO analog of MDP. Benzoylation of 28, to give 
29, followed by 0-deisopropylidenation of 29, gave benzyl2-acetamido-3-O-benzoyl- 
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2-deoxy-jl-D-ghtcofuranoside (30) in good yield. Selective benzoylation, with benzoyl 
chloride in pyridine at -2O”, of the primary hydroxyl group on C-6 in 30 afforded 
the 3,6-dibenzoate (31) in 84 % yield; 31 was mesylated with methanesulfonyl chloride 
in pyridine to afford the 5-O-mesyl derivative 32. Compound 32 in dry chloroform 
was treated with methanolic sodium methoxide at -2O”, to give crystalline benrll 
2-acetamido-5,6-anhydro-2-deoxy-a-L-idofuranoside (33) in 82 % yield; this was 
treated with dihydropyran, to afford the 3-O-(tetrahydropyran-2-yl) derivative (34). 
Hydrolysis of the epoxide ring in 34, under mild, alkaline conditions, gave benzyl 
2-acetamido-2-deoxy-3-0-(tetrahydropyran-2-yl)-cc-L-idofuranoside (35); the reaction 
did not involve inversion of C-5, because of predominant attack18 at C-6 in 34 by 
hydroxyl ion_ Partial hydrolysis of 35 with 70% aqueous acetic acid, and subsequent 
isopropylidenation with 2,2_dimethoxypropane, gave the desired 5,6-O-isopropylidene 
derivative (37) in good yield. 
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Compounds 13, 16,25, and 37 thus obtained, were condensed with L-Zchloro- 
propanoic acid in the presence of sodium hydride in dry 1,4-dioxane, to afford the 
corresponding 3-0-(o-1-carboxyethyl) derivatives (14, 17, 26, and 38), respectively, 
in good yields. However, in the condensation of 19 with L-Zchloropropionic acid, 
the 4,6-0-isopropylidene group in compound 21, thus formed, was very labile, even 
under only mildly acidic conditions, and therefore, benzyl Zacetamido-3-O-@-l- 
carboxyethyl)-2-deoxy-cc-D-galactopyranoside (22), lacking the isopropylidene group 
because of hydrolysis during chromatography on a column of silica gel, was obtained 
in 55% yield. Treatment of the crude 21 with Amberlite IR-120 (Hf) ion-exchange 
resin in methanol, and subsequent acetylation, afforded, in 79% yield, 24, the n.m.r. 
spectrum of which was consistent with the structure depicted. 

Coupling of compounds 14, 17, 22, 26, and 38 with L-alanyl-D-isoglutamine 
benzyl ester was conducted with dicyclohexylcarbodiimide and N-hydroxysuccinimide 
as the activating agents, to afford the corresponding lactoyl-dipeptide derivatives 
(15,X$23,27, and 39) in almost quantitative yields. Hydrolysis of the isopropylidene 
group in 15,18,27, and 39 under mild, acidic conditions, and subsequent hydrogeno- 
lytic removal of the protecting groups (in methanol-water-acetic acid, with hydrogen 
in the presence of 10% Pd-C catalyst at 30-35”) gave the desired, configurational 
isomers (40-44) of IV-acetylmuramoyl-r_-alanyl-D-isoglutamine (45; MDP) in high 
yieIds. 
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Condensation of 1,2 : 5,6-di-O-isopropylidene-r*-D-glucofuranose or I,2 : 5,6- 

di-O-isopropylidene-or-r_-glucofuranose’g with r_-Zchloropropanoic acid as already 
described, gave the corresponding 3-O-(D-I-carboxyethyl) derivatives (46 and 48), 

respectively, in good yields. Coupling of the acids 46 and 48 with the t.-alanyk- 
isoghrtamine derivative yielded the corresponding dipeptides (47 and 49). Compounds 

47 and 49 were first treated with 90% aqueous trifluoroacetic acid, to convert them 

TABLE I 

ADJWA~ A~VITY OF CARBOHYDRATE ANALOGS OF N-ACENLMURAMOYL-L-ALANYL-D-ISOGLUTAMINE 

(MDP) ON THE INDUCTION OF DELAYED-TYPE HYPERSENSITIVITY TO ABA-N-ACETYLTYROSINE IN GUINEA- 

PIGS 

Compoundn Skin rcaction wirh A BA-BSAb (100 pg) 
(diam. in mm -i- SE)” at 

--- 
24 h 48 h 

11 (4.8 rt1.4) 
12 (9.7 zkO.2) (Y-4 kO.9) 
40 (7.6 &l-6) 0 
41 (8.5 f0.6) 0 
42 24.6 ;0.9 21.3 &0.8 
43 19.7 f2.4 19.8 51.9 
44 (10.7 A2.1) (4.5 S2.0) 
51 17.7 iO.8 14.4 ho.9 
53 (7.8 11.2) 0 
45 (MDP) 21.0 f1.8 19.0 i2.0 
Controld 0 0 

_______-_ 

@Dose: 100 pg. *Azobenzenearsonate-N-acetyl-L-tyrosine-bovine serum albumin. CThe data indicate 
the average diameter & the standard error (SE) of the skin reaction (induration) of four guinea-pigs; 
the values in parentheses indicate the size of the erythema. *ABA-N-acetyltyrosine in Freund’s 
incomplete adjuvant. 
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into the pyranoid structures (50 and 52), and then hydrogenated in ethanol, with 

hydrogen in the presence of 10% Pd-C catalyst, to give the desired, optical isomers 

(51 and 53) of the MDP analog_ 
The immunoadjuvant activities of the compounds thus obtained on the in- 

duction of the delayed type of hypersensitivity to N-acetyl-r_-tyrosine3-azobenzene- 

4’-arsonate (ABA-N-acetyltyrosine) in guinea-pigs were examined6’ (see Table I). 

Compounds 11 and 12 abolished the activity almost completely, indicating that, 
for manifestation of the activity, the position of the linkage between the Iactoyl- 

dipeptide and the sugar moiety must be at C-3. On the other hand, among the con- 

figurational isomers (40-44) of the carbohydrate moiety in MDP, the D-gakzcto 

and D-manno analogs (42 and 43) showed strong activity, comparable to that of 

MDP, whereas other isomers had no adjuvant activity_ 3-O-(D-ZPropanoyl-r_-alanyl- 

o-isoglutamine)-o-glucopyranose (51), bearing a hydroxyl group (instead of an 
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acetamido group on C-2 of the carbohydrate moiety in MDP), showed potent 
activity, almost comparable to that of MDP; however the corresponding L-gluco- 

pyranose analog (53) exhibited complete loss of activity. These results suggest that, 

for activity, the configurations of C-3 and C-5 are highly critical, but that those of 

C-2 and C-4 are unimportant_ In addition, it was indicated that the substituent on 
C-2 is not restricted to the acetamido group, which can be replaced by other groups. 

EXPERIMENTAL 

General methods. - Melting points were determined with a Yanagimoto micro 

melting-point apparatus and are uncorrected. Specific rotations were determined 
with a Union PM-201 polarimeter, and i-r. spectra were recorded with a Jasco IRA-I 

spectrophotometer. N.m_r_ spectra were recorded at 90 MHz with a Hitachi R-22 
spectrometer, and the n.m.r. data were confirmed by use of decoupling techniques_ 

Preparative chromatography was performed on silica gel (Waco Co.; 300 mesh) 

with the solvent systems specified_ Evaporations were conducted in vamo. 

Benzyl 2-acetamido-3-0-ben,[-2-deo~y-4,6-O-isopropyiidene-u-D-~lucopyrano- 

side (2). - To a stirred solution of9 1 (1.35 g) in N, N-dimethylformamide (10 mL) 
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kept at 0” were added benzyl bromide (3 mL), barium oxide (3.0 g), and barium 

hydroxide octahydrate (1.2 g). The mixture was stirred for 2 h at 0”, and then for 
15 h at room temperature. Chloroform (50 mL) was added, and the mixture was 
filtered, the residue being washed with more chloroform. The filtrate and washings 

were combined, washed with water, dried (sodium sulfate), and evaporated to a 

syrup which was chromatographed on a column of silica gel (25 g) with benzene and 

then 100 : 1 benzene-methanol. The latter eluate afforded 1.3 g (78 %) of the product; 

recrystallization from ethanol-hexane gave needles, m-p. 135-I 37 O, [z];” + 149 o 

(c 0.3, chloroform) (lit.” m-p. 127-12S”, [a]F + 112”). 

Anal. Calc. for Cz,H,,N06: C, 65.00; H, 7.0s; N, 3.17. Found: C, 67.92; 

H, 7.03; N, 3.22. 

Benzyi 2-acetattzino-3-O-bett~~~l-2-~eo_~y-~-D-gittcop~lratiosi~/e (4)_ - A solution 

of 2 (3.2 g) in 60 % aqueous acetic acid (30 mL) was heated for 2 h at 40-45”, and 
evaporated, and the residue crystallized from ethyl acetate-hexane to give 4 (2.8 g, 

95 %) as needles, m.p. 1 S4-185”, [tl];’ + 154” (c 1.0, methanol) (lit.’ ’ m.p. 179”. 

[a];0 + 155 “)_ 
Anal. Calc. for CzzH,,N06: C, 65.42; H, 6.78; N, 3.49. Found: C, 65.38; 

H, 6.61; N, 3.39. 

Bet& 2-acetatt~ido-3,6-~ii-O-bett~yl-2-deoeosJI-rl-D-g~i~copyrattoside (5) atrd bet& 
2-aceranrido-3,4-di-O-bet~~y!-2-deo~y-~-D-g~~~cop~~t-at~oside (8). - To a stirred solution 

of 4 (1.4 g) in NJV-dimethylformamide (14 mL) kept at -5” were added benzyl 
bromide (1.2 g), barium oxide (3.5 g), and barium hydroxide octahydrate (1.1 g). 

The mixture was stirred for 4 h at -5”, and then water (3 mL) was added. The 

mixture was filtered, and the solid was washed with chloroform. The filtrate and 

washings were combined, washed with water, dried (sodium sulfate), and evaporated 

to a syrup which was chromatographed on a column of silica gel (20 g) with (a) 

chloroform, (6) 200: 1, and (c) 100: 1 chloroform-methanol. Eluant (n) gave 2- 
acetamido-3,4,6-tri-O-benzyl-2-deoxy-~-D-~lucopyranoside (500 mg, 25 %), m-p. 

174-176 O, b]$” + 108” (c 0.5, chloroform) (lit.‘” m-p. 175-176”, [u]? +lll”); 

eluant (b) afforded the 3,6-di-U-benzyl derivative 5 (66 mg, 39x), m-p. 146-147”, 

ca2 + 110” (c 0.5, chloroform) (lit.’ ’ m-p. 145-155.5”, b]io + 114”); and eluant 
(c) yielded the 3,4-di-0-benzyl derivative 8 (140 mg, S-2%), m-p. 207-208”, [x]~O 
+ 127.5” (c 0.5, chloroform) (lit.” m-p. 204-205”, [~]fp -I- 121”). 

Bemyl 2-aceranrido-3,6-di-O-bet~z~~i-4-0-(D-I-carbosyetItyl)-2-deosy-cl.-D-glnco- 

pytwnoside (6) - To a stirred solution of 5 (500 mg) in dry 1,4-dioxane (10 mL) 
was added sodium hydride in oil suspension (150 mg; 50% of sodium hydride by 
weight) at room temperature. The mixture was kept for 1 h at 95”, and then L-Z- 

chloropropanoic acid (980 mg) was added, with stirring, at 65”. The mixture was 
stirred for 3 h at 6S”, and cooled; 2~ hydrochloric acid was carefully added to the 
cooled mixture until pH 8 was reached, and the mixture was evaporated. Chloroform 

(100 mL) and water (100 mL) were added to the residue, and then 2~ hydrochloric 
acid was added, with stirring, at 0”, to pH 3. The chloroform layer was separated, 
and the aqueous solution was thoroughly extracted with chloroform_ The chloroform 
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layer and extracts were combined, washed with water, dried (sodium sulfate), and 

evaporated to a syrup which was chromatographed on a column of silica gel (10 g) 

with chloroform, and then 100: 1 chloroform-methanol. The latter eluate gave 

compound 6 (430 mg, 75”/0). Recrystallization from ethyl acetate-hexane gave 
needles, m-p. 139-140”, [a]? -i- 127” (c 1.0, chloroform); vzXT 3260 (NH), 2730- 

2600 (COOH), 1720 (C=O), 1640 and 1540 (amide), and 740, 730, and 690 cm-r 
(phenyl); n.m.r. data (in chloroform-d): 6 1.40 (d, 3 H, JCHswCH 7.0 Hz, MeCH), 

1.76 (s, 3 H= AcN), 4.86 (d, 1 H, Jr_, 3.8 Hz, H-l), 5.43 (d, 1 H, JZSNH 9.5 Hz, NH), 
7.15 (5, 1 H, COOH), and 7-26 (s, 15 H, 3 Ph)_ 

Anal. Calc. for Cs2H3,NOs: C, 68.13; H, 6.62; N, 2.49. Found: C, 68.15; 

H, 6.58; N, 2.55. 

Bet@ 2-acetnntido-3,4-di-O-ben~yI-6-0-(o-I-c~~rbo_~yerl~~vI)-2-deo_~y-rl-D-glr- 

p_vranoside (9)_ - To a stirred solution of 8 (1.0 g) in dry 1,4-dioxane (10 mL) was 

added the sodium hydride reagent (300 mg), and the mixture was kept, with stirring, 

for 1.5 h at 95”, and then cooled. r-2-Chloropropanoic acid (430 mg) was added to 

the stirred mixture, which was then kept for 1 h at 65”, and processed as described 

for the preparation of compound 6. Chromatographic fractionation of the product 

on silica gel (20 g)? with elution with 50 I 1 chloroform-methanol, afforded compound 

9 (1.0 g, 87 %) as crystals. Recrystallization from ethyl acetate-hexane gave needles, 

m-p. 165-166”, [a]EZ t85” (c 0.3, chloroform); v:~$” 3270 (NH), 2730-2600 

(COOH), 1730 (C=O), 1640 and 1540 (amide), and 740,720, and 690 cm-’ (phenyl); 

n-m-r. data (in chloroform-d): 6 1.45 (d, 3 H, J,-Ho,CH 7.0 Hz, MeCH), 1.80 (s, 3 H, 
AcN), 4.85 (d, 1 H, JIVz 3.6 Hz, H-l), 5.55 (d, 1 H, JZVNt, 9.0 Hz, NH), 7.35 (s, 15 H, 
3 Ph), and 8.75 (s, 1 H, COOH). 

Anal. Calc. for C3,H,,NOa: C, 68.19; H, 6.62; N, 2.49. Found: C, 68.30; 

H, 6.55; N, 2.38. 

BenzyI 2-acetnmido-3,6-di-O-be~z~~~i-2-deoxy-4-0-(D-2-propano~~l-L-aZanyl-D-iso- 
glutamine benzyl ester)-~-D-glnco~~~~~o~ide (7)_ - To a solution of 6 (250 mg) in 

dry l+dioxane (2.5 mL) were added N-hydroxysuccinimide (HOSu) (76 mg) and 

dicyclohexylcarbodiimide (DCC) (136 mg), the mixture was stirred for 1 h at room 

temperature, and then the 1,3-dicyclohexylurea formed was removed by filtration. 

L-Alanyl-D-isoglutamine benzyl ester trifluoroacetate (220 mg) and triethylamine 

(53 mg) were added to the filtrate, and the mixture was stirred for 1 h at room tempera- 
ture, and then evaporated. The residue was purified by chromatography on a column 

of silica gel (10 g) with (a) 100 : 1, and (b) 50 : 1 chloroform-methanol. Eluant (b) 

afforded compound 7 (340 mg, 90%). amorphous, [cc]i” f67” (c 1.0, chloroform); 

v::: 3280 (NH), 1720 and 1240 (ester), 1670, 1640, and 1530 (amide), and 730, 710, 

and 690 cm-’ (phenyl); n.m.r. data (in 1: 1 chloroform-d-methanol-d,): 6 1.26 and 

1.30 (2 d, 6 H, JCH>.CH 7.0 Hz, 2 MeCH), 1.73 (s, 3 H, AcN), 4.82 (d, 1 H, J,,z 3.8 Hz, 
H-l), 5.05 (s, 2 H, C0,CH2Ph), 6.18 (d, 1 H, JzSNH 9.5 Hz, NH), 7.25 (s, 20 H, 
4 Ph), and 7.45 and 7.80 (2 d, 2 H, JNH,cH 7.5 Hz, 2 NH). 

Anal. Calc. for C47H56N4011: C, 66.18; H, 6.62; N, 6.57. Found: C, 66.09; 
H, 6.58; N, 6.51. 
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Benzyl 2-acetat~lido-3,4-di-O-ben=yl-2-deo_~~~-6-O-(D-2-propa~~o~~l-~-aia~~~~~-D-iso- 
ghtamine benzyl ester)-x-D-ghcop~v-anoside (10). - Coupling of 9 (250 mg) with 
L-aIanyl-D-isogIutamine benzyl ester trifluoroacetate (220 mg) in dry 1 +dioxane 
(2.5 mL) by using HOSu (75 mg), DCC (136 mg), and triethylamine (53 mg) was 
performed as described in the previous section. The product was purified by chro- 
matography on a column of silica gel (10 g) with 50: 1 chloroform-methanol, to 
afford compound 10 (310 mg, 82 “/,), m-p. 204-205” (dec.), @Jr +64” (c 0.9, 
1: 1 chloroform-methanol); v”,‘j’,“’ 3300 and 3230 (J!lH), 1720 (ester), 1650 and 1550 
(amide), and 740 and 690 cm- ’ (phenyl); n.m.r. data (in 1: 1 chloroform-&methanol- 
d4): b 1.27 and 1.32 (2 d, 2 X-Z, ~~~~~~~~ 6.8 Hz, 2 MeCH), 1.81 (s, 3 H, AcN), 4.S5 
(d, 1 H, J1,? 3.6 Hz, H-l), 5.10 (s, 2 H, CO&H,Ph), 6.60 (d, 1 H, JZ,NH 9.5 Hz, NH), 
7.30 (s, 20 H, 4 Ph), and 7.70 and 7.82 (2 d, 2 H, JNH,Ctl 7.5 Hz, 2 NH). 

Anal. Catc. for C,,H,,N,O, 1 : C, 66.15; H, 6.62: N, 6.57. Found: C, 66.23; 
H, 6.55; N, 6.52. 

2-Acetamido-2-deosy-4-O-(D-~-propmloyI-~-a~at~yi-D-isog~i~t~it~~it~e)-D-g~~~~op~~rc~- 
nose (11). -To a sofution of 7 (200 mg) in methanol (20 mL) and acetic acid (2 mL) 
was added 10 y0 Pd-C catalyst (200 mg), and hydrogen was bubbled through for 3 h 
while the solution was stirred at 30-35”. Water (20 mL) was added to the solution, 
and hydrogen was again bubbled through the mixture for I h at 30”. The catalyst was 
filtered off, and successively washed with methanol and water. The filtrate and 
washings were combined, and evaporated below 40”, to give amorphous 11 (110 mg; 
quantitative), b]g” f55” (c 0.3, methanol; equil.); ~2:: 3300 (OH, NH), and 1650 
and 1540 cm-l (amide)_ 

Anal. Calc. for C,SH,zN40,,. - C, 46.33; H, 6.55; N, 11.38. Found: C, 45.98; 
H, 6.90; N, 1 I.01. 

2-Acetai~~ido-2-deo_~y-6-O-(D-2-propatio~~l-L-aiat~y~-D-isog~~ita~~~i~~e)-D-g~~~~opyra- 
nose (12). - Hydrogenation of 10 (200 mg) in methanol (20 mL), acetic acid (2 mL), 
and water (20 mt), in the presence of 10% Pd-C catalyst (200 mg), was conducted 
according to the procedure described in the previous section, affording amorphous 12 
(115 mg; quantitative), cQ]i” f24” (c 1.1, methanol; equil.); vale 3300-3250 (OH, 
NH), and 1650 and 1540 cm-l (amide). 

Anal. Calc. for C19H&V~O11. - C, 46.33; H, 6.55; N, 11.38. Found: C, 46.29; 
H, 6.80; N, 11_15_ 

Benzyl Z-acetar7lido-2-deoxy-4,6-O-isoprop~l~idetle-3-O~~~~esy~-~-D-glto- 
side (3). - To an ice-cooled solution of 1 (5.0 g) in dry pyridine (30 mL) was 
added methanesuifonyl chloride (2.5 g), and the mixture was kept for 4 h at O”, and 
evaporated; the residue was extracted with chloroform, and the extract successively 
washed with 2~ hydrochloric acid, M sodium carbonate, and water, dried (sodium 
sulfate), and evaporated to a syrup. The product was purified by chromatography 
on a column of siIica gel (50 g) with ethyl acetate. Recrystallization from ether- 
hexane afforded 3 (4.95 g, 81 y!) as needles, m-p. 112”, [cz]E” + lOSo (c 1.0, chloro- 
form); vNujol 3280 (NH), 1650 and 1540 (amide), 1180 (SO,), 850 (Me&), and 74& mnx 
690 cm-’ (phenyl). 
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Anal. Calc. for C,,H2,N0,S: C, 53.13; H, 6.34; N, 3.26. Found: C, 53.28; 

H, 6.51; N, 3.52. 
Benzyl 2-acetar~lido-2-deo~y-4,6-O-isopropy~ide~~e-a-D-a~~opy~-a?~oside (13). - 

To a solution of 3 (2.0 g) in 95 % aqueous 2-methoxyethanol (100 mL) was added 
sodium acetate (4-O g), and the mixture was boiled under reflux, with stirring, for 

38 h, cooled, and evaporated. The residue was extracted with chloroform, and the 

extract successively washed with &I hydrochloric acid, hi sodium carbonate, and water, 

dried (sodium sulfate), and evaporated, to give a syrup that crystallized from 

ether. The product was obtained as needles, yield 1.3 g (79 %), m-p. 163”, [u]~O 

+ 125.5” (c 1.0, chloroform); v:?’ 3460 (OH), 3380 (NH), 1650 and 1500 (amide), 
860 (Me?C), and 740-695 cm- * (phenyl). 

Anal. Calc. for C,,HzsN06: C, 61.52; H, 7.17; N, 3.99. Found: C, 61.55; 
HZ 7-20; N. 4.13. 

Ben+ 2-acetamido-3-O-(D-I-carbo.~yetl~~~l)-2-deo_~y-4,6-O-isop~-opylider~e-a-D- 

afZopyranoside (14)_ - To a stirred solution of 13 (400 mg) in dry 1,4-dioxane (3 mL) 
was added the sodium hydride reagent (200 mg), and the mixture was stirred for 1.5 h 
at 93”, and cooled. L-2-Chloropropanoic acid (250 mg) and dry 1,4-dioxane (1 mL) 
were added to the stirred mixture, and it was stirred for 2 h at 65”; t.1.c. then showed 
the reaction to be complete. The mixture was processed, as already described, to give 

crystalline 14 (340 mg, 71x), m-p. 161-162”, [ct];’ f56” (c 1.0, chloroform); ,Nm”,:’ 
3430 (NH), 2720-2630 (COOH), 1730 (C=O), 1640 and 1520 (amide), 850 (Me,(I), 

and 730 and 690 cm-’ (phenyl); n.m.r. data (in chloroform-&: 6 1.35, 1.45 (2 s, 

6 H, Me,0 l-38 (d, 3 H, JCN,,CH 7.0 Hz, MeCH), l-S9 (s, 3 H, AcN), 4.15 (q, 1 H, 
J CH.CHs 7.0 Hz, MeCH), 4.55 (2 d, 2 H, J,,, 12.0 Hz, benzyl methylene), 4.75 (d, 

1 H, J,_2 4.0 Hz, H-l), 6.13 (d, I H, JzZ.NH S-0 Hz, NH), 7.25 (s, 5 H, Ph), and S-30 

(broad s, I H, COOH). 
Ana!. Calc. for CziH2,N0,: C, 59.56; H, 6.90; N, 3.31. Found: C, 59.39; 

H, 6.86; N, 3.25. 
Bemyt 2-acetami~~o-2-deo_~y-4,6-O-isopr-opy~i~ie~~e-3-O-(D-2-propa~~o_~I-~-a~a~~yZ- 

D-isoghitat.?line benzy1 ester)-rr-D-altopyranoside (15). - Coupling of 14 (250 mg) with 

L-alanyl-D-isoglutamine benzyl ester trifluoroacetate (300 mg) in dry 1,4-dioxane 

(3 mL) by using HOSu (103 mg), DCC (lS5 mg), and triethylamine (70 mg) was 
performed as described for the preparation of 8, to give amorphous 15 (400 mg, 95 %); 

[u]z” -1-25” (c 1.0, chloroform); vmzX KBr 3380-3300 (NH), 1720 and 1250 (ester), 1640 
and 1500 (amide), and 730 and 680 cm-’ (phenyl). 

Anal. Calc. for C36H48N4011: C, 60.66; H, 6.79; N, 7.86. Found: C, 60.49; 

H, 6.58; N, 7.83. 

Benzyl 2-acetar?tido-2-deos4,6-O-isopropyiidene-u-D-grrlopyratloside (16). - 

A suspension of benzyl 2-acetamido-2-deoxy-%-D-gulopyranoside’” (1.52 g) in 1,4- 
dioxane (20 mL) was stirred at room temperature while 2,2_dimethoxypropane (5 mL) 
and p-toluenesulfonic acid monohydrate (20 mg) were added; stirring was continued 
for 1 h. The mixture was treated with Amberlite IRA410 (OH-) ion-exchange resin 

to remove the acid and the resin was filtered off, and washed with 1,4-dioxane. The 
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(s, 6 H, Me&), 1.87 (s, 3 ‘H, AcN), 4.42 and 4.68 (2 d, 2 H, J,,, 11.5 Hz, benzyl 
methylene), 4.98 (d, 1 H, Jl_Z 3.5 Hz, H-l), 6.40 (d, 1 H, JZ,Ni 9.0 Hz, NH), and 
7.38 (s, 5 H, Ph). 

Anal. Calc. for C,,HZSNO,: C, 61.52; H, 7.17; N, 3.99. Found: C, 61.32; 
H, 7.35; N, 3.76. 

Benzyl 2-aceta~~lido-3-O-acetyl-2-deoxy-4,6-O-isoprop~~lide~~e-~-D-gaIactopyrano- 

side (20). -Acetylation of 19 (600 mg) with acetic anhydride (0.5 mL)-pyridine (5 mL) 
at room temperature gave the product. Recrystallization from ether-hexane gave 20 
(620 mg, 92%) as needles, m-p. 123”, [u]:” + 139” (c 1.0, chloroform); x$,‘$’ 3270 
(NH), 1735 and 1240 (ester), 1640 and 1540 (amide), 860 and 855 (Me,C), and 730 
and 680 cm-’ (phenyl); n.m.r. data (in chloroform-d): 6 1.42 and 1.46 (2 s, 6 H, 
Me&), 1.87 (s, 3 H, AcN), 2.03 (s, 3 H, AcO), 3.50-3.55 (m, 1 H, H-5), 3.78 and 
4.02 (2 dd, 2 H, Js,6. 12.0 Hz, JSS6 = JSS6. = 2.0 Hz, H-6,6’), 4.25 (dd, 1 H, J3._+ 3.8, 
J-t,5 1.0 Hz, H-4), 4.49 and 4.51 (2 d, 2 H, J,,, 12.0 Hz, benzyl methylene), 4.50-4.80 
(rn= 1 H, H-2), 5.01 (d, 1 H, J,_, 3.8 Hz, H-l), 5.10 (dd, 1 H, J2,3 11.5, J3,4 3.8 Hz, 
H-3), 6.03 (d, 1 H, JZeNH 9.5 Hz, NH), and 7.27 (s, 5 H, Ph). 

Anal. Calc. for C,,H,,NO,: C, 61.05; H, 6.92; N, 3.56. Found: C, 61.23; 
H, 6.89; N, 3.51. 

Be~rzyl2-acetanzido-3-O-(D-I-carboxyet~zyl)-2-deoxy-a-D-galactopyra~toside (22). 

- To a stirred solution of 19 (500 mg) in dry 1,4-dioxane (2 mL) was added the 
sodium hydride reagent (200 mg), and the mixture was stirred for 30 min at 90-95”, 
and then cooled to 65”. L-2-Chloropropanoic acid (250 mg) was added, and the 
mixture was stirred for 3 h at 65”, and then processed as already described. The 
product was chromatographed on a column of silica gel (10 g) with (a) chloroform, 
(6) 50 : 1, and (c) 20 : 1 chloroform-methanol. Eluant (c) gave compound 22 (300 rng, 

5579, m-p_ 172-174”, [cx]~O + 141’ (c 0.2, chloroform); ~2: 3400 (OH), 3280 
(NH), 2700-2600 (COOH), 1720 (C=O), 1620 and 1560 (amide), and 720 and 
690 cm-’ (phenyl). 

Anal. Calc. for C,,H,,NO,: C, 56.39; H, 6.57; N, 3.65. Found: C, 56.52; 
H, 6.73; N, 3.61. 

Bemyl 2-aceta~nido-4,6-di-O-acetyl-Z-neoxy-3-O-[~-I-(metfzoxycarbony~)eti~y~]- 

cc-D-galactopyranoside (24). - To a stirred solution of 19 (380 mg) in dry l+dioxane 
(2 mL) was added the sodium hydride reagent (150 mg), and the mixture was stirred 
for 30 min at 90”, and then cooled to 65”; it was processed in the usual way, to give 

the crude acid (21). To a stirred solution of the acid in methanol (5 mL) was added 
Amberlite IR-120 (Ht) resin (3 g), and the mixture was stirred for 20 h at 50”. The 
resin was filtered off, and washed with methanol. The filtrate and washings were 
combined, and evaporated to a syrup which was acetylated with acetic anhydride- 
pyridine. The product, purified by chromatography on a column of silica gel (15 g) 
with 200: 1 chloroform-methanol, was obtained as a syrup: yield 410 mg (79 %), 
[g]k” + 121 o (c 0.49, chloroform); v:z 3320 (NH), 1740 and 1220 (ester), 1660 and 
1520 (amide), and 730 and 690 cm-’ (phenyl); n.m.r. data (in chloroform-d): 6 1.29 
cd= 3 H, J&.cH 6.0 Hz, MeCH), 2.01, 2.03, and 2.12 (3 s, 9 H, AcN, 2 AcO), 3.75 
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D-isoghtanrine benzyI ester)-x-D-~?IanJ2O/‘rtranOSide (27). - Coupling of 26 (1.88 g) 
with the dipeptide (1.84 g) in dry 1,Cdioxane (25 mL) in the presence of HOSu 
(510 mg), DCC (1.1 g), and triethylamine (480 mg), as already described, gave the 

product; yield 2.71 g (86x), m-p. 151 o (dec.), [a];’ +35” (c 1.0, chloroform); 

I$!$>“’ 3300 and 3240 (NH), 1720 (C=O), 1660, 1630, and 1525 (amide), 850 (Me,C), 

and 730 and 690 cm-’ (phenyl); n-m-r. data (in chloroform-d): 6 1.33 (d, 3 H, 

J,-HS,CH 7.0 Hz, MeCH), 1.38 and 1.45 (2 s, 6 H, Me&), 1.95 (s, 3 H, AcN), 4.27 
and 4.55 (2 d, 2 H, Jgel,, 12.0 Hz, benzyl methylene), 4.70 (s, 1 H, H-l), 5.02 (s, 2 H, 
CO?CH,Ph), 6.05, 6.78, and 8.42 (3 d, 3 H, 3 NH), and 7.24 (s, 10 H, 2 Ph). 

Anal. Caic. for C,,H,,N,O,,: C, 60.66; H, 6.79; N, 7.86. Found: C, 60.53; 
H, 6.81; N, 7_79_ 

BeJlZ_Yl 2-acetanzido-3-0-ben~o~7I-2-deo_~y-~,6-O-isopropylidene-B-D-gtl~cofrtrarlo- 

side (29). - To a solution of benzyl 2-acetamido-2-deoxy-5,6-O-isopropylidene-P_D- 

glucofuranoside’ ’ (28; 3.0 g) in dry pyridine (5 mL) was added benzoyl chloride (1.5 g) 
at 0”. The mixture was kept for 1.5 h at G”, and extracted with chloroform. The 

extract was successively washed with 2b1 hydrochloric acid, BL sodium carbonate, and 

water, dried (sodium sulfate), and evaporated. The product, purified by chromato- 
graphy on a column of silica gel (60 g) with 100: 1 chloroform-methanol, was ob- 

tained as a syrup: yield 3.9 g (quantitative yield), [u]? -35” (c 0.83, chloroform); 
tizz 3260 (NH), 1730 and 1270 (ester), 1650 and 1540 (amide), 850 (Me,C), and 750 

and 700 cm-’ (phenyl). 
Anal. Calc. for C,,H2,N07: C, 65.92; H, 6.42; N, 3.08. Found: C, 66.20; 

H, 6.69; N, 2.81. 
Benzyi 2-acetanzido-3-O-bei?~oyZ-2-deo~y-~-D~lLicofL~ranoside (30). - A solu- 

tion of 29 (4.2 g) in 60% aqueous acetic acid (70 mL) was kept for 1.5 h at 5G”, and 
then evaporated to a syrup which crystallized from ether-hexane to give 30 (3.45 g, 
90x), m-p. lG4”, [a]k” -31 o (c 1.0, chloroform); v”,:?’ 3430 and 3240 (OH, NH), 
1710 and 1265 (ester), 1670 and 1530 (amide), and 750 and 700 cm-’ (phenyl); 

n.m.r. data (in 1: 1 chloroform-d-methanol-d,): 6 1.99 (s, 3 H, AcN), 4.51 and 4.76 
(2 d, 2 H, J,,, 12.0 Hz, benzyl methylene), 5.10 (s, 1 H, H-l), 5.54 (d, 1 H, J,,, 

5.0 Hz, H-3), 7.28 (s, 5 H, Ph), and 7.2G-7.98 (m, 5 H, PhC02). 
Anal. Calc. for CZ2H2,N0,: C, 63.60; H, 6.07; N, 3.37. Found: C, 63.59; 

H, 6.05; N, 3.41. 
BenzyI 2-acetamido-3,6-di-O-ber~zoyl-2-deoxy-8_D-g~L~coftrranoside (31). - To 

a stirred solution of 30 (2.0 g) in dry pyridine (5 mL) was added benzoyl chloride 

(1.12 g) at -20”. After being kept for 5 h at -lo”, the mixture was processed as 

described for the preparation of 29. The product was chromatographed on a column 

of siiica gel (40 g) with chloroform, and then 100 : 1 chloroform-methanol; the latter 
eluate afforded 31 (2.1 g, 84%) as needles, m-p. 193 O, [a]i” -24’ (c l-0, chloroform); 
I$!,‘$’ 3340 and 3320 (OH, NH), 1715,1695, and 1260 (ester), 1650 and 1510 (amide), 
and 740 and 700 cm-’ (phenyl); n.m.r. data (in 1: 1 chloroform-&methano1-n,): 
6 1.99 (s, 3 H, AcN), 4.49 and 4.67 (2 d, 2 H, J,,, 11.5 Hz, benzyl methylene), 
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4.52 (d, 1 H, Jzq3 5.0 Hz, H-2), 5.13 (s, 1 H, H-l), 5.60 (dd, 1 H, JtS3 5.0, Jxq4 1.2 Hz, 

H-3), 7.29 (s, 5 H, Ph), and 7.20-8.08 (m, 10 H, 2 PhCO& 
Amf_ Calc. for C,,H,,NO,: C, 67.04; H, 5.63; N, 2.70. Found: C, 67.21; 

H, 5.38; N, 2.59. 
Benzyl 2-acetatnido-3,6-di-O-bettzoyl-2-deo_~y-5-O-tttes~~I-P- D -gltrco$trattoside 

(32). - To an ice-cooled solution of 31 (1.0 g) in pyridine (2.5 mL) was added me- 
thanesulfonyl chloride (340 mg). The mixture was kept for 4 h at room temperature, 
and then processed in the usual way, to give 32 (1.05 g, 91%) as needles, m-p. 13 1 O, 
b]F -39” (c 1.0, chloroform); I$$’ 3320 (NH), 1740, 1730, and 1260 (ester), 
1670 and 1540 (amide), and 730 and 705 cm-’ (phenyl); n.m.r. data (in chloroform- 
d): 6 1.96 (s, 3 H, AcN), 4.54 and 4.78 (2 d, 2 H, J,,_ 11.5 Hz, benzyl methylene), 
5.22 (s, 1 H, H-l), 5.23-5.42 (m, 1 H, H-5), 5.67 (near d, 1 H, Jav4 3.0 Hz, H-3), 

6-62 (d, 1 H, J,,,,, 6.5 Hz, NH), 7.28 (s, 5 H, Ph), and 7.20-8.03 (m, 10 H, 2 PhCO?)_ 
Anal. Calc. for C30H3,N0,0S: C, 60.29; H. 5.23; N, 2.34. Found: C, 60.35; 

H, 5.19; N, 2.35. 

BenzyI 2-acetatt~ido-5,6-attlt~~dro-2-rieo_~~~-cr-~-ido~trattoside (33). - To a 
solution of 32 (600 mg) in dry chloroform (6 mL), cooled to - 15”, was added, with 
stirring, an ice-cooled solution of freshly prepared sodium methoxide in methanol 
(35 mg of sodium in 1.5 mL of methanol). The mixture was kept for 6 h at -5 to 
-lo”, while the progress of the reaction was monitored by t.l.c., and then treated 
with Amberlite IR-120 (Hf) resin, to remove the base. The solution was evaporated 
to a syrup which was chromatographed on a column of silica gel (15 g) with (n) 
chloroform, (6) 50 : 1, and (c) 30 : 1 chloroform-methanol_ Eluant (c) gave compound 
33 (240 mg, 82%) as needles, m-p. lOQ”, [u]~O -S2” (c 1.0, chloroform); \JJ’$’ 
3480 (OH), 3220 (NH), 1640 and 1560 (amide), and 750 and 690 cm-’ (phenyl); 
n_m.r_ data (in chloroform-d): S 1.93 (s, 3 H, AcN), 2.60-2.86 (m, 2 H, H-6,6’), 
3.18-3.31 (m, 1 H, H-5), 3.90-4.34 ( m, 3 H, H-2,3,4), 4.47 and 4.70 (2 d, 2 H, J,,,,, 
11.5 Hz, benzyl methylene), 5.02 (s, 1 H, H-l), 6.93 (d, 1 H, JZaNH 6.8 Hz, NH), 

and 7.29 (s, 5 H, Ph). 
Anal. Calc. for C,sH,9N05: C, 61.42; H, 6.53: N, 4.78. Found: C, 61.35; 

H, 6.29; N, 4.78. 
BenzyI 2-acetatt~ido-5,6-anlt~~~~ro-2-rieosy-3-0-(tetralt~~drop~~ratt-2-yl)-cr-L-ido~~- 

ranoside (34). - To a stirred solution of 33 (400 mg) in dry 1,4-dioxane (3 mL) were 
added dihydropyran (350 mg) and p-toluenesulfonic acid monohydrate (5 mg). The 
mixture was stirred for 2 h at room temperature, treated with Amberlite IR-45 (OH-) 
resin to remove the acid, and evaporated to a syrup which was chromatographed on 
a column of silica gel (15 g) with chloroform, and then 70 : 1 chloroform-methanol. 
The latter eluant gave compound 34 (510 mg, quantitative) as a syrup; vt:: 3230 

(NH), 1645 and 1540 (amide), and 740 and 690 cm-’ (phenyl). 
Anal. Calc. for CZoH,,N06: C, 63.64; H, 7.21; N, 3.71. Found: C, 63.35; 

H, 7.47; N, 3.50. 

Benzyi 2-acetatnido-2-deo,~~~-3-0-(tetral~ydropyratr-2-yl)-u-~-~dofrrrtl (35). 
- A solution of 34 (590 mg) in 1,6dioxane (2 mL) and 2M sodium hydroxide (10 mL) 
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was heated, with stirring, for 12 h at 4%50”, cooled, and then treated with Amberlite 

IRC-50 (Hi) ion-exchange resin to remove the base. The resin was filtered off, and 
washed successively with water and methanol, and the combined filtrate and washings 
were evaporated to a syrup which was purified by chromatography on a column of 
silica gel (15 g) with chloroform, and 20: 1 chloroform-methanol. The latter eluant 

gave compound 35 (370 mg, 61%) as a syrup; ~2:: 3400-3230 (OH, NH), 1650 and 

1540 (amide), and 745 and 690 cm- ’ (phenyl). 

Anal. Calc. for G,H,,NO,: C, 60.74; H, 7.39; N, 3.54. Found: C, 60.50; 

H, 7.63; N, 3.45. 
Benzyl 2-acetamido-Z-deoxy-a-L-idofirrarroside (36). - A solution of 35 (370 

mg) in 70 o/0 aqueous acetic acid (3 mL) was heated for 2 h at 4%50”, and then 

evaporated to a syrup which was chromatographed on a column of silica gel (10 g) 

with chloroform, and then 10: 1 chloroform-methanol_ From the latter eluate, com- 

pound 36 was obtained as needles (220 rng, 76 %) by recrystallization from ethanol- 

ether, m-p. 138”, @]g’ -74” (c 0.5, methanol); ~2:: 3330-3240(0H, NH), 1650 

and 1550 (amide), and 750 and 695 cm-’ (phenyl). 
Anal. Calc. for C,,H,,NOd: C, 57.86; H, 6.56; N, 4.50. Found: C, 57.79; 

H, 6.78; N, 4.41. 
Benzyl 2-acetamido-2-deo~~-5,6-O-isoprop~Iidetle-~-~-ido~tr~~loside (37). - To 

a stirred solution of 36 (95 mg) in N,N-dimethylformamide (2 mL) were added 2,2- 

dimethoxypropane (0.2 mL) and p-toluenesulfonic acid monohydrate (3 mg). The 

mixture was stirred for 2 h at room temperature, and then treated with Amberlite 

IRA410 (OH-) resin. The solution was processed in the usual way, to give the 5,6- 
O-isopropylidene derivative 37 (57 mg, 81%) as a syrup, [a];’ -62” (c 0.5, chloro- 

form); vziz 3400 and 3230 (OH, NH), 1640 and 1535 (amide), 840 (Me,C), and 

730 and 680 cm-l (phenyl); n-m-r. data (in chloroform-d): 6 1.39 and 1.46 (2 s, 

6 H, Me,(Z), 1.96 (s, 3 H, AcN), 4.50 and 4.86 (2 d, 2 H, Jgem 12.0 Hz, benzyl methyl- 

ene), 5.01 (s, 1 H, H-l), 6.05 (d, 1 H, JZ,NH 9.0 Hz, NH), and 7.27 (s, 5 H, Ph). 
Anal. Calc. for C,sHzsN06: C, 61.52; H, 7.17; N, 3.99. Found: C, 61.40; 

H, 7.35; N, 3.78. 

Benzyl 2-acetamido-3-O-(D-l-carbosyetfzyl)-2-deo~~7-5,6-O-isopropylidene-~-L- 
idofk-anoside (38). - To a stirred solution of 37 (80 mg) in dry 1,4-dioxane (1 mL) 

was added the sodium hydride reagent (24 mg), and the mixture was stirred for 30 

min at 95”, and then cooled to 65”. L-2-Chloropropanoic acid (40 mg) was added to 

the mixture, which, after being kept for 3 h at 65 ‘, was processed as described before, 

to give 38 (59 mg, 61%) as a syrup, [a]? -81 o (c 0.6, chloroform); ~5:: 3250 (NH), 

2830-2700 (COOH), 1750 (C=O), 1660 and 1550 (amide), 840 (Me&), and 740 
and 700 cm-’ (phenyl); n-m-r. data (in chloroform-d): 6 1.41 (d, 3 H, JCHSSCH 6.4 Hz, 
MeCH), 1.41 and 1.46 (2 s, 6 H, Me&), 1.96 (s, 3 H, AcN), 4.32 (q, 1 H, JCHS,=., 
6.4 Hz, MeCH), 4.62 and 4.87 (2 d, 2 H, J,,, 12.0 Hz, benzyl methylene), 5.09 

(s, 1 H, H-l), 6.16 (d, 1 H, J2.w.i 5.0 Hz, NH), and 7.30 (s, 5 H, Ph). 

Anal. Calc. for C,lH,SNO,r C, 59.56: H, 6.90; N, 3.31. Found: C, 59.41; 
H, 7.22; N, 3.15. 
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Benzyl 2-acetamido-2-deo~y-5,6-O-isoprop~~~idene-3-O-(D-2-propa?~oy~-~-a~a~~~~~- 
D-isoghtanrine benzyyl ester)-ci-L-idofcraaoside (39). - Coupling of 38 (50 mg) with 

the dipeptide (65 mg) in dry 1,4-dioxane (2 mL) in the presence of HOG (25 mg), 

DCC (43 mg), and triethylamine (17 mg), as described for the preparation of 7, 
yielded amorphous 39 (64 mg, 76x), m-p. 71-73 0 (dec.), b]i” -37” (c 0.4, chloro- 

form); vmnX KBr 3280 (NH), 1730 (C=O), 1640 and 1520 (amide), and 730 and 690 cm-’ 

(phenyl); n.m.r. data (in 1 : 1 chloroform-&methanol-d,): 6 1.12 and 1.34 (2 d, 6 H, 

J CHJ,CH 7.0 Hz, 2 MeCH), 1.42 and 1.49 (2 s, 6 H, Me,C), 1.94 (s, 3 H, AcN), 4.70 

and 4.91 (2 d, 2 H, J,,,,, 12.0 Hz, benzyl methylene), 5.07 (s, 1 H, H-l), 5.10 (s, 2 H, 

CO&HzPh), and 7.31 (s, 10 H, 2 Ph). 

Anal. CaIc. for C36H48N;L0,1 : C, 60.66; H, 6.79; N, 7.86. Found: C, 60.48; 
H, 6.92; N, 7.88. 

2-A cetamido-2-deo#~-3-o-(D-2-propa~zoy~-L-a/atzy~-D -isoghtamine) - D - a//opyra- 

nose (40). - A solution of 15 (300 mg) in 50% aqueous acetic acid (3 mL) was heated 
for 30 min at 45”, and then evaporated at 40” to a syrup. The residue was dissolved 

in methanol (IO mL), water (10 mL), and acetic acid (1 mL), and 10 “A Pd-C catalyst 

(300 mg) was added; hydrogen was bubbled through while the mixture was stirred 
at 40”, and, after 3 h, t.1.c. showed the hydrogenation to be complete. The catalyst 

was removed by filtration, and the filtrate was evaporated below 30”, to give a hygro- 

scopic, amorphous mass (205 mg; quantitative yield), which showed a single spot in 

t.1.c., [Z-J;0 -26.5” (c 0.5, methanol; equil.); ~2:: 3370 (OH, NH), 2700-2650 

(COOH), 1720 (C=O), and 1600, 1545, and 1530 cm-’ (amide): n.m.r_ data (in 

D,O): 6 1.29-1.41 (m, 6 H, 2 MeCH), 2.00, 2.02, 2.04, and 2.06 (4 s, 3 H, AcN), 

4.97 Cd, J,,, 8.6 Hz, H-I/3 in the 4C, form), 5.03 (d, J,,? 3.8 Hz, H-lcr in the ‘C, 

form), 5.14 (d, J,,z 1.6 Hz, H-1/3 in the ‘C, form), and 5.33 (d, J,,, 4.8 Hz, H-1~ 

in the “C, form). 
AnaZ. Calc. for C,sH,,N,O,,: C, 46.33; H, 6.55; N, 11.3% Found: C, 46.0 1; 

H, 6.88; N, 11.05. 
2-Acetmnido-2-deo~~~-3-O-(D-2-propano~~~-~-ala~~yI-D-is~gI~~ta~~~it~e~-D-gulop~r-n- 

jzose (41). - A solution of 18 (280 mg) in 50 o? aqueous acetic acid (10 mL) was 
heated for 2 h at 40”, and evaporated at 40” to a syrup which was purified by chro- 

matography on a column of silica gel (10 g) with 100 : 1, and 20 : I, chloroform- 
methanol. The latter eluate afforded benzyl2-acetamido-2-deoxy-3-O-(D-2-propanoyl- 

r_-alanyl-D-isoglutamine benzyl ester)-cc-D-gulopyranoside (240 mg, 92 %); p]io 

+ 36” (c 1 .O, methanol); vz; 3450-3200 (OH, NH) 1720 (C =0), 1650 and 1510 

(amide), and 730 and 680 cm- ’ (phenyl). The benzyl glycoside (150 mg) was hydro- 

genated in the presence of 10% Pd-C cataIyst (150 mg), in methanol (10 mL), water 

(10 mL), and acetic acid (1 mL) according to the procedure already described, to 
give 41 as an amorphous mass, in quantitative yield; [r~]kO -455O (c 0.5, methanol; 

equil.); ~2:: 3400-3200 (OH, NH), 2800-2700 (COOH), 1720 (C=O), and 1650 
and 1520 cm-’ (amide); n.m.r. data (in D,O): 6 1.34 and 1.41 (2 d, 6 H, JCHaVCtI 
7.0 Hz, 2 MeCH), 1.99 and 2.00 (2 s, 3 H, AcN), 4.89 (d, J,,, 8.9 Hz, H-lp), and 5.07 
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(d, J1.2 3.8 Hz, H-la); anomeric ratio (a:P) estimated, - 1 :2 (from the ratio of 

the intensity of the H-lrr and H-1P signals, and of that of AcN). 
Anal. Calc. for C19H32N3011: C, 46.33; H, 6.55; N, 11.38. Found: C, 46.05; 

H, 6.79; N, 10.98. 
2-Acetantido-2-deo_K_v-3-0-(D-2-propanoy~-L-a/anyl-D-isogll~tanzir~e)-D-gaiactopy- 

ranose (42). - Hydrogenation of 23 (90 mg), in the presence of 10% Pd-C catalyst 
(90 mg)_ in methanol (10 mL), water (10 mL), and acetic acid (1 mL), as already 
described, gave 42 (65 mg, quantitative) as an amorphous mass; [u];’ -1-41 o (c 0.35, 

methanol; equil.); vrZG 3300 (OH, NH), 2800-2700 (COOH), 1720 (C= 0), and 

1640 and 1530 cm-’ (amide); n.m.r. data (in D,O): 6 1.27 and 1.40 (2 d, 6 H, 

J cWJ,cH 7.0 Hz, 2 MeCH), 1.96 (s, 3 H, AcN), and 5.14 (d, Jr,? 3.7 Hz, H-l%). 

Anal. Calc. for C,sH3,N,0,,: C, 46.33; H, 6.55; N, 11.38. Found: C, 45.99; 

HZ 6.81; N, 11.03. 
2-Aceia~nido-2-deo~~~-3-~-(D-2-proparto_l:e) - D -mannopy- 

ranose (43). - A solution of 27 (2.5 g) in 60% aqueous acetic acid (50 mL) was 

heated for 1 h at 40-45”, and evaporated. The residue in methanol (20 mL), water 

(20 mL), and acetic acid (2 mL) was hydrogenated in the presence of 10% Pd-C 

catalyst (1.0 g) as described for the preparation of compound 40, to give hygroscopic, 

amorphous 43 (1.7 g) in almost quantitative yield); [u]:’ +37” (c 0.5, methanol; 

equil.); v=z 3360-3250 (OH, NH), 2780-2700 (COOH), 1720 (C =O), and 1650 

and 1530 cm-’ (amide); _ n m-r. data (in D,O): 6 1.37 and 1.46 (2 d, 6 H, JCH3,=” 

7.0 Hz, 2 MeCH), 2.05 and 2.08 (2 s, 3 H, AcN), 5.03 (d, J1,2 2.0 Hz, H-l/I), and 

5.18 (d, .J,,z l-5 Hz, H-1~). 

Anal. Calc. for C,,HszN,50,,: C, 46.33; H, 6.55; N, 11.38. Found: C, 46.08; 

H, 6.77; N, 11.10. 
2-Acetan~ido-2-deosy-3-0-(D-2-propanoy~- I_-a!allJpi- D -isoghrtaJnine) - L- idop_vra- 

nose (44) -The 5,6-0-isopropylidene group of compound 39 (64 mg) was hydrolyzed 

by heating with 60% aqueous acetic acid (3 mL) for 2 h at 45”. By the procedure 

described in the previous section, the benzyl groups of the product thus obtained were 

removed, to give the amorphous L-ido analog 44 (45 mg, quantitative yield); [a]? 

+22.3” (c 0.3, water; equil.); vmnX KBr 3350-3200 (OH, NH), 2800-2700 (COOH), 
1720 (C=O), and 1670, 1640, and 1540 cm-’ (amide); n_m.r. data (in D,O): 6 

1.33-1.42 (m, 6 H, 2 MeCH), 1.95, 1.96, 1.97, and 1.98 (4 s, 3 H, AcN), 5.04 (s, 

H-la in the ‘C, form), and 5.11 (d, J,,Z 2.2 Hz, H-l/I, in the 4C, form)_ 

Anal. Calc. for C,,Hs2N~0,,: C, 46.33; H, 6.55; N, 11.38. Found: C, 46.08; 

H, 6.78; N, 11.03. 
3-O-(D-I-Carboxyethy/)-I,.2 : 5,6-di-O-isopropylidene-rr-D-glucojiwanose (46). - 

To a stirred solution of 1,2 : 5,6-di-0-isopropylidene-a-D-glucofuranose (650 mg) in 

dry l$dioxane (6.5 mL) was added the sodium hydride reagent (480 mg), and the 
mixture was stirred for l-5 h at 95”, and then cooled to 65”. r_-2-Chloropropanoic 
acid (400 mg) was added to the stirred mixture, which was then stirred for 3 h at 65”; 

by the procedure already described, the title compound was obtained as a syrup. 

Purification by chromatography on a column of silica gel (10 g), with 200 : 1 chloro- 
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afford 50 (60 mg, 48 %) as a syrup; [=]i” +48 o (c 0.3, methanol; equil.); ~$5 3300- 
3240 (OH, NH), 1720 and 1250 (ester), 1660 and 1540 (amide), and 750 and 690 cm-’ 

(phenyl); n-m-r. data (in methanol-d,): 6 1.40 and 1.42 (2 d, 6 H, JCHICH 7.0 Hz, 

2 MeCH), 5.12 (s, 2 H, benzyl methylene), and 7.32 (s, 5 H, Ph). 

Anal. Calc. for C24H35N3011 : C, 53.23; H, 6.51; N, 7.76. Found: C, 53.01; 
H, 6.80; N, 7.55. 

3-0-(D-2-PropanoyZ-L-aZanyZ-D-isoglutamine)-D~Zz~copyranose (51). - Hydro- 

genation of 50 (60 mg) in ethanol (10 mL) in the presence of 10% Pd-C catalyst 

(30 mg) for 30 min at room temperature gave compound 51 (50 mg) as a syrup, in 

quantitative yield; [al&O f61 o (c 0.5, methanol; equil.); ~2:: 3400-3250 (OH, NH), 

2750-2700 (COOH), 1720 (C= 0), and 1650 and 1520 cm-’ (amide)_ 
Anal. Calc. for C, ,Hz9N301 r : C, 45.23; H, 6.48; N, 9.31. Found: C, 44.90; 

H, 6-73; N, 9.08. 

3-0-(D-2-Propanoyl-L-aZanyZ-D-isoglutamine benzyl ester)-L-glucopyranose (52). 

- Hydrolysis of the isopropylidene groups in 49 (103 mg) with 90% aqueous tri- 
fluoroacetic acid (1 mL), as already described, gave 52 (49 mg, 55%) as a syrup, 

car f-2” (c 0.4, methanol; equil.); v:; 3350-3230 (OH, NH), 1710 and 1240 

(ester), 1650 and 1520 (amide), and 730 and 680 cm-’ (phenyl); n.m.r. data (in 

methanol-d,): 6 1.40 and 1.42 (2 d, 6 H, JCHawCH 7.0 Hz, 2 MeCH), 5.12 (s, 2 H, 
benzyl methylene), and 7.32 (s, 5 H, Ph). 

Anal. Calc. for Ct4H35N3011 : C, 53.23; H, 6.51; N, 7.76. Found: C, 52.98; 
H, 6.86; N, 7.59. 

3-O-(D-2-PropanoyZ-L-aZanyZ-D-isogZutamine)-L-gZucopyranose (53). - Com- 

pound 52 (30 mg) was dissolved in ethanol (2 mL), 10% Pd-C catalyst (20 mg) was 
added, and hydrogen was bubbled through for 30 min at room temperature. The 

catalyst was removed by filtration, and the filtrate was evaporated below 30”, to give 
hygroscopic, amorphous 53 (25 mg; quantitative), which showed a single spot in t.l.c., 
[a];’ 0” (c 0.2, methanol; equil.); vmax KBr 3350-3250 (OH, NH), 2750-2700 (COOH), 

1720 (C=O), and 1650 and 1520 cm-’ (amide). 

Anal. Calc. for C17H2s,N3011 : C, 45.23; H, 6.48; N, 9.31. Found: C, 44.89; 
H, 6.85; N, 9.08. 
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