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ABSTRACT 

The repeating disaccharide-dipeptide units of the bacterial, cell-wall peptido- 
glycan, one being O-(N-acetyl-~-muramoyl-~-alanyl-~-isoglutamine)-(1-,4)-2-acet- 
amido-2-deoxy-D-glucose, and the other, 0-(2-acetamido-2-deoxy-B_D-glucosyl)- 
(l-+4)-N-acetyl-muramoyl-L-alanyl-D-isoglutamine, have been synthesized. Some 
carbohydrate analogs, such as O-(N-acetyl-$-muramoyl-L-alanyl-D-isoglutaminej- 
(1+4)-N- acetylmuramoyl- L-alanyl- D- isoglutamine, o-/3- D-glucosyl-( 1+4) -N-ace- 
tylmuramoyl-L-alanyl-D-isoglutamine, and 0-(6-acetamido-6-deoxy-/3-D-glucosyl)- 
(1+4)-N-acetylmuramoyl-L-alanyl-D-isoglutamine, were also synthesized. Their 
immunoadjuvant activities were examined in guinea-pigs. 

INTRODUCTION 

The fundamental structure of the bacterial, cell-wall peptidoglycans (some of 
them having potent, immunostimulant activities) generally consists of alternating, 
/?-( l-+4)-linked pyranosides of 2-acetamido-2-deoxy-D-glucose (GlcNAc) and N- 
acetylmuramic acid (MurNAc) joined to peptide. The discovery4 of a simple, dipeptide 
derivative of muramic acid, namely, X-acetylmuramoyl-L-alanyl-D-isoglutarnine 
(MDP), which is the minimal structure necessary for immunoadjuvant activity, has 
stimulated recent work on the synthetic MDP analogs5. In continuation of our 
interest in clarifying the relationship between the structure of the carbohydrate 
moiety in, and the activity of, MDP, we have further examined the influence, on the 
adjuvant activity of MDP, of a longer carbohydrate moiety2V3’6. For similar purposes, 
Kusumoto et ai.’ and Durette et Ql.* synthesized the repeating disaccharide-dipeptide 
units of the peptidoglycan by using the Koenigs-Knorr reaction and the Lemieux 
method, respectively. 

*Studies on Immonoadjuvant Active Compounds, Part XV. For Part XIV, see ref. 1. For preliminary 
reports on part of this work, see refs. 2 and 3. 
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The use of oxazoIine derivatives is a well established method for introducing 
B-linked GlcNAc units into synthetic oligosaccharides. In this connection, it has 
been found that, when the coupling of ally1 2-acetamido-3,6-di-O-(2-butenyl)g- 
and -3,6-di-0-benzyl lo-2-deoxy-P-D-glucopy ranoside with 2-methyl-(4-0-acetyl-3,6- 
di-O-benzyl-1,2-dideoxy-r-D-~ucopyrano)-~2,l-d]-2-oxazoline” was conducted in 
1,2-dichloroethane containing a 10-20 mmolar proportion of p-toluenesulfonic acid, 
the desired &(1-+4)-linked disaccharides could be isolated crystalline in 30-40x 
yield. We now report the synthesis of &MDP-(1+4)-GlcNAc (29), #?-GlcNAc- 
(1 +Q)-MDP (30), and B-MDP-(l-4)-MDP (31) by the improved oxazoline proce- 
dure just described, and of some carbohydrate analogs in which the GlcNAc moiety 
was replaced by D-g!ucose (giving 42) and 6-acetamido-6-deoxy-D-glucose (giving 
43) by the Koenigs-Knorr reaction_ Their immunoadjuvant activities are also 
described. 

RE!XlL?s AND DIXUSSION 

The most familiar oxazoline, namely, 2-methyl-(3,4,6-tri-0-acetyl-1,2-dideoxy- 
x-D-@UCOpyEinO)-[2,1-d]-‘- L oxazoline (1) was used as the glycosyl donor for the 
synthesis of 29,30, and 31. As acceptors, we employed benzyl2-acetamido-3,6-di-O- 
benzyl-2-deoxy-r-D-glucopyranoside” (5) and benzyl 2-acetamido-6-0-beuzyzyl-3-O- 
(Z-butenyI)-Z-deoxy-a-D-glucopyranoside (9), which were readily prepared, stepwise, 

I 
2R=E 6 R1=R3=Bn.R2 =H 

xc = mco 3 R=Bn 

4 R = Eue 

Bn = PhCHZ 

3ue = _xecB=CxI12 

6 R==Bue. R2 =R3=tE 

7 It’ = Bue. R2 = X, R3 = BZ 

8 R'=Bue. R2 = Thp, R3 = 11 

9 RI= Bue. R2 = H, R3 = Bn 

10 R= = Bue, R* = AC, F2 = I31 

BZ = PhCO 

Thp = tetrahydropyran-Z-y1 

by benzylation or crotylation of benzyl 2-acetamido-2-deoxy-4,6-O-isopropylidene- 
a-D-&copyranoside’ 3 (2), hydrolytic removal of the isopropyIidene group, and 
selective, or stepwise (6-g), benzyIation of the primary hydroxyl group on C-6. 

The coupling of 1 with the acceptor 5 or 9 was achieved in 1,2-dichloroethane 
solution containingp-toluenesulfonic acid as the catalyst, to give the protected chito- 
bioside derivatives (11 and 12) as fine needles. The stereochemistry of the glycosyla- 
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tions was established by examination of the 400-MHz, n.m.r. spectra, and in compari- 
son with studiesgSxo using the same glycosyiation procedure_ 

0-Deacetylation of 11 and 12, and subsequent 4’,6’-O-isopropylidenation gave 
15 and 16 in almost quantitative yields. Compound 15 was condensed with r-2- 
chloropropanoic acid in the presence of sodium hydride, to give the ,&MurNAc- 
(l-4)-GIcNAc derivative 17. On the other hand, benzylation of 16, and removal 
of the 2-butenyl group with potassium fert-butoxide in dimethyl sulfoxide14, afforded 
19, which was then condensed with r_-2-chloropropanoic acid as just described, to 
give the /3-GlcNAc-(l-+4)-MurNAc derivative 20. For the synthesis of the &Mur- 
NAc-(I-+4)-MurNAc derivative 22, the 2-butenyl group in 16 was removed first, 
to afford 21, which was then condensed with L-2-chloropropanoic acid. 

1 t5 ____) 11 

1 -6 s - 12 

11 RI = m. R2 = AC 

12 RI = sue, R2 = AC 

13 II1 = al, R2 = Ii 

14 RI = mx?, R2 = H 

NHAc - 

NHAc NHAc 

15 R1 = En, R2 = H 26 iz’ = sn, x2 = b 

16 R’ = Bue, F12 =B 27 R1 = b, R2 = an 

17 RI = an. R2 = r 28 RI =R2=Ej 

Bue, 

Bn 

20 II1 = a, II2 = Bn 
21 R1=RZ=H 

22 RL = R2 5 a. 

23 R1=Bn, R2=b 

24 R' = b, R2 = Bn 

25 R==R2=b 

2 = -CH(Me)C02H 

b = -CH(Ne)CO-L-Ala-II-D-isoGln-OBn 
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Couplings of 17, 20, and 22 with L-alanyl-D-isoglutamine benzyl ester were 
conducted with dicyclohexylcarbodiimide and IV-hydroxysuccinimide as the activating 
agents, to give the corresponding Iactoyl-dipeptide derivatives 23,24, and 25, respecti- 

vely_ Hydroiytic removal of the 4’,6’-U-isopropyhdene group gave 26, 27, and 28, 

which were hydrogenolyzed in. the presence of 10% palladium-carbon (Pd-C) 

catalyst to afford the desired disaccharide-dipeptide units (29 and 30) and their 
analog 31, as amorphous materials. 

HOCH2 HOCH2 

M&H 
I 

CO-L-Ala-D-isotln 

D-isoGln 

McCH 
I 

CO-L-Ala-o-isoG1t-i 

31 

The synthesis of the carbohydrate analogs, 42 and 43, was accomplished as 

follows. Compound 38, prepared by the alkaline hydrolysis of” 32, was coupled with 
L-alanyl-D-isoglutamine benzyl ester as already described, to give amorphous 40. 

The desired /I-Glc-( 1 +4)-MurNAc (42) was readiIy prepared by hydrogenolysis of 
40 in the presence of 10 % Pd-C catalyst_ On the other hand, 4’,6’-O-isopropylidena- 
tion of 32, and subsequent perbenzoylation of the product gave benzyl2-acetamido- 

6-O-be~oyl-2-deoxy4~-(2,3-di-O-be~oyl-4.6-O-isopropylidene-~-D-glucopyrano- 
syl)-3-0-[D-l-(methoxycarbonyl)e~yl]-a-D-~ucopyranoside, which was then treated 

with 60% aqueous acetic acid, to afford crystalline 33. The selective mesylation of 
6’-OH, and treatment of the ester with sodium azide in NJklimethylformamide, 
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followed by acetylation, gave 35. Mild hydrogenolysis of 35, acetylation of the 
product, and purification of the acetate on a column of silica gel, afforded amorphous 
36. 0-Deacetylation of 36, and alkaline hydrolysis of the muramic ester gave 39, 
which was coupled with L-alanyl-D-isoglutamine benzyl ester to afford 41. Hydro- 
genolytic removal of the benzyl groups gave the desired 6’-acetamido analog 43. 

32 R1 = R* = H. R3 = OH 

33 lZ1 = Bz, R* = H, R' = OH 
34 R1 = BZ. R2 = H , R3 = ONS 

35 R' = Bz, R2 

36 R1 = Bz. R2 

= AC, R3 = N3 

= AC, R3 = NHAc 

37 R1 = R* = H, R3 = NHAc 

MS = ueso* 

OH 

36 R1 = a, R2 = OH 

39 R1 = a. R* = NH%c 

40 ?tl=b. R*=OH 

41 R1=b, R2 = NHAc 

OH 

CO-L-Ala-o-isoG11-1 

42 R= OH 

43 R = NHAc 

The immunoadjuvant activities of the synthetic MDP analogs on the induction 
of the delayed type of hypersensitivity to N-acetyl-L-tyrosine-3-azobenzene-4’- 
arsonate (ABA-N-acetyltyrosice) in guinea-pigs were examined as previously de- 
scribed’ 6 (see TabIe I)_ Both of the synthetic disaccharide-dipeptide units, 29 and 30, 
exhibited potent activity, but the difference in the activity, in comparison with that of 
MDP, could not be regarded as significant, even at lower doses (see Exp_ 1). (‘I’suji- 
mot0 et a1.‘7 reported that 30 was more active than MDP itself at lower doses.) 
Among the analogs, compound 31 showed strong activity (see Exp. 3), in contrast 
to 42 and 43, which were almost inactive. These results suggest that MDP is certainly 
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TABLE I 

ADJUVA?4T ACTIVITY OF THE REPEAT-WC DISACCHARIDE-DIPEPTIDE UNJ OF THE BACTERML, CELL-WALL 

PEPTKDOGLYCAS, ASD OF SOM!Z CARBOHYDRXTE AS.ALOGS, OS THE IXDUCTION OF DELAYED-TYPE HYPER- 

SESSlTlV1-W TO ABA-~%iCETYLTYROSiiE IX GUINEA-PIGS 

-- ___-._ .._-- ------- 

Compmmds Dose Skin reaction with A BA-BSAa (100 pg) 

(pg) (diam. in mm & SE)b at 
____ 
24 h 48 h 

_______-- -______--- 

Exp. := 
29 140 20.4 x1.1 22-4 &I.3 

14 20.9 = 1.5 21.2 51.1 
30 140 20.4 51.0 26.0 $1.5 

14 21.6 &I_2 19.0 51.3 
MDP 100 “7 &_._ $0.8 23.0 +I.8 

10 21.4 51.6 18.5 53.4 

Exp. z 
31 100 20.3 20.6 20.0 il.2 
>lDP 100 20.3 io.5 17.8 50.7 

Evp. 3 
42 100 (9.2 -_Ll.S) (5.8 &l-7) 
43 IO0 (12.7 k3.3) (7.9 22.3) 
hiDP 100 21.0 kl.8 19.0 52.0 

ConVoId 0 0 
--_____. ~- __ _-~-__-_I_-___ ---. _I___ 

uAzobcnzencarsonate-N-acetyl-r-tyrosine-bovine serum albumin. bThe data indicate the average 
diameter 5 the standard error (SE) of the skin reaction (induration) of four guinea-pigs; the values 
in parentheses indicate the size of the erythema. The doses of 29 and 30 were determined as based 
on their mokcular weights_ dABA-IV-acetyltyrosine in Freund’s incomplete adjuvant. 

the minimurn, adjuvant-active structure of the bacterial, cell-waII peptidoglycan, 
and that the acetamido group on C-2 of the longer carbohydrate moiety is necessary 

for manifestation of the activity. 

EXPERlMENTAL 

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 ix. spectra were recorded with a Jasco IRA-l 

spectrophotometer. N.m.r. spectra were recorded at 90 and 400 MHz with Hitachi 

R-22 and Bruker WH-4.00 spectrometers, respectively. F.d.-mass spectra were re- 
corded with a Hitachi M-80 spectrometer. Preparative chromatography was per- 
formed on silica gel (Waco Co.; 300 mesh) with the solvent system specified_ Evapora- 
tions were conducted in vacua_ 

Benzyl 2-acetanlido-3-O-(2-buter?)‘l)-2-deo~yry-4,6-O-isopropylidene-a-D-glucopy- 

ranoside (4)_ - To a stirred solution of 2 (5 g) in N,ZV-dimethylformamide (25 mL) 
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kept at 0” were added powdered barium oxide (10 g), barium hydroxide octahydrate 
(3.5 g), and I-bromo-2-butene (crotyl bromide) (3.3 g). The mixture was stirred 
for 36 h at room temperature, water was added, and stirring was continued for an 
additional 1 h. The suspended barium salts were filtered off with Celite, and washed 
with chloroform, and the filtrate and washings were combined and evaporated_ The 
residue was dissolved in chloroform, washed with water, dried, and evaporated to a 
syrup which was chromatographed on a column of silica gel (100 g) with (n) chloro- 
form and (b) 100: 1 chloroform-methanol. Eluant (6) gave compound 4 (4.41 g, 
76.4x), m-p. 102-104” (dec.), [a],, + 125.4” (c 1, chloroform); n.m.r. data (in 
CDCI,): 6 1.41 and 1.50 (2 s, 6 H, Me&), 1.6-1.8 (m, 3 H, CH,-CH= CH-), 1.94 
(s, 3 H, MeCO), 4.90 (d, 1 H, JI,- 4 Hz, H-l), 5.4-5.75 (m, 3 H, -CH=CH- andNH), 
and 7.3 (s, 5 H, Ph). 

Anal. Calc. for C22H,1N0,: C, 65.16; H, 7.71; N, 3.45. Found: C, 65.23: 
H, 7.66; N, 3.24. 

Benz-vi 2-acetamido-6-O-be~?~o~l-3-0-(2-br~ten~~i)-2-deo_~~-cr-D-glucop~ranoside 

(7). - A solution of 4 (35 g) in 60% aqueous acetic acid (50 mL) was heated for 3 h 
at 50-60”, cooled, and evaporated, and the residue crystallized from ethyl acetate to 
give 6 (30.4 g, 96.4”/,) as needles, m-p. 157”, [cz]n + 150.2” (c 1, methanol)_ To a 
stirred solution of 6 (10 g) in dry pyridine (60 mL), kept at -2O”, was added benzoyl 
chloride (3.85 mL). The mixture was stirred for 1 h at this temperature, and then 
water was added. Pyridine was removed by evaporation, the residue was extracted 
with chloroform, and the extract was successively washed with 2x1 hydrochloric acid, 
51 sodium carbonate, and water, dried, and evaporated_ The residue crystallized 
from ethyl acetate-hexane, to give needles of 7 (10.6 g, 82x), m-p_ 169-170”, [~]n 
~70.4” (c 0.73, chloroform); trnZr nh’“jO’ 3480 (OH), 3280 (NH), 1710 (C = 0), 1640 and 
1550 (amide), and 710 cm-’ (Ph). 

Anal. Calc. for CZ6H,,N0,: C, 66.51; H, 6.66; N, 2.98. Found: C, 66.39; 
H, 6.61; N, 3.00. 

Benzyi 2-acetanzido-3-0-(2-bute~t~I)-2-deo_~~~-4-0-(tetra~~drop~rajz-2-~~) - SI-D- 

ghcopyranoside (8). - To a stirred solution of 7 (10 g) in abs. 1,Pdioxane (50 mL) 
were added dihydropyran (10 mL) and p-toluenesulfonic acid monohydrate (120 mg). 
The mixture was stirred for 3 h at room temperature, treated with Amberlite IR-410 
(OH-) resin to remove the acid, and evaporated. Treatment of the residue with 
methanolic sodium methoxide at room temperature, followed by extractive processing, 
gave a mixture of diastereoisomers due to the tetrahydropyran-Zyl group. Chromato- 
graphy of the product on silica gel with (a) 100 : 1 and (6) 50 : 1 chloroform-methanol 
gave two kinds of crystalline compounds, Sa (5.71 g, 59.6 %) {m-p. 112-l 13 0 (dec.), 
[z],, + 133.4” (c 1, chloroform); bmnx *N”jo’ 3400 (OH), 3260 (NH), 1640 and 1540 
(amide), and disappearance of the band at 1710 cm-’ (C=O); n.m.r. data (in CDCl,): 
loss of benzoyl-H and appearance of tetrahydropyranyl-h! at 6 l-l-2.0}, and Sb 
(3.06 g, 32%) (m-p. 129--130”, [a& +88.6” (c 0.74, chloroform); I$$‘? 3500 (OH), 
3200 (NH), and 1630 and 1560 cm- ’ (amide); n.m.r. data (in CDCl,): similar to 
those of Sa}. 
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Anal. Calc. for C,3HszNz0,,: C, 62.91; H, 6.39; N, 3.41. Found: C, 63.13; 

H, 6.36: N, 3.29. 
BenzyZ 2-acetanlido-4-0-(2-aceta~?lido-3,4,6-tri-O-acety~-Z-deo~-~-~-D-g~~~cop~- 

raJzosy~)-6-O-benr~Z-3-O-(Z-buteny~)-2-deoxy-~-~-gZ~~cop~ra~zos~de (12). - The coupI- 

ing of 9 (1 g) with oxazoline 1 (2 g) was accomplished by the procedure just described 

for the preparation of 11. In this reaction, however, the oxazoline disappeared almost 

completely after 10 h, and the products were chromatographed on a column of silica 

gel (100 g) with (a) chloroform, (6) 200: 1, and (c) 100: 1 chloroform-methanol. The 

disaccharide fraction obtained from eluant (c) crystallized from hot ethanol, to 

afford 12 (622 mg; 36.1x, based on 9) as needles, m-p. 24%250”, [~]o f41.0” 

(c 0.5, chloroform); v~~~* 3300 and 3240 (NH), 1740 (C= 0), 1650, 1640 and 1530 
(amide), and 735, 720, and 690 cm -r (Ph); n.m.r. data (in CDCl,): 6 1.5-1.8 (m, 

3 H, CH,-CH=CH-), 1.72, 1.91, 1.9S, 2.20, and 2.03 (5 s, 15 H, 5 MeCO), 4.4 (d, 

1 H, J,,.,, 9 Hz, H-l’), 4.92 (d, 1 H, J,,z 4 Hz, H-l), and 7.2-7.6 (m, 10 H, 2 Ph). 

Anal. Calc. for C4eH5zN20Z5: C, 61.21; H, 6.68; N, 3.57. Found: C, 61.45: 

H, 6.8:; N, 3.33. 

Ben@ 2-acetan~ido-4-O-(~-acetmnido-2-deo_~y-4,6-O-isopropy~ide~~e-~-D-g~~~co- 

pyranosyl)-3,6-di-O-ben~yi-2-deo~y-~-D-gl~tcopyra~loside (15). - Compound 11 
(400 mg) was treated with methanolic sodium methoxide to give amorphous 13 
(333 mg), m.p. 260-262O (dec.), [a],, -1-63.2” (c 0.5, methanol) {lit.‘” m-p. 252- 
256” (dec.), [a&, f72” (c 1.3, methanol)); I$$$” 3600-3100 (OH and NH), 1640 

and 1530 (amide), 730,725, and 690 (Ph), and loss of 1740 cm-l (C=O). To a stirred 

solution of 13 (300 mg) in dry IV,Wdimethylformamide (3 mL) were added p-toluene- 
sulfonic acid monohydrate (15 mg) and 2,2_dimethoxypropane (1 mL). The mixture 
was stirred for 2 h at 50”, cooIed, and treated with Amberlite IRA-410 (OH-) ion- 

exchange resin to remove the acid. The resin was fihered off, and the filtrate was 

evaporated to a syrup which was chromatographed on a column of silica gel with (a) 
chloroform, and (6) 100 : I chloroform-methanol_ The product obtained from eluant 

(b) crys+ailized from ethanol, to give 15 (260 mg, 82 %) as needles, m.p. 25 l-252 O, 

[n]o f60.4” (c 0.5, chloroform); xmax ~N”jo* 3440 (OH), 3300 and 3250 (NH), 1640 and 

1530 (amide), 850 (Me,C), and 730 and 690 cm-’ (Ph). 

Anal. Calc. for C,,H5,,N20,, : C, 65.38; H, 6.86; N, 3.81. Found: C, 65.19; 
H, 7.04; N, 3.69. 

Benzyl Z-acetamido-4-0-(2-acetar~lido-2-deo~y-4,6-O-isopropylidene-~-D~I~lco- 

pyranosyl)-6-0-benzyZ-3-O-(2-butenyl)-_ p-deoxy-cr-D-ghrcopyranoside (16). - O-De- 
acetylation of 12 (600 mg) with methanolic sodium methoxide gave amorphous 14 

(467 mg), m-p. 270-271 o (dec.), [o~]n t69.6” (c OS, methanol); vzp 3600-3100 

(OH and NH), 1650 and 1550 (amide), 730,725, and 690 (Ph), and disappearance of 

1740 cm- l (C = 0). Isopropylidenation of 14 (400 mg) by the procedure just described 
for the preparation of 15 afforded amorphous 16 (384 mg), m-p. 244-245” (dec.), 

[cx]~ +40.5” (c 0.326, chloroform); IV= 3440 (OH), 3280 and 3260 (NH), 1650 

and 1530 (amide), 850 (Me&), and 730, 725, and 690 cm-l (Ph). 
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haI_ Calc. for CJ,H,,,N,O,,: C, 63.59; K, 7.21; N, 4.01. Found: C, 63.72; 
H. 7.20; N, 4.14. 

Benqi 2-acetamido-~-O-[Z-acetamido-3-O-(D-Z-carbo~yetlzyl)-2-deoxy-4,6-0- 

isopropylideite-~-D-glrtcopJ.mnosi_ll-3,6-di-O-betz~y~-2-deoxy-rx-D-glztcop_v~anoside (17). 

-To a stirred solution of 15 (200 mg) in dry l&dioxane (3 mL) was added the sodium 
hydride reagent (26 mg), and the mixture was stirred for 1.5 h at 95 O, and then cooled 

to 65’. r-2-Chloropropanoic acid (39 mg) was added to the stirred mixture, and the 
mixture was stirred for 3 h at 65”, and then processed as previously describedf3. 
Compound 17 (200 mg, 9 1%) crystallized from ethyl acetate (needles), m-p. 232-233 “, 
[%ID t 75 c (c 0.4, chloroform); vz;c’ 3500-2700 (CO,H), 3300 (-NH), 1720 (C=O), 
1650 and 1530 (amide), 850 (Me?C), and 730, 725, and 690 cm-’ (Ph); n.m.r. data 
(in CDCl,): 5 1.2-1.5 (m, 9 H, Me& and MeCH), 1.78 and l-90 (2 s, 6 H, 2 MeCO), 
5.35 and 5.85 (2 d, 2 H, 2 NH), 6.8-7.2 (very broad s, 1 H, CO,H), and 7.2-7.5 
(m, 15 H, 3 Ph). 

Anal. Calc. for CA3HS,N,0,,: C, 64.00; H, 6.73; N, 3.47_ Found: C, 64.28; 
H, 6.55: NT 3.34. 

Betz=yl 2-acetattzido-4-0-(2-acetattzido-3-O-bett~~l-2-deoxy-4,6-O-isoprop~~lidetze- 
~-D-gfzrcop~fatzos~f)-6-0-ben~~Z-3-0-(2-bzf~e~~~)-2-deo~~-~-D-g~ztcopy~anoside (18). - 

To 8 stirred solution of 16 (200 mg) in N,N-dimethylformamide (2 mL) were added 
powdered barium oxide (500 mg), barillm hydroxide octahydrate (140 mg), and 
benzyl bromide (0.1 mL). The mixture was stirred for 18 h at room temperature, and 
then processed as described for the preparation of 9. The product, 18 (181 mg, SO%), 
was obtained as needles from hot ethanol, m.p. 219-X0”, [CL],, ~61.5~ (c 1, chloro- 

form); mX \sKBr 3260 (NH), 1650 and 1540 (amide), 860 (Me&), and 740 and 700 cm-’ 
(Ph). 

A?zcl. Calc. for C,HS6N20,,: C, 66.98; H, 7.16; N, 3.55. Found: C, 67.21; 
H, 5.91; N, 3.35. 

Benny1 2-acetamido-4-0-(2-acetamido-3-O-betz~~~~-2-deo.~y-4,6-O-isopropyI~dene- 
P-D-glrtcopy~a~os~I)-6-O-~e~~y~-2-deox~-~-D-gZztcopy~a~osjde (19). - A mixture of 
18 (200 mg) and potassium tert-butoxide (288 mg) in dry dimethyl sulfoxide (5 mL) 
was stirred for 4 h at 50’. Cold water was added to the mixture, and the product 
was extracted with chloroform_ The chloroform layer was washed with water, dried, 
and evaporated to a syrup which was chromatographed on a column of silica gel 
with (a) chloroform, (b) 100 : i, and (c) 50 : 1 chloroform-methanol_ The syrup 
obtained from eluant (c) crystallized from ethyl acetate to afford 19 (142 mg, 76.2 %) 
as needles, m-p. 204-206°, [x]~ f84.3” (c 0.312, chloroform); vz. 3420 (OH), 
3260 (NH), 1670 and 1550 (amide), 850 (Me,(Z), and 735 and 695 cm-l (Ph); n.m.r. 
data (in CDCl,) showed the disappearance of the 2-butenyl group. 

Anal. Calc- for C,,H,,N,O,,: C, 65.38; H, 6.86; N, 3.81. Found: C, 65.47; 
H, 6.68; N, 3.92. 

BertzyI2-acetamido-4-0-(2-ace~amido-3-O-benzyl-2-deoxy-4,6-O-isopropylidene- 
~-D-giucopyra?zosyl)-6-O-ben~y~-3-O-(D-I-carboxye~~zy~)-~-~~ucopy~~os~de (20). - 

The introduction of the D-l-carboxyethyl group into 19 (150 mg) was conducted 
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as described for the preparation of 17. Extractive processing. and chromatography 
on a column of silica gel with 50 : 1 chloroform-methanol, afforded a syrup, which 
crystallized from ethyl acetate-hexane to give needles of 20 (132 mg, SO%), m.p. 
136-138”, [a-Jr) -i 59.1 o (c 0.45, chloroform); vk!j; 3500-2700 (CO,H), 3280 (NH), 

1720 (C=O), 1650 and 1540 (amide), 8.50 (Me&), and 740 and 695 cm-’ (Ph); 
n.m.r. data (in CDCl,): S 1.3 (d, 3 H, J 7 Hz, MeCH), 1.47 (near s, 6 H, Me,C), 
1.73 and 1.95 (2 s, 6 H, MeCO), and 7.1-7.4 (m, 15 H, 3 Ph). 

Anal. Calc. for C13H5JVz01 3 : C, 64.00; H, 6.75; N, 3.47. Found: C, 63.83; 
H, 6.74; N, 3.51. 

Benzy1 2-acetan7ido-4-0-(2-acetonlirlo-2-deo_~y-4,6-O-isoprop~,~~de~ze-$-D-gfl~co- 
pyra~zosyl)-6-0-6elz~yi-~-deoxy-~-D~Zlicopyranoside (21). - A mixture of 16 (500 mg) 

and potassium rerr-butoxide (643 mg) in dry dimethyl sulfoxide (10 mL) was stirred 
for 8 h at 50”, and processed as described for the preparation of 19. Chromatography 

on a column of silica gel with 20: 1 chloroform-methanol gave amorphous 21 (398 
mg, 86x), m-p. 191-192” (dec.), [a]n +50” (c 0.512, chloroform); v~,C~ 3600-3340 
(OH), 3260 (NH), 1650 and 1550 (amide), 850 (Me2C), and 740 and 695 cm-’ (Ph). 

Anal. Cak. for C,,H,,N,O,,: C, 61.47; H, 6.88; N, 4.35. Found: C, 61.41; 
H, 6.72; N, 4.41. 

BenzyI Z-a~etm~~ido-4-O-[~-aceta~nido-3-O-(~-I-carbo_~~etJ~~J)-2-deo_~~~-4,6-0- 

isoprop~~Jide~re-~-D-glucop~ranosy~]-6-O-berz~yf - 3 - 0 - (D-i-carboxyet/zy~)-2-deoxy-a-D- 

ghcopyranoside (22). - Carboxyethylation of both OH-3 and -3’ of 21 (200 mg) was 

simultaneously achieved by the procedure employed for the preparation of 17 and 
20. The product was purified by chromatography on a column of silica gel with (a) 

chloroform, (t,) 100: 1, and (c) 50 : 1 chloroform-methanol. Eluant (c) gave com- 
pound 22 (213 mg, 87 %), which crystallized from ether, m-p. 193-194”, [cx]n -f- 171.7” 
(c 0.22, chioroform); ~2:’ 3600-2300 (CO,H), 3460 and 3300 (NH), 1730 and 1710 
(C=O), 1660-1520 (amide), 850 (Me,C), and 730 and 690 cm-’ (Ph); n.m.r. data 
(in CD,OD + CDCI,): 6 1.35 and 1.39 (2 d, 6 H, J 7 Hz, MeCH), 1.40 and 1.50 
(2 s, 6 H, Me,C), 1.96 (near s, 6 H, 2 MeCO), and 7.27 and 7.36 (2 s, 10 H, 2 Ph)). 

Anal. Calc. for C3sHs2NZOls: C, 59.38; H, 6.65; N, 3.55. Found: C, 59.65; 

H, 6.59; N, 3.28. 

Benz)11 2-acetan~ido-4-O-i2-aceta~nido-2-deox~~-4,6-O-isopropyI~de?~e-3-0-(D-2- 

propanoyl-L-alany&D-isoghtamine benzyl ester)-j?-D-glucopyranosyl]-3,6-di-0-benzyZ- 

Z-deoxy-r-D-ghcopyranoside (23). - To a stirred solution of 17 (90 mg) in dry 
1,4-dioxane (2 mL) were added N-hydroxysuccinimide (HOSu) (26 mg) and dicyclo- 
hexykarbodiimide @CC) (46 mg), the mixture was stirred for 2.5 h at room tempera- 
ture, and then triethylamine (15 mg) and r_-alanyl-D-isoglutamine benzyl ester tri- 
fluoroacetate (56 mg) dissolved in dry 1,Cdioxane (1 mL) were added. The mixture 
was stirred for 2 h at room temperature, and evaporated. The residue was chromato- 
graphed on a column of silica gel with (a) chloroform, (b) 100 : 1, and (c) 50 : 1 
chloroform-methanol. EIuant (c) gave amorphous 23 (107 mg, 88 %), m.p. 256-258 o 

(dec.), [zID +49.4” (c 0.5, chloroform); n.m.r. data (in CDCI, + CDaOD): 8 L-2- 
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1.6 (m, 12 H, MeCH and Me&), 1.86 and 1.93 (2 s, 6 H, 2 MeCO), 1.9-2.6 (m, 4 H, 
-CH2CH2-), and 7.2-7.45 (m, 20 H, 4 Ph). 

Anal. Calc. for C,,H,,N,O,,: C, 63.54; H, 6.71; N, 6.39. Found: C, 63.13; 
H, 6X3; N, 6.11. 

3enz~l2-acetamido-4-0-(2-acetan2ido-3-O-be~~~y~-2-deo~y-4,6-O-isoprop~~Iide~e- 
~-D-girrcop_r-ranos~~)-6-O-ben=~I-2-deo~y-3-O-(D-2-propano~~-r-a~an~~-D-isogiutamine 

benr_r-1 esrer)-x-D-g!rrcop_warloside (24)_ - Coupling of 20 (45 mg) with L-alanyl-D- 
isoglutamine benzyl ester trifluoroacetate (26 mg) in dry 1,4-dioxane (1.5 mL) by 
using HOSu (10 mg), DCC (is mg), and triethylamine (8 mg) was performed as 
described in the previous section. Chromatography on a column of silica gel with 
30 : 1 chloroform-methanol afforded amorphous 24 (37.5 mg, 61.5x), m.p. 206-208” 
(dec.), [=&, i40.5” (c 0.375, chloroform); n-m-r. data (in CDCl,): 8 1.2-1.35 (m, 
6 H, 2 MeCH), 1.44 and 1.49 (2 s, 6 H, Me&), 1.75 and 1.90 (2 s, 6 H, MeCO), 
1.9-2.5 (m, 4 H, -CH,CH?-), and 7.17-7.45 (m, 20 H, 4 Ph). 

Anal. Calc. for C,,H,,N,O,,: C, 63.54; H, 6.71; N, 6.39. Found: C, 63.75; 
H, 6.82: N. 6.31. 

Ber2:yi 2-acetmnido-4-0-~2-acetan~ido-2-deosy-4,6-O-isopropylidene-3-0-(D-2- 
propanoyI-L-aIan+D-boghtamine benzyI ester)-fi-D-ghtcopyra~zosyl]-6-O-benzyl-2-de- 
o_~~-3-O-(D-2-propanoJ-~-~-a~a~l~~-D-isoglrttami~le benzyl ester)-x-D-gllicopyranoside 
(25). - To a stirred solution of 22 (75 mg) in dry oxolane (3 mL) were added HOSu 
(32 mg) and DCC (57 mg), the mixture was stirred for 30 min at room temperature, 
and then r_-alanyl-D-isoglutamine benzyl ester trifluoroacetate (120 mg) and triethyl- 
amine (0.1 mL) were added. The mixture was stirred for 6 h at room temperature, 
the l&dicyclohexylurea formed was filtered off, and the filtrate was evaporated. The 
residue was chromatographed on a column of silica gel with (a) chloroform, (b) 50 : 1, 
and (c) 20 I 1 chloroform-methanol_ Eluant (c) gave crystalline 25 (110 mg, 84.6 %), 
m-p. 183-184”, [x]~ +33_7” (c 0.52, 1: 1 chloroform-methanol); v”,“,‘,“’ 3650-3100 
(NH), 1735 C=O), 1650 and 1530 (amide), 850 (Me&), and 730, 720 and 690 
cm-’ (Ph); n.m.r. data (in CDCl, i CD,OD): 6 1.2-i-6 (m, 18 H, MeCH and 
Me,(Z), 1.93 (near s, 6 H, 2 MeCO), l-7-2-6 (m. 8 H, -CH,CH2-), and 7.2-7.4 (m, 
20 H, 4 Ph); f-d.-m.s.r m/z 1390 [(M + Na)‘] and 1406 [(M + K)+]. 

2-Acetamido-4-0-~2-ace~a~~~do-2-deo_~y-3-O-(D-2-propanoy~-~-a~any~-D-isogl~rt- 
amine)-~-D-g~acop_~ra~osyi]-2-deo_~y-D-giucopyranose (29). - A solution of 23 
(100 mg) in 60% aqueous acetic acid (2 mL) was heated for 1 h at 50°, and then 
evaporated at 45”. The residue was coevaporated with benzene-ethanol to give 
amorphous 26 in quantitative yield, m-p. 247-248” (dec.), [& +57_7O (c 03, 
methanol); I m=~ vKBr showed loss of the band at 850 cm-’ (MetC). To a solution of 26 
(30 mg) in 10: 1 methanol-acetic acid was added 10% Pd-C catalyst (50 mg), and 
hydrogen was bubbled through for 5 h while the solution was stirred at 20-25”. 
Water was added to the mixture, and hydrogen was bubbled through the mixture 
for 3 h_ The catalyst was filtered off, and successively washed with methanol and 
water. The filtrate and washings were combined, and evaporated at 40°, to give 
amorphous 29 (60 mg), [a]= + 10.7” (c 1, water; equil.); vz. showed loss of the 
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