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ABSTRACT 

Five carbohydrate analogs of N-acetylmuramoyl-r-alanyl-D-isoglutamine have 
been synthesized from benzyl 2- acetamido-2-deoxy-3-O-[D-I-(methoxycarbonyl)- 

ethyl]-%-D-glucopyranoside (1) and the corresponding 6-0-benzoyl derivative (2). 
Chlorination of 1 and 2 with triphenylphosphine in carbon tetrachloride gave the 
4,6-dichioro compound 3 and the 6-0-benzoyl-4-chloro compound (4), which were 
treated with tributyltin hydride, to yield benzyl 2-acetamido-2,4,6-trideoxy-3-0- 
[D-l-(methoxycarbonyl)ethyl]-~--D-sJ-,fo-hexopyranoside (6) and benzyl 2-acetamido- 
6-0-benzoyl-2,4-dideoxy-3-O-[D-l-(methoxycarbonyl)ethyl]-~-~-sr,lo-hexopyrano- 
side (7), respectively_ Methanesulfonylation of 8, derived from 7 by debenzoylation, 
gave the 6-methanesulfonate, which underwent displacement with azide ion to afford 
benzyl 2-acetamido-6-~ido-2,4,6-trideoxy-3-0-[o-l-(methoxycarbonyl)ethyl]-~-~- 
sJ+hexopyranoside (10). Hydrolysis of the methyl ester group in compounds 3, 5 
(debenzoylated 4), 6,8, and 10 ,oave the corresponding free acids, which were coupled 
with L-alanyl-o-isoglutamine benzyl ester, to yield the dipeptide derivatives in excellent 
yields. Hydrogenation of the dipeptide derivatives thus obtained gave the five 
carbohydrate analogs of N-acetylmuramoyl-L-alanyl-D-isoglutamine, respectively, in 
good yields. The immunoadjuvant activity of the Ar-acetylmuramoyl-dipeptide 
analogs was examined. 

INTRODUCTION 

The principal results of our recent studies on the relationship between the 
structure of the carbohydrate moiety and the activity in Wacetylmuramoyl-L-alanyl- 
D-isoglutamine, which is the minimal structureZv3 required for the immunoadjuvant 

*Studies on Immunoadjuvant Active Compounds, Part XI. For Part X, see ref. 1. 
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activity of bacterial cell-wall peptidoglycans, are the following. (I) The carbohydrate 
moiety is not restricted to 2- acetamido-2-deoxy-D-glucose, and can be replaced by 
Zacetamido-2-deoxy-D-mannose*, 2-acetamido-2-deoxy-D-galactose’, 2,6-diamino- 
2,6-dideoxy-D-glucose7, 2-acetamido-6-amino-2,6-dideoxy-D-glucose’, 2,6-dideoxy- 

2,6-(diacylamino)-D-gIucoseg”, and D-ghCOse6 without decreasing the adjuvant 
activity_ However, the substituents at C-2 and C-6 seem to be very critical for the 

manifestation of activity, because replacement6*sggb of the hydroxyl group at C-2 
or C-6 by a hydrogen atom was found to abolish the activity almost completely, and 
the D-_+I analOgS-vb of the muramoyl dipeptide did not show any activity. (2) It has 

been found that not only is the sugar moiety essential for the activityLo*“, but also 
that the position and configuration of the linkage between the lactoyl-dipeptide and 

the sugar moiety are critically important’. 

In view of these facts, our interest has been directed toward chemical modifica- 
tion of the substituent at C-4, or C-4 and C-6, of the carbohydrate moiety in iV- 
acetylmuramoyl-t-alanyl-D-isoglutamine, in order to clarify the structural require- 

ments of the carbohydrate moiety for activity. We now describe the synthesis of three 
4-deoxy analogs, and a 4-chloro-4-deoxy- and a 4,6-dichloro-4,6-dideoxy-D-g&cto 

analog of N-acetylmuramoyl-L-alanyl-D-isoglutamineS and their immunoadjuvant 
activities. 

RESULTS AND DISCUSSiON 

Benzyl 2-acetamido-2-deoxy-3-O-[D-l-(methoxycarbonyl)ethyl]-~-D-gluco- 

pyranoside’*r2*r3 (1) and the corresponding 6-0-benzoyl derivative13 (2) served as 
convenient starting-materials for the synthesis of all of the muramoyl dipeptide 
analogs described herein. Treatment r4 of 1 or 2 with triphenylphosphine in carbon 
tetrachloride respectively gave benzyl 2-acetamido-4,6-dichloro-2,4,6-trideoxy-3-0- 
[D-l-(methoxycarbonyl)ethyl]-~-D-galactopyranoside (3) or benzyl 2-acetamido-6- 
O-benzoyl-4-chIoro-2,4-dideoxy-3-0-[D-l-(methoxycarbony1)ethyl]-cc-D-galactopyra- 
noside (4), with inversion of the configuration of C-4, in good yields. The D-gatacto 

configuration of compounds 3 and 4 was based on n.m.r. spectroscopy; the n.m.r. 
spectra of 3 and 4 showed the H-4 signal as a doublet of doublets, at S 4.51 (J3,4 3.6, 
Jam5 2.0 Hz) for 3, and at 6 4.45 (J,,, 3.6, f,,, 1.8 Hz) for 4, indicating the structures 
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shown for the galactopyranoside derivatives, 3 and 4. On radical dechlorination’” 

with tributyltin hydride in the presence of a,a’-azobis(isobutanonitrile) in dry toluene, 
3 and 4 respectively gave benzyl 2-acetamido-2,4,6-trideoxy-3-O-CD- I -(methoxy- 
carbonyl)ethyl]-%-D-s_v/o-hexopyranoside (6) and benzyl 2-acetamido-6-O-benzoyl- 
2,4-dideoxy-3-0-[D-l-(metho~ycarbonyl)ethyl]-~-D-_~~~/o-hexopyranoside (7), in ex- 
cellent yield. 

Treatment of 8, derived from 7 by debenzoylation, with methanesulfonyl 
chloride in pyridine afforded the 6-0-mesyl derivative 9, which was converted, in 
SSu/, yield, into benzyl 3-acetamido-6-azido-2,4,6-trideoxy-3-O-[D-l-(metlloxy- 
carbonyl)ethyl]-a-D-syfo-hexopyranoside (10) by heating with sodium azide in h’,N- 

dimethylformamide for 6 h at 70-80’. 
Saponification of 6 with O.lat aqueous potassium hydroxide in 1,4-dioxane 

gave the free acid, which was used for the next reaction without purification. Coupling 
of the acid with L-alanyl-D-isoglutamine benzyl ester’ ’ was conducted with dicyclo- 
hexylcarbodiimide and N-hydroxysuccinimide as the activating agents, to afford 
benzyl 2-acetamido-2,4,6-trideoxy-3-O-(D-~-propiony~-L-a~anyi-D-isog~utaniine benzyl 

ester)-rl-D-s_rlo-hexopyranoside (11) in almost quantitative yield. In the same way, 
coupling of the free acids derived from compounds 3, 5, 8, and 10 (by hydrolysis) 
with the L-alanyl-D-isoglutamine derivative yielded the corresponding dipcptides 
12-X in excellent yields. 

Hydrogenolysis of the benzyl group in compound 11 with hydrogen in the 
presence of IO”/, Pd-C catalyst, in methanol-acetic acid--water, save Z-acetamido- 

2,4,6-trideoxy-3-0-(D-2-propionyl-~-alanyl-D-isoglutamine)-D-_~~lo-ht.~opyranose 
(16) in good yield. By essentially the same procedure, compounds 12-15 yieIded the 
corresponding carbohydrates analogs (17-20) of N-acetylnmramoyl-L-alanyl-D-iso- 
glutamine, in good yields. 

13R = t3.R’ = N, 

9 = -CH-CO-L-A~~-D-~S~GI~-OB~ 
I 

Me 

16R= H 19 R’ . Rz= C, 

17R = OH 2OR’ = Cl,F?= OH 

7.9 R = NH> 

The immunoadjuvant activities of compounds 16-20 on the induction of the 
delayed type of hypersensitivity to N-acetyltyrosine-3-azobenzene-4’-arsenic acid 
(ABA-N-acetyltyrosine) were examined” in guinea-pigs (see Table 1). All of the 

compounds exhibited weak, or no, adjuvant activity, indicating that the hydroxyl 
groups on C-4 and C-6 in the carbohydrate moiety of the minimal, adjuvant-active 

structure, namely, N-acetylmuramoyl-L-alanyl-D-isoglutamine (M DP), seem to be 
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TABLE I 

ADJUVAXT ACTIVITY OF SOhfE CARBOHYDRATE ANALOGS OF N-ACETYLhfURABIOYL-L-ALANYL-D-ISO- 

GLUTAhUN’ OX THE INDUCTION OF DELAYED-TYPE HYPERSENStTIVIN TO ABA-N-ACEWL-IYROSISE IN 

GUIKEA-PIGS 

No. of Skin r-e&ion with ABA-%SAb 
animals (50 jcg) at 

16 4 
17 4 
18 4 
19 4 
20 3 
N-Acet~lmuramo_vl-L-afa~~l-o-iso~lutam~ne (IMDPJ 3 

Control 5 

24 h (NISI f SE) 45 h (tllJT1 &SE) = 

(4.0 ir1.0)" 0 
9.9 il.3 2.0 51.3 
0 0 

(3.3 20.7)” 0 
9.3 io.3 3.0 50.7 

19.7 20.5 16.7 &I.4 
0 0 

GAt a dose of 100 pg. *Bovine serum albumin. SE: Standard error. Taint e~thema. 

important for manifestation of the activity. Replacement of the hydroxyl groups at 
C-4 and C-6 in MDP by a hydrogen atom (16) and a chlorine atom (19) led to almost 
complete loss of activity, showin g that the hydroxyl group on C-6 in MDP is very 
critical for the activity, as compounds 17 and 20, bearing a hydroxyl group on C-6, 
have a distinct, but weak, immunoadjuvant activity as compared to that of MDP. 

EXPERIMENTAL 

Gerleral 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. N.m.r. data were confirmed by use of decoupling techniques. Pre- 
parative chromatography was performed on silica gel (Waco Co.; 300 mesh) with 
the solvent systems specified_ Evaporations were conducted irz WCL~O_ 

Betzzyl Z-acetarnido - 4,6-diclrlot-o - 2,4,6- trideo_~~~-3-O-~D-I-(t~ler~Io_~}~cffrbo~zy~)- 

ethyIJ-a-D-gaLactop~rmtoside (3). - To a solution of benzyl Zacetamido-2-deoxy-3- 
O-[o-l-(methoxycarbonyI)ethyll_u-D-~ucopyranoside (I; SO0 rng) in dry carbon 
tetrachloride (50 mL) was added triphenylpkosphine (I -6 ,o), and the mixture was 
heated, with stirring, for 3 h at SO”. It was then cooled, the precipitate was filtered 
off, and the filtrate was evaporated. The residue was chromatographed on a column 
of silica gel (20 g), with chloroform, to give a crystalline mass. Recrystallization from 
ether-hexane afforded the 4,6-dichloride 3 (660 mg, 76 %) as needles, m.p. 138 O, 
[a]2 +209” (c 0.3, chloroform); vmox N”jol 3280 (NH), 1760, 1740, and 1200 (ester), 
1650 and 1540 (amide), and 720 and 680 cm-’ (phenyl); n.m.r. data(inchIoroform-d): 
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1730 and 1220 (ester), 1660 and 1530 (amide), and 725 and 690 cm-’ (phenyl); 

n.m.r. data (in chioroform-d): 6 l_ 1 S (d, 3 H, J,,,,, 6.0 Hz, Me), 1.35 (d, 3 H, J,--,,=* 

7.2 Hz, MeC), 1.86-2.15 (m, 2 H, H-4,4’), 2.00 (s, 3 H, AcN), 4.07 (q, 1 H, JCHJsCH 

7.2 Hz, CH), 4.44, 4.56 (2 d, 2 H, J,,, 12.0 Hz, benzyl methylene), 5.31 (d, 1 H, 

J,,Z 3.6 Hz, H-l), 6.94 (d, 1 H, JI,NH 4.4 Hz, NH), and 7.29 (s, 5 H, Ph). 

Al&. Calc. for C,,H,,NO,: C, 62.45; H, 7.45; N, 3.83. Found: C, 62.38; 

H, 7.39; N, 3.80. 
Be1r~_vl2-acetat~Cio-6-0-benzoy~-2,4-dideosy-3-0- ID-I-(tnethosycarbonyl)- 

et/zy/]-a-D-xylo-/ze_Yopyratzoside (7)_ - To a stirred solution of 4 (960 mg) and azobis- 

(isobutanonitrile) (200 mg) in dry toluene (60 mL) under a nitrogen atmosphere 

was added tributyltin hydride (2.5 mL), and the mixture was stirred at 120” (bath), 
the progress of the reaction bein, = monitored by t.1.c.; after 3 h, the starting material 

was no longer detectable. The same procedure used for the preparation of 6 gave 

compound 7 (S20 mg, 92%) as needles, m-p. 151-152”, [E]F + 132” (c 0.5, chloro- 

form); v~Y 3300 (NH), 1740, 1720, 1705, and 1220 (ester), 1650 and 1550 (amide), 

and 740,700, and 690 cm-’ (phenyl); n.m.r. data (in chloroform-d): S 1.48 (d, 3 H, 

J Cz13,CI, 7.0 Hz, MeC), 1.47-2.22 (m, 2 H, H-4,4’), 2.02 (s, 3 H, AcN), 3.75 (s, 3 H, 

MeO), 3.52-4.33 (m, 5 H, H-2,3,5,6,6’), 4.1 I (q, 1 I-I, JCHJVCH 7.0 Hz, CH), 4.47, 

4.67 (2 d, 2 H, J,,,,, 12.0 Hz, benzyl methylene), 5.40 (d, 1 H, J,_Z 3.6 Hz, H-l), 

7.02 (d, I H, JZeSH 5.0 Hz, NH), 7.25 (s, 5 H, Ph), and 7.40-8.10 (m, 5 H, Ph). 

Atzal. Calc. for CZ6H3rNOs: C, 64.31; H, 6.44; N, 2.89. Found: C, 64.25; 
H, 6.44; N, 2.51. 

BenqI _7-acetat~?i~o-2,4-~irieo_~y-3-O-[D-l-(t~ret/~os~~carbon~~~)et/zyl]-rl-D-xylo- 
hesop~ratzoside (8). - To a solution of 7 (720 mg) in methanol (30 mL) was added 

XI sodium methoxide (3 mL), and the mixture was kept for 30 min at room temperature. 
After using the same procedure as for the preparation of 5, compound 8 was obtained 

as a syrup (550 mg, 97x), [a]z +SS” (c 1.3, chloroform); YE:; 3320 (OH, NH), 
1730 and 1220 (ester), 1650 and 1530 (amide), and 730 and 690 cm-’ (phenyl); 

n.m_r. data (in chloroform-ri): 6 1.38 (d, 3 H, JCHJVCH 7.0 Hz, MeC), 1.52-2.05 (m, 
2 H, H-4,4’), 2.02 (s, 3 H, AcN) ,2.40 (near t, 1 H, OH-6), 3.52-3.65 (m, 2 H, H-6,6’), 

3.70-4.10 (m, 3 H, H-2,3,5), 3.75 (s, 3 H, MeO), 4.12 (q, 1 H, JCHVCH, 7.0 Hz, CH), 

4.42,4.65 (2 d, 2 H, J, =,,, 12.0 Hz, benzyl methylene), 5.36 (d, 1 H, J,,? 3.0 Hz, H-l), 

7.10 (d, I H, JZsNH 4.4 Hz, NH), and 7.29 (s, 5 H, Ph). 

Atlal. Calc. for C19HZ7N07: C, 59.53; H, 7.14; N, 3.67. Found: C, 59.58; 

H, 7.35; N, 3.61. 

Benzyl 2-acetati~i~o-2,4-~i~eo.~y-6-O-t~zesy~-3-O-~D-I-(t?~etlzo.~_vcarbot~yl)et/~y~]- 

r-D-xylo-hesopyrafzosine (9)_ -To an ice-cooled solution of 8 (480 mg) in dry pyridine 
(5 mL) was added methanesulfonyl chloride (500 mg), and the mixture was kept 
overnight at 0”. The mixture was evaporated, the residue extracted with chloroform, 

and the extract successively washed with 2hI hydrochloric acid, ht sodium carbonate, 

and water, dried (sodium sulfate), and evaporated to give a crystalline product. 

Recrystallization from ether afforded 9 (470 mg, 53 %) as needles, m-p. 127-128 O, 

[E];’ + 148” (c 0.3, methanol); v,=~ h’“jO’ 3300 (NH), 1730 and 1250 (ester), 1640 and 
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550 (amide), 1180 (SO,), and 720 and 690 cm-’ (phenyl); n.m.r. data (in chloro- 
wm-d): 6 1.38 (d, 3 H, JcH,,cCr 6.6 Hz, MeC), 1.40-2.1s (m, 2 H, H-4,4’), 2.01 (s, 

H, AcN), 3.05 (s, 3 H, MeS), 3.50-4.1S (m, 5 H, H-2,3,5,6,6’), 3.75 (s, 3 H, MeO), 

- 11 (q>l I-k JWCH, 6.6 Hz, CH), 4.47,4.65 (2 d, 2 H, Jgcm 12.0 Hz, benzyl methylene), 

-40 (d, 1 H, J,,, 3.2 Hz, H-l), 7.12 (d, 1 H, JZ.qn 4.0 Hz, NH), and 7.29 (s, 5 H, Ph). 
Anal. Calc. C,,H2,N0,S: C, 52.27; H, 6.36; N, 3.05. Found: C, 52.33, H, 6.35; 

‘T, 3.0s. 
Benqd 2-aceta~zzi~o-6-asi~fo-2,4,6-t~inL’o~~~~-3-0-~~-I-(zzzetlzoSI’Cnl.bol?1~~~~ca~bo~z~~I)etlz~l]- 

r-D-xylo-/zesop~r-nirosine (10). - To a solution of 9 (400 mg) in dry N,N-dimethyl- 

ormamide (5 mL) was added sodium azide (500 mg), and the mixture was heated, 

vith stirring, for 6 h at 70-80”. It was then cooled, the salts were filtered off, and 

he filtrate was evaporated to a syrup which was extracted with chloroform. The 
:xtract was successively washed with 2~ hydrochloric acid, %I sodium carbonate, and 
vater, dried (sodium sulfate), and evaporated, to give a crystalline mass. Recrystal- 
ization from ether-hexane afforded 10 (310 mg, SS”/“) as needles, m-p. loo”, [z]Z 
+ 155” (c 0.3, chloroform); I,,,;,~ ~Nujot 3280 (NH), 2080 (azide), 1740 and 1230 (ester), 

1640 and 1550 (amide), and 720 and 6S0 cm-’ (phenyl); n.m.r. data (in chloroform-d): 

5 1.39 (d, 3 H, JcuJ.cu 7.0 Hz, MeC), 1.22-2.1 I (III, 2 H, H-4,4’), 2.00 (s, 3 H, AcN). 

3.02-3.54 (m, 2 H, H-6,6’), 3.60-4.10 (m, 3 H, H-2,3,5), 3.74 (s, 3 H, MeO), 4.0s 

(s, 1 H, JWCH, 7.0 Hz, CH), 4.49, 4.69 (2 d, 2 H, fgcm 11.5 Hz, benzyl methylene), 
5.38 (d, 1 H, J,,Z 3.8 Hz, H-l), 7.02 (d, 1 H, JZvN,, 4.6 Hz, NH), and 7.29 (s, 5 H, Ph). 

Anal. Calc. for C,9H26NA06: C, 56.14: H, 6.45; N, 13.79. Found: C, 56.25; 
H, 6.41; N, 13.58. 

BejzqV 2-acetnrzzirlo-2,4,6-t~-irlros,~-3-0-(~-2-propiorz~~l-~-rr/cNI?~I-o-isog/l~taJ~ziJzc~ 

be/q1 e~te~)-~-D-xylo-/zc~~~~~~~a/t~~~~/f~ (11). - To a solution of 6 (100 mg) in 1,4- 
dioxane (5 mL) was added O.lhr potassium hydroxide (5.5 mL), and the solution was 
stirred for 5 min at room temperature, and then treated with Arnberlite IR-120 (H+) 
ion-exchange resin to remove the base; the resin was filtered off, and washed with 
methanol_ The filtrate and washiqs were combined, and evaporated, to afford the 
crystalline, free acid which was used for the next reaction without purification. 

To a solution of the acid in dry 1,Cdioxane (3 mL) were added, with stirring, 
N-hydroxysuccinimide (HOSu) (37 mg) and dicyclohexylcarbodiimide (DCC) 
(54 mS), and the mixture was stirred for 1 h at rcom temperature: at that time, the 
starting material had been converted into the activated ester. r_-Alanyl-o-isoglutamine 

benzyl ester trifluoroacetate’ 6 (148 mg) and triethylamine (0.1 mL) were added to 
the mixture, and it was stirred for 1 h at room temperature, and then evaporated. 
The residue was chromatographed on a column cf silica gel (15 2) with chloroform, 
and then with 50 : 1 chloroform-methanol_ The Latter citrate afforded 170 mg (97 “/n) 
of 11 as crystals, m-p_ 23 1 O, [u]g t93.5” (c 0.5, 1 : 1 acetic acid-methanol); v:,!“” 
3375, 3275 (NH), 1720 and 1260 (ester), 1675, 1640, and 1540 (amide), and 730-680 
cm- I (phenyl). 

Anal. CaIc. for &HSaNA09: C, 61.86; H, 6.92; N, 12.57. Found: C, 61.55; 

H, 6.88; N, 12.56. 
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BenzyI 2-acetamido-2,4-dideo_~y-3-O-(D-2-propiotzyI-L-atanyi-D-isogizzta~zzine 

ben_:vl ester)-r-D-xylo-kwpyranosine (12). - To a solution of 8 (53 mg) in 1,4- 

dioxane (3 mL) was added 0.1~ potassium hydroxide (2.8 mL), and the solution was 

stirred for 5 min at room temperature. The same procedure as that described for the 
preparation of 11 afforded the free acid. Couplin, = of the acid with the L-alanyl-D- 

isogiutamine derivative (77 mg) in dry l&dioxane (3 mL) in the presence of HOSu 

(20 mg), DCC (43 mg), and triethylamine (0.1 mL), as in the preparation of 11, gave 

the product_ It was purified by chromatography on a column of silica gel (10 g) 
with chloroform, and then with 50: 1 chloroform-methanol. With the latter eluate. 

compound 12 was obtained as crystals, wt. 85 mg (93 %), m.p. 207-2OS”, [E]:’ +84” 

(c 0.5, 1 I 1 acetic acid-methanol); irnnX P”~O’ 3360, 3275 (OH, NH), 1710 and 1260 (ester), 

1660, 1640, and 1540 (amide), and 740-680 cm-’ (phenyl). 
Anal. Calc. for C33H53N+0,1: C, 60.35; H, 6.75; N, S-53. Found: C, 60.28; 

H, 6.53; N, 8.49. 

Benzyl Z-acetamido-6-a~ido-2,4,6-trideosy-3-O-(D-2-propionyl-t-aIa~z~~i-D-iso- 

ghtanzirze bezzqvl ester)-u-D-xylo-/ze_vopyrairoside (13). - Hydrolysis of 10 (200 mg) 

with 0.1~ potassium hydroxide (7.4 mL) in 1,4-dioxane (7 mt), with processing as 
already described, gave the free acid. Coupling of the acid with the L-alanyl-D-iso- 

glutamine derivative (268 mg) in dry 1,4-dioxane (3 mL) by using HOSu (68 mg), 

DCC (150 mg), and triethylamine (0.1 mL) as described for 12, gave 13 (330 mg, 98 “/,) 

as crystals, m.p. 176”, [a];’ 1-64” (c 0.5, acetic acid); I~~!$” 3275 and 3225 (NH), 

2080 (azide), 1710 and 1210 (ester), 1670, 1630, and 1535 (amide), and 720 and 

680 cm- ’ (phenyl). 

Anal. Calc. for CJ3HS3N709: C, 58.14; H, 6.36; N, 14.35. Found: C, 58.06; 

H, 6.21; N, 14.25. 

Benzyi 2-acetanzido-4,6-dic~zlot-o-2,4,6-trideosy-3-0-(D-2-propiorz~~i-L-ala~zyi-D- 

isoghtamitze beizql ester)-%-D-ga/actopyranoside (14). - Hydrolysis of 3 (70 mg) 

with 0.131 potassium hydroxide (3.2 mL) in 1,4-dioxane (4 mL), as described for 13, 

gave the free acid, which was condensed with the L-alanyl-D-isoglutamine derivative 

(88 mg) in dry 1,4-dioxane (2 mL) by using HOSu (22 mg), DCC (50 mg), and 

triethylamine (0.1 mL) as already described, to yield 14 (105 mg, 92 %) as crystals, 

m-p. 246-247”, b]g’ f 101.5” (c 0.54, acetic acid); v”,ly 3270 (NH), 1720 and 1210 

(ester), 1670, 1640, 1540, and 1520 (amide), and 730, 710, and 680 cm-l (phenyi). 
Anal. Calc. for C,,H,,C12N,09: C, 55.85; H, 5.97; N, 7.90. Found: C, 55.83; 

H, 6.05; N, 7.92. 
Ben@ 2-acetamido- I-c/zloro - 2,4-dideo_~~1-3-O-(D-2-propiozz_vi-L-alanyf-D-iso- 

glzrtanzine benxyf ester)-x-D-galactopyranoside (15). - Hydrolysis of 5 (70 mg) with 

0.1~ potassium hydroxide (3.2 mL) in 1,4-dioxane (4 mL) in the usual way gave the 

corresponding, free acid. Coupling of the acid with the peptide (90 mg) in dry 1,4- 

dioxane (2 mL) by using HOSu (23 mg), DCC (50 mg), and triethylamine (0.1 mL), 

as described in the preparation of 11, afforded compound 15 (105 mg, 95%) as 

crystals, m-p. 236”, [x]? -1-77” (c 0.5, acetic acid); v:!$’ 3380 (OH), 3275 (NH), 
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1710 and 1260 (ester), 1660, 1640, and 1530 (amide), and 730, 710, and 680 cm-l 

(phenyl). 
III&. Calc. for C,3H,,CIN,0,,: C, 57.34; H, 6.27; N, S. 11. Found: C, 57.29; 

H, 6.41; N, 8.05. 
2- Acetarzzido - 2,4,6- trideosJ:- 3-O - (D- 2-prOpiOfli:[-L-a/nrl~l-D-iSOg/l~t~~?tirle)-D- 

xylo-hesopyrmose (16). - Compound 11 (50 mg) was dissolved in methanol (15 mL) 
and acetic acid (1 mL), 10% Pd-C catalyst (100 mg) was added, and hydrogen was 
bubbled through while the mixture was stirred for 30 min at room temperature_ 
Water (10 mL) was added to the mixture; hydrogen was again bubbled through the 
mixture, with stirring, for 1 h at 30-40”, the course of the reaction being monitored 
by t.1.c. The catalyst was removed by filtration, and the filtrate was evaporated below 
30”, to give a hygroscopic, amorphous mass (30 mg, quantitative yield), which showed 
a single spot in t.1.c.; [algo f41 o (c 0.3, water; equil.); I*::: 3450-3250 (OH, NH), 
1710 (C=O), and 1650 and 1520 cm-’ (amide); n-m-r. data (in D,O): 8 1.26-1.44 
(m, 6 H, 2 h4e), 2.00 (s, 3 H, AcN), and 5.15 (d, J, .? _. 3 0 Hz, H-lx). 

Anal. Calc. for CIgHXzN,O,: C, 49.55; H, 7.00; N, 12.17. Found: C, 49.23; 
H, 7.36, N, 11.S9. 

2-Acetarzzido- 2,4-~i~ieo_~_~-3-O-(D-2-propio1l_~~-L-ala~z~l-D-i~~og~zlta~zli~le)-D-~y~o- 

hesop~razzose (17), - Compound 12 (50 mg) was hydrogenated in the presence of 
10 % Pd-C catalyst (100 mg), in methanol (15 ml)-acetic acid (1 mL)-water (10 mL), 
as described in the preparation of 16, to yield 17 (30 mg, 90%) as an amorphous 
material, [x]~O + 5 1 o (c 0.3, water; equil.); v::; 3400-3250 (OH, NH), 1720 (C=O), 
and 1650 and 1520 cm-’ (amide); n.m.r. data (in D1O): 6 1.32 and 1.39 (2 d, 3 H, 
J cII,,ckL 7.0 Hz, MeC), 1.99 (s, 3 H, AcN), and 5.22 (d, J, _‘7 3.S Hz, H-I a). 

Anal. Calc. for C,gH,lNIO,o: C, 47.89; H, 6.77; N, 11.76. Found: C, 47.55; 

H, 7.13; N, 11.49. 
2- Acetarzzido - 6-atzzitro - 2,4,6- trideo_q*- 3-O-(D-2-pt-opiotz_d-L-alatzd-D-isoghta- 

inine)-D-xylo-hc?sopJ:rcrrrose (ES). - Compound 13 (50 mg) was hydrogenated in the 
presence of 10 % Pd-C catalyst (100 mg), in methanol (15 ml)-acetic acid (5 mL)- 
water (10 mL), as already described, to give 18 (30 mg, 90 “/o) as an amorphous mass; 
[a]k” + 14” (c 0.3, water; equil.); lnllr lKRr 3400-3200 (OH, NH), 1720 (C = 0), and 
1670, 1640, 1550, 1530, and 1520 cm- ’ (amide); n-m-r. data (in DzO): S 1.33 and 

1.40 (2 d, 3 H, Jcu,.cu 7.0 Hz, MeC), 2.00 (s, 3 H, AcN), and 5.26 (d, J,,z 3.0 Hz, 
H-l a)_ 

Anal. Calc. for C,,H,,N,O,: C, 47.99; H, 7.00; N, 14.73. Found: C, 47.55; 
H, 7.35; N, 14.53. 

2-Acetatzzi~io-4,6-~ic~zforo-2,4,6-tri~~eos~-3-O-(D-2-pr-opiorz_~l-L-alatz~~I-D-isogIz~ta- 

mine)-D-ga/actopJTanose (19). - Hydrogenation of compound 14 (50 mg) with 
hydrogen in the presence of 10% Pd-C catalyst (100 mg) in methanol (15 mL)- 
acetic acid (1 mL)-water (10 mL), accordin g to the procedure already described, 
gave 19 (35 mg, 95 %) as an amorphous material; b]F + 55 o (c 0.3, water; equil.); 
vZ!J; 3370-3250 (OH, NH), 1710 (C=O), and 1640, 1540, and 1520 cm-’ (amide); 
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n.m.r. data (in DzO): 6 1.40 and 1.42 (2 d, 3 H, J CH,.CH 7.0 Hz, MeC), 2.00 and 2.01 
(2 s, 3 H, AcN), and 5.26 (d, J, ,? 4.0 Hz, H-l a)- 

Anal. Cak. for C19H30C12N409: C, 43.1 I; H, 5.71; N, 10.58. Found: C, 42.92; 
H, 5.95, N, 10.33. 

2-~cerffn~i~o-4-cI~ioro-2,4-rCicleosy-3-O-(~-2-propior~yI-~-a~u~~yt-v-~sogl~it~t~tific~- 

D-gnlactopp-mose (20). - Hydrogenation of compound 15 (5-O mg) with hydrogen 
in the presence of 10% Pd-C catalyst (100 mg), in methanol (15 ml)-acetic acid 
(1 mL)-water (10 mL), according to the procedure described in the preparation of 16, 
yielded 20 (32 mg, 90%) as an amorphous material; [z]k” t20” (c 0.3, water; 
equil.); I*::: 3500-3300 (OH, NH), 1720 (C--O), and 1660-1640 and 1550 cm- ’ 
(amide): n-m-r. data (in D,O); 8 1.38, 1.41 (2 d, 3 H, fcH,.cH 7-G Hz, MeC), 1.9s 
(s, 3 H, AcN), and 5.24 (d, J1 .l. 3.8 Hz, H-l cr). 

Anal. Calc. for C,gH31CIN.+0,0: C, 44.66; H, 6.12; N, 10.97. Found: C, 44.28; 
H, 6.45; N, 10.70. 
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