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ABSTRAL-I 

I-0-Acyl derivatives of N-acetylmuramoyl-I.-alanyl-n-isogtutaminc (MDP) 
have been synthesized from 2-acctamido-l-O-bcnzoyl-4.6-O-isopropylidenc-3-0- 
[D-I-(methoxycarbonyI)ethyl]-e-D-glucopyranose. Their immunoadjuvant ac- 
tivities were examined in guinea-pigs. 

INTRODUCTION 

Recently, it has been shown that lipophitic derivative?,” of N-acetyl- 
muramoyl-r.-alanyl-D-isoglutamine (MDP; the minimal structure4 required for the 
immunoadjuvant activity of bacterial, cell-watt peptidoglycans) bearing the lipid 
moiety at C-6 of the sugar skeleton, or at the end of the peptide chain, have strong 
antitumor and anti-infection aclivities that are not found for MDP itself. In addi- 
tion, it has also been observed that introductiotr-’ of tipophilic character at C-2 in 
muramoyl-t,-alanyl-D-isoglutamine, at C-6 in N-acetyl-6-amino-6-deoxymuramoyl 
dipeptide, or at C-l in N-acetyl-1-thiomuramoyl dipeptide, causes potent anti- 
tumor activity based on the immune reaction, as well as strong, immunoadjuvant 
activities. However, the lipophilic analogs s-“’ at both C-2 and C-6 in 6-amino-6- 
deoxymuramoyl dipeptide, or at C-2 in 6-0-[2-acetamido-2-deoxy-3-O-(D-2-pro- 
panoyt-L-atany~-D-isogtutamine)-~-D-gtucopyranosy~]-2-amino-2-deoxy-D-g~ucopy- 
ranose showed negligible activity, indicating that the position of introduction of 
lipophi1icit.y into the molecule is critical for activity. In view of these facts, we now 
describe the synthesis of some 1-0-acyt-MDP derivatives, and their immunoadju- 
vant activities. 

*SLudics on Immunoadjuvant Active Compounds. Part XXIV. F<,r Part XXIII. xx rcl. I. 
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duction of the delayed type of hypersensitivity to N-acetyl-L-tyrosine-3-azoben- 
zene-4’-arsonatc (ABA-N-acetyltyrosine) in guinea-pigs were examined”’ (see 

Table I). All of the compounds showed strong activity. almost comparable to that 
of MDP, indicating that the introduction of lipophilicity at C-l in MDP does not di- 
minish the activity. 

EXPERIMENTAL 

General methods. - Melting points were determined with a Yanagimoto 

‘TABLE I 

Skin reaction with ABA-BSAb (100 pg) 
(dium. in mm + SE)’ (II 

24h 48h 

12 21.6 *0.9 19 3 +1.5 

13 22.9 k0.Y 19.5 e0.s 

IS 23.3 t0.x 2u.s *0.x 

19 25.0 io 8 23.0 *o.fl 

20 22.2 f0.8 17.6 kO.7 

MDP 23.9 i0.h LI.R io.5 

Control” 0 0 

“Dose: 100 pg. “Azobmrcnrarsonats-N-~~~1~1.L-tyroslnr-bovine strum albumm ‘Thr data indicate the 
average diameter 5 the standard error (SE) of the skin reaction (induration) of four guinea-pigs. 

“ABA-N-acetyltyrosine in Freund’s incomplete adjuvant. 
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mixture was kept for 15 min at O”, and then treated with Amberlite IRC-50 (H+) 
resin. The product was purified by chromatography on a column of silica gel (10 g) 
with chloroform and then 15: 1 chloroform-methanol. The latter eluate gave 4 (220 
mg, 81%) as a syrup; [oh, +27” (c 0.4, methanol); ~2: 3450-3100 (OH, NH) 1720 
and 1240 (ester), 1650 and 1530 (amide), and 840 cm-’ (Me&). 

Anal. Calc. for C&H3sN4011: C, 50.54; H, 7.01; N, 10.25. Found: C, 50.15; 
H, 7.20; N, 10.11. 

N-[2-0-(2-Acetamido-2,3-dideoxy-4,6-O-isopropyliderre-D-ghcopymnose-3- 
yI)-D-IactoyI]-L-aIanyI-D-i.wgIutamine benzyl ester (5). - To an ice-cooled solution 
of 1 (2.7 g) in methanol (20 mL) was added sodium methoxide (30 mg), and the 
mixture was kept for 10 min at room temperature; at that time, the 0-benzoyl 
group in 1 was completely hydrolyzed off. U.2M Potassium hydroxide (50 mL) was 

added to the mixture, and it was kept for 30 min at room temperature, and then 
treated with Amberlite IRC-50 (H+) resin to rcmovc the base; the resin was 
filtered off, and washed with water. The filtrate and washings were combined, and 
evaporated at 30”. To a stirred solution of the residue in dry 1 ,Cdioxane (30 mL) 
and N,N-dimethylformamide (10 mL) were added HOSu (1.4 g) and DCC (2.5 g); 
the stirring was continued for 30 min at room temperature. 1,3-Dicyclohexylurea 
formed was filtered off, and washed with dry 1,4-dioxane (10 mL). The filtrate and 
washings were combined, L-afanyf-D-isoglutamine benzyl ester trifluoroacetate (1.4 
g) and triethylamine (700 mg) were added to the solution, and il was stirred Car 30 
min at room temperature, and evaporated. The residue was chromatographed on 
a column of silica gel (50 g) with (a) chloroform, (b) 100: 1, (c) 40: 1, and (d) 20: 1 
chloroform-methanol. Eluant (d) afforded 5 (1.5 g, 42%) as an amorphous mass; 
vz,“= 3400-3280 (OH, NH), 1730 and 1270 (ester), 1650 and 1530 (amide), 850 
(MeaC), and 750 and 690 cm-’ (phenyl). 

Anal. Calc. for C H N Or,: C, 55.94; H, 6.80; N, 9.00. Found: C, 55.83; 2Y 42 4 
H, 6.80; N, 8.90. 

N-~2-0-(2-Acetamido-l-O-auetyI-2,3-dideoxy-4,6-O-isopropyIidene-D-gluco- 

pyranose-3-y~)-D-lactoylf-L-u~anyl-D-iso~~utam~ne methyl ester (6). ~ Compound 4 
(220 mg) was acetylated at room temperature with acetic anhydride (3 mL)- 
pyridine (3 mL), and the product was purified by chromatography on a column of 
silica gel (10 g) with 15:l chloroform-methanol as the eluant. The acetate (6) was 

obtained as a syrup (230 mg, quantitative); [ LY o +52.3” (c 0.5, methanol); I$& ] 
3370-3240 (NH), 1750, 1730, 1240, and 1220 (ester), 1650 and 1530 (amide), and 

850 cm- ’ (Me&); n.m.r. data (in chloroform-d): 6 1.3Gl.51 (m, 12 H, Me&, 
2 MeC), 1.95 (s, 3 H, AcN), 2.13 (s, 3 H, AGO), 5.75 (d. J,,2 8.0 Hz, H-W), and 

6.15 (d, .71.2 3.8 Hz, H-la); anomeric ratio (a:P) was estimated at -7:l from the 

ratio of the intensity of H-k and of H-1/3. 

Anal. Calc. for C H N Ora: C, 51.01; H, 6.85; N, 9.52. Found: C, 50.83; 25 40 4 
H, 7.02; N, 9.48. 

N-[2-0-(2-Acetamido-l-O-decunoyI-2,3-dideoxy-4,6-O-~opropylidene-D- 

glucopyranose-3-yl) - D-lactoyl]-L-alanyI-D_isogiUtamine methyl e.rter (7). - To a 
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N-j2-O-(Z-Acetami-~,3-dideoxy-f-O-Ae- 
R-g~ucopyranose-.~-yIj-n-larroyff-L-a~ffny~-D-~~~g~~i~~mi~e benzyl ester (11). - Cou- 
pling of 5 (150 mg) with hexadecanoyl chloride (IS0 mg) in pyridine (1 mL) and di- 

chloromethane (4 mL), as described for 7, yielded 11 (111 mg, 52%) as a syrup; 

blo +29.2” (c 1.1, chloroform); v,!$ 336S3230 (NH), 2900 and 2830 (Me, 
methylene), 1730 and 1260 (ester), 1650 and 1530 (amide), 850 (Me,C), and 750 
and 6POcm-‘(phenyl). 

Anal. Calc. for C,H,,N,O,,: C. 62.77: H, 8.43; N, 6.50. Found: C, 62.59; 
H. 8.50; N, 6.44. 

N - (2 0- (2 - Acefamido - I - 0 -ueetyi-2,3-dideoxy - D-glucopyranose-3-yl) -D- 
lactoylj-L-ala~yl-D-isoglutamine methyl es&w (12). - A solution of 6 (97 mg) in 
80% aqueous acetic acid (2 mL) was heated for 2. h at 45”. the course of the reaction 
being monitored by t.1.c. The mixture was lyophilized, to give a hygroscopic, 
amorphous mass (90 mg, quantitative), which showed a single spot in t.1.c.; [cx]o 
+52.9” (c 0.85, methanol); Y:!;; 3500-3230 (OH, NH), 1730 and 1230 (ester), and 
1650 and 1530 cm-’ (amide); n.m.r. data (in 1~1 chloroform-cl-methanol-d,): S 
143(2d,6H,J Me.CH 5.0 Hz, 2 McC), 1.94 (s. 3 H, AcN), 2.15 (s, 3 H, AcO), and 
6.08 (d, 1 H, J,,z 3.0 Hz, H-l). 

Anal. Calc. for C22H36N401s: C, 48.17; H, 6.62; N, 10.21. Found: C, 47.85; 
H, 6.97; N, 9.93. 

Other N-[2-0-(2-acetamido-l-C~-acyl-2.3-dideoxy-D-glucopyranose-3-yl)-D- 
lactoyfj-L-ahmyl-D-isoghItaminc methyl esters (I3 and 14) and the benzyl esters 
(S-17) were prepared by hydrolysis from the corresponding, 4,6-0-isopropylidenc 
derivatives (7-ll), as described for 12. 

N-~2-0-(2-Acefamido-I-O-decano_yl-2,3-dideoxy-D-gluco~yranose-3-yl)-D- 
luctoyl]-L.-alanyl-D-~.~o~~lltamine methyl ester (13). - Compound 13 was obtained 
as an amorphous mass in quantitative yield; [cy]n +32.7” (c 0.52, methanol); I+$,“: 
3350-3230 (OH, NH). 2900 and 2830 (Me, methylene), 1730. 1710, and 1240 
(ester), and 1650 and 1530 cm-’ (amide). 

A/ml. Calc. for C:,H,,N,O,z: C, 54.53, H, 7.93; N, 8.4X. Found: C:, 54.49; 
H, 8.06; N, 8.52. 

N-(2-O-{2-Aeetamido- 7-C)-hewad~~rannyl-2,3-d~d~o~~y-~-g~~~c~~pyraaose-~-y~~- 
D-lactoy[/-L-alanyl-n-isoglurclmine methyl ester (14). - Compound 14 was obtained 
as an amorphous mass in quantitative yield; [al,, +ll .l” (c 0.44. methanol); v,\,“: 
336G3230 (OH, NH), 2900 and 2830 (Me, methylene), 1730, 1710, and 1250 
(ester), and 16.50 and 152Ocm-’ (amide). 

Anal. Calc. for Cs6HhJNJOTZ: C, 58.04; H, 8.66; N, 7.52. Found: C, 58.14; 

H, 8.85; N. 7.27. 
N- I2 -0 - (‘2- Acetamido -1-O _ acetyl-2,3 - dzdroxy -D -glucopymnose-.?- ylj -D- 

iactoyl]-L-alanyl-D-isclglutamine benzyl ester (15). -Compound 1.5 was obtained as 

a syrup in quantitative yield; [u]~ +27.0” (c O.lS, chloroform); v:g 3360-3230 
(OH, NH), 1730, 1710, and 124G-1220 (ester), 1650 and 1530 (amide), and 740 and 
690 cm-’ (phenyl). 
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methylene), 1730 and 1260 (ester), 1710 (C=O), and 1650 and 1530 cm-’ (amide). 

Ad. Calc. for C35HhZN40,2: C, 57.52; H. 8.55; N. 7.67. Found: C, 57.39; 
H, 8.58; N, 7.52. 

RhFFRENCES 

1 A.HASE~~AWA.M.KISO.ANDI.AZLIMA, Curbohydr.Rrs, 122(1983)99-106. 
2 (al S KUSUMOTO. M INAGE. T. SHIB.4. I. AZUMA. AND Y. YI\MAMURA. ‘tirrahedrun Lrll.. (19781 

iXi9--1902; (b) S. Konavasl~l. T. FUKIIDA. I. Ihnnn~. M. FCUINO, I. Az,,~,~A. POND Y. Yam&na; 
Chem. Pharm Bull., 27 (1979) 3193-3196: (c) P. 1. ,X ~k,-rr, C. P. DOKN, Jn., A. FKIEINAN. ANI, 
A. SCHLABA~, J Med Chrm , 25 (IYXZ) 1028-1033. 

3 (a) 0. LEFRANCIER. M. PETITOU, M. LEVEL., M DERRIEN. J. CHOAY. AND E. LEDERER. inr. J Pepr. 
Promn Rrs 14 (1979) 437-443: (b) M PARANT. F. AUDIBERT, L. Cwom, M. 1xv1.1 . P. I.WUAN~ 

(1474) 1317-1325; (b) S. KOTANI, Y. WATANABE, F. KINOSI~ITA, I-. St&mm. 1. MORISAKI, T. 
SHIBA. S. KUSUMOTO, Y. -IAR”MI.AND K. IKENALA, Brken J . IX (1975) 105-I II. 

5 A. HASFGAWA. H. OKU~IJRA, M. Kno, 1. ALMA. ANI> Y YAMAM~IUA, Agric. Rml. Chem.. 44 
(1980)1309%1313. 

6 [a) M. KISO, Y. GOH. E. TANAHASHI, A HASEGAWA. H. OEUMURA. AND I. AZUMA, Carbohydr. 
Rex., 90 (IYXl) ~8~11: (b) H OKUMURA, K. KAMISANGO. I. SAIKI. Y. TAYIO. 1. AZUMA, M. Klso. 
A. HASEGAWA. ANDY. Y~~n~unn,Agric. Bid Chum.. 46 (19X2) 507-914. 

7 A. IInw~nwn, Y. HIORI, M. KN,, H. OKIJMIIRA. AND I. AZUMA. J. Carbohydr. Chem., 1 (lY82- 
1983) 317-323. 

8 A. HASEGAWA, E. TANAHASHI. AND M. KISO, C‘artmhydr Ha.. 103 (IYX2) 251-261 
Y A. HAS~GAWA. M. 07~~1. Y tio~. M. KISO. AND I. A.‘uMA. Corbohvdr. Rex.. IO0 (1982) 235-245. 

10 I. Anmm. H. OKIJMURA, I. SAW. Y. TANIO. M KIW, A HAS~C~AWA. AYDY. YA~AMURA. Infect 
Immwz.. 32 (1981) 1305-1308. 


