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ABSTRACT 

N-Acetyl-1-thiomuramoyl-L-alanyl-D-isoglutamine and some lipophilic 
analogs were synthesized from benzyl 2-acetamido-2-deoxy-4,6-O-isopropylidene- 
3-O-[D-l-(methoxycarbonyl)ethyl]-a-D-glucopyranoside (1). 0-Debenzoylation of 
2, derived from 1 by oxidation, gave 2-acetamido-2-deoxy-4,6-0-isopropylidene-3- 
O-[D-1-(methoxycarbonyl)ethyl]-D-glucopyranose (3). Condensation of the alkoxy- 
tris(dimethylamino)phosphonium chloride (4), formed from 3 by the action of 
carbon tetrachloride and tris(dimethylamino)phosphine, with potassium thio- 
acetate afforded 2-acetamido-I-S-acetyl-2-deoxy-4,6-O-isopropylidene-3-~-[D-l- 
(methoxycarbonyl)ethyl]-1-thio-P-D-glucopyranose (8). Coupling of the acid 9, ob- 
tained from 8 by hydrolysis and subsequent S-acetylation, with the methyl ester of 
L-alaUyl-D-iSOglUtamiUe gave N-[2-O-(Z-acetamido-l-S-acetyl-2,3-dideoxy-4,6-0- 
isopropylidene-l-thio-~-D-glucopyranose-3-yl)-D-iactoyl]-L-alanyl-D-isoglutamine 
methyl ester (lo), which was converted, via O-deisopropylidenation, S-deacetyla- 
tion, and de-esterification, into the iV-acetyl-I-thiomuramoyl dipeptide. Condcnsa- 
tion of 11 (derived from 10 by S-deacetylation) and of 12 (obtained from 10 by S- 
deacetylation and de-esterification) with various acyl chlorides yielded the corres- 
ponding l-S-acyl-N-acetylmuramoyl-~-alanyl-D-isoglutamine derivatives, which 
were converted into the desired, lipophilic 1-thiomuramoyl dipeptides by cleavage 
of the isopropylidene group. Condensation of 11 with the alkyl bromides yielded 
the l-S-alkyl derivatives, which were also converted, vin 0-deisopropylidenation 
and de-esterification, into the corresponding 1-S-alkylmuramoyl dipeptides. The 
biological activities were examined in guinea-pigs and mice. 

*Studies on lmmunoadjuvaot Active Compounds, Part XXV. For Part XXIV, see ref. 1. For a prehmi- 
nary report on part of this work, set ref. 4i. 
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In the course of contmuing efforts to elucidate the relationships between the 
structure of the carbohydrate moiety and the biological activity of Nacetyl- 
muramoyl dipcptidc (MOP)‘. which is the minimal. adjuvantactive >tructurc of 
bacterial. cell-wall pepiidoglycan. and to obtain glycopeptide adjuxrants that 
exhibit strong activity and lower- toxicity. it has been dcmonstratcd that not only is 
the restricted configuration of the sugar moiety important for the xtiwty’ but also 
that chemical modifications’ G of the funclional groups in the carbohydrate moiety 
produce various, important effects on the manifestation of the activity. In view of 
these facts, we now describe the synthesis of h’-acetyl-1-thiomuramo?;l-i_-alan\l-u- 
isoglutamine and its lipophilic derivatives hearing the lipid moiety at C-l of the 
sugar skeleton, and their biological activities. 

RESIJI.TS AND DISCUSSTON 

Treatment of benzyl 2-acetamido-2-deoxy-4.6-O-isopropy~idens-3-0-[~-1- 
(methoxycarb~,nyl)cthyl]-rr-n-ghlcopyra~~oside (1) with chromium trioxide- 

pyridine complex” in the prcncnce of acetic anhydride in dichloromethane al 45” 
gave crystalline 2 in 02%) yield; this was hydrolyzed with sodium nwthoxide in 
methanol. to afford 3 in 93% ylrld. The action of carbon tetrachloride and tris(di- 
tnethylamino)phospllins” in dichloromethane at -60” on compound 3 gave. quan- 
titatively. the alkoxytris(dimrthylamino)phosphonium chloride (4): when cvapo- 
rated at 40”. 4 was convex-ted into a mixture of compounds 5. 6, and 7 (1.1.c.). A so- 

MeyH MeCH MeCH 
/ 

ution of the mixture in dry dichloromethane was evaporated al 40”. and this proce- 
dure was rcpcated several times. whtlreupon compounds 5 and 7 wcrc completely 
converted into 6, which was used [or the next reaction without purification. 

Treatment of 4 or 6 with potassium thiaacetute gave ?-;icciamido-i-S-acetyl- 
2-d~~~xy-4.6-O-isupropylidene-l-thio-~-o-glucopyr;~nc~se (8) in X7 and 8.3.5Ti’ yields 
(baaed on a), respectively; significant signals in the n.m.r. spectrum were a thrrr- 
proton singlet at 6 2.33 (S-acetyl) end a one-proton doublet at CT 5.IN (.I,., IO.8 Hz. 
H-l). Other n.m.t. data are given in the Experimental section. and arc consistent 
with struclurc 8. 
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benzoquinon-6-yl)decanoyl chloride, compound 11 yielded the 4,6-O-isopro- 
pylidene-1-S-(fatty acyl) derivatives (15, 17, 19, and 21). which were converted, by 
acid hydrolysis, into the corresponding TV-[2-O-(Z-acetamido-1-S-acyl-2,3-dideoxy- 
~-thio-~-D-g~ucopyranose-3-yl)-D-lactoyl]-L-alanyl-D-isog~utamine methyl esters 
(32,34,36, and 38). 

In a similar way, condensation of 12, derived from 10 by hydrolysis, with the 
fatty acyl chlorides (as already described) afforded compounds 14, 16, 18, 20, and 
22, which were hydrolyzed by heating with 80% aqueous acetic acid for 2 h at 45”, 
yielding the desired N-[2-0-(2-acetamido- L-S-acyl-2,3-dideoxy-l-thio-P_D-gluco- 
pyranose-3-yl)-D-lactoyl]-L-alanyl-r~-isog~utamines (31,33,35,37, and 39). 

On the other hand, treatment of the sodium salt of 11, formed from 10 by ad- 
dition of sodium methoxide in methanol, with ethyl. decanyl, hexadecanyl, or 

M$H 

COR2 

MeCH 
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Hy&olysis of the S-acctyl and methyl ester groups in compound 8. and S- 
acetylation of the product in methanol, with acetic anhydride in the presence of tri- 
ethylamine. gave Z-acetamido- 1 -S~a~ztyl-3~0.(D~l-carboxyelhyl) I-deoxy-4.6 0 

isopropylidene-1-thio-P_u-glucopyranose (9) in 7XT yield. Coupling of 9 with I - 
alanyi-D-isogiutamine methyl ester. using dicyclohcxylcarbodiimlde (LXX‘) and I%‘- 
hydroxysuccinimidt: (HOSu) as the activating agents, afforded 10 in YSri ?itild; this 
was used as a convenient intermediate fnr the \ynthrais 01 all of the N-acetyl-l- 
thicmluramoyl dipcptides dc\cribed herein. Fiiydrolytic removal 08 Ihrc isoprcr- 

pylidene group in 10 under mild. acidic conditions afforded 27. which was treated 
with sodium methoxidc in methanol. to give the desired N-12-O-(2-acctamido-2.3- 

CO2Me &Me 

4 

J 

MeCH 
I 

MeCH MeCH / 

COR 

dideoxy-l-thio-~-D-glucopyranose-3-yl)-~~-lactoyl]-t-alanyl-D-isoglutamine methyl 
ester (28) in good yield: saponitication of the methyl ester group in 28 afforded the 
I-thio-MDP (29). 

In order to synthesize the lipophilic analogs of compounds 28 and 29. hearing 
the lipid moiety at C-l of the sugar skeleton. condensation of 11, formed h> selcc- 

tive hydrolysis of the S-acetyl group in IO, with decanoyl chloride in pyridinc~dl- 
chloromethane gave 13 in good yield: this was converted. by hydrolytic removal of 
the isopropylirlene group under mild, acidic conditions. into N-(2-O-(‘-acctdmido- 

l-S-dzcanoyl-7.3-dideoxy-l-thio-~-D-plucopyranose-.3-yl)-D-lacto~l~-~.-aia~~yl-u- 
isoglutamine (30) in quantitative yield. In the samc way. when treated with 
hexadecanoyl. octadccanoyl. triocontanoyl. or IO-(2,3-dimrthox~.~-methyl- I .3- 
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Skin reuarion tvith ABA-BSAb (100 ,.~g) 
(Dwn. in mm f Sf?)‘nt 

30 

27 100 

13 

10 
28 100 

10 

31 

29 1 IlO 

13 

10 

24h 48h 

21.0+1.0 21.0 f0.7 
20.0 -co.5 17.5 f0.7 
22.1 f0.9 20.9 eO.7 
18.2 f1.8 16.7 f1.S 
23.1 f1.2 2l.Ofl.3 
20.3 fl.O 17.0 fl.O 

32 

33 

1”” 

1s 
20.4 kO.7 

17.7 *0.7 

12.7 fl.O 
19.6 -to.5 

100 21.8 +0.8 
15 20.8 20.4 

34 1s 

35 15 
36 19 
37 19 

3s 16 
39 16 
41 100 
43 100 
44 loo 
4s 100 
47 100 

20.0 f0.5 
20.5 kO.6 
20.3 zk0.x 

19.4 f1.3 

17. I +2.4 
20.0 fO.8 
19.1 -to.7 

(18.2 kO.9) 
(13.5 +-0.8) 
(15.6 21.9) 
(14.1 Tl.9) 

21.0 +-I.4 
18.5 +0.7 

10.8 

23.1 

+0.4 

fl.1 
19.7 +0.5 
18.5 +0.8 

15.5 

19.5 

+0.3 

+0.4 
18.5 fO.8 
20.6 +O.Y 
14.0 +0.3 
14.0 fl.0 
16.0 20.9 

(11.8 21.3) 
(12.4 +-0.7) 
(11.6 f1.4) 

(6.9 f0.9) 
MDP 100 22.7 f21.3 21.3 f2.4 

10 20.0 +u.9 17.8 50.7 
Controld 0 0 
_ 

“The duacs uf Lhr strung djuvanls WCIC drtrmdrrd ~lb bdisrd on thrir mvlo~ular wcighls. hh~obcu- 
zenearsonate-N-acetyl-1 -tyrasine-hovinc serum albumin. 7he data indicate the average diameter f 
the standard error (SE) of the skin reaction (induration) of four guinea-pigs; the values in parentheses 
indicate the size of erythema. dABA-N-acptyltyrosine in Frrund’s incomplete adjuvant. 

eicosanyl bromide afforded the corresponding 1-S-alkyl derivatives (2S26) in good 
yields. Hydrolytic removal of the isopropylidene group in compounds 2S26 under 
mildly acidic conditions gave, quantitatively, compounds 40, 42, 44, and 46, which 
were saponified with 0.2~ potassium hydroxide in 1,4-dioxane-methanol. to afford 
the desired N-[2-0-(alkyl 2-acetamido-2,3-dideoxy-l-thio-P_D-glucopyranoside-3- 
yl)-D-lactoyj]-L-alanyf-D-isoghrtamines (41,43,45, and 47) in quantitative yields. 

The immunoadjuvant activities of the compounds thus obtained on the in- 
duction of the delayed type of hypersensitivity to N-acetyl-L-tyrosine-3-azoben- 
zene-4’-arsonate (ABA-N-acetyltyrosine) in guinea-pigs were examined” (see 
Table I). 



N-Acetyl- I-thiomur;lmoyl-L-alanyl-D-iuoglutami (29). in which the hydro- 

xyl group at C-l uf the carbohydrate moiety in MDP is replaced by a thiol gruup. 
and the N-acetyl-I-thiomuramoyl dipcptidc methyl ester (28) ~hrwcd str(>ng activ- 
ity at a dose of 100 or 10 wg. ct~rnparablr to that of MDP. In additmn. all of the Ri- 
acctyl-I-S-acyl-MDP analogs were qually as ;lctivr as Milk’ as adjutant\. even ;>t 
lower dosage, whereas tl;e I-S-alkyl derwat~vcs rxhltxtetl wr;~k. <)r neghg~hlr. ai- 
tivity. The results clearly indic;ik that introduction ut the fatty acyl group at (‘-1 of 
the sugar moiety in N-acetyl-l-thiomuram~~y~-~-~~ianyl-~-i~~~l~~t~~~~in~~ (29) dnd the 

methyl ester (28) is. for the development of activity. moic‘ favorable than that of 

the fatty aikyl group at C- 1 of the sugar skclcton. 
The protective activity ot compound!, 10, 11, 28, 32, 33, and 45 in mice m- 

fected with LCvcherichia coli (E-77156) wah examined% (‘ompounds 28. 32. and 33. 
which had potent. adjuvant :Ictivity. pr<)virlr<l t:ftirit~nl pr~,trction. lwlt other corn- 

pounds wcrc inactive. 

We had demonstrated that introductionJ” of lipophilic character at C-l in 
muramoyl-I:;tlanyl-D-isoglutamine, or at C-6 in I\i-acctyi-h-amino-A-deoxy- 

muramoyl dipeptide. gave compolunds that displayed antitumor ;ictsvity or supprex- 
lion of tumor growth. Thcrcforc. we exnminrd”h the tumor (hleth-A Libosar- 

coma) suppression activity of compounds 32 and 33. as a prrliminarv experiment, 

in syngeneic BALBic female mice. Roth compounds chow& potrni. tumlrr-sup- 
pressive activity. a promising result suggesting t’urther development 

F.XPFRlMFNTAl 

Gene& methods. --- Melting points were determined with 3 Yanagimoto 
micro melting-point apparatus and are uncorrected. Spccitic Irotations were deter- 
mined with ;I Union MP-201 polarimctcr, and i.r. spectra were recorded with a 
lasco IK-1 spectrophutometer. 3I.m.r. spectra were r~ortirci al (41 MHz with a 
Hitachi K-22 spectrometer, and the n.m.r. data wrre confirmed hv use of decou- 

pling techniques. Preparative chromatography was performed on silica gel (Waco 
Co.; .UJO mesh) with the xolvent bystems specified. Ewporatilws were cortductcd in 

““CL40 
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from ether-hexane afforded 2 (170 mg, 92%) as needles; m.p. 135137”, [o]o 
+144” (c 1.5, methanol); vz:; 3300 (NH), 1730 and 1260 (ester), 1670 and 1520 
(amide), 850 (Me,(Z), and 700 cm-’ (phenyl); n.m.r. data (in chloroform-d): 6 
1.39, 1.50 (2 s, 6 H. Me,(Z), 1.42 (d, 3 H, JMe,<n 7.0 Hz, MeCH), 1.95 (s, 3 H, 
AcN), 4.56 (4. I H, JCH,M~ 7.0 Hz, CH), 6.69 (d, 1 HI, J,,2 3.4 Hz, H-l), and 7.23 
8.04 (m, 5 H, Ph). 

Anal. Calc. for C,,H,,NOSI: C, 58.53; H, 6 47; N, 3.10. Found: C, 58.39; H, 
6.58; N, 3.02. 

2-Acetamido-2-deoxy-4,6-O-i.~opropylidene-3-O-~D-l -methoxycarbonyl)- 
ethyl]-D-gfucopyranoside (3). -To an ice-cooled solution of 2 (4.0 g) in methanol 
(60 mL) was added sodium methoxide (50 mg), and the mixture was kept for 10 
min at room temperature, and then treated with Amberlite IRC-50 (H+) resin, to 
remove the base. The product was purified by chromatography on a column of 
silica gel (50 g) with chloroform and then 50: 1 chloroform-methanol. The latter 
eluate afforded 3 (2.8 g, 91%) as needles; m.p. 180-184”, [a], +44.3” (c 0.47, 
chloroform; equil.); v__ N”J”’ 3350 (OH, NH), 1730 and 1260 (ester), 1655 and 1540 
(amide), and 850 cm-’ (Me&). 

Anal. Calc. for C,sH2sNOs: C, 51.86; H: 7.25; N, 4.03. Found: C, 51.73; H, 
7.30; N, 4.08. 

2 - Acetamido - 1 - S - acetyl - 2 - deoxy - 4,6 - 0 - isopropylidene - 3 - 0 - 10 - I- (me- 
thonycarborzyl)ethyl]-1-thio-p-D-glucopyranose (8). - (a) From alkyloxytris(di- 
mefhylaminojphosphonium salt (4). To a solution of 3 (5.9 g) in dry di- 
chloromethane (100 mL) and carbon tetrachloride (5.2 g), cooled to -6O”, was 
added dropwise during 15 min, with stirring, an ice-cooled solution of tris(di- 
methylamino)phosphine (4.0 g) in dry dichloromethane (50 mL). The mixture was 
stirred for 15 min at -50”; at that time, all of the starting material (3) had been 
converted into the salt. Potassium thioacetate (5.0 g) was added to the mixture at 
-5O”, and it was then stirred for 5 h at -20 to -3O”, and the precipitate filtered 
off, and washed with dichloromethane. The filtrate and washings were combined, 
washed with water, dried (sodium sulfate), and evaporated. The crystalline residue 
was recrystallized from ether. to give 8 (5.55 g) as needles. Chromatography of the 
mother liquor was conducted on a column of silica gel (50 g) with chloroform and 
then 150: 1 chloroform-methanol. The latter eluate afforded a further 420 my of 8, 
raising the total yield to 5.97 g (87%); m.p. 171-173”. [o]D tg.1” (c 0.4, chloro- 
form); z$$AU’ 3330 (NH), 1745, 1720, and 1260 (ester), lb90 (AcS), 1660 and 1520 

Yide), 
and 850 cm-’ (Me&); n.m.r. data (in chloroform-d): 6 1.35 (d, 3 H, 

Mc,CH 7.2 Hz, M&H), 1.38, 1.47 (2 s, 6 H, Me&), 2.00 (s, 3 H. AcN), 2.32 (s, 
3 H, AcS), 3.74 (s, 3 H, MeO), 4.5 1 (q, 1 H, J CH,Mc 7.2 Hz, CH), 5.09 (d, 1 H,Jr.:! 
10.&Hz,H-l),and6.78(d,1H,JNH,Z7.0H~.NH). 

Anal. Calc. for C,,H2,NORS: C, 50.36: H, 6.71; N, 3.45. Found: C, 50.28; H, 
6.59; N, 3.45. 

(b) From 2-acetamido-2-deoxy-4,6-0-isopropylidene-3-O-[o-l-(methoxycar- 
bonyl)ethyl~-~-D-glucopyranosyl chloride (6). A solution of 3 (2.5 g) in dry di- 
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evaporated. The residue was chromatographed on a column of silica gel (20 g) with 
(a) chloroform, (b) 100: 1, and (c) 50: 1 chloroform-methanol. Eluant c afforded 10 
(235 mg, 95%) as crystals; m.p. 148-El”, [a]o +ll”(c 0.2, chloroform); v,!$“ 
3340 and 3230 (NH), 1730 and 12SO (ester), 1690 (AcS), 1670, 1650, 1630, 1540, 
and 1520 (amide), and 850 cm-’ (Me,C); n.m.r. data (in I:1 chloroform-d- 
methanol-d,): 6 1.30-1.42 (m, 6 H, 2 MeCH), 1.39, 1.50 (2 s, 6 H, Me&Z). 1.93 (s, 
3 H, AcN), 2.35 (s, 3 H, AcS), 3.76 (s, 3 H, MeO), and 5.19 (d, 1 H. J1.2 10.5 Hz, 
H-l). 

Anal. Calc. for C2sH40N4011S: C, 49.66; H, 6.67; N, 9.27. Found: C. 49.76; 
H, 6.65; N, 9.30. 

N-[2-O-(2-Acetamido-2,3-dideoxy-4,6-O-i,~opropylidene-l-thio-~-D-gluco- 

pyrann.se-~~-yl)-D-lacfoyl]-L-alanyl-D-isng(utomine methyl ester (11). ~- To a aolu- 
tion of LO (85 mg) in methanol (5 mL) was added sodium methoxide (10 mg), and 
the mixture was kept for 1.5 h at room temperature, treated with Amberlite IRC- 
50 (Hf) resin to remove the base, and evaporated. The residue was chromatog- 
raphed on a column of silica gel (10 g) with chloroform and then 40: 1 chloroform- 
methanol. The latter eluate gave 11 (76 mg, 96%) as crystals; m.p. 105-107” (dcc.), 
[a],, f33” (c 0.5, chloroform); v,~~~“’ 3240 (NH). 1730 and 1250 (ester), 1650 and 
lS3O (amide), and 850 cm-’ (Me2C)_ 

Anal. Calc. for CZ3H3sN4010S: C, 49.10; H, 6.81; N, 9.96. Found: C, 48.X9; 
H, 6.85; N, 9.83. 

N-[2-0-(2-Acetamido-J-S-acetyl-2,3-dideoxy-l-thio-~-D-~lu~~opyrano~e-.~-yl)- 

o-~actoy~/-L-a[any~-D-~.~~g~~tu~~~~e methy! ester (27). - A solution of 10 (100 mg) in 
80% aqueous acetic acid (5 mL) was heated, with stirring. for 45 min at 45”, cooled, 
and evaporated to a syrup which crystallized from ether, to give 27 (94 mg. quan- 
titative); m.p. 158-162” (dec.), [cz]o +3 lo (c 0.2, 1: I chloroform-methanol); Yang”’ 
337(?-3200 (OH. NH), 1730 and 1250 (ester), 1700 (AcS), and 1640 and 154G1510 
cm-’ (amide). 

Anal. Calc. for C H N zz xl 4 OllS: C, 46.80; H, 6.43; N, 9.92. Found: C, 46.75; 
H, 6.35; N, 9.68. 

N-[2-0-(2-Acetanzido-2,3-dideoxy-l-thio-p-D-~lucopyrannse-3-yl)-D-iac- 

toylj-L-Ulanyi-D-isoglutamine methyl ester (28). - To a solution of 27 (20 mg) in 
methanol (2 mL) was added sodium methoxidc (5 mg), and the mixture was kept 
for 10 min at room temperature, treated with Amberlite IR-120 (H+) resin, and 
evaporated. The product crystallized from ether, to give 28 (17.5 mg, 95%); m.p. 

117-125” (dec.), [a],, +12” (c 0.2, methanol): ~2,“: 3370 (OH, NH), 1720 and 1250 
(ester), and 1650 and 1530 cm-’ (amide). 

Anal. Calc. for C&Hz4N40, ,S: C, 45.97: H. 6.56; N, 10.72. Found: C, 45.86; 

H. 6.6’); N, 10.88. 
N-[2-0-(2-Acetamido-2,3-dideoxy-I-thio-~-D-~lucopyranose-3-yl)-D-iaC- 

toylj-L-ahmy~-D-isogktamine (29). - To a solution of 27 (25 mg) in methanol (2 
mL) was added sodium methoxide (5 mg). and, after 3 min, 0.2M potassium hydro- 
xide (1 mL) was added to the mixture, the course of the reaction being monitored 
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(s, 3 H, AcN), 3.69 (s, 3 H, MeO), 5.24 (d, 1 H, J,,? 10.5 Hz, H-l), and 6.22,7.05, 
7.16, and 7.65 (5 H, 3 NH, NH,). 

Anal. Calc. for C4LH72N40, ,S: C. 59.39; H, 8.75; N, 6.76. Found: C, 59.18; 
H, 8.60; N, 6.75. 

N - [2- 0 - (2-Acetamido-2,3- dideoxy-4,6- 0 - isopropyiidene- 1 -thio - I -S- tri- 
aCnntanoy~-~-D-g~ucopyranose-~-y~)-D-~acroy~~-L-c~uny~-D-~og~utanirlC methyl esster 
(19). - Compound 19 was obtained as an amorphous mass in 48% yield; [a]o 
+13.1” (c 0.6, chloroform); Y zz; 3230 (NH), 2880 and 2820 (Me, methylene), 1730 
and 1250 (ester), 1700 (S-acyl), 1640 and 1520 (amide), and 850 cm-’ (Me&); 
n.m.r. data (in chloroform-d): 6 0.88 (near t. JMe,CH. 6.0 Hz, MeCH*), 1.92 (s, 3 
H, AcN), 3.69 (s, 3 H, MeO), 5.20 (d, 1 H, J1,* 10.0 Hz, H-l), and 6.11,6.88,7.02, 
7.15, and 7.60 (5 H, 3 NH, NH,). 

Anal. Calc. for &H,,N,O,,S: C, 63.82; H, 9.70; N. 5.62. Found: C, 63.69; 
H, 9.94; N, 5.55. 

N-[2-0-{2-Acetamido-2,3-dideoxy-l-S-[lO-(2,3-dimethoxy-5-methyl-l,4- 
benzoquinone-6-yljdecanoyl]-4,6-O-isopropyIidene-I-thio-~-D-glucopymnose-3- 
yi)-D-loctoyl]-L-alanyl-D-isoglutamine methyl ester (21). - Compound 21 was ob- 
tained as an amorphous mass in 63% yield; [a], +9.7” (c 0.58, chloroform); I$,“: 
3250 (NH), 2950,2920, and 2830 (Me, methylene), 1730 and 1260 (ester), 1700 (S- 
acyl), 1650 and 1530 (amide), and 850 cm-’ (Me,C); n.m.r. data (in chloroform- 
d): 6 1.15P1.50 (m, 31 H, 5 Me, 8 methylene), 2.00 (s, 3 H, AcN), 3.67 (s, 3 H, 
MeO), 3.99 (s, 6 H, 2 MeO), 5.22 (d, 1 H, J, ,z 10.5 Hz, H-l). and 6.12, 7.08, and 
7.56 (5 H, 3 NH, NH,). 

Anal. Calc. for C41H64N4015S: C, 56.23; H, 7.19; N, 6.25. Found: C, 56.31; 
H, 7.38; N, 6.25. 

N-~2-0-(2-Acetamido-I-S-decanoyl-2,3-dideoxy-4,6-O-i~opropylidene-I- 
thio-~-D-glucopyranose-3-ylj-D-lactoyl]-L-alanyl-D-isoglutamine (14). - To a solu- 
tion of 10 (100 mg) in methanol (10 mL) was added sodium methoxide (15 mg), 
and, after 10 min, 0.2M potassium hydroxide (ltl mL) was added to the solution. 
The mixture was treated with Amherlite IRC-50 (H ’ ) resin to remove the bases, 
and evaporated, to give amorphous 12. To an ice-cooled solution of 12 in dry 
pyridine (1 mL) and dichloromethane (2 mL) was added dropwise, with stirring, a 
solution of decanoyl chloride (60 mg) in dry dichloromethane (1 AL), and the mix- 
ture was stirred for 1.5 h at 0”; methanol (0.5 mL) was added to the mixture, which 
was evaporated, and the residue extracted with chloroform. The extract was 
washed with water, dried (sodium sulfate), and evaporated to a syrup which was 
chromatographed on a column of silica gel (20 g) with (u) 50: 1 and (b) 10: 1 chloro- 
form-methanol. Eluant b afforded 14 (93 mg, 80%) as crystals; m.p. 143”, [a]o 
+ 1.9” (c 0.2, I : 1 chloroform-methanol); v,,, _ _ KBr 3350 (NH), 1720 (C=O), 1690 (S- 
acyl), 1650 and 1540 (amide), and 850 cm-’ (Me&). 

Anal. Calc. for C32H54N401 ,S: C, 54.68: H, 7.74: N, 7.97. Found: C, 54.36; 
H, 7.83; N, 7.84. 

Other N-/2-0-(2-Acetamido-I-S-acyl-2,3-dideoxy-4,6-O-isopropylidene-l- 





STUDIES ON IMMUNOADJUVANT ACTIVE COMPOUNDS XXXV 195 

~Hz), 2.02 is, 3 H, AcN), 3.81 (s, 3 W, MeO), and 5.48 (d, 1 H, J, .Z 6.0 Hz, H-l). 
Anul. Calc, for CZSH42N4010S: C, 50.83; H. 7.17; N, 9.49. Found: C, 50.76; 

H, 7.36; N, 9.28. 
Other N-[Z-O-(alkyl Z-acetamido-2,3-dideoxy-4,6-O-isopropylidene-l-thb-P- 

D-~iucuyymnoside-~-y~)-D-~actoy~/-L-a~any~-D-isog~utumina methyl esters (24-26) 
were prepared according to the method described for 23. 

N-[Z-O-(IIecyl 2-aretamido-2,3-dideuxy-4,6-O-isopropylidene-l -thio$-D- 

giucopyrunuside-3-yl)-D-lactay~~-L-alunyl-~-i.~og~utarrcine methyl ester (24). - 
Compound 24 was obtained as crystals in 75% yield; m-p. 7578”, [aylD +35.7” (c 
0.49, chloroform); Y,“?; 3350-3200 (NH), 2900 and 2820 (Me, methylene). 1720 
and 1250 (ester), 1640 and 1520 (amide), and 850 cm-’ (Me2C>; n.m.r. data (in 
chloroform-d): 6 0.89 (near t, 3 H, .!Mc,tH, 6.0 Hz, MeCH2), 1.22-l-51 (m, 30 H, 
4 Me, 9 CH,). 2.02 (s. 3 H, AcN). 3.82 (s, 3 H, MeO), and 5.42 Cd, 1 H, J,_z 6.0 
Hz, H-l). 

Anal. Calc. for C33H5RN4010S: C, 56.39; H, 8.32; N, 7.97. Found: C, 56 32; 
H, 8.39; N, 7.86. 

N-/2-O-(Hexadecyl 2-acetamido-2,3-dideoxy-4,6-0-is~propyl~dene-l-thiQ-P- 
D-g~ucopyranoslde-3-yl)-D-~~ctclylf-L-~l~~y~-r~-i.~~g~ut~m~ne methyl aster (25). - 
Compound 25 was obtained as crystals in 93% yield; m.p. 9>96” (dec.), [a],, 
+35.0” (c 0.3, chloroform); vE,“x’ 3360-3250 (NH), 1730 and 1260 (ester), 1645 and 
1530 (amide), and 8.513 cm-’ (Me,C); n.m.r. data (in chloroform-d): 6 0.88 (near 1, 

3 H, JMc,CH, 6.0 HZ, MeCH2), 1.24-1.50 (m, 42 H, 4 Me, 15 CHJ, 2.01 (s, 3 H, 
AcN), 3.68 (s, 3 H, MeO), and 5.42 (d, 1 H, JIq2 6.0 Hz, H-l). 

Anal. Calc. for C33H70N4010S: C, 59.51; H, 8.97; N, 7.12. Found: C, 59.33; 
H, 8.86; N, 7.15. 

N-/2-0-(Eicosyl 2-acetuPnido-2,3-didenxy-4,6-Q-isopropylidene-~-thio-P-D- 
glucopyranoside-3-yl)-D-lactuyll-L,-ulanyl-D-isuglutaml’nr methyl ester (26). - 
Compound 26 was obtained as crystals in 85% yield; m.p. 75-78“, [ajn +34.5” (c 
0.43, chloroform); v,“,“,’ 3330-3220 (NH), 2900 and 2800 (Me, CH2), 1720 and 1250 
(ester), 164O and 153U (amide), and WC) cm-’ (Me&); n.m.r. data (m chloroform- 

d): 6 0.88 (near t, 3 H, J Me.C‘H, 6.0 Hz. MeCH,), 1.20-l .51 (m, 50 H, 4 Me, 19 
CH,), 2.02 (s, 3 H, AcN). 3.73 (s. 3 H, MeO), and 5.40 (d, 1 H, J1,2 6.0 Hz, H-l). 

Anal. Calc. for C4.iH7XN40,0S: C, 61.25; H, 9.33; N, 6.45. Found: C, 61.02; 
H, 9.35; N, 6.58. 

N-(2-O-{2-Acetamido-l-S-decanoyl-2,3-dideoxy-Z-thio-~-~-glucopyranose-3- 
yl)-D-lactoyl/-L-alanyl-D-istlglutamin@ methyl ester (30). - A solution of 13 (SO mg) 
in 80% aqueous acetic acid (2 mL) was heated Ior 2 h at 4S”, cooled, and evapo- 
rated to a crystalline mass. Recrystallization from ether gave 30 (45.6 mg, quantita- 
tive); m.p. 176.5”, [a],, +41.3” (c 0.44, 1: 1 chloroform-methanol); ~5:: 336Ck3230 
(OH, NH), 2900 and 2820 (Me, methylene), 1731) and 1250 (ester), 1700 (S-acyl), 

and 1640 and 1530 cm-’ (amide). 
Anul. Calc. for C30H52N4011S: C, 53.23; H, 7.74; N, 8.28. Found: C, 53.31; 

H. 7.89; N, X.33. 
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pyranose-3-y?)-D-lactoyl]-L-alanyl-D-i~~~gfutamine methyl ester (36). - Compound 
36 was isolated as crystals; m.p. 182”, [aID +33.3” (c 0.6, 1:l chloroform- 
methanol); VI:; 3400-3230 (OH, NH), 2920 and 2830 (Me, methylene), 1730 and 
1250 (ester), 1700 (S-acyl), and 1630 and 1530 cm-’ (amide). 

Anai. Calc. for C,,H,,N,O,,S: C, 62.73; H, 9.69; N, 5.85. Found: C, 62.65; 
H, 9.83; N, 5.81. 

N-[2-O- (2.Acetamido -2,3-dideoxy- I - thio-1 -S- triacontanoyl-@-D-gluco- 
pyranose-3-y~)-D-kzctoy~]-L-akmyl-D-i.sog~utamine (37). - Compound 37 was ob- 
tained as crystals in 93% yield; m.p. 212-214” (dec.), [aID +7.W (c 0.49, 1:2 
chloroform-methanol); v,“,” 335s-3300 (OH, NH), 2920 and 2840 (Me, 
methylene), 1720 (C=O), 1700 (S-acyl), and 1650 and 1540 cm-’ (amide). 

Anal. Calc. for C49HwN.,0,,S: C, 62.39; H, 9.62; N, 5.94. Found: C, 62.38; 
H, 9.68; N, 5.96. 

N-[2-O-{2-Acetamida-2,3-dideoxy-l-S-~~O-(2,3-dimethoxy-5-methyl-l,4-ben- 
zoquinon-6-yl)-decanoyl]-l-thio-~-D-glucopyranose-3-yl)-D-lactoyi]-L-rr~any~-o-iso- 
glutamine methyl ester (38). - Compound 38 was obtained as an amorphous mass 
in quantitative yield; [a],-, +9.7” (c 0.6, chloroform); v:F; 3400-3280 (OH, NH), 
2930 and 2850 (Me, methylene), 1740 and 1270 (ester), 1690 (S-acyl), and 1650 and 
1550 cm- ’ (amide). 

Anal. Calc. for C3YH60N4015S: C, 54.66; H, 7.06; N, 6.54. Found: C, 54.29; 
H, 7.34; N, 6.51. 

N-[2-0-{2-Acetamido-2,3-dideoxy-l-S-JIO-(2,3-dimethoxy-5-methyI-1,4-ben- 
zoquinon-byl)-decanoyl]-I-thio-P-D-glucopyranose-3-yi~-D-lactoyi]-L-alanyl-D-iso- 
glutamine (39). - Compound 39 was obtained as crystals in 93% yield; m.p. 170- 
171”, [cr]o +24.2” (c 0.6, 1:2 chloroform-methanol); vz,“: 3380-3250 (OH, NH), 
2920 and 2840 (Me, methylene), 1710 (C=O). 1700 (S-acyl), and 1650 and 1540 
cm- ’ (amide). 

Anal. Calc. for C3sH5sN4015S: C, 54.14; H, 6.94; N, 6.65. Found: C, 54.02; 
H, 6.74; N, 6.66. 

N-(2-0-(Ethyl 2-acetamido-Z,3-dideoxy-l-lhio-P_o-glucopyranoside-3-y1)- 
D-lactoyl]-L-a[anyl-D-isuglutarnine methyl ester (40). - Compound 40 was obteined 
as crystals in 94% yield; m.p. lllLl13”, [a], +51.5” (c 0.4, methanol); v,“zz 33OO- 
3230 (OH, NH), 1720 and 1240 (ester), and 1650 and 1540 cm-’ (amide). 

Anal. Calc. for CZZH3sN4010S: C, 47.99; H, 6.96; N, 10.18. Found: C, 47.70; 
H, 7.25; N, 10.05. 

N-[2-0-(Decyl 2-acetanido-2,3-dideoxy-l-6hio-B-D-glucopyranoside-3-yI)- 
D-lUCtoyl~-L-a~Unyl-D-is~glUtUmine methyl ester (42). - Compound 42 was isolated 
as crystals; m.p. 9kLlOT (dec.), [aID +41.1” (c 0.44, methanol); v,“fc 33OG3230 
(OH, NH), 2900 and 2830 (Me, methylene), 1720 and 1240 (ester), and 1650 and 
1530 cm ’ (amide). 

Anal. Calc. for C30H54N401US: C, 54.36; H, 8.21; N, 8.45. Found: C, 54.21; 
H, 8.36; N, 8.33. 

N-[Z-0-(Hexadecyl 2-acetamido-2,3-didruny-l-thio-P-D_glucopyranoside-3- 
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tals in 86% yield; m.p. 132-137” (dec.), [aID +38.0” (c 0.3, methanol); v,E,“= 336s 

3230 (OH, NH), 2900 and 2820 (Me, methylene), 1720 (C=O), and 1650 and 1530 

cm-’ (amide). 

Anal. Calc. for C99H72N4010S: C, 59.36; H. 9.20; N, 7.10. Found: C, 59.35; 

H, 9.26; N, 7.15. 
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