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ABSTRACT 

N-Acetyl-6-0-mesyl-, -6-O-methyl-, and -4,6-di-O-methyl-muramoyl-L- 
alanyl-D-isoglutamine and N-acetyl-6-chloro-, -6-bromo-, and -6-azido-6- 
deoxymuramoyl-L-alanyl-D-isoglutamine were synthesized from benzyl 2- 
acetamido-2-deoxy-3-0-[D-l-(methoxycarbonyl)ethyl]-a-D-glucopyranoside and 
its 6-0-mesyl derivative. The immunoadjuvant activity of the products was 
examined, in order to clarify the structural requirements for the activity of the car- 
bohydrate moiety in N-acetylmuramoyI-L-alanyl-D-isoglutamine. 

INTRODUCTION 

In recent studies’,’ on the structure-activity relationship of N-acetyl- 
muramoyl-L-alanyl-D-isoglutamine** (MDP) (15). which is the minimal struc- 
ture3.4 required tor the immunoadjuvant activity of whole mycobacterial cells in 
Freund’s complete adjuvant, it was found that the 6-hydroxyl group of the car- 
bohydrate moiety can be replaced by an amino or an acetamido or other acylamino 
group, with retention of the immunoadjuvant activity on the induction of delayed- 
type hypersensitivity in guineapigs. However, the substituents seem to be very crit- 
ical for the activity, as replacement of the 6-hydroxyl group by a hydrogen atom al- 
most abolishes the activity. The 2-acetamido group can be also replaced by a free 
amino, a methylamino, or an acylamino group2,5,h without decreasing the activity, 
whereas the 2-deoxy-D-nmbino-hexose analog is inactive. In order to examine the 
effect of functional groups on the manifestation of the activity, further chemical 
modification of the C-6 substituent of the carbohydrate moiety in MDP, and the 
immunoadjuvant activity of the products, are now described. 

‘Studies on Immunoadjuvant Active Compounds, Part XXII. For Part XXI, see ref. 1~. 
**N-[2-O-(2-Acetamido-2,3-dideoxy-D-glucopy~~~~~~-3-yl)-D-~~ctoyl]-L.-alanyl-D-isOglUtamlne 
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KESUL TS AND VISC’IJSSION 

We used benzyl 2-acetnmido-Z-deoxy-3-O-~D-1-(mcthoxycarbonyl)ethyl]-~- 

o-glucopyranos~Ie’ (1) and its h-0-mesyl derivative’” (2) as starting materials for 

the synthesis of the muramoyl dipeptide analogs descl-ihed herein. 

Treatment of 1 with methyl iodide and silvrt- oxide in dr-y I,4-dioxane gave 

the 6.O-methyl dcrivativc (3) oi 1 in 71% yield. although the wme treatment in 

N.N-dimethylformal-nide yielded the 3.6-di-O-methyl derivative 4 exclusively. 

Compound 2 was treated with two molar equivalents of tetrabutylammonium 

chloride in dry benzene. giving benzyl 2-~~cetamido-h-chlo~o-~.f~-~l~deowy-3-O-(D- I - 
(methoxycarbonyl)ethyl]-ru-n-gl:lucopyranoside (5) in 86V yield. 

Saponification of the methyl estet- group in 3 with 1).5x1 aqueous potassium 

hydroxide in methanol at 0” gave the free acid, which was used ior the next reaction 

without purification. C’oupling of the acid with I.-nlnnyl-D-isagll~tamine henzyl 

ester’ was conducted with dicyclohexylcarbod~inride (DCC) and N-hydroxysuc- 

cinimide (HOSu) as the activaling agents, to afford N-(Z-0(hcnzyl Z-acclamido- 

2,3-didroxy-h-O-methyl-~~-~~-glucopyran~~sid~-3-yl)-~~-lactoyl]-L-nlanvl-I,-ixoglut~- 

mine benzyl ate1 (7) in good yield In the same way. coupling of the free acids dc- 

rived from compounds 4 and 5 with the L -alanyl-u-isoglutamine derivative respec- 

tively yielded the corresponding dipcptides 8 and Y in excellent yields. 

MeCHCOzMe MeCtiCO-L-Ala-D-,Gl/n 

Hydrogenolysis of the benzyl group in N-[2-O-(benzyl 2-acclamido-2.3. 

dideoxy-6-O-mesyl-cu-o-glucopyran~~sidr-3-yl)-D-lactoyl]-L-nlanyl-~~-isoglutamine 

brnzyl ester’ (6) with hydrogen in the prcscncc of Pd-black catalyst. in methanol. 

gave ~-acetyl-6-~-mesylmuramoy~-L-alanyl-D-isog~ulamine (6.O-mesyl-MDP. 16) 

in quantitative yield. Ry essentially rhc same procedure. compounds 7-Y yielded 

the corresponding carbohydrate analogs (17-19) of MDP. in almost quantitative 

yields. 
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MeCHCOrMe MeCHCO--i-Ala-o-iGI$ 

We had shown’” that brief hydrogenolysis of N-[2-O-(benzyl 2-acetamido- 
6-bromo-2,3,6-trideoxy-c~-D-glucopyranoside-3-yl)-D-~actoy~]-L-alany~-D-isogluIa- 
mine benzyl ester gives the debenzyl ester derivative, but that prolonged hydro- 
genolysis yields N-acetyl-6-deoxymuramoyl-L-alanyl-D-isoglutamine (6-deoxy- 
MDP), instead of 6-bromo-MDP (20). Th- f cre ore, for the synthesis of 6-bromo- 
MDP (20) and 6-azido-MDP (21), which have hydrogenolytically sensitive groups, 
the benzyl group in 2 was first replaced by a different protecting group. Hydro- 
genolytic removal of the benzyl group in 2, and treatment of the product with 5,6- 
dihydro-4-methoxy-2?hl-pyran in the presence of p-toluenesulfonic acid, in 1,2-di- 
chloroethane and 1 ,Cdioxane at 0 to lo”, gave 2-acetamido-2-deoxy-6-CJ-mesyl-3- 
~-[D-l-(methoxycarbonyl)ethyl]-l-O-(tetrahydro-4-methoxypyran-4-yl)-~-D-glu- 
copyranose (10) in 89% yield. The structure of compound 10 was based on n.m.r. 
spectroscopy; the n.m.r. spectrum of 10 showed the 4-OH signal as a doublet at 8 
3.24 (Jz,,orr 5.4 Hz) and the H-l as a doublet at 6 5.65 (5r.a 3.4 Hz), indicating the 
structure shown for the 4-hydroxy, a-D-pyranose form 10. 

Treatment of 10 with tetrabutylammonium bromide in dry benzene, or with 
sodium azide in N,N-dimethylformamide, respectively gave 2-acetamido-6-bromo- 
or -6-azido-2.6-dideoxy-3-0-[u-l-(methoxycarbonyl)ethyl]-l-0-(tetrahydro-4-me- 

CH2R 
0 

dOjszL 
AcNH OH 

?n 
MeCHCO-L-Ala-D-#Gin 
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that introduction of an ether substituent is unfavorable to the activity. &Chloro- 
MDP (19) showed weak activity compared to that of MDP, but this activity was 
stronger than that of N-acetyl-6-deoxymuramoyl-~-alanyl-~~-isoglutamine’a (6- 
deoxy-MDP). 6-Bromo-MDP (20) had potent activity, even at a dose of 10 +g. 
These data indicate that the bulkiness of the C-6 substituent may be important for 
manifestation of the activity. As regards analogs in which the oxygen atom on C-6 
is replaced by a nitrogen atom, 6-azido-MDP (21) showed distinct, but weak, im- 
munoadjuvant activity compared to those of MDP and 6acetamido-N-acetyl-6- 
deoxymuramoyl-L-alanyl-D-isoglutamine’” (6-acetamido-MDP), suggesting that a 
substituent capable of forming a hydrogen bond is also effective for the activity. As 
just described, the bulkiness of the substituent and an affinity of the functional 
group to immune competent cells may play an important role for manifestation of 
the immunoadjuvant activity. 

EXPERIMENTAI 

General methods. - Evaporations were conducted in WCUO. Preparative 
chromatography was performed on silica gel (Merck, 200 mesh), unless otherwise 
noted. Melting points were determined with a Yamato micro melting-point ap- 
paratus and are uncorrected. Specific rotations were determined with a Union 
PM-101 polarimeter, and i.r. spectra were recorded with a Shimadzu TR-27G spec- 
trophotometer. N.m.r. spectra were recorded at 400 MHz with a JECJl_ FX-400 
spectrometer for solutions in chloroform-d with tetramethylsilane as the internal 
standard, or in D,O with sodium 4,4-dimethyl-4-silapentane-1-sulfonate (DSS), at 
a probe temperature of 23-25”. N.m.r. data were confirmed by use of decoupling 
techniques. 

Benzyl 2-acetamido-2-deoxy-3-O-[D-I-(methoxyc~rbonyl)ethy~-6-O-methyl- 
a-D-gfucopyranoside (3). -To a solution of benzyl2-acetamido-2-deoxy-3-O-[D-l- 
(methoxycarbonyl)ethyl]-a-D-glucopyranoside’ (1) (300 mg) in dry 1,Cdioxane (3 
mL) were added methyl iodide (700 mg) and silver oxide (350 mg). The mixture 
was stirred in the dark overnight at room temperature, and then insoluble materials 
were removed by filtration. The filtrate was evaporated to a syrup which was chro- 
matographed on a column of silica gel (30 g) with 100: 1 and then 50: 1 chloroform- 
methanol. The latter eluate gave compound 3 (220 mg, 71%); m.p. 14&141”, [a]g 
+143” (c 0.4, chloroform); Y::;“’ 3320 (OH, NH), 1720 and 1225 (ester), 1650 and 
1540 (amide), and 720 and 690 cm ’ (phenyl); n.m.r. data (in chloroform-d): 6 
1.42 Id, 3 H, JM&H 7.3 Hz, Me (lac)], 2.02 (s. 3 H, AcN), 3.37 (s, 1 H, OH), 3.39 
(s, 3 H, MeO), 3.75 (s, 3 H, CO,Me), 4.51 and 4.66 (2 d, 2 H, J,,, 12.2 Hz, benzyl 
methylene), 4.69 [q, 1 H, CH (lac)]. 5.32 (d, 1 H, J1,2 3.4 Hz, H-l), 7.28-7.38 (m, 
5 H, Ph), and 7.44 (d, 1 H, JZ,NH 4.9 Hz, NH). 

Anal. Calc. for Cz0H2sNOs: C, 58.38; H, 7.10; N, 3.40. Found: C, 58.21; H, 
7.07; N, 3.59. 

BelZyl 2-crc~lumido-2-dr~xyxy-3-~-[D-1-(met~roxycarbony~etI~y~-4,6-di-O- 
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chloroform-methanol. The latter eluate afforded 150 mg (60%) of 7 as crystals; 
m.p. 19&l%” (dec.), [a]g f105” (c 0.5, methanol): u;:: 338ll and 3280 (OH. 
NH), 1710 (C=O). 1640 and 1530 (amide), and 730 and 695 cm ’ (phcnyl). 

Anal. Calc. for C34H4hN401,: C, 59.46; H, 6.75; N. 8.16. Found: C, 59.61; 
H. 6.74; N, 8.27. 

N-[2-0-(Benzyl 2-acetamido-2,3-riidcox~~-4,6-di-O-methyl-cu-D-glrrcopyra- 

noside-.~-yl)-D-lacfoyl]-L-alany/-D-isoglutamine benzgl ester (8). - Saponification 
of compound 4 (200 mg) in methanol (3 ml.) with o.sM aqueuus potassium 
hydroxide (1.9 mL) gave an acid compound. Coupling of the acid with the pro- 
tected I.-alanyl-n-isoglutaminc (218 mg) by using HOSu (70 mg), DCC (155 mg), 

and triethylamine (0.1 mL), according to the procedure already described. af- 
forded compound 8 (297 mg. 90%) after purification by chromatography; m-p. 
238-240” (dec.), [cz]:: +108.7” (c 0.3. methanol); v,“:?’ 3270 (NH). 1735 (C-O), 
1640 and I.540 (amide), and 740 and 690 cm-’ (phenyl). 

Ana/. Calc. for CY5H4sNIOl,: C, 59.99; H. 6.90; N. 7.99. Found: C. 60.0.5; 
H, 6.92; N, 8.06. 

N-[2-O-(Benzyl 2-acetarnido-Ci-c~~loro-~,3,6-tridro~y-a-r~-glucopyran~.~~de-3- 

yl)-I,-lactoy~-I.-rtkunyi-D-iJogllitamine benzyl ester (9). - Saponification of corn- 
pound 5 (300 mg) in methanol (5 mL) with fl.sM potassium hydroxide (2.9 mL), 
and coupling of the product with the L-alanyl-D-isoglutamine derivative (365 mg) 
by using HOSu (108 mg), DCC (163 mg). and trirthylamine (0.12 mL), as de- 
scribed in the preparation of 7, gave compound 9 (370 mg. 73%); m.p. 233-233.5” 
(dec.), [n]$’ +92.O” (r 0.2, methanol); u,N:$” 3280 (OH, NH), 1720 (C=O), 1650 
and 1550 (amide), and 73U and 690 cm ’ (phenyl). 

Anal. Calc. for C,,H,$ZIN,O,,,: C, 57.34; H. 6.27; N, 8.11. Found: C. 57.14; 

H, 6.15; N, 8.25. 
(N-Ac~~l_vI-6-0-mesyimr~rcrmoyl)-L-nlar~yl-D-i.soglutamine (16). - N-[Z-O- 

(Benzyl 2-acetamido-2,3-didcoxy-6-O-mcsyl-u-D-glucopyranoside-3-yl)-D-lactoyl]- 
L-alanyl-D-lsoglutamine benzyl ester’ (6) (200 mg) was dissolved in methanol (7 
mL), Pd-black catalyst was added. and the mixture was hydrogenolyzed. with stir- 
ring, overnight at room temperature. I’he catalyst was filtered off, and washed with 
methanol. The filtrate and washings were combined, and evaporated below 40”. to 
give amorphous 16 (157 mg, quantitative yield); [a]g’ f58.0” (c 0.3, methanol; 
equil.); ~2:~’ 3360 (OH, NH), 1710 (C=O), 1650 and 1530 (amide). and 1170 cm -’ 
(SO,); n.m.r. data (in D,O; cu:/3 ratio at equilibrium was 71:29): S 1.37 and 1.43 

[4 d. 6 H. JW.,CH 6.8 and 7.3 Hz, 2 MC (lac and Ala)]. 1.97 (s, 3 H, AcN). 1.97 and 
2.19 [2 m, 2 H, P-CH, (isoGln)], 2.47 It, 2 H, Jp,y 7.3 Hz, y-CH, (isoGln)]. 3.25 

(2 s, 3 H, MS), 3.52 (near t. J.,,J 8.8 Hz. H-3P). 3.42 (near t, JJ,T 9.8 Hz, H-4P). 3.64 
(near I, J_1,4 8.9, JJ,s 9.8 Hr. H-4n), 3.72 (near t. H-3@). 3.75 (m. H-SD). 3.81 (near 

t, J2,3 9.8 Hz. H-2@). 3.98 (dd, J2,.7 10.3 Hz, H-2~). 4. I3 (m. H-5~). 4.184.30 [m. 
2 H, 2 CH (lx and Ala)], 4.37 [dd, 1 H, Jn,B 9.8. JU,a. 4.4 Hz. n-CH (isoGln), 4.54 

(dd. 1 H, Js.6, 1 .5. Jfi.6, 11.2 Hz, H-6’), 4.59 (dd. I H. J5,h 3.4 Hz, H-6). 4.77 (d, 
1 H,J,,r8.3Ha. H-l~),andS.l7(d, 1 H,J,,z3.4Hx,H-lry). 
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Anal. Calc. for C2aHs4N40i3S - H,O: C, 40.81; H, 6.16; N, 9.52. Found: C, 
40.90; H, 6.05; N, 9.31. 

(N-Acetyl-6-O-methylmuramoyl)-L-alanyl-D-~oglutamine (17). - Com- 
pound 7 (100 mg) in methanol (5 mL) and water (1 mL) was hydrogenolyzed in the 
presence of Pd-black catalyst, as described in the preparation of 16, to give 17 (78 
mg, quantitative yield) as an amorphous material; [o]g +57.2” (c 0.5, methanol; 
equil.); ~2:: 3300 (OH, NH), and 1650 and 1540 cm-’ (amide). 

Anal. Calc. for C20H34N4011 - 1.5 H20: C, 45.02; H, 6.70; N, 10.50. Found: 
C, 45.02; H, 6.74; N, 10.38. 

(N-Acetyl-#,6-di-O-methylmuramoyI)-~-alanyl-D-isoglu~mine (18). - Hy- 
drogenolysis of compound 8 (130 mg) with hydrogen in the presence of Pd-black 
catalyst, in methanol (9 ml)-water (1 mL), according to the procedure already de- 
scribed, gave 18 (102 mg, quantitative yield) as an amorphous material; [cY]~ 
+69.6” (c 0.5, methanol; equil.); em”,“: 3370 (OH, NH), and 1650 and 1530 cm-’ 
(amide). 

Anal. Calc. for &H36N4011 - 1.5 H,O: C, 46.06; H, 7.18; N, 10.23. Found: 
C, 46.24; H, 6.93; N, 10.12. 

(N-Acetyl-6-chloro-6-deoxymuramoyl)-~-alany~-D-~oglutamine (19). - A 
mixture of 9 (100 mg) in methanol (10 mL) and water (2 mL) was hydrogenolyzed 
in the presence of Pd-black catalyst, with stirring, for 3 h at room temperature. 
After filtration of the catalyst and evaporation of the solvents, compound 19 (75 
mg, 96%) was obtained as an amorphous solid; [o]g +55.3” (c 0.3, methanol; 
equil.); ~,“a”: 3300 (OH, NH), 1710 (C=O), and 1650 and 1530 cm-’ (amide); 
n.m.r. data (in D,O; LY:/~ ratio at equilibrium was 13:7): S 1.37 and 1.42 [4 d, 6 H, 
J Me,CH 6.8 and 7.3 Hz, 2 Me (lac and Ala)], 1.97 (2 s, 3 H, AcN), 1.97 and 2.19 [2 
m, 2 H, /3-CHz (isoGln)], 2.47 [near t, 2 H, r-CH, (isoGln)], 3.52 (near t, & 10.3, 
J3,4 8.8 Hz, H-3@), 3.66 ( near t, J4,s 9.8 Hz, H-4@), 3.67 (near t, J3,4 8.8, J4,5 9.8 
Hz, H-b), 3.71 (near t, H-3a), 3.71 (m, H-5@, 3.81 (near t, H-2P), 3.85 (dd, J5,6 
4.3, Jcj6f 12.0 Hz, H-6@), 3.89 (dd, J5,6 3.4, Jc+, 12.0 Hz, H&X), 3.91 (dd, J5,6’ 3.4 
Hz, H-6’~) 3.93 (dd, J 5,6’ 2.0 Hz, H-6’@, 3.99 (dd, J2,3 10.3 Hz, H-2o), 4.10 (m, 
H-5a), 4.19-4.31 [m, 2 H, 2 CH (lac and Ala)], 4.37 [dd, 1 H, Jn& 9.8, Jn,F 4.4 Hz, 
a-CH (isoGln)], 4.72 (d, JI,z 8.3 Hz, H-lfi), and 5.17 (d, JIv2 3.4 Hz, H-la). 

Anal. Calc. for C19H31CIN4010 - 1.5 H20: C, 42.42; H, 6.37; N, 10.41. 
Found: C, 42.61; H, 6.08; N, 10.11. 

2-~cetamido-2-deoxy-6-O-mesyf-3-0-[D-I-(methoxycarbonyl)ethy~-~-O- 
(tetruhydro-4-methoxypyrun-4-yl)-a-D-glue (10). - To a solution of 2 
(500 mg) in methanol (10 mL) was added Pd-black catalyst, and the mixture was 
hydrogenolyzed, with stirring, for 3 h at room temperature. After filtration of the 
catalyst and evaporation of the solvent, the 1-hydroxy compound was obtained. To 
an ice-cooled solution of this product in 1,2-dichloroethane (3 mL) and 1 ,Cdioxane 
(1 mL) were added 5,6-dihydro-4-methoxy-2Wpyran (0.3 mL) and p-toluenesul- 
fonic acid monohydrate (4 mg), and the mixture was stirred for 4 h at 0 to 10”. 
After treatment with Amberlite IRA-410 (OH-) ion-exchange resin, to remove 
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the acid, and liltration of the resin. the tiltrate was evaporated. The residue was 
chromatographed on a column of silica gel (40 g) with 100: 1, and then with 30: 1, 
chloroform-methanol. The latter eluate afforded compound 10 (465 mg, 89%) as 
a syrup; [r~]$! f83.1” (c 0.7, chloroform); Y,,, ‘lrn 3300 (OH, NH), 1720 and 1255 
(ester). 1650 and 1540 (amide). and 1170 cm ’ (S&); n.m.r. data (in chloroform- 
d): 6 1.45 [d, 3 H, JMe.cH 6 8 Hz, Me (lac)]. 1.67-1.90 [m, 4 H, (CH?)& (pyran)], 
2.02 (s. 3 H. AcN), 3.09 (s, 3 H, MS), 3.21 [s, 3 H. Me0 (pyran)], 3.24 (d, 1 H, 
J,.,, 5.4 Hz, OH-4), 3.78 (s, 3 H, COOMe), 3.533.81 [m, 7 H, H-3,4,5 and 

(CH&O (pyran)]. 3.89 (m, I H, Jz,3 9 8 Hz. H-2), 4.28 (dd, 1 H, J5,(,. 2.0, Jn,,, 11.7 
Hz, H-6’), 4.60 (dd, 1 H, J5.(, 2.9 Hz, H-6), 4.72 [q. 1 H, CH (lx)], 5.65 (d, 1 H, 

J,,* 3.4 Hz, H-l), and 7.79 (d, 1 H, JZ,NH 4.4 Hz, NH). 
Annf. Calc. for C,YH31N0,ZS: C, 45.68; H, 6.66; N, 2.80. Found: C, 45.36: 

H, 6.88; N, 2.67. 
2-Acetamzcio-6-bromo-2.6-dideoxy-3-O-~D-~-(metho.~ycnrbonyf)et~y~-~-0- 

(tetrahydro-4-mcthvxypyran-4-y/)-~-D-glrccupyrrrnosr (11). ~ To a solution of 10 
(240 mg) in dry benzene (3 mL) was added tetrabutylammonium bromide (310 
mg), and the mixture was stirred overnight at 70”. After the mixture had been 
cooled, it was chromatographed on a column of silica gel (40 g) wtth 50: 1 chloro- 
form-methanol. to afford compound 11 (171 mg, 73%) as crystals. Recrystalliza- 
tion OC the product from ethanol~ther gave needles; m.p. 144-145”. [cr]Fj’ +llh.S” 
(c 0.5, chloroform); v,“ir’ 332G-3280 (OH. NH), 1720 and 1230 (ester). and 1655 

and 1540 cm-’ (amide); n.m.r. data (in chloroform-d): 8 1.44 [d, 3 H. JhlocH 7.3 
Hz. Me (Ix)]. I .69-I .92 [m, 4 H, (CH,),C (pyran)]. 2.02 (s. 3 H, AcN), 2.X9 (d. 
1 H, J4,0H 5.4 Hz, OH-4). 3.22 [s, 3 H, Me0 (pyran)], 3.79 (s. 3 H. COOMe). 
3.53-3.X1 [m, 8 H. H-3,4.6,6’ and (CH,)ZO (pyran)]. 3.85 (m, 2 H. H-2.5). 4.66 [q, 

1 H. CH (lac)]. 5.62 (d. I H. J ,,23.4 Hz,H-l),ancl7.61 (d, 1 H, Jz,,,4.9Hz, NH). 
Anal. Calc. for C,sH3,,BrN0,: C, 44.64; H. 6.24; N, 2.89. Found: C, 44.61; 

H, 6.30; N, 2.45. 
2-Acetamido-6-azido-2,6-dideoxy-3-O-~D-l -(methoxycarbortyl)ethyf]-I -0. 

(t~tmhy~ir-~-4-~~r~lh~~.ypyrUn-#-y~)-u-D-g~~lcuyyru~ose (12). - To a sululion uf 10 
(300 mg) in dry N,N-dimethylformamide (4 mL) was added sodium zide (300 mg), 
and the mixture was kept, with stirring, for 9 h at 70”. and then cooled. The insolu- 

ble materials were filtered off through Celite. and the filter cake was washed with 
chloroform. The tiltmte and washings were combined, and extracted with chloro- 
form. The extract was washed with II,O. dried (sodium sulfate), and evaporated. 
The product. purified by chromatography on a column of silica gel (30 g) with SO:1 
chloroform-methanol. was obtained as needles after crystallization from ether, wt. 
190 mg (71%,); m.p. 151.5". [aIs +115.2” (c 0.5, chloroform); u,“:$“’ 330@3280 
(OH, NH). 21X0 (N,), 1720 and 1230 (ester), and 1660 and 1540 cm-’ (amide); 
n.m.r. data (in chloroform-d): 8 1.44 [d. 3 H, JMC,,-- 6.8 Hz. MC (lac)], 1.68-1.95 
[m, 4 H. (CII&C (pyran)], 2.02 (s. 3 H. AcN), 2.95 (d. 1 H, J4,0H 4.9 Hz, OH-4), 
3.23 [s, 3 H, Me0 (pyran)], 3.4s (dd, 1 H, J,,, 4.9. J+h. 12.7 Hz, H-6). 3.47 (dd. 
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1 H, J5.6, 3.4 Hz, H-6’), 3.79 (s, 3 H, COOMe), 3.54-3.81 [m, 6 H, H-3,4 and 

(CH2)zG (w4L3.85 ( m, 2 H, H-2,5), 4.66 [q, 1 H, CH (lac)], 5.62 (d, 1 f-f, J1.2 

3.4 Hz, H-l), and 7.61 (d, 1 H, JzsNH 4.9 Hz, NH). 
Anal. Calc. for C1sHscN409: C, 48.43; H, 6.77; N, 12.55. Found: C, 48.06; 

H, 6.76; N, 12.27. 
N-[2-0-{2-Acetamidod-bromo-2,3,6-trideoxy-I-O-(tetrahydro-4-methoxypy- 

ran-~-yl)-a-D-g~ucopyranose-3-yl)-D-~actoy~-L-afany~-D-isog~utamine benzyl ester 
(13). - Saponification of compound 11 (130 mg) in methanol (3 mL) with 0.5M 

aqueous potassium hydroxide (1.1 mL), and coupling of the product with the pro- 
tected L-atanyt-D-isogtutamine (127 mg) by using HOSu (41 mg), DCC (68 mg), 
and triethylamine (0.1 mL) were performed as described for the preparation of 7. 
The product was purified by chromatography on a column of silica gel (30 g) with 
50: 1, and then with 10: 1, chloroform-methanol. From the latter eluate, compound 
13 (195 mg, 93%) was obtained as a syrup; [(~]g +53.3” (c 1.2, chloroform); v,“,“,’ 
3400-3250 (OH, NH), 1720 (ester), 1650 and 1530 (amide), and 695 cm-’ 

(phenyl). 
Anal. Calc. for C32H47BrN4012 . H20: C, 49.42; H, 6.35; N, 7.20. Found: C, 

49.20; H, 6.61; N, 7.13. 
N-[2-0-{2-Acetamido-6-azido-2,3,6-trideoxy-I-O-(tetrahydro-4-methoxypy- 

ran-~-y[)-cu-D-g~ucopyranose-3-y~}-D-~actoylj-L-a~any~-D-isog~utamine methyl ester 
(14). - Saponification of 12 (250 mg) with 0.5M potassium hydroxide (2.2 mL), as 
already described, gave the free acid; this was coupled with L-alanyt-D-iso- 
glutamine methyl ester (210 mg), by using HOSu (84 mg) and DCC (138 mg), to 
afford the product. After purification by chromatography on a column of silica gel 
(40 g) with 10: 1 chloroform-methanol, compound 14 was obtained as a syrup, wt. 
255 mg (68%); [a]2d) +74.4”; ~2:: 3260 (OH, NH), 2070 (Ns), 1720 (ester), and 
1660 and 1540 cm-’ (amide). 

Anal. Calc. for C26H43N7012 - 1.5 H20: C, 46.42; H, 6.89; N, 14.57. Found: 
C, 46.78; H, 6.84; N, 14.26. 

(N-Acetyl-6-bromo-6-deoxymuramoyl)-L-alanyl-D-isoglutamine (20). - To a 
solution of 13 (120 mg) in 1,Cdioxane (4 mL) was added 10% Pd-C catalyst (50 
mg), and the mixture was hydrogenolyzed, with stirring, for 15 min at room tem- 
perature, the course of the reaction being monitored by t.1.c. The catalyst was re- 
moved by filtration, and the filtrate was evaporated, to give the acid compound. A 
solution of this product in 3:2 acetic acid-water was heated for 2.5 h at 45”, and 
then evaporated to an amorphous mass which was chromatographed on a column 
of silica gel (70 mesh, 30 g) with 75:25: 1 chloroform-methanol-acetic acid, to give 
compound 20 (85 mg, 94%); [a]2 +39.0” (c 0.4, methanol; equil.); v,“,“: 3350- 
3280 (OH, NH), and 1650 and 1530 cm-” (amide); n.m.r. data (in D20; a:/3 ratio 
at equilibrium was 67:33): S 1.37 and 1.43 [4 d, 6 H, JM(c,CH 6.8 and 7.3 Hz, 2 Me 
(lac and Ala)], 1.95 and 2.16 [2 m, 2 H, P-CHz (isoGln)], 1.97 (2 s, 3 H, AcN), 2.38 
[near t, 2 H, 3/-CH2 (isoGln)J, 3.53 (m, H-5P), 3.63 (t, J3,4 9.3, J4,5 9.8 Hz, H-SLY), 
3.72 (near t, H-3a), 3.76 (2 d, J5,6 3.9, J5,+ 3.4 HZ, H-6,6’a), 3.80 (near t, J2.3 9.8, 
J3,4 8.8 Hz, H-2/3), 3.98 (dd, J2,3 10.3, J3,4 9.3 Hz, H-2a), 4.02 (m, H-5a), 4.19- 
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4.32 [m. 2 H, 2 CH (lx and Ala)], 4.33 [dd, 1 H.J,,9.8. J,.,pS 4.9 Hz. (u-CH (iso- 
Gin)]. 4.74 (d, J,,z 8.8 Hz, H-lfl), and 5.17 (d, jl,Z 3.4 Hz, H-la). 

Anal. Calc. for C,,H,,BrN,O,,, . 1.5 H,O: C. 39.18; H, 5.88; N, 9.62. 
Found: C.39.01; H, 5.4O;N, 9.53. 

(N-Acetyl-6-azido-6-droxymur~m~yl)-l -afany[-D-isogilctamine (21). - To an 

ice-cooled solution of 14 (120 mg) was added o.sM aqueous potassium hydroxide 
(1.1 mL). and the solution was kept for 30 min at room tcmpcralurc. After treat- 
ment with IR-I2OR (H+) ion-exchange resin, to remove the base, the resin was 
filtered off and washed with methanol. The filtrate and washings were combined 
and evaporated. to give the acid derivative. A solution of this product in 7:3 acetic 
acid-water was heated for 4 h al 45”; it was then evaporated below 40” to a syrup 
which was chromatographed on a column of silica gel (70 mesh. 15 g) with 75 :25: 1 
chloroform-methanol-acetic acid. Compound 21 was obtained as an amorphous 
mass, wt. 64 mg (63%): [a]:: +49.3” (c 0.3, methanol; equil.); em”,“: 3371X-3280 
(OH. NH), 2080 (NJ), 1710 (C=O). and 1650 and 1530 cm-’ (amide); n.m.r. data 
(in D,O; u:p ratio al equilibrium was 13:7): 6 1.38 and 1.43 14 d. 6 M, J,,,r,l 6.B 
and 7.3 Hz, 2 Me (lac and Ala)]. 1.97 (s. 3 H. AcN), 1.99 and 2.20 [2 m, 2 H, p- 
CH2 (isoGln)], 2.33 [m. 2 H. y-CH> (isoGln)], 3.49 (near t. J3,1 8.8 Hz. H-38), 3.56 
(near t. .I,,, 9.8 Hz. H-4/3), 3.59 (near t, .T-i.J 8.8. Ja.< 9.8 Hz, II-4cx), 3.60 (H-&x), 
3.62 (H-6’c~). 3.69 (near t. H-3a). 3.80 (near t. J2,3 9.8 Hz, H-2P), 3.98 (dd, J,,, 
10.3 Hz, H-2a), 3.99 (tn. H-5u). 4.20-4.34 [ m, 2 H, 2 CII (lac and Ala)], 4.37 [dd, 
Je,,, 8.8, Ja.p 4.9 Hz, n-CH (isoGln)], 4.69 (d, .1,.2 8.8 Hz. H-lp). and 5.17 (d, J,,, 
3.4 Hz. H-la). 

Anal. Calc. for C19H31N7010 3 HZO: C, 39.93; H, 6.52; N. 17.15. Found: 
C, 39.67; H. 6.12; N, 17.06. 

Determination of immunoadjuvant activity. - Adjuvant activity was deter- 
mined according to a reported method’. Briefly. four Hartley guineapigs in each 
group were immunized in their four footpads with N-acetyl-L-Lyrosine-3-azoben- 
zene-4’-arsenic acid (ABA-tyrosinc) (5Opg) in Freund’s incomplete adjuvant. with 
or without each compound. After 2 weeks, a skin test was performed with ARA- 
bovine serum albumin (100 pug), and the skin reaction (induration) was measured 
24 h after intradermal injection of the test antigen. 
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