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Abstract - Four analogues of the immunoadjuvant Mu&my1 dipeptide in which the 
D-lactic acid have been replaced by D-alanine and L-alanine have been prepared. 
Condensation of methyl and benzyl 2&etamido-3-am%io4,6_O-benzylidene-2,3- 
dideoxy-a-D-glucopyranosides 3 and 4 with ethyl g,&-2-bromopropionate afforded 
the corresbnding methyl 3-([$- and L-l-(ethoxycar6onyl)ethyl]amino]-glucc+ 
pyranoaidea 2 and 2 and the correspo:ding benzyl glycosides 2 and lo. The 
absolute configurations of 2, _, 6 2 and g were unequivocally determined by 
condensation of 3 and 4 with ethyl &-2-bromopropionate. Hydrolysis of 6 and 10 
with KOH/MaOH, g&e the benzyl 3-[[a- and L-1-(ca.rboxy)ethyl]amino]-gluco- - 
pyranosides g and 12, which by cond&satioE with L-Ala-D-isoGln-OMe and L-Ala- 
D-Gln-OYe followed by hydrogenolysia afforded the=desirzd N-(2-acetami&2,3- 
aideoxy-D-glucopyranosid-3-yl) derivatives of D-Ala-L-Ala-&isoGln-OMe, E-Ala- 
k-Ala-D&n-OMe, L-Ala-L-Ala-D-isoGln-OMe, and-L-AlalL-AlaED-Gln-OMe, = = = = = = = 

~-[2-0_-(2-Acetamido-2,3-dideoxy-~-glucopyranoaid-3-yl~-~-lactoyl]-~-alanine-~-isoglutamine 

(1, Mursmyl dipeptide, NDP) has been shown to be the minimal adjuvant active structure capable of 

replacing whole mycobacterial cells in Freund's complete adjuvant for increasing levels of humoral 

antibodies against a given antigen and for inducing delayed hypersensitivity 1,2 . NDP stimulates 
non specific resistance against bacterial, viral and parasite infections 

3-5 
and also shows anti- 

tumor activity'. However, it has undesired side effects such as transitory leukopenia7, pyro- 
7-9 

genicity , thrombocytolysis' and somnogenicity 10 , which prompted the chemical modification of 

._ 
,!, (MDP),R= L-Ala-q-lso& 

= 

2 , hmtnmo) , R= &-Ala-p&n-~GH&C~ 

MDP st.ructure4'11-14. The main conclusions derived eo far from the structure-activity relationship 

studies are 4'11!12: a) only slight structural w can be introduced in the muramyl reaidua, 

b) the $-Ala r&due can be replaced by other aliphatic +mirmacida, and c) the ylu residue is 

essential, but the functionality of &~~lu is important for mcxlulating biological acitivty. For 

example.. Mum&a&d&~, 2, a MDIDR analog which is under clinical triala. end other alkyl cater 
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derivatives of the g-Gln and i-isoGln residues are less pyrogenic than NDP15'16. 

On the other hand, in the series of the naturally occurring, immunoatimulant peptide FK-156l'. 

g-lactoyl-;-Ala-;-iaoClu-(~)-meso_A2mp(4)-Gly. it has been demonstrated that the absolute configu- 

ration of the plactic acid is of little importance for the immunoadjuvsnt activity 16 . 
Taking into account all these facts we have prepared analogues of NDP in which the E-lactic 

acid residue has been replaced by ;-alanine and L-alanine to give l-(2-acetamido-2,3-dldeoxy-D_- P 
glucopyranosid-3-yl) tripeptlde analoguea of NDP. in which the tripeptide side chain is E-Ala-k- 

Ala-;-iaoGln-OMe (2). i-Ala-;-Ala-~-Gln-ONe (161, k-Ala-4-Ala-;-ie.oGln-CMe (g), and 4-Ala-i-Ala- 

E-Gln-OMe (20). 

RESULTS AND DISCUSSION 

Condensation of methyl 3-amino-3-deoxy-glucopyranoside 2 
19 

with ethyl i,L-P-bromopropionate 

in the presence of pyridine afforded methyl 3-deoxy-3-[[$ and ~-l(ethoxycarbonyl)ethyl]amino]-gluco- 

pyranosides 2 and 2 in 33 and 31%yield,reapectively. A similar condensation of benzyl 3-amino-3- 

deoxy-glucopyranoside 2 
20 

ahowed some atereoselectivity and afforded a mixture of benzyl J-deoxy- 

3-[[R and ~-l-(ethoxycarbonyl)ethyl]amino]-glucopyranosides 5 and g In 24.4 and 36.6% yield, 

respectively. The two compounds of each diastereoiacmeric pair were very similar to each other, 

and were isolated by a tedious preparative TLC chromatography. 

The gluco configuration of the four muramic acid anelogues 5. 5, 2 and g was confirmed by 

the high values of the coupling constants J2 3 and J3 4, which were in the range of 8.2-11.3 Hz. 

The absolute configuration of the alany; residue'was determined chemically, by condensation 

of 2 and 4 with optically active ethyl &.-2-bromopropionate 21. Theae reactions afforded a (85 :151 

mixture of the methyl glucosides 2 and 2, and a (80 :20) mixture of the benzyl derivatives 5 and 

lo, respectively, which indicated that partial racemisation at C-2 of the propionic acid residue 

took place during the condensation. In its reaction with aminea, the 2-bromopropionate undergoes a 

Walden inversion 
22 

. Therefore, the two major products of each reaction, i.e. 2 and 5, will be 

muramic acid analoguee, that is, will have a &J-alanine residue with a E absolute configuration, 

and the two minor compounds 2 and lo, will be analogues of isomursmic acid, having a k-alanine 

residue, with a 2 absolute configuration. 

A ““%qm2 
w”““” cot?’ n 

This conclusion is supported by comparison of the optical rotation values of 5, 2 and 2, lo, 

with those of several pairs of muramic and isomuramic acid derivatives and several pairs of N- 

substituted E- and L-alanine ethyl esters. As long as the optical rotations are measured in methanol zz 

or chloroform, the D-1-carboxyethyl derivative8 , analoguea of msmic acid, are more dextro- 
= 

rrotatory than the corresponding kl-carboxyethyl isoslers , analopuea of imtmramic acid23-25. 

Similarly, tha i-substituted-i-alanlne ethyl eaters are more dextrorrotatary than the corresponding 

~-enantiomera26'27. The optical rotation values of 2 and 5. higher than those of 2 and lo, were in 



agreement with this XWf8 and tbn above Structural aSSigW64nt. 

Treatment of 2 and E with metbanolic ammonia, afforded the corresponding aaides z and 3;1 in 

75 end 73% yield, r84p4CtfV8ly. WO racemization at the af8nine qUir3k C-2 atORI vua observed. 

Saponification of the ethyl ester group of 2 and g with a 1% solution of potassium hydroxyde in 

ethanol. followed by treetaent of the recutting carboxylic acid dsrivatfvea with XRC-50 cation 

exchange resin, afforded, without racemization at the alanine C-2 position, the free acids 2 and 

12 in 73 and 77% yield respectively. 

Reaction of the muramic acid derivative fi. with i-alanyl-fisoglutamine methyl ester and &- 

alanyl-D-glutamine methyl ester, using dicycloh4xylcarbodiimide and ;-hydroxyauccinimide as the 
= 

6ictiVating ag8niX afforded, VithWAt raC4miZatiOn. the corresponding N_(glucopyranosid-3-ylI-g- 

alanyl-k-alanyl-~isoglutamins methyl ester 13 and ~-(glucopyreno6id-3-yl)-~alanyl-~lalany1-~- 

glutamfn4 methyl sster g in 71 and 72% yield, respectively. Similarly, condensation of the iso- 
mummic acid analogue 12 with the same dipeptfdes by the same coupling procedure, afforded the 

corresponding t&fglucopyranosid-3-yl) derivatives of i-alanyl-k-alanyl-D_isoglutamine methyl ester 

17, and _L-alenyl-&alsnyl-;-glutamine methyl ester g in 70 and 73% yield, respectively. 

LB- 

Condenaatfon of a mixture of diasteroieomen, g and g with _L-atwl%-isoglutacaine methyl 

aster and k-ala@-pglutamine methyl eeter, afforded in each case a mixture of two RDP analogues 

13 and 17, and 4 and g, respectively, vhich mere much easier to isolats and purify than the 

mfxturs of the N-(glucopyrancsid_37rr)-~- and k-alanine d4rivativee 2 and f2. Thue, once th4 

St8reochemi6trg of 13, l4, z and S wae un8qulV~6lly detemined, the pr4paratton of th4sS MDP 

analoguea 66s corneniently carried out starting from the mixture of diastereoieweric ethyl csten, 

5 and 0. These compcuknd~wcrereadily prepared by condansation of 0 with the wnmmrcially available 

ethyl E,&-2-bromopropionate, and th4 only chmmatographic separation was performed only after their 

trrvraformation into the corresponding prwtacted glycopeptides. 

~dkVg4tW~SiS of the benzyl and bentylid4ne group6 of 13, E, g and E in acetlc acfd using 

10% W/C as catalyst gave the desired N-(2-aceteaido-2,3aideo~-~lucoWranosfdl) derivatives 
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of D-alanyl-L-alanyl-D-isoglutamine methyl enter 15. D-alanyl-L-alanyl-D-glutamine methyl ester, z = = = = =I 
16, +.lanyl-;-alanyl-q-iaoglutamine methyl ester 2, and k-alanyl-btianyl-pglutamine methyl 

ester 20. in 74, 69. 70 and 66% yield, respectively. 

EKPERIMBNTAL 

M.ps were measured with a Kofler hot-stage apparatus. 1 H NMR spectra were recorded with a 

Varian W-390 or a Varlan XL-300 spectrometer operating at 90 or 300 MHz, reapeetively, with Me4Si 

as internal standard. IR spectra were recorded with a Perkin-Elmer 257 spectrophotometer. Optical 

rotations were determined with a Perkin-Elmer 141 pole&meter. Analytical TLC was performed on 

aluminium sheets coated with a 0.2 mp layer of silica gel 60 F2% (Merck), and preparative layer 

chromatography was performed on 20 x 20 cm glass plates coated with a 2 mm layer of silica gel 

PF2_ (Merck). 

Methyl 2-acetamido4,6-0-benzylidene-2,3-dideo~-3~[-D-l-(ctholgrcPrbonyl)e~l]~ino~-a-D- - 
glucopyranoaide (2) and methyl 2-acetamido4,6-O-benzylidene-2,3-dideoxy-3-[[L-l-(etho~carbonyl) 

ethyllamino ]-a-D-glucopyranoside (2). A mixture of 3 lg (2 g, 6.2 rmnol), ethyl g,;-2-bromopropionate 

(2,6 mL, 14 mmol), pyridine (1.6 mt, 20 mmol) and acetonitrile (25 mL) was heated to reflux for 

24 h. The solvent was removed and a chloroform solution of the residue-was washed with water, dried 

(Na2S04), filtered and concentrated. Preparative TLC of the residue (hexane-chlorofo-thy1 ace- 

tate, 4:4:1) showed two major bands. The fastest moving'band gave 2 (0.87 g, 33%); m.p. 167-166O 

(from ethyl acetate-hexanel; [a], + 62.2O (2 1, chloroform); IR (nujol) 1750 cm-l (C02Et). 'H NMR 

(CDC13, 90 MHz): 6 1<26(t, 3H. CF13-CH2-1, 1.26(d, 3H, CH3-CH), 2.10(s< 3H, NAc), 2.94(dd, lH, H-3, 

J2 3= 11 Hz, J3 4= 9 Hz), 3.37(s,'JH, 0CH3), 3.37-4.32(m, 6H, H-2, H-4, H-5, H-6, Cl+CH3). 4.12 

(4: W, 0-CH,-C;13), 4.70(d, 1H. H-l, Jl 2= 

9 Hz). Anal?Calcd. for C21H30N207: 

4 Hz), 5.56(s. lH, CH_C6H5), 6.46(d; lH, vc, JNH 2= 

C, 69.71; H, 7.01; N, 6.63. Found: C, 59.35; H, 6.96; N, 6.76. 

The alowest running’ band gave 2 (0.83 g, 31%); m.p. 190-191° (from ethyl acetate-hexane); 

[al, + 170 (2 1, chloroform); IR (nujol) 1750 cm -' (C02Et); 'H NMR((CD312S0, 90 MHz]: 61.01 (t, 3H, 

CIi3-CH2). 1.21(d. 3H, CH3-CH), 2.04(s, 3H, NAc), 2.99(dd, 1H. H-3, J2 3= 10 Hz, J3 4= 9 Hz), 3.40 

(a, 3H, 0CH3), 3.40-4.30(m, 6H, H-2, H-4, H-5, H-6, Cg-CH3), 4.71(d, iH, H-l, Jl 2l 4 Hz), 5.43 (8, 

lH, Ci-C6H5). Anal. Calcd. for C21H30N207: C, 59.71; H, 7.01; N, 6.63. Found: C;59.30; H, 7.02; 

N, 6.81. 

Reaction of methyl 2-acetamido-3-amino-4,6-O-benz~lidene-2,3-d~deoxy~-D-glucopyranoside (3) 

with ethyl L-2-bromopropionate. A mixture of 3 (0.5 g. 1.55 mmol), ethyl L-P-bromopropionate 
= 

freshly prepared 21 (0.65 mL, 3.5 mmol), pyridine (0.4 mL, 5 mm011 and acetonitrile (15 mL) was 

heated to reflux for 20 h. The solvent was removed and a chloroform solution of the residue was 

washed with water, dried (Na2S04), filtered and concentrated. Preparative TLC of the residue 

(hexane-chloroform-ethyl acetate, 2:2:1) gave a (7:3) mixture of 2 and 2 as a solid (0.40 g, 62%), 

which was separated and.'identified as indicated before. 

Benzyl 2-acetamido-4,6-0-benzylidene-2,3-dideoxy-3-[[D-l-(ethoxycarbonyl)ethyl]amino]-o-D- 

glucopyranoside (6) and benzyl 2-acetamido-4,6-0-benzylidene-2,3-dideoxy-3-~[L-l-(ethoxycarbonyl) 

ethyl]amino]-a-D-glucopyranoside (10). A mixture of s 
20 

- (1 g, 2.4 mmol), ethyl i,i-2-brcmopropio- 

nate (1.9 mL, 10 rmnol). pyridine (1.2 mL, 15 nunol) and acetonitrile (20 mL) MS heated to reflux 

for 20 h. The solvent wee removed and a chloroform solution of the residue was washed with water, 

dried (Na2S04), filtered and concentrated. Preparative TLC of the residue (hexane-n-butanol, 20 :l) 

shoved two major bands. The fastest moving band gave 5 (0.29 g. 24.4%); m.p. 164-185O (from ethyl 

acetate-hexane); [aID + 93O (5 1, chloroform); IR (nujol) 1750 cm-l (W2Et); 1H NMR [(CD3)2S0, 

300 MHz]: 6 l.l2(d, 3H, CH-CH3), 1.13 (t, 3H, CH2-CH3). 1.90(s. 3H, NAc), 2.9O(dd, lH, H-3, J2 3= 

11.3 HE, J3 4= 9.9 Hz). 3.44-3.60(m, 4H. H-4, H-5, Hba, c-CH3), 3.66(ddd, lH, H-2, Jl 2= 3.7'Hs. 

J NH 2= 6.6 is), 3.96-4.15 (m, 3H, H-6e, 0-Cli2-CH31, 4.53, 4.7O(AB system, 
. 

2H, 0-CH2-C6H5, Jgem= 
12.; Hz). 4.77(d, 1H. H-l). 5.63(s. lH, CI+C6H5), 7.77(d, lH, CONH). Anal. Calcd. for C27H34N207: 

C, 65.06; H, 6.62; N. 5.62. Found: C, 64.70; H, 6.94; N, 5.25. 

The slowest running band gave g (0.44 g, 36.6 %); m.p. 201-202O (from ethyl acetate-hexane); 



[aID + 52O (2 1, chloroform): IFI (nujol) 1750 cm -l (C02R). 'H NHR [(CD3)2S0, 300 HHz]: 6 0.99 (t, 

3H, CH2-CH3), l.l2(d, 3H, Ch3-Cii), 1.86(s, 3H, NAc), 2.9Wdd, 1H, H-3, J2 3= 10.5 hs. J3 4= 8.2 Hz), 

3.4-4.2(m, 8H, H-2, H-4, H-5, H-6, Ctj-CH3, 0-CE2-CH3), 4.51, 4.70 (AS sy& 2H, 0-CH2i6H5, J 
gem= 

11.8 Hz), 4.73(d, lH, H-l, Jl 2= 3.2 Hz), 5.56(s. lH, CH_C6H5), B.O(d, lH, N@c, JNH 2= 8.9 Hz). 

Anal. Calcd. for C2~MN2~,: ;:, 65.06; H, 6.82; N, 5.62. Found: C, 64.82; H, 6.98; N: 5.43. 

Reaction of benxyl 2-acetcnido-3-~1~,6-O~benzy11dane-2,3~id~xy-a-D-g1ucop~~~ide (A) 

with ethyl L-P-bromopropionate. A mixture of 4 (0.5 g, 1.2 mmol), ethyl k-2-bromopropionate 

freshly prepared 2l (0.65 mL, 3.5 mmol), pyridine (0.6 mL, 7.5 mmol) and ac&Onitrile (15 mL) was 

heated to reflux for 20 h. The solvent was removed and a chloroform solution Of the residue was 

washed with water, dried (Na2S04), filtered and concentrated. Preparative TLC of the residue (hexa- 

ne-chloroform-acetonitrile, 3: 2: 1) gave a (7 :3) mixture of 2 and g as a solid (0.35 g, 68%), 

with was separated and identified as indicated before. 

Bensyl 2-acetamido-4,6_O-benzylidene-~[[D-l-(carboxamide)ethyl]amino]-2,3-dideo~-o-D-gluCo- 

pyranoside (I). A mixture of 2 (0.1 g, 0.2 mmol) in MeOH/NH3 (100 ml.) was stirred for 20 h at room 

temperature. The solution was concetrated at reduced pressure to4-5 mL and cooled to 0' for 4 h to 

complete crystallization. The precipitate was filtered to give z (0.07 g, 75%); m.p. 250-255' 

(from methanol-ethyl ether); [aID + 83O (2 0.5, dimethyl sulfoxide); IS (nujol) 1640, 1655 cm-l 

(CONH, CONH2); 'H NRR [(CD3)2 SO, 300 MHz]: 6 l.ll(d, 3H, CHCfi3), 1.88(s, 3H, NAc), 2.8O(dd, lH, 

H-3, J2,3 z J3,4 = lo.3 Hz), 3.28-3.88(m, 5H, H-2, H-4, H-5, H-6a, CgCH3), 4.12(m, lH, H-6e), 

4.50, 4.69(AB system, W, 0+12-C6H5, Jgem= 13.4 Hz), 4.86(d, lH, H-l, Jl 2= 3.6 HZ), 5.62(s, 1H, 

CH-C6H5), 7.08, 7.46(2s, 2H, CONH2), 8.09(d, lH, Nt&Ac, JNR 2= 8 Hz). Anal: Calcd. for C25H31N306: 

C, 63.96; H, 6.61; N, 8.95. Found: C, 63.66; H, 6.88; N, 8:47. 

Bensyl 2-acetamido-4,6-0-benzylidene-3-[~bl-(carboxamide)ethyl]amino]-2,3-dideoxy-a-D-Rluco- 

pyranoside (11). A mixture of 0 (0.1 g, 0.2 nrmol) in MeOH/NH3 (100 mL) was stirred for 20 h at 

room temperature. The reaction mixture was worked up,as indicated before for Z.to give 11 (0.07 8, 

73%); m.p. 269-274O (dec.) (from methanol-ethyl ether); [a], + 99O (2 0.5, dimethyl sulfoxide); 

IR (nujol) 1640, 1655 cm -' (CONH, CONS,); 1H NHR [(CD3)2S0, 300 MHz]: 6 l.lO(d, 3H. CH-CH3), 1.90 

(8, 3H, NAc), 2.89(dd, lH, H-3, J2 3 2 J3 4= 11.5 Hz), 3.30-3.62(m, 2H, H-4, Ct+CH3), 3.68-3.78(m. 

2H, H-5, H-6a), 3.99(ddd, lH, H-2,'Jl 2= 3.5 He, JNH 2= 9.4 Hz), 4.13(dd, lH,H-6e. J6a 6e=7.9, J5 6e= 

2.8 Hz), 4.51, 4.71(AB system, 2H. 0-&12-C6H5, J gem='12.4 Hz), 4.71(d, lH, H-l), 5.62((s, lH, Ct+ 

C6H5), 7.06, 7.46 (28, 2H, CONH2), 8.10(d, lH, NH-AC). Anal. Calcd. for C25H31N306: C, 63.96; H. 

6.61; N, 8.95. Found: C, 63.58: H, 6.76; N, 8.74. 

Bensyl 2-acetamido-4,64benzylidene-3-[[(D-l-carboxy)ethyl]amino]-2,3-dideoxy~-D-glucopyra- 

noside (8). A solution of $0.1 g, 0.2 rrmol) in 1% KOH/EtOH (15 mL). was stirred for 20 h at room -- 

temperature. Water (5 mL) was added and the mixture was slowly passed through an Amberlite IRC-50 

(H+) (2 g) column. The eluate was concentrated under reduced pressure to give s (0.074 g, 79%); 

m.p. 228-230° (from methanol-ethyl ether); [olD + 80° (2 0.5 dimethyl sulfoxide); IR (nujol) 1640 

cm -' (NAc), 1655 cm-l (COOH), 2806-3500 cm-l (OH, NH); 'H NMR [(CD3)2S0, 300 MHz]: 6 l.l5(d, 3H, 

CH-CE3), 1.88(s, 3H. NAc), 2.89(dd, 1H. H-3, J2 3= 10.8 Hz, J3 4= 9.3 Hz), 3.49(q, lH, CH_CH3), 

3.58(t, lH, H-4, J4,5= 9.4 Hz), 3.68-3.8O(m. 2H: H-5, Hda) , 3:66('ddd, lH, H-2, Jl 2= 3.5 Hz, 
JNH 2= 8.2 Hz), 4.12(dd, lH, H-6e, J6a 6e= 9.4 Hz, J5 6e= 3 Hz), 4.52, 4.7O(AB syskem, 2H, 0-CR2- 

'gH5, Jgem' 
12.4 Hz), 4.83(d, lH, H-l); 5.63(s, lH, &C,H,). 7.92(d, lH, NiAc, JNH 2= 8.2 Hz). 

Anal. Calcd. for C25H30N207: C, 63.83; H, 6.38; N, 5.96. Found: C, 63.78; H, 6.47; A, 5.56. 

Bensyl 2-acetamido-4,6-O-benzylidene-3-[[(L-l-carboxy)ethyl]~ino]-2,3-dideoxy-o-D-gluco- 

pyranoside (12). A solution of g (0.1 g, 0.2 mmol) in 1% KOH/EtOH (15 mL), was stirred for 20 h 

at room temperature. The reaction mixture was worked up as indicated before for 8 to give 12 

(0.72 g, 77%); n.p. 242-245O (from methanol-ethyl ether); [a], + 102O (2 0.5, dimethyl sulfoxide); 

IR (nujol) 1640 cm-1 (NAc). 1655 cm-l (COOH), 2600-3600 cm -' (OH, NH); 'H NMR [(CD3)2S0, 300 MHz]: 

6 l.lB(d, 3H, CHCH3), 1.88(s, 3H, NAc), 3.02(dd, 1H. H-3, J2 3 = J3 4= 10.2 Hz), 3.53(q, lH, CE- 

CH3), 3.61(dd. lH, H-4, J4 5= 8.8 Hz), 3.66-3.8O(m, 2H, H-5,'Hda),'3.95(m, lH, H-2), 4.14(dd, lH, 

H-6e, Jga 6e= 8.4 Hz, J5 ,:= 2.9 Hz), 4.52, 4.72(AB system, 2H, o-C?12-C6H5, J gem= 12.5 Hz), 4.73 

(d, lH, I&, Jl 2= 3.3 H:), 5.63(s, lH, CZ&C6H5), 8.7(d, lH, NHAc, JNH 2= 8 Hz). Anal. Calcd. for 
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c H NO 25 30 2 7: C, 63.83; H, 6.38; N, 5.96. Found: C, 63.56; H, 6.52; N, 5.63. 

N-(benzyl 2.-acetamido4,6-O-ben~lidene-2,3-dideolSy-a-D-glucopyranosid-3-yl)-D-al~l-L- 

alanyl-D-iaoglutamine methyl eater (2). To an ice-cooled solution of 8 (0.047 g, 0.1 -1) in dry 

tetrahydrofuran (4 ml), Pj-hydroxysuccinimide (0.011 g, 0.1 mtol) and dicyclohexylcarbodiimide 

(0.021 g, 0.1 mm011 were added. The mixture was stirred in an ice bath for 3 h and then at mcm 

temperature for 1 h. The 1.3-dicyclohexylurea formed waa removed by filtration and washed with 

tetrahydrofuran. The combined filtrate and washings were cooled again in an ice bath and +lanyl- 

piaoglutamine methyl eater trifluomacetate (0.034 g, 0.1 mmol), triethylamine (0.14 mL, 0.1 mm011 

and tetrahydrofuran (3 mL) ware added. The mixture was stirred overnight at room temperature. After 

evaporation of the solvent, the residue was chromatographed (preparative TLC) with chloroform- 

methanol (2O:l) to give 13 (0.048 g, 71%); m.p. 258-262O (dec.) (from ethyl acetate-methanol); [oJD 

+ 59O (2 0.5, dimethyl sulfoxide); 'H NM9 [(CD312S0, 300 MHz]: 6 l.O9(d, 3H, CHCDi3), l.Wd, 3H, 

CHCE3). 1.84(s, 3H, NAc). 1.66-2.10(m, 2H, CH-Cff2-CH2). 2.28(t. W, CH2-CHH-CO), 2.92(dd, J2 3 P 

J 3 4= 10.8 Hz). 3.35(q, 1H. H-3,Glc-NH-Clj-CH3), 3.56(m, 4H, H-5, OCH3). 3.68-3.79(m, W, H-4: Hba), 

3.90(ddd, lH, H-2, JNH,2= 9.1, J1,2= 3.7 Hz), 4.13-4.20(m. 3H, H-6e, CONHCt&H3, NH-CH-CH2). 4.52, 

4.71(AB system, 2H. 0-Ct12-C6H5, J gem= 12.7 Hz), 4.77(d. lH, H-1). 5.62(s, IH, CI+C6H5), 7.10, 7.46 

(28, 2H, CONH2), 7.84, 8.06, 8.12(34, 3H, NHCO, J= 6.4-9.1 Hz). Anal. Calcd. for C34H45N5010: C, 

59.74; H, 6.59; N, 10.25. Found: C, 59.57; H, 6.96; N, 10.52. 

N-(benzyl 2-acetemldo-4,6-O-benzylidene-2,3-dideoxy-o-D-glucopyranosid-3-yl~-L-alanyl-L-alanyl- 

D-ieoglutamine methyl ester (7). Coupling of the acid 12 (0.047 g, 0.1 mmol) with i-alanyl-Piso- 

glutamine methyl ester trifluoroacetate (0.034 g, 0.1 mmol) by using K-hydroxysuccinimide (0.011 g, 

0.1 mmol), dicyclohexylcarbodiimide (0.021 g, 0.1 rmnol) and trikthylamine (0.015 mL, 0.1 mmol), 

according to the procedure described for 3, afforded E (0.048 g, 70%); m.p. 278-28P (dec.) (from 

ethyl acetate-methanol); [aID + 62.5' (c 0.5, dimethyl eulfoxide); 'H NMR [(CD3j2S0, 300 Mz]: 6 

0.80(d, 3H. CHCt3), l.O9(d, 3H, CH-Cti3!3), 1.87(s, 3H, NAc), 1.64-2.08(m, W, NH-CH-CM~) , 2.27(t, 

2H, CH2-Ck12-CO). 2.97(dd, lH, H-3, J2 3 z J3 4 = 10.6 Hz), 3.36(q, lH, Glc-NH-CH_CH3). 3.53(dd. lH, 

H-6% J6a,6e r: J 5 6a= 9.4 Hz). 3.56(s: 3H, O;H3), 3.66(dd, lH, H-4, J4 5= 9.5 Hz). 3.7B(dt, lH, H-5, 

J5,6e 
= 3.8 Hz), 3:92-4.60(m, 2H, H-2, H-6e). 4.11-4.274111, 2H. CONH-&H3, NH-Cl+CH2). 4.51, 4.73 

(AB systen, W, 0-Ck12-C6H5, J gem= 12.4 Hz). 4.71(d. lH, H-l, Jl 2= 3.1 He), 5.52(s, 1H. Ct+C6H5), 

7.17, 7.46(2~, w, CONH,), 7.96, 8.09, 8.13(3d, 3H, 3 CONH, J= ;-9.1 Hz). Anal. Cak. for C34H45N5 

Olo: C, 59.74; H, 6.59; N, 10.25. Found: C, 59.43; H, 6.36; N, 10.21. 

Reaction of a mixture of 8 and 12 with L-alanyl-D-isoglutamine methyl ester. Coupling of a _-- 

(2:3) mixture of s and 12 (0.4 g, 0.85 nmol) with ;-alanyl-g-isoglutamine methyl ester trifluoro- 

acetate (0.293 g, 0.85 mmol) by using g-hydroxyauccinimide (0.098 g, 0.65 mmol), dicyclohexyl- 

carbodiimide (0.176 g, 0.85 anal) and triethylamine (0.13 mL, 0.85 mm011 according to the procedure 

already described , afforded a mixture of two compounda which were separated by preparative TLC 

(chloroform-methanol, 2O:l). The fastest moving band gave 17 (0.244 g, 4%). The slowest running 

band gave 13 (0.157 g, 27%). 

N-(benzyl 2-acetemido4,6-0-benzylidene-2,3-dideoxy~-D-gluc~yr~osid-3-yl)-D-alany~-L-al~Y~- 

D-glutamine methyl ester (14). Coupling of the acid a (0.047g. 0.1 mm011 with _L-alanyl-E-glutamine 

methyl ester hydrochloride (0.027 g, 0.1 mm011 by using i-hydroxyeuccinimide (O-011 8. 0.1 mmol). 

dicyclohexylcarbodilmide (0.021 g, 0.1 nunol) and triethylamine (0.915 mL, 0.1 mmol) according to 

the procedure described before for 13, afforded 14 (0.049 g. 72%); m.p. 216-217' (from ethyl aceta- 

te-methanol); [aID + 560 (5 0.5, dimethyl sulfoxide); 'H NM9 [(CD3j2S0. 300 MHz]: 6 l.lO(d, 3H, 

CHCg3), 1.20(d, 3H, CHCH3), 1.82(s, 3H, NAc), 1.73-1.92(m, 2H, CH-CIi2!2-CH2), 2.08(t. 2H,' CH2-ci2-CC). 

2.91(dd. lH, H-3, J2 3= 11.4 HZ, J3 4= 8.8 Hz), 3.34(q, 1H. Glc-NH-CH_CH3), 3.57-3.75(m, 3H, H-4, 

H-5, H-6a), 3.59(s, ;H, OCH3), 3.88iddd, 1H. H-2. JN,, 2= 8.6, Jl 2= 3.4 HZ). 4.14(dd, lH, H-6e, 

J 6a 6e= 8.3, J5 6e= 2.9 Hz), 4.21-4.33(m, 2H, CONH-C&H3, NH-C&H2), 4.51, 4.71(AB system, 2H. 

Ck!2-C6H5* Jgem' '12.6 Hz), 4.77(d, 1H. H-1). 5.61(s. lH, Ci-C6H5). 6.79, 7.46(2s, 2H. COm2). 

7.82, 8.06. 8.37(3d,' 3H, 3 CONH, J= 7.7-8.6 Ha). Anal Calcd. for C34H45N6010: C, 59.74; h, 6.59; 

N, 10.25. Found: C, 59.60; H, 6.77; N, 10.12. 

N-(benzyl 2-acetanido4,6-O-benzylidsne-2,3-dideoxy-o-D-glucopyranosid-3-Yl)-L-al~l-L-al~Yl- 

D-glutamine methyl ester (18). Coupling of the acid 12 (0.047 g, 0.1 mm011 with L-alanyl-D-glutamine - - = = 



methyl ester hydrochloride (0.027 g. 0.1 mmol) by using N-hydroxysuccimide (0.011 g, 0.1 ml), di- 

cyclohaxylcarbodiimids (0.021 g, 0.1 mmol) and triethylamine (0.015 mL, 0.1 ml), according to the 

procedure already described, afforded compound g (0.05 g. 73%); m.P. 249-251° (from ethyl acetate- 

methanol); [a], + 62O (2 0.5 dimethyl sulfoxide); 'H NMB [(CD3)2S0, 300 MHz]: 6 l.Ol(d, 3H, ClkXi3): 

1.12(d, 3~, CHC~~), 1.87(s, 3H, NAc), 1.70-2.02(m, W. CIMX2), 2.lO(t, 2H, CH2-Cz2-CG), 3.02(dd, 

1H, H-3, J2,3 =. J3,4= 10 HZ), 3.23(q, 1~. Clc-NH_-CH-CH,), 3.57(s, 3H, 0CH3), 3.51-3.8O(m, 3H, H-4, 

H-5, Hda), 3.95(ddd, lH, H-2, J1 2= 3.5, JNH 2= 8.9 Hz). 4.14(dd. 1H, H-6e, JGa 6e= 8.7, J5 6e= 

3.5 Hz), 4.17-4.3G(m, 2H, NH-Cl&l,, NH_cH-CH;). 4.51, 4.72(AB system, 
, 

2H, CH_2-CsH5, Jgem= 1;.5Hz), 

4.73(d, lH, H-l), 4.54(s. lH, CI+C6H5). 6.81, 7.43(2s. W, CONH2), 8.12, 8.17, 8.35 (3d. 3H, 3 

NHCO, J= 7.3-8.9 HZ). Anal. Calcd. for C34H45N5010: C, 59.74; H, 6.59; N, 10.25. Found: C, 59.36; 

H, 6.79; N, 10.02. 

Reaction of a mixture of 8 and 12 with L-alanyl-D-glutamine methyl eater. Coupling of a (2:3) --- 

mixture of the acids 8 and 12 (0.4 g, 0.85 mmol) with L-alanyl-D-glutamine methyl ester hydro- = = 
chloride (0.228 g, 0.85 mmol) by using E-hydroxysuccinimide (0.098 g, 0.85 mmol) and dicyclohexyl- 

carbodiimide (0,176 g, 0.85 mmol) and triethylamine (0.13 mL, 0.85 mmol) according to the procedure 

described, afforded a mixture of compounds which were separated by preparative TLC (chloroform- 

methanol, 20:l). The fastest moving band gave 14 (0.232 g, 40%) and the slowest gave 2 (0.162 g, 

28%). 

N-(P-acetamido-2.3 -dideoxy-D-glucopyranosid-3-yl)-D-alanyl-L-alanyl-D-isoglutamine methyl 

ester (15). A mixture of 3 (0.2 g, 0.42 mmol), acetic acid (20 mL) and 10% Pd/C (0.07 g) wae 

hydrogenated at 15 psi for 40 h at room temperature. The catalyst was filtered and the filtrate 

concentrated. The residue was chromatographed (silica gel column) with chloroform-methanol-acetic 

acid (60:10:3) to give 15 as a foam (0.157 g, 74%); [aID + 7O (2 0.5, methanol; equil.); 'H NHB 

[(CD3)2S0, 300 MHz]: 6 l.O9(d, 3H, CHCE3), 1.21(d, 3H, CH013), 1.80(s, 3H, NAc), 1.66-2.04(m, 2H, 

CH-'X2), 2.28(t, 2H, CH2Cli2CO), 3.02(dd, lH, H-3, J2 3 = J3 4= 10.5 Hz), 3.58(s, 3H, 0CH3), 4.85 

(d, lH, H-l, Jl,2- - 4 Hz), 7.11 (m. 2H, CONH2), 7.40,'7.68, ;.08(3d, 3H,3CONH, J= 7-12 Hz). Anal. 

Calcd. for C20H35N5010: C, 47.52: H, 6.93: N, 13.86. Found: C, 47.15; H, 7.26; N, 13.73. 

N-(2-acetamido-2,3-dideoxy-D-glucopyranosid-3-yl)-D-alanyl-L-alanyl-D-glutamine methyl ester 

(16). Hydrogenolysis of compound G (0.2 g, 0.42 mmol) with hydrogen in the-presence of 10% Pd/C 

(0.07 g), in acetic acid, according to the procedure described before for 15 gave 16 (0.146 8, 69%) 

as a foam; [aID + 6O (2 0.5 methanol; equil.); 'H NMB [(CD3)2S0, 300 MHz]: 6 l.lO(d, 3H, CHCg3), 

1.20(d, 3H, CHCs3), 1.78(s, 3H, NAc), 2.10(t, 2H, CH2CO), 3.07(dd, lH, H-3, J2 3 z J3 4= 10 Hz), 

3.62 (8, 3H, 0CH3). 4.85(d, lH, H-l, J1 2 = 4 Hz), 6.80(broad 8, 2H, CONH2), 8113, 6.38, 8.44 

(3d, 3H, 3 NHCO, J= 7-8 Hz). Anal. Calcd. for C20H35N5010: C, 47.52; H, 6.93; N, 13.86. Found: 

C, 47.48; H, 7.15; N, 13.88. 

N-(2-acetamido-2,3-dideoxy -D-glucopyranosid-3-yl)-L-alanyl-L-alanyl-D-isoglutamine methyl 

ester (19). A mixture of 17 (0.2 g, 0.42 mmol), acetic acid (20 mL) and 10% Pd/C (0.07 g) was 

hydrogenated at 15 psi for 40 h at room temperature. The reaction mixture was worked up as indica- 

ted before for 15 to give 19 as a foam (0.148 g, 70%); [a], + 8O (2 0.5, methanol; equil.); 'H NHB 

[(CO,),SO, 300 MHz]: 6 l.l5(d, 3H, CHCH3), 1.21(6, 3H, CHCE3), 1.86(s, 3H, NAc), 2.28(t, 3H, CH2- 

Ci2CO), 3.59(s, 3H, 0CH3), 7.13(s, 2H, CONH2), 7.38, 7.48, 8.15(3d, 3H, 3 NHCO, J= 8-9 Hz). Anal. 

Calcd. for C20H35N5010: C, 47.52; H, 6.93; N, 13.86. Found: C, 47.32; H, 7.30; N, 13.58. 

N-(2-acetamido-2,3-dideoxy-D-glucopyranosid-3-yl)-L-alanyl-L-alanyl-D-glutamine ester (g). 

Compound g (0.2 g, 0.42 mmol), in acetic acid (20 mL) was hydrogenolyzed in the presence of 10% 

Pd/C catalyst (0.07 g) as described in the preparation of 15, to give 20 (0.144 g, 68%) as a foam; 

MD + 7.5O (2 0.5, methanol; equil.); 'H NMB [(CD3)2S0, 300 MHz]: 6 l.l2(d, 3H, CHCi3). 1.21(d, 

3H, CHCS), 1.86(s, 3H. NAc), 2.10(t, W, CH2CF12CO), 3.61(s, 3H, 0CH3), 4.85(d, lH, H-l, Jl 2= 

4 Hz), 6.77(m, 2H. CONH2), 7.32-8.30(m,3H,3NHCO). Anal. Calcd. for C20H35N5010: C, 47.52; A, 6.93; 

N, 13.86. Found: C, 47.21; H, 7.03; N, 13.76. 
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