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AE.XRACT 

Five 2,6_di(acylamino)- 2,6-dideoxy-3-0-(D-2-propanoyl-L-alanyl-D-isoglutami- 

ne)-D-glucopyranoses (lipophilic, muramoyl dipeptide analogs) were synthesized 

from benzyl 2-(benzyloxycarbonylamino)-3-O-(D-l-carboxyethyl)-2-deoxy-5,6-~-~so- 

propyhdene-fl-D-glucopyranoside (1) Methanesulfonylation of 3, derived from the 

methyl ester of 1 by U-deisopropylidenation, gave the 6-methanesulfonate (4)_ 
(Tetrahydropyran-2-yI)ation of 4 gave benzyl 2-(benzyloxycarbonylamino)-Zdeoxy- 

3-O-[D-l-(methoxycarbonyl)ethyl] - 6- 0 - (methylsulfonyl) - 5 - 0 - (tetrahydropyran-2- 

yl)-p-D-ghicofuranoside, which was treated with sodium azide to give the correspond- 
ing 6-azido derivative (6). Condensation of benzyl 6-amino-2-(benzyloxycarbonyl- 

amino)-2,6-dideoxy-3-~-[~-l-(methoxycarbonyl)ethyl]-5-O-(tetrahydropyran-2-yl)- 

B-D-glucofuranoside, derived from 6 by reduction, with the activated esters of octa- 
noic, hexadecanoic, and eicosanoic acid gave the corresponding 6-N-fatty acyl 

derivatives (8-10). Couphng of the &amino derivatives, obtained from compounds 

8, 9, and 10 by catalytic reduction, with the activated esters of the fatty acids, gave 

the 2,6-(diacylamino)-2.6-dideoxy derivatives (11-15). Condensation of the acids, 

formed from 11-15 by de-esterification, with the benzyl ester of L-alanyl-D-iso- 

glutamine, and subsequent hydrolysis, afforded benzyl 2,6-di(acylamino)-2,6-di- 

deoxy-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine benzyl ester)+D-glucofurano- 

sides. Hydrogenation of the dipeptide derivatives thus obtained gave the five lipophilic 

analogs of 6-amino-6-deoxymuramoyl dipeptide, respectively, in good yields. 

INTRODUCTION 

In the course of an investigation’ on the relationship behveen the immuno- 

adjuvant activity and the structure of the carbohydrate moiety in N-acetylmuramoyl- 

r_-alanyl-D-isoglutamine3 (MDP), which is the minimal, immunoadjuvant-active 

component of bacterial cell-wall peptidoglycan, -.ve demonstrated that not only is 
the restricted configuration of the sugar moiety important for the activity’ but also 

that chemical modifications4- 6 of the functional groups in the carbohydrate moiety 

*Studies on Immunoadjuvant Active Compounds, Part XVII. For Part XVI, see ref. 1. 
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produce various, important effects on the manifestation of activity. Recently, it has 

been shown that lipophilic derivatives”’ of MDP bearing the lipid moiety at C-6 

of the sugar skeleton, or at the end of the peptide chain, have strong antitumor and 

anti-infecrion activities that are not found for MDP itself. In addition, we have also 

observed that introduccion”bV9*‘0 of lipophilic character at C-2 in muramoyl-L- 

alany:-D-isoglutamine, or at C-6 in ZV-acetyl-6-amino-6-deoxymuramoyl-L-alanyl-D- 
isoglutamine. causes potent antitumor activity based on the immune reaction, as 
well as strong, immunoadjuvant activities. 

I c view of these facts, we now describe the synthesis of some 2,6-(diacylamino)- 

2,6- clideoxv-~-~-(D-2-propanoy~-L-a~anyl-D-~sog~utamine)-D-g~ucop~ranoses. _ 

RESULTS AXD DISCUSSIOS 

Treatment of benzyl 2-(benzyloxycarbonylamino)-3-O-(D-!-carboxyethyl)-2- 

deoxy-5,6-O-isopropylidene-p-D-glucofuranoside’ r (1) with diazomethane gave 

crystalline 2 in good yield; this was hydrolyzed by heating with 6O”/0 aqueous acetic 
acid. to afford 3. Selective mesylation, with methanesulfonyl chloride in pyridine at 
- 10”. of the primary hydroxyl group on C-6 in 3 afforded, in 89 “/‘, yield, 4, which on 

(tetrahydropyran-2-yl)ation, gave 5, quantitatively_ Displacement of the mesyloxy 

group in 5 with sodium azide in dry NJ’-dimethylformamide for 15 h at SO” gave 

NHZ 

C02R 3 R' = a, L-2 = Ii, 2 = OEI 
4 It1 = a, I? = ii, 2 = OYS 

z a = a 5 I 9 =z, 3 = ThP, R3 = OYLS 
2 3 = Fe 6 41 = a, it2 = m-la, 2 = N3 
Sl = DkCH* a = -Gi~,uelCO Ye 1' 
z = PhCE2cC0 Thp = tetrzihydrogyran-Z-y1 

R4HNqH2 RzHN$H2 

R3HN$H, 

6lHZ 

7 RI = z. X2 = Thp. X3 = R 

6 RX = a, R2=Zhp,R3=b 

9 RI = I , R2 = Tnp. x2 = c 

70 x1 = .s. 22=nlp.R3=d 

b = octanOy1 

c = hexadec.?.noyl 

d = eicosr-.oyl 

R*HNCHt 

H 

kO-L-Ala-D-is&h 

21 RI = R2 = b 

21 RI =l.l2=c 

23 R1 =R2=d 

24 x1 = 5. R2 = d 

25 a-l = d .EF=b 
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benzyl 6-azido-2-@enzyloxycarbonylamino)-2,6-dideoxy-3-O-[D-i-(methoxycarbo- 

nyl)ethyl]-5-0-(tetrahydropyran-2-yl)-P-D-glucofuranoside (6) in 87 % yield. Re- 

duction of the azide function in compound 6 in ethanol with Raney nickel (W-l) 

gave the desired 6-amino compound 7, which was used fcr the next reaction without 

purification_ 

Compound 7 was treated with IV-(octanoyloxy)succinimide in dry 1,4-dioxane 
for 5 h at room temperature, affordin p benzyl 2-(benzyloxycarbonylamino)-2,6- 
dideoxy-3-U-[D-l-(methoxycarbonyl)ethyl]-6-(octanoylamino)-5-0-(tetrahydropy- 
ran-2-yl)-/3-D-ghrcofuranoside (8) in SO % yield. When treated with N-(hexadecanoyl- 

oxy)succinimide, or N-(eicosanoyloxy)succinimide, according to the procedure just 

described, compound 7 gave the 6-N-fatty acyl derivatives 9 and 10 in excellent yield. 

Selective hydrogenolysis of the benzyloxycarbonyl group in compounds S-10 with 
hydrogen in the presence of loo,/, Pd-C cataIyst in ethanoi, and subsequent condensa- 

tion with the activated esters of octanoic, hexadecanoic, and eicosanoic acid as already 
described, yielded the expected benzyl 2,6-di(acylamino)-2,6-dideoxy-3-0-[D-l- 

(methoxycarbonyl)ethyl]-/3-D-glucofuranosides 11-15 in good yield. Saponification 

of 11 with 0.1&r 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, usin g dicyclohexylcarbodiimide and N-hydroxy- 

succinimide as the activating agents. and subsequent hydrolysis of the tetrahydro- 

pyran-Zyl group under mildly acidic conditions (SO”/, aqueous acetic acid) gave 

benzyl 2,6-dideoxy-2,6-di(octanoylamino)-3-O-(D-~-propanoyl-~-alanyl-D-isoglutami- 

ne benzyl ester)-/!I-D-glucofuranoside (16). In the same way, coupling of the acids 

derived from compounds 12-15, by hydrolysis, with the r-aIanyI-n-isoglutamine 
derivatives, and subsequent removai of the tetrahydropyran-Z-y1 group, yielded the 

corresponding dipeptides 17-20 in good yields. 
Hydrogenolysk of the benzyl groups in compound 16, in methanol-acetic acid, 

with hydrogen in the presence of Pd-C catalyst gave 2,6-dideoxy-2,6-dijoctanoyl- 

amino)-3-0-(o-2-propanoyl-~-alanyI-~-iso~utamine)-~-glucopyranose (21) ;n good 
yield. By essentially the same procedure, compounds 17-20 yielded the corresponding 

2,6-di(acylamino)-2,6-dideoxy-3-O-(~-2-propanoyl-~-alanyl-~-iso,olutamine)-~-glu- 

copyranoses (22-25) in good yields. 

EXPERIMENTAL 

General methods. - Melting points were determined with a Yanagimoto 

micro melting-point apparatus and are uncorrected. Specific rotations were deter- 

mined with a Union PM-201 polarimeter, and i-r. spectra were recorded with a Jasco 

IRA-l spectrophotometer. N-m-r. spectra were recorded at 60 and 90 MHz with 

Hitachi R-24-BS and R-22 spectrometers_ Preparative chromatography was per- 

formed on silica gel (Waco Co.; 300 mesh) with the solvent systems specified_ Evapo- 
rations were conducted in vacua. 

Benzyl 2-(ben~yZo-~ycarbo~yZa~z jno) - 2 -deoxy-5,6 - 0 -isopropylidene -3 -0 -[D-Z- 
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(?,zctlzos~carbon~i~et~zyi]-~-D-glzicofztranoside (2). - To a solution of benzyl 2- 

(benLyoxycarbonylamino) - 3 - 0- (D- I-carboxyethyl)-2-deoxy-5,6-0-isopropylidene-$- 

o-glucofuranoside” (1; 4.5 g) in ether (50 mL) was added an ether solution of diazo- 

methane, and the mixture was kept at room temperature; after 1 h, the excess of the 

reagent was decomposed by adding acetic acid. The mixture was evaporated, to give 

a crystalline mass. Recrystallization from ether-hexane afforded 2 (4.1 g, 89 Ok) 

z needles. m-p. SO”, [r-J%’ -29.5” (c 1.0, chloroform); v:;:’ 3300 (NH), 1735 and 

11-1-O (ester), 1690 and 1540 (amide), 840 (Me?C), and 760 and 695 cm-’ (phenyl); 

n.rr.r. data at 60 MHz (in chloroform-d): S 1.31, 1.37 (2 s, 6 H, MeJJ), 1.38 (d, 

3 H, JM~.CH 7.0 Hz, MeCH), 3.65 (s, 3 H, IMeO), 4.46, 4.75 (2 d, 2 H, J,,, 12.0 Hz, 

benzyl methylene), 4.99 (d, 1 H, J,.? 2.0 Hz, H-l), 5.09 (s, 2 H, C02CHzPh), 5.48 

(d. 1 H. JI,SH 7.5 Hz. NH), and 7.27 (s, 10 H, 2 Ph). 

Anal. Calc. for G,H,,NO,: C, 63.50; H, 6.66; N, 2.64. Found: C, 63.38; 
H, 6.73; N. 2.71. 

Ben=~l2-(berz=~losycarbotzyIar~zino)-2-deo_~y-3-O-[D-I-(nretlroxycarboJ~yf)et~zyi]- 
p-D-~fzrcof~tranoside (3). - A solution of 2 (4.0 g) in 60 y0 aqueous acetic acid (50 mL) 
was heated for 2 h at 45”, and then evaporated. The residue crystallized from ethanol- 

ether * to give 3 (3.2 g, 56%) as needles, m-p. 93”, [~]g’ -SO” (c 1.0, chloroform); 

x-2$” _2400-3250 (OH, NH), 1730 and 1240 (ester), 1690 and 1540 (amide), and 740 

and G!jO cm-’ (phenyl): n.m.r. data at 60 MHz (in chloroform-d): 6 1.41 (d, 3 H, 
J xIc_,-k, 7.0 Hz, MeCH), 3.10 (ni, 2 H, 2 OH), 3.64 (s, 3 H, MeO), 4.42, 4.72 (2 d, 

2 H. J Ccm 12.0 Hz, benzyl methylene), 4.95 (d, 1 H, J,.? 1.5 Hz, H-l), 5.08 (s, 2 H, 

COaCHzPh), 5.90 (d, 1 H, J1.,, 7.0 Hz, NH), and 7.29 (s, 10 H, 2 Ph). 

Anal. Calc. for CZ5H,:N0,: C, 61.34; H, 6.35; N, 2.86. Found: C, 61.28; 

H, 6.37; N. 2.79. 

Be?& 2-(be~~~~Io_~~~carbon~Ia~~zi~~o)-2-deo-~y-6-O-~~~es~l-3-O-[D-I-(r~rethoxycar- 

brtllyl)etlz~I]-B-D-glrrcofrrranosine (4). - To a cooled solution of 3 (3.0 g) in dry 

pyridine (20 mt) was added methanesulfonyl chloride (850 mg) at -20°, and the 
mixture was kept f%r 5 h at - 10’. The mixture was evaporated, the residue extracted 
with chloroform, and the extract successively washed with 2~1 hydrochloric acid, 

A scdium carbonate, and water, dried (sodium sulfate), and evaporated to a syrup 

which was purified by chromatography on a column of silica gel (SO g) with 100: 1 

chloroform-methanol. Compound 4 was obtained as needles; after recrystallization 

from ether-hexane, 3.1 g (89 %), m.p. 65”, [=]F -56’ (c 1.0, chloroform); ~~2’ 

3500 (OH), 3280 (NH), 1760 (ester), 1695 and 1545 (amide), 1165 (SO.,)_ and 735 

and 690 cm-’ (phenyl); n.m.r. data at 60 MHz (in chloroform-d): 6 1.44 (d, 3 H, 
J xlC,ckI 7.0 Hz, MeCH), 2.97 (s, 3 H, MeS), 3.66 (s, 3 H, MeO), 4.46, 4.75 (2 d, 2 H, 
J grm 12.0 Hz, benzyl methylene), 5.00 (d, 1 H, Jls2 1.5 Hz, H-l), 5.12 (s, 2 H, 

Cc?,CH,?h), 5.63 (d, 1 H. JZ,NH 8.0 Hz, NH), and 7.30 and 7.33 (2 s, 10 En 2 Ph). 

Anal. Calc. for CZ6H3,N0,,S: C, 55.01; H, 5.86; N, 2.47, Found: C, 55.13; 

H, 5.86; N, 2.52. 

Beuql 2-(ben~yloxycarbotzylamino)- 2-deo_~_v-6-0-mes)-I-3-0-[D-I-(metlroxycar- 

bo~z~l\etl~~l]-5-0-(tetraiz~drop~ran-2-~~l)-~-D-giucofuranoside (5). - To a stirred 



IIIMUNOADJUVANT ACTIVE COMPOUNDS. PART XVII 255 

solution of 4 (3.0 g) in dry 1,4-dioxane (30 mL) were added dihydropyran (1.5 g) 

and p-toluenesulfonic acid monohydrate (30 mg). The mixture was stirred for 3 h at 
room temperature, treated with Amberlite IR-45 (OH-) ion-exchange resin to re- 

move the acid, and evaporated to a syrup which was chromatographed on a column 

of silica gel (60 g) with chloroform, and then with 150 : 1 chloroform-methanol. The 

latter eluate gave compound 5 (3.3 g, 96 %) as a syrup, [~]g -28 o (c 1 .O, chloroform); 

I$$ 3320 (NH), 1750 and 1240 (ester), 1700 and :520 (amide), 1170 (SO,), and 

750 and 690 cm-’ (phenyl); n.m.r. data at 60 MHz (in chloroform-d): 6 1.34, 1.3s 

(2 d, 3 H, JM~.CH 7.0 Hz, MeCH), 2.84, 2.97 (2 s, 3 H, MeS), 3.60 (s, 3 H, MeO), 

4.94 (s, 1 H, H-l), 5.05 (s, 2 H, CO,CHaPh), 5.63 (d, 1 H, JZ,NH 7.0 Hz, NH), and 

7.22 and 7.24 (2 s, 10 H, 2 Ph). 

Anal. Calc. for C,,H,,NO,,S: C, 57.13; H, 6.34; N, 2.15. Found: C, 57.22; 

H, 6.35; N, 2.09. 
Beuql 6-a~ido-2-(be~z=~Ios~ca~bo~z~fazzzi~zo)-2,6-dideo_~~-3-0-~D-i-(~netlros~-car- 

bolzyl)etlzyl]-5-0-(tetrahydropyran- 2-_yZ)-P-D-ghcofilrmloside (6)_ - To a solution 

of 5 (3.0 g) in dry NJ-dimethylformamide (20 mL) was added sodium azide (2.4 g), 
and the mixture was heated, with stirring, for 15 h at 80 O, evaporated, and the residue 

extracted with chloroform_ The extract was washed with water, dried (sodium sulfate), 

and evaporated to a syrup which was purified by chromatography on a column of 

silica gel (60 g) with 200: 1 chloroform-methanol, to afford compound 6 (2.4 g, 

87 %) as a syrup, [a]? -24” (c 1.1, chloroform); I*::: 3290 (NH), 2080 (azide), 

1720 and 1240 (ester), 1700 and 1520 (amide), and 730 and 690 cm-’ (phenyl); 

n.m.r. data at 60 MHz (in chloroform-+ 6 1.36 (d, 3 H, Jh,e,CH 7.0 Hz, MeCH), 

3.62 (s, 3 H, MeO), 4.43, 4.73 (2 d, 2 H, J,,, 12.0 Hz, benzyl methylene), 4.99 (s, 

1 H, H-l), 5.00 (s, 2 H, COICH2Ph), 5.61 (d, 1 H, J2,sk, 7.0 Hz, NH), and 7.27 and 

7.30 (2 s, 10 H, 2 Ph). 

Anal. Calc. for &,H3aNa09: C, 60.19; H, 6.40; N, 9.36. Found: C, 60.25; 

H, 6.39; N, 9.39. 

Bemy/ 2-(bei2~~lo:~~carbolz~Ia~?z~~zo)-2,6-d~deo_~~-3-O-~D-~-(??zet~zo~~carboiz~z)- 

etlz~Z]-6-(octano~lanzizzo)- -O-(tetra/z~drop~rarr-2-~l)-p-D-g~zicof~~ra~oside (8). - To 

a solution of 6 (410 mg) in ethanol (25 mL) was added Raney Ni (W-l; 500 mg), and 

the mixture was stirred for 1.5 h at room temperature. The catalyst was filtered off, 

and washed with methanol, and the filtrate and washings were combined, and evapor- 

ated to a syrup which was used for the next reaction without purification_ To a solu- 

tion of the amino compound 7 in dry 1,Pdioxane (5 mL) was added llr-(octanoyloxy)- 

succinimide (230 mg), and the mixture was stirred at room temperature while the 

progress of the reaction was monitored by t.1.c.; after 5 h, the starting material was 

no longer detectable. The mixture was evaporated to a syrup which was chromato- 

graphed on a column of silica gel (30 g) with chloroform and then 100 : 1 chloroform- 

methanol. The latter eluate gave 385 mg (80%) of 8 as a syrup, [a]L5 -299O (c 1.2, 

chloroform); #_X ‘lrn 3280 (NH), 2900 and 2830 (Me, methylene), 1740 and 1240 (ester), 

1700,1650, and 1530 (amide), and 750 and 690 cm-’ (phenyl); n.m.r. data at 90 MHz 

(in chlorcform-d): 6 0.87 (near t, 3 H, Jhlc,CHt 5.4 Hz, MeCH,), 1.23 (m, 10 H, 5 
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methyiene). 1.49 (d, 3 H, J,,_,, 7.0 Kz, MeCK), 1.54 (m, 6 H, tetrdhydropyranyl 
methylene), 2.02 (m. 2 K, COCK,), 3.60, 3.63 (2 s, 3 K, MeOj, 5.05 (d, I H, Jt,2 
3.3 Kz, H-l), 5.0s (s, 2 H, C02CHIPh), and 7.21-7.30 (m, 10 K, 2 Ph). 

Aml. Calc. for CjsH,,N,O,,: C, 65.31: H, 7.79; N, 4.01. Found: C, 65.23; 
H. 7.61: N, 3.99. 

&?I_)./ ?- (be~z~~~G_~~carbG2?~~a~2jl20)-~, 6-dideG.Yj’- 6 -(/2exadera22o~~aminG)- 3 - o- 
[~-i-(:net~ro_~~carbo2~~f)~~t~l~l]-~-O-(tetra~~~drop~ra2~- Ayl)-/I-Dghtcoflitra22oside (9). - 

Reduction of G (229 mg) with Raney Ni (W-l: 400 mg) ;n ethanol (20 mL), with 
processing ac already described , gave the amino compound 7. Coupling of the amine 
\i ith X-(hesadecam*yloxy)succinimide (190 m_g) in dry 1,4-dioxane (5 mL), as 
described for 8, &?fo_-ded 9 1290 mg, 97 7:) as a syrup, [Y]:’ -27 0 (c O-3, chloroform); 
v::; 3250 (NH)_ 2900 and X30 (Me, methylene). 1730 and 1240 (ester), 1700, 1640, 
and 1520 (amide)_ and 730 and 690 cm- ’ (phenyl); n.m_r. data at 90 MHz (in chloro- 
form-rf): d GAS {near t, 3 H, J,,,,c-L 5.4 Hr MeCK& 1.25 (26 H, 13 methylene), 
1.40 (d. 3 H, Js:,VcEr 7.0 Hz. MeCH), 1.55 (m, 6 H, tetrahydropyrangl methylene), 
2.05 (m. 2 H, CH?CO), 3.64 (s, 3 K, MeO), 4.51,4.81 (2 d, 2 H, J,== 12.0 Hz, benzyl 
methylene), 5.1G (s, 3 K: K-l, C02CH2Ph), 5.6!I (d, 1 H, J,.,, 6.5 Hz, NH), 6.34 
(near t. 1 K. J6,?cII 6.3 Hz, NH). and 7.30 (s, IO H, 2 Ph). 

.4nal_ Calc. for C,,KiONIO1,,: C, 68.12; K, S.7t~; N. 3.45. Found: C, 68.32; 
H_ S 73- N, 3.41. - . 

Brt2~_rl ~-(ben~~lo_~~carbo2~~lamino)-2,6-dideos~--6-(eicosano~~~a2nino)-3-O-[D-I- 

(merizos_~carbo~2~l)et~l~i]-~-O-(tetra~~ydrop~ra2~-~-~l)-~-D-gi2~co~~rar~o~ide (10). - Re- 
duction of 6 (350 mg) with Raney Ni (500 mg) in ethanol (20 mL), as described for 
8, gave the amino compound, which was conden sr=cf with IV-(eicosanoyloxy)succini- 
mide (350 mg) in dry 1,4-dioxane (10 mL) as already described, to yield 10 (460 mg. 
91’:;) as a syrup, [~j$ -29” (c 1.2, chloroforn.); ~2:: 3300 and 3230 (NH), 2900 
and 2530 (Me, methyiene), 1750 and 1240 (ester), 1710, 1650, and 1520 (amide), 
and 7.30 and 690 cm-’ (phenyl); n.m.r. data at 90 MHz (in chloroform-d): d 0.87 

(near t, 3 K, Jhfc,C~2 5.4 hz, MeCH2), 1.25 (34 H, 17 methylene), 1.41 (d, 3 H, 
J xlcSCH 7.0 Hz, MeCH), 1.52 (m, 6 H, tetrahydropyranyl methylene), 2.10 (m, 2 H, 
ZH&O), 3.60 is, 3 H, MeO), 4.49, 4.73 (2 d, 2 H, Jscm 12.0 Hz, benzyl methylene), 
5.05 (d, 1 H, .; L,1 2.0 Hz, H-l), 5.07 (s, 2 H, C02CH,Ph), and 7.22 and 7.26 (2 s, 
10 H, 2 Ph). 

AXZ’ Calc. for C,,H7,N,0,e: C, 69.25; H, 9.07; N, 3.23. Found: C, 69.08; 
H, 9.25; N, 3.35. 

BeJEJt 2,6-dideo_~y-2,6-di(octanoyla22~i2~o)-3-0-[D-I-(metho~ycarbonyl)et~~yl]-5- 

O-(fefra/2_ydropyraiz-~-~i)-~-D-g~licGjilraJzoSide (11). - Compound 8 (240 mg) was 
dissolved in ethanol (15 mL), 10% Pd-C catalyst (100 mg) was added, and hydrogen 
was bubbled through while the mixture was stirred for 1 h at room temperature, the 
course of the reaction being monitored by t.1.c. The catalys was removed by filtration, 
and t!re filtrate was evaporated beIow 40”, to give the syrupy, free amino compound 
which was used for the next reaction. To a solution of the 2-amino derivative in dry 
;,4-dioxane (5 mL) was added N-(octanoyloxy)succinimide (140 mg), and the 
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29OG ar, t 2830 (Me, rnethylene), 1740 and 1210 (ester), 1650 and 1540 (amide), and 
750 ;no 630 cm-’ (phenyl). 

AttaZ_ Calc. ior Cj,,Hs6N209: C, 69.59: H, 10.09; N, 3.26. Found: C, 69.68; 
H, 10.25; N, 3.19. 

BenzyJ’I 2,6-dideoxy-2,6-di(octanoyIatnino) - 3 -Q -CD-2-prOpUJIOybL-aInn)'l-D-i.sO- 

,olzrtautitte bexyl ester)-fi-D-glttcofttranoside (16). - To a solution of 11 (100 mg) 
in I,+dioxane (20 mL) was added 0.1&r potassium hydroxide (2.2 mL), and the 
solution was stirred for 1 h at room temperature, and then treated with Amberlite 
IR-120B (Hi) ion-exchange resin to remove the base; the resin was filtered off, and 
vvash*:d with methanol. The filtrate and washings were combined, and evaporated, 
to ahcrd the free acid, which was used for the ne;;t reaction without purification_ 
To a solution of the acid in dry I+dioxane (5 mL) were added, with stirring, N- 
hydronysuccinimide (HO%) (25 mg) and dicyclohexylcarbodiimide (DCC) (45 mg), 
and the mixture was stirred for 30 min at room temperature; at that time, the starting 
markal had been converted into the activated ester. I_-Alanyl-D-isoglutamine benzyI 
ester trifluoroacetate (95 mg) and triethylamine (0.06 mL) were added to the mixture, 
and it was stirred for 8 h at room temperature, and then evaporated. The residue was 
chromatographed on a column of silica gel (20 g) with chloroform, and then with 
50: i chioroform-methanol. The Iatter eluate afforded the coupling product, which 
was dissolved in SOY/, aqueous acetic acid (25 mL). The solution was heated for 2 h 
at 45 O, and evaporated to a syrup which was purified by chromatography on a column 
of silica se1 (20 8) with chloroform and then 30: 1 chloroform-met!ranoI. From th: 
latter eluate, compound 16 (66 mg, 52%) was obtained as a syrup, [c]&~ -54” 
(c 0.6, chloroform); IKE’ 2 3.40 (OH, NH), 2929 and 2830 (Me, methylene), 1720 and 
1210 (ester) 1640 and 1530 (amide), and 750 and 690 cm-’ (phenyl); n.m.r. data at 
90 MHz (rn 1: 1 chloroform-&methanol-rl,): 6 0.88 (near t, 6 H, JXr.Ie,CHz 5.2 Hz, 
2 MeCH?), 1.33 (d, 3 H, JAfC,cH 6.4 Hz, MeCH), 4.54, 5.78 (2 d, 2 H, J,,, i2.0 Hz, 
benzyl methylene), 5.00 (s, 1 H, H-l), 5.09 (s, 2 H, CO,CH,Ph), and 7.27 and 7.30 
(2 s, 10 H, 2 Ph). 

Anal_ CaIc. for C;E7Hi1NjOll: C, 63.99; H, 8.11; N, 7.94. Found: Ct 63.65; 
H; S-29; N, 7.71. 

B~tq-l 2,6-dideo_~~-~,6-di(Cze~adecano~iaamino)-3-O-(D-,3-propano)~l-L-ala~t~f-D- 

isoghttatnine benqY ester)-~-D-ghrcofzrtranoside (17). - Hydrolysis of 12 (50 mg) 
with 0.1~ potassium h:-/+droxide (OS mL) in 1,Pdioxane (5 mL), with processing as 
already described, gave the free acid. Coupling of the acid with the L-danyl-D-iSO- 

gutamine derivative (35 mg) in dry 1,4-dioxane (3 mL) by using HOSu (10 mg), 
DCC (20 mg), and tricthylamine (0.03 mL) as described for 16, and subsequent 
hydrolysis by heating with 80 % aqueous acetic acid (10 mL) for 2 h at 45 O, gave 17 
(56 mg, 93%) as a syrup, [x]$~ -35” (c 0.5, chloroform); #zz 3300 (OH, NH), 
2920 and 2840 (Me, mL>yIene), 1720 and 1220 (ester), 1660 and 1540 (amide), and 
720 and 700 cm-’ Cphenyl); n.m.r. data at 90 MHz (in 1: 1 chloroform-d-methanol- 

&): 6 0.87 (t, 6 H, JM~.cH~ 5.2 Hz, 2 MeCH,), 1.35 (d, 3 H, JMe,CH 7.0 Hz, MeCH), 
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4.45, 4.78 (2 d, 2 H, J,,, 12.0 Hz, benzyl methylene), 5.00 (s, 1 H, H-l), 5.08 (s, 
2 H, C02CH2Ph), and 7.30 (s, 10 H, 2 Ph). 

Anal. Calc. for C63H103Ns0rl: C, 68.38; H, 9.36; N, 6.33. Found: C, 68.00; 
H, 9.52; N, 6.19. 

Betrzyi 2,6-dideo_~~-2,6-di(eicosano~~iamitlo)-3-0-(D-2-propa~lo~l-~-aIa~l~~t-D-iso- 

glutanlitze betzql ester)-fi-D-g~zfcOfzifanoside (18). - Hydrolysis of 13 (110 mg) with 
0.1~ potassium hydroxide (1.6 mL) in 1,4-dioxane (10 mL), as already described, 
gave the free acid, which was condensed with the peptide (70 mg) in dry 1,4-dioxane 
(5 mL) by using HOSu (20 mg), DCC (40 mg), and triethylamine (0.06 mL), as 
described in the preparation of 16, to give the dipeptide derivative. The coupling 
product was hydrolyzed by heatin, = with 80% aqueous acetic acid (20 mL) for 2 h 
at 45”, as already described, to give 18 (63 mg) as a syrup, [XI:’ -29 o (c 0.5, chloro- 
form): Vale 3350 and 3239 (OH, NH), 2900 and 2820 (Me, methylene), 1730 and 
1230 (ester), 1640 and 1530 (amide), and 730 and 680 cm-l (phenyl); n.m.r. date at 
90 MHz (in chloroform-d): 6 0.88 (near t, 6 H, JhSc,CHz 5.2 Hz, 2 MeCH,), 1.36 (d, 

3 H, JM~,CW 7.0 Hz, MeCH), 4.56, 4.80 (2 d, 2 H, J,,, 12.0 Hz, benzyl methylene), 
5.00 (s, Z H, H-l), 5.09 (5, 2 H, C02CH2Ph), 6.10, 6.54, 6.98 (3 H, 3 NH), and 7.27 
and 7.30 (2 s, 10 H, 2 Ph). 

Anal. Calc. for C7rHr1sNj01r: C, 69.97; H, 9.84; N, 5.75. Found: C, 69.80; 
H, 10.15; N, 5.56. 

Benz~~l2,/i-dideos~-6-(eicosano~famino)- 2-(octanoylamirlo)-3-0-(D-2-propa?lo~I- 

l_-alaq+D-isog/zitai,line be?& ester)-j?-D-glzzcofzzranoside (19). - Hydrolysis of 14 
(SO mg) with O.lhr potassium hydroxide (1.4 mL) in 1,4-dioxane (10 mL), coupling 
of the acid formed with the dipeptide (60 mg) in dry 1,4-diou-ne (5 mL) by using 
HOSu (20 mg), DCC (30 mg), and triethylamine (0.03 mL), and subsequent hydro- 
lysis of the product by heating with SO% aqueous acetic acid (20 mL) at 45 O, as 
described in the preparation of 16, afforded compound 19 (47 mg, 48%) as a syrup, 
[a];’ -3 1.5 o (c 0.4, chloroform); $:F 3300 (OH, NH), 2920 and 2830 (Me, methyl- 
ene), 1740 and 1220 (ester), 1660 and 1540 (amide), and 760, 720, and 700 cm - ’ 
(phenyl); n.m.r. data at 90 MHz (in 1: 1 chloroform-d-methanol-d,): S OS8 (near t, 

6 H, Jsrc.cnz 5.2 Hz, 2 MeCH,), 1.40 (d, 3 H, Jhle.CH 7.2 Hz, MeCH), 5.00 (s, 1 H, 
H-l), 5.10 (s, 2 H, CO,CH=Ph), and 7.30 (s, 10 H, 2 Ph). 

Anal. Calc. for CsgHgsNsOll: C, 67.46; H, 9.12; N, 6.67. Found: C, 67.24; 
H, 9.50; N, 6.51. 

Benz$ 2,6-dideos~-2-(eicosano~vIatnirlo)-6-(octa~lo~ia~nino)-3-0-(D-2-propatlo~I- 

r-aianyl-D-isoglzztamine benq,l ester)-P-D-glzzcofzzranoside (20). - Hydrolysis of 1s 
(150 mg) with O.lhr potassium hydroxide (2.7 mL) in 1,3_dioxane (20 mL), coupling 
of the acid with the dipeptide (110 mg) by using HOSu (30 mg), DCC (55 mg), and 
triethylamine (0.06 mL), and subsequent hydrolysis of the product by heating with 
80 % aqueous acetic acid (30 mL), as already described, yielded 20 (145 mg, 79 %) as 
a syrup, [a-j; -30” (c 1.45, chloroform); vzz 3300 (OH, NH), 2920 and 2850 (Me, 
methylene), 1730 and 1220 (ester), 1660 and 1540 (amide), and 760 and 700 cm-l 
(phenyl); n.m.r. data at 90 MHz (in 1: 1 chloroform-d-methanol-d,): 6 0.88 (near t, 
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2,6-Dideox~-Z-(eicosa~zo~lamino)-6-(octa~zo~ia~~ino)-3-O-(D-2-propa?lo~l-L-ala- 
nil-D-isoglrtta~nilre)-D-gZz~c~~~ralle (25). - Hydrogenolysis of 20 (132 mg) with 
hydrogen in the presence of 10 % Pd-C catalyst (150 mg), in methanol (20 mL)- 
acetic acid (2 mL), according to the procedure describea in the preparation of 21, 
yielded 25 (95 mg, 87 %) as an amorphous material, m-p_ 10%109”, [u];~ -5.5” 

(c 0.33, acetic acid; equii.); vmrtx KBr 3350-3230 (OH, NH), 2900 and 2820 (Me, methyl- 

ene), 1720 (C=O), and 1660 and 1540 cm-’ (amide). 
AnaL Calc. for C45H83N5011: C, 62.11; H, 9.61; N, S-05. Found: C, 61.68; 

H, 9.Y2; N, 7.81. 
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