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N-Acetylmuramyl-L-alanyl-p-isoglutamine (MDP) and thirteen new analogs were synthesized by the con-
ventional organic chemical procedure using dicyclohexylcarbodiimide-N-hydroxy-5-norbornene-2,3-dicarboximide

as a coupling agent.

Their ability to induce delayed-type hypersensitivity to N-acetyl-3-(4-arsonophenylazo)-

L-tyrosine in guinea pigs was assayed. The results indicate that the presence of an x-amino acid adjacent to the
lactic acid moiety in MDP is important for the high biological activity, the valine analog having the most favorable

effect.

Freund’s complete adjuvant (FCA) is a most widely
used adjuvant consisting of heat-killed mycobacterial
cells in mineral 0il.?) Ellouz ¢t al.?) and Kotani et al.9
independently elucidated that N-acetylmuramyl-L-
alanyl-p-isoglutamine (MDP) (9a) is the minimal
structure responsible for the activity elicited by pep-
tidoglycan of the bacterial cell walls. MDP can be
substituted for mycobacterial cells in FCA to potentiate
both B cell- and T cell-mediated immune responses.®
Recently, MDP has been found to have biological
activities such as enhancement of the nonspecific resist-
ance in mice infected by Klebsiclla pneumoniae,® stimula-
tion of the thymidine uptake in mouse spleen cell
cultures,” and the activation of reticuloendothelial
system® and macrophages in wvitro.”

In view of possible clinical applications of immu-
nomodulators, it is important to prepare MDP analogs
with enhanced activities. In this report, we describe
the synthesis and immunological activities of 13 new
MDP analogs (Table 3). MDP has also been syn-
thesized for the sake of comparison in our biological
system.

Chemistry

MDP and its analogs were synthesized by the con-
ventional organic chemical procedure using dicyclo-
hexylcarbodiimide (DCC) - N-hydroxy-5-norbornene-
2,3-dicarboximide (HONB)'®) as a coupling agent at
each step. The f-butoxycarbonyl (Boc) group was used
for a-amino protection and the benzyl group for side
chain hydroxyl and carboxyl protection. The Boc
group was removed with trifluoroacetic acid prior
to each coupling. The final deprotection of all the
protecting groups was effected by catalytic hydrogena-
tion.1) Details of the synthesis are summarized in
Scheme 1.

The protected dipeptides (4) were synthesized by
coupling p-isoglutamine benzyl (2a) or methyl (2b)
ester with Boc-amino acid HONB ester (3). The
dipeptides (4) thus obtained are given together with
their physicochemical properties in Table 1.

The protected glycopeptides (8) were prepared by
coupling suitably protected dipeptides (5) with pro-
tected muramic acid derivatives, such as benzyl 2-

The structure-activity relationship is discussed.
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Scheme 1.

acetamido-4,6-0-benzylidene-3-0-[1-(R)-carboxyethyl]-
2-deoxy-a-p-glucopyranoside (6a), the (S5)-isomer (6b),
benzyl 2-acetamido-4,6-0-benzylidene-3-0-[1-(R)-car-
boxyisopentyl]-2-deoxy-«-D-glucopyranoside (6¢), or
benzyl 4,6-0O-benzylidene-2-benzyloxyacetamido-3-0-
[1-(R)-carboxyethyl]-2-deoxy-a-D-glucopyranoside (6d).
These protected muramic acids (6) were converted
into the HONB active esters (7) for coupling.
Protected N-acetylmuramic acid (6a) was prepared
by the method of Flowers and Jeanloz!® and protected
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TaBLE 1. YIELDS AND PHYSICOCHEMICAL PROPERTIES OF DIPEPTIDES, Boc-Y-p-Glu(OR)-NH, 4
[ 0.5 Found (Caled)[%]
Compd Y R Yield/%  Mp/°C p (¢0.5) Formula P 2
(temp, solvent) a H N
4a L-Ala CH,C:H; 83.2 140—141» +8.3°(20, MeOH)®» C,H,N,O, 59.41 7.23 10.25
(58.95 7.17 10.31)
4b  B-Ala CH,C H;, 81.0 148—149 +11.4° (20, MeOH) CyoH,oN,O 58.96 7.18 10.24
(58.95 7.17 10.31)
4c Sar CH,C H;, 89.3 110—112 +4.0° (20, MeOH) CyoH,,N,Oy 50.06 7.39 10.10
(58.95 7.17 10.31)
4d  Aib» CH,CH; 70.2  112—113 +13.2°(27, EtOH) C,,H;;N,O, 59.81 7.76 9.84
(59.84 7.41 9.97)
4e Pro CH,C,H, 72.3 155—156  —12.6°(27, DMF) CpH,N,O, 61.04 7.43 9.67
(60.96 7.21 9.69)
af L-Thr(OBzl) CH,C¢H; 64.5 115—117 +6.0° (27. EtOH) CH,;;N,O, 63.92 7.14 7.83
(63.74 7.07 7.96)
41g L-Val CH,C:H; 81.2 148 +8.9° (25, DMF) Cy,H;:N,O 60.53 7.74 9.54
(60.67 7.64 9.65)
4h L-Val CH, 84.3 117—119 +8.6° (23, DMF) CeHyoN,Op 53.72 8.10 11.44
(53.46 8.13 11.69)
4i L-Ser(OBzl) CH,C.H; 98.0 65—66° +5.7° (23, EtOH) Cy,H,N,O, 62.98 6.93 8.19
(63.14 6.87 8.18)

a) Lit,1'» mp 137.5—138.5 °C.

N-acetylisomuramic acid (6b) by that of Petit and
Sindy.'® Compound 6¢ was obtained by treating
benzyl 2-acetamido-4,6-0-benzylidene-2 -deoxy-a-D-
glucopyranoside!® with sodium hydride, followed by
condensation with (§)-2-chloro-4-methylpentanoic
acid.' (The compound obtained after hydrogenolytic
deprotection of 6¢ is referred to as N-acetyl C-isobutyl-
normuramic acid in this text). Acylation of benzyl
2-amino-4,6-0-benzylidene-a-p-glucopyranoside!® with
benzyloxyacetic anhydride gave benzyl 4,6-O-benzyl-
idene-2-benzyloxyacetamido-«-D-glucopyranoside (10),
which was then treated with sodium hydride and con-
densed with (§)-2-chloropropionic acid!® as in the
synthesis of 6a to give protected N-glycolylmuramic
acid (6d). The protected glycodipeptides (8) obtained
are given in Table 2 together with their physico-
chemical properties.

The N-acetylmuramyl dipeptides (9a—9h), N-acetyl-
isomuramyl dipeptide (9i), N-glycolylmuramyl dipep-
tides (99—9m) and N-acetyl C-isobutylnormuramyl di-
peptide (9n) were obtained after elimination of all
the protecting groups by catalytic hydrogenation in
acetic acid. The final products (9) were purified by
column chromatography on Sephadex LH-20 with
ethanol-0.1 M acetic acid as a solvent. The physico-
chemical properties of the desired MDP analogs are
given in Table 3.

During the hydrogenolytic deprotection of the iso-
muramyl derivative (8i) in acetic acid, TLC showed
the generation of r-alanyl-p-isoglutamine (13), an un-
known by-product (11) and a small amount of iso-
muramic acid (12) as well as the desired N-acetyl-
isomuramyl-L-alanyl-D-isoglutamine (9i). Attempts to
isolate the unknown by-product were unsuccessful, the
only compound obtained being isomuramic acid.

b) Aib: a-aminoisobutyric acid.

c) Lit,)' mp 65—66 °C; [«]} +5.8°(MecOH).

Treatment of 9i in acetic acid at 80 °C for 1 h gave
nearly the same result on TLC as that obtained by
the hydrogenolytic deprotection of 8i. Quantitative
analysis of the liberated r-alanyl-p-isoglutamine by
means of an amino acid analyzer showed that the
conversion of 9i into 11 and 12 reaches up to 49.99,.
However, hydrogenolysis of 8i under aprotic conditions
(in DMF) gave 9i with no side reaction.

The results can be explained by assuming that the
deprotected N-acetylisomuramyl dipeptide (9i) is grad-
ually decomposed to give the intramolecular ester
(11) and the dipeptide through N to O migration of
the amide bond under acidic conditions. The resulting
intramolecular ester can readily be hydrolyzed to iso-
muramic acid (12) (Scheme 2). MDP treated in
a similar way gave the dipeptide in only 5%, yield,
suggesting that the S-isomer (9i) more easily undergoes
migration than its R-isomer (9a).

Biological Results

The adjuvant activity of the synthetic MDP analogs
(9) was assayed for the induction of delayed-type
hypersensitivity to N-acetyl-3-(4-arsonophenylazo)-L-
tyrosine (ABA-Tyr) in guinea pigs'” (Table 4).

We see that the N-acetylisomuramyl derivative (9i)
greatly reduces the adjuvant activity (compare 9a
and 9i), indicating that the configuration of the lactic
acid moiety of MDP has to be the R-form to elicit
the activity.

Replacement of alanine by fS-alanine (9b) led to
complete loss of activity. This indicates that length-
ening of the peptide chain by one methylene group
(as in 9b) is unfavorable, since glycine analog of MDP
has a distinct although weak as compared with MDP,
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O OH
HO +  Ala-p-Glu-NH,
NHAc

CH3CHCO-Ala-p-Glu-NH, O,,C’CHCHz CH3;CHCO-OH 13
9i 11 12
L 4
n*
Scheme 2.

TaBLE 4. ApjuvanT AcTiviTy OF MDP ANALOGS 9 IN DELAYED-TYPE HYPERSENSITIVITY
10 ABA-Tyr (100 pg) IN GuiNEA Pics

Compd® Skin reaction with BaA at 24h (mm+SE)
Exp 1 Exp 2 Exp 3 Exp 4
MurNAc-L-Ala-p-Glu-NH, (9a) 18.1+1.2 22.9+1.2 18.2+0.7 17.6+0.7
MurNAc-f-Ala-p-Glu-NH, (9b) 0 — — —
MurNAc-Sar-p-Glu-NH, (9c) 0 — —_ —
MurNAc-Aib-p-Gul-NH,» (9d) 21.8+1.7 — — —
MurNAc-L-Pro-p-Glu-NH, (9e) — 14.14+0.5 — —
MurNAc-L-Thr-p-Glu-NH, (9f) — 24.0+1.1 — —
MurNAc-L-Val-p-Glu-NH, (9g) — 28.0+1.5 20.0+1.0 19.4+0.7
OCH,

MurNAc-1-Val-p-Glu-NH, (9h) — — — 19.740.4
isoMurNAc-L-Ala-p-Glu-NH, (9i) — 9.4+1.0 — —
MurNGI-r-Ala-p-Glu-NH,® (93) e — 18.0+0.7 —
MurNGl-r-Ser-p-Glu-NH,® (9k) — — 19.340.5 —
MurNGl-L-Val-p-Glu-NH,® (91) — — 19.64+0.9 —
MurNGI-r-Leu-p-Glu-NH,® (9m) — — 16.44-0.5 —
C-IsobutylnorMurNAc-1L-Ala-p-Glu-NH, (9n) 17.5+1.2 — — e
Control (ABA-Tyr+FIA)®D 0 0 0 0

a) Dose: 100 ug. b) Aib: a-aminoisobutyric acid.
plete adjuvant.

adjuvant activity.!® No activity of the sarcosine analog
(9¢) and reduced activity of the proline analog (9e)
show the necessity of the NH group adjacent to the
lactic acid moiety.

The results indicate that alanine or some other
o-amino acid adjacent to the lactic acid moiety is
important for high biological activity. Replacement
of alanine by a-aminoisobutyric acid (9e), threonine
(9f) and wvaline (9g) gave rise to an increase in
activity, the valine analog showing the most favorable
effect on biological potency. The N-glycolyl leucine
analog (9m), however, has moderate but slightly weak
activity as compared with other N-glycolyl analogs
(95—91), indicating that the size or lipophilicity of the
amino acid adjacent to the lactic acid moiety has
an effect on the activity. An increase in the size or
lipophilicity of the lactic acid residue in muramic
acid (9m) also caused a decrease in the activity.

The N-glycolylmuramyl analogs have activities equi-
potent to those of the corresponding N-acetylmuramyl
analogs (compare 9a with 9§, and 9g with 91), indicating
that N-glycolyl and N-acetyl groups caused no marked
difference in activity.!® The methyl ester (9h) of
the valine analog in which a carboxyl group of the
p-isoglutamine residue is esterified also possesses ac-

¢) MurNGl= N-glycolylmuramyl.

d) FIA: Freund’s incom-

tivity equipotent to that of the carboxyl-free analog
(9g)-

Experimental

Melting points were taken in open capillaries and are
uncorrected. Optical rotations were determined with a
Perkin-Elmer Model 141 polarimeter. Amino acid analyses
were performed on a Hitachi KLA-3B amino acid analyzer.
All chemicals and solvents were of reagent grade and used
without further purification with the exception of dioxane
which was dried by refluxing in the presence of CaH,. The
reactions were monitored on TLC with Merck F,;, silica
gel plates, which were developed with CHCl,~MeOH (19:1,
v/v) for compounds 4, CHCl;—acetone-MeOH (10:3:2,
v/v) for 8, and n-BuOH-EtOAc-AcOH-H,O (1:1:1:1, v/v)
for 9. Evaporation was carried out in a rotary vacuum
evaporator under reduced pressure at temperatures below
45 °C.

D-Glutamic Acid y-Benzyl Ester. This was synthesized
according to the method of Guttman and Boissonnas:2%
mp 176—178 °C (lit for r-form 189 °C,20 174 °C2V); [«]¥
—18.6° (¢ 6.0, AcOH) [lit for r-form2?® [«]% +19.6°+0.2°
(¢ 6.0, AcOH)].

t-Butoxycarbonyl-p-glutamic Acid y-Benzyl Ester DCHA Salt.
A suspension of p-glutamic acid y-benzyl ester (5.93 g, 25
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mmol) in water (14 ml) was combined with a DMF solution
(14 ml) of O-t-butyl S$-(4,6-dimethyl-2-pyrimidinyl)thiocar-
bonate?? (7.21 g, 30 mmol), Et;N (3.5 ml, 25 mmol) being
then added. The mixture was stirred overnight, becoming
a clear solution, to which was added water (40 ml). After
extraction with EtOAc (50 ml), the pH of the aqueous layer
was adjusted to 2 by addition of 5 M HCI under cooling
and the mixture was extracted with EtOAc (40 mlx 3).
The EtOAc layer was washed with 1 M HCI (25 mlx 3)
and satd. aq NaCl (25mlx2), and dried over Na,SO,.
Evaporation of the solvent gave an oil (7.00 g) of t-butoxy-
carbonyl-p-glutamic acid y-benzyl ester, which was converted
into its DCHA salt in a mixture of EtOAc (50 ml) and Et,O
(50 ml) by addition of a petroleum ether solution (10 ml)
of DCHA (3.63 g, 20 mmol) under cooling. The precipitate
was filtered to give crystalline ¢-butoxycarbonyl-p-glutamic
acid y-benzyl ester DCHA salt: 10.15g (78.3%). Mp
141—143 °C (lit for r-form?® 138—139 °C). [«]5 —12.5°
(¢ 1.0, MeOH) [lit for r-form?® [«]¥ +411.9° (MeOH)].
Found: C, 67.01; H, 9.16; N, 5.56%,. Calcd for CyH,OgN,:
C, 67.15; H, 8.94; N, 5.56%.

t- Butoxycarbonyl - - glutamic Acid o-p- Nitrophenyl y-Benzyl
Diester. A suspension of t-butoxycarbonyl-p-glutamic
acid yp-benzyl ester DCHA salt (9.86 g, 19 mmol) in EtOAc
(100 ml) was shaken with 0.2 M H,SO, (100 ml). The
EtOAc layer was washed with satd. aq NaCl (25 mlx 2) and
dried over Na,SO,. After filtration, p-nitrophenol (2.69 g,
19 mmol) and DCC (3.92 g, 19 mmol) were added under
cooling, and the mixture was stirred at 0 °C for 2 h and kept
in a refrigerator overnight. The resulting N,N’-dicyclo-
hexylurea was filtered and the filter cake was washed with
EtOAc. The combined EtOAc layer was then concentrated
to 50 ml and the resulting precipitate was filtered: 7.55 g
(86.8%). Mp 121—122 °C (lit for r-form?» 120—121 °C).
[e]2 +25.0° (¢ 0.5, EtOAc) [lit for L-form®® [«]} —32.7°
(MeOH)]. Found: C, 60.19; H, 5.76; N, 6.07%,. Calcd
for Cy3H,408N,: C, 60.25; H, 5.72; N, 6.119%,.

t-Butoxycarbonyl-p-isoglutamine Benzyl Ester. t-Butoxy-
carbonyl-p-glutamic acid a-p-nitrophenyl y-benzyl diester
(4.58 g, 10 mmol) was dissolved in tetrahydrofuran (40 ml),
ammonia water (25%,, 6.8 ml) being added to the solution.
After being stirred for 2 h at room temperature, the solution
was concentrated and the residue was dissolved in EtOAc
(150 ml). After the usual work-up, the residue was re-
crystallized from EtOAc-petroleum ether: 2.38 g (70.8%,).
mp 123—124 °C. [«]¥ —28.0° (¢ 0.5, MeOH). Found:
C, 60.63; H. 7.15; N, 8.07%. Caled for C,;;H,,O;N,: C,
60.70; H, 7.19; N, 8.239%,.

t- Butoxycarbonyl - L-valine  HONB  Ester. t-Butoxycar-
bonyl-L-valine (15.2 g, 70 mmol), HONB (13.8 g, 77 mmol)
and DCC (15.9g, 77 mmol) were combined in a mixture
of acetonitrile (300 ml) and DMF under cooling. The
mixture was stirred at 0 °C for 1 h and at room temperature
for 4h and filtered. After evaporation of the solvent, the
residue was dissolved in EtOAc. The EtOAc layer was
washed with 5%, NaHCO, and water, then dried over Na,SO,.
The solvent was removed and the residue was triturated
with petroleum ether giving crystalline i-butoxycarbonyl-L-
valine HONB ester: 26.5 g (quantitative). mp 120—122 °C.
[«]% —33.6° (¢ 0.5, DMF). Found: C, 60.14; H, 7.21;
N, 7.119%. Caled for CgH,O,Ng: C, 60.30; H, 6.93;
N, 7.409%.

t-Butoxycarbonyl-p-glutamic ~ Acid y-Methyl Ester. This
was synthesized from p-glutamic acid y-methyl ester®® (19.7
g, 0.1 mol) in a similar way to that described for ¢-butoxy-
carbonyl-p-glutamic acid y-benzyl ester: 23.5g (89.9%).
An analytical sample was converted into its DCHA salt
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as described for the preparation of ¢-butoxycarbonyl-p-
glutamic acid p-benzyl ester DCHA salt: mp 155°C (lit
for L-form?® 155—157 °C). [«]® —10.2° (¢ 0.5, MeOH)
[lit for r-form2® [«]p +10.5° (MeOH)]. Found: C, 62.45;
H, 9.61; N, 6.17%. Caled for CyH,,O6N,: C, 62.47;
H, 9.57; N, 6.33%.

t-Butoxycarbonyl-p-glutamic ~ Acid ~ a-N-Succinimidyl y-Methyl
Diester. To a solution of t-butoxycarbonyl-p-glutamic
acid y-methyl ester (23.0 g, 88 mmol) and N-hydroxysuc-
cinimide (11.2g, 97 mmol) in acetonitrile (200 ml) was
added DCC (20.0 g, 97 mmol) under cooling, and the mix-
ture was stirred at 0 °C for 3 h and at room temperature
for 12 h. After filtration and evaporation of the solvent,
the residue was dissolved in EtOAc (175 ml). The EtOAc
layer was washed with 5% NaHCO,; (70 mlx3), water
(70 mlx3) and 109 citric acid (70 mlx3) successively,
and dried over Na,SO,. After evaporation, the residue
was triturated with petroleum ether giving the desired com-
pound: 22.9g (72.7%). Mp 96 °C. [«]} +33.8° (¢ 0.5,
DMF).

t-Butoxycarbonyl-p-isoglutamine Methyl Ester. t-Butoxy-
carbonyl-p-glutamic acid «-N-succinimidyl y-methyl diester
(17.9 g, 50 mmol) was dissolved in tetrahydrofuran (50 ml),
ammonia water (25%, 18 ml) being added to the resulting
solution. After being stirred at 0°C for 30 min and at
room temperature for 30 min, the solution was concentrated
and the residue was dissolved in EtOAc (250 ml). After
the usual work-up, the residue was recrystallized from EtOAc~
petroleum ether: 6.4g (49.2%). Mp 129—130°C. [«]F
—4.2° (¢ 0.5, DMF). Found: G, 51.08; H, 6.25; N, 7.74%.
Caled for C;;H,,O,N;: C, 50.75; H, 6.19; N, 7.82%.

t-Butoxycarbonyl-L-valyl-p-isoglutamine Methyl Ester (4h).
t-Butoxycarbonyl-p-isoglutamine methyl ester (5.0g, 19.1
mmol) was dissolved in cold trifluoroacetic acid (20 ml)
and the resulting solution was stirred at room temperature
for 15 min. Trifluoroacetic acid was then removed and
the residue was triturated with Et,O. Oily p-isoglutamine
methyl ester trifluoroacetate was dried over NaOH pellets,
dissolved in acetonitrile (40 ml), and neutralized with Et,N
(2.8 ml, 20 mmol). ¢-Butoxycarbonyl-L-valine HONB ester
(7.22 g, 19.1 mmol) was added to this solution and the mixture
was stirred at room temperature for 15h. The solution
was then concentrated and the residue extracted with EtOAc
(500 ml). The EtOAc layer was washed successively with
5%, NaHCO,, 10% citric acid, and water (100 mlx 3), then
dried over Na,SO, and evaporated. The residue was tri-
turated with petroleum ether giving crystals which were
recrystallized from EtOAc-petroleum ether: 5.8 g (84.3%).

Other protected dipeptides (4) were similarly prepared from
appropriate t-butoxycarbonylamino acid HONB esters and
t-butoxycarbonyl-p-isoglutamine benzyl ester.

Benzyl 4,6-0O - Benzylidene- 2 - benzyloxyacetamido - 2 - deoxy-o-D-
glucopyranoside (10). DCC (7.48g, 36.3 mmol) was
added at 0 °C to a solution of benzyloxyacetic acid*" (11.0 g,
66 mmol) in dichloromethane (100 ml). The mixture was
stirred at 0°C for 2h and at room temperature for 15 h.
After filtration, the solvent was removed to give oily bis-
(benzyloxyacetic) anhydride which was dissolved in tetrahy-
drofuran (300 ml) without further purification together with
benzyl 2-amino-4,6-O-benzylidene-2-deoxy-a-p-glucopyrano-
side’® (10.7 g, 30 mmol). The mixture was heated under
reflux for 1 h and the solvent was evaporated. The re-
sulting crystalline residue was collected by filtration and
washed with Et,O to give 10 in a quantitative yield: 15.2 g.
Mp 161—162 °C. [«]¥ +48.6° (¢ 0.5, CHCIl;). Found:
C, 68.70; H, 6.31; N, 2.40%. Calcd for CyH;ON,: C,
68.89; H, 6.18; N, 2.77%,.
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Benzyl 2- Acetamido-4,6 -O- benzylidene-3-O-[7-(R )-carboxyiso-
pentyl) - 2 - deoxy- o~ D-glucopyranoside (6¢c). Benzyl 2-ace-
tamido-4,6-0-benzylidene-2-deoxy-a-p-glucopyranoside (3.2 g,
8 mmol) was dissolved in dioxane (300 ml) at 90 °C. Sodium
hydride (1.80 g, 609, in oil) was then added to the solution
at 70 °C and the mixture was kept at 90 °C for 1 h. A
solution of (§)-2-chloro-4-methylpentanoic acid® (6.3 g,
42 mmol) in dioxane (10 ml) was added when the temperature
had cooled to 65 °C. After 1h, additional sodium hydride
(7.48 g) was added and the mixture was stirred at 65 °C
for 15h. Water was then added carefully to the reaction
mixture under cooling, and the dioxane of the upper phase
separated by decantation was evaporated. The residue was
dissolved in water (100 ml) and the solution extracted with
CHCI; (50 ml). The aqueous phase was adjusted to pH
3 with 2 M HCI under cooling, the precipitate being ex-
tracted with CHCIl; (100 mlx3). The combined organic
layer was washed with water and dried (Na,SO,). After
filtration and evaporation, the residue was purified by
silica-gel column (412 cm) chromatography using CHCl,~
MeOH (95:5,v/v) as solvent: 1.2g (29.9%). Mp 156—
157 °C. [«]¥ +118.4° (¢ 0.5, DMF). Found: C, 65.56;
H, 6.88; N, 2.74%. Calcd for Cy;H;;ON,: C, 65.48; H,
6.87; N, 2.73%,.

Benzyl 4,6-0 -Benzylidene- 2 - benzyloxyacetamido-3-O-[71-(R ) -
carboxyethyl]2-deoxy-a-p-glucopyranoside (6d). Sodium hy-
dride (2.0 g, 50 mmol, ca. 60%, in oil) was added to a dioxane
(300 ml) solution of 10 (10.1 g, 20 mmol) and the mixture
was stirred at 90 °C for 1h. (§)-2-Chloropropionic acid
(7.54 g, 70 mmol) was added when the temperature had
cooled to 65°C. After 1h, additional sodium hydride
(3.2 g, 80 mmol, 609 in oil) was added and the mixture
was stirred at 65 °C for 15 h. Water (40 ml) was then added
carefully under cooling, the pH of mixture being adjusted
to 7 with 109 citric acid. After evaporation of dioxane,
109, citric acid (250 ml) was added. The resulting pre-
cipitate was filtered and washed with water, then with CHCl,~
petroleum ether. Recrystallization from MeOH gave 6d:
6.70 g (58.1%). Mp 230 °C (dec.). [«]¥ +67.5° (¢ 0.3,
DMF). Found: C, 65.59; H, 5.89; N, 2.50%,. Calcd for
C;,H;y;ON,y Y/, H,O: C, 65.51; H, 6.19; N, 2.389%.

Benzyl 2-Acetamido-4,6-O-benzylidene-3-O-[7-(R )-carboxyethyl]-
2-deoxy-a-p-glucopyranoside HONB Ester (7a). DCC
(3.71g, 18mmol) was added to a solution of benzyl
2-acetamido-4,6- O - benzylidene-3-0-[1-(R)-carboxyethyl]-2 -
deoxy-a-p-glucopyranoside'® (7.07 g, 15 mmol) and HONB
(3.22g, 18 mmol) in tetrahydrofuran (110 ml) under cooling,
and the mixture was stirred at 4 °C for 3 h and at room tem-
perature for 16 h. After filtration, the solvent was removed
and the resulting crystalline residue was recrystallized from
EtOAc-Et,0: 7.42g (78.49%). Mp 122—124°C. [«]%
+86.0° (¢ 0.5, DMF). Found: C, 64.52; H, 5.67; N, 4.259%,.
Caled for C3H,O40N,: C, 64.55; H, 5.74; N, 4.43%.

Benzyl 4,6 - O - Benzylidene- 2 - benzyloxyacetamido-3-O-[7-(R )-
carboxyethyl )-2-deoxy-o-D-glucopyranoside HONB Ester (7d) was
synthesized in a similar way to that described for 7a: 99.69,.
Mp 98—99 °C. [«]¥ +69.0° (¢ 0.5, DMF). Found: C,
66.64; H, 5.99; N, 3.77%. CQCalcd for C,H,;0O,;N,: C,
66.65; H, 5.73; N, 3.79%.

N-Acetyl-7-O-Benzyl-4,6 -O - benzylidene-o-muramyl-L-valyl-p-
isoglutamine Methyl Ester (8h). t-Butoxycarbonyl-L-valyl-
p-isoglutamine methyl ester (4h) (359 mg, 1mmol) was
treated with trifluoroacetic acid (5 ml) at room temperature
for 20 min. After evaporation, the residue was triturated
with Et,O and collected. r-Valyl-p-isoglutamine methyl
ester trifluoroacetate thus obtained was dissolved in acetoni-
trile (10ml) and the solution was neutralized with Et,N
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(0.17 ml) under cooling. A solution of 7a (633 mg, 1 mmol)
in acetonitrile (10 ml) was added and the the mixture was
stirred at room temperature for 15h. The resulting pre-
cipitate was collected and washed with hot acetonitrile to
give 8h: 656 mg (92.0%,).

Other protected muramyl dipeptides (8) were similarly prepared
from appropriate protected muramic acid HONB esters and
protected dipeptides.

N-Acetylmuramyl-L-valyl-p-isoglutamine Methyl Ester (9h).
Compound 8h (31.2 mg, 0.05 mmol) was hydrogenolyzed
in a mixture of MeOH (5ml) and AcOH (0.5 ml) with
palladium black as a catalyst at room temperature for 3 h.
After filtration and evaporation, the residue was kept in
a refrigerator to allow crystallization. Et,O was then added
and the crystals were filtered to give 9h: 23 mg (86.19%,).

Other muramyl dipeptides (9) were similarly prepared from
appropriate protected muramyl dipeptides (8).

Isolation of N-Acetylisomuramic Acid (12) and vr-Alanyl-p-
isoglutamine (13) from a Side Reaction. N-Acetyl-1-
O-benzyl-4,6-0-benzylidene-a-isomuramyl-L-alanyl - p -isoglut-
amine benzyl ester (8i 857 mg) was subsjected to hydro-
genolysis in AcOH (50 ml) in the presence of palladium
black at room temperature for 5d. After filtration and
evaporation, the residue was applied to a column of Sephadex
LH-20 (3x90cm) and eluted with 0.1 M AcOH. The
fractions from 155 to 175 ml containing the probable in-
ternal ester (11) and N-acetylisomuramic acid (12), identical
on TLC with an authentic sample,’® were collected and
lyophilized. The residual syrup was solidified with Et,O
and filtered. The powder obtained was highly hygroscopic,
showing a single spot corresponding to N-acetylisomuramic
acid on TLC: 60 mg. Found: C, 42.25; H, 6.50; N, 4.439,.
Calcd for C;;,H,;,0ONg: G, 42.44; H, 6.78; N, 4.509%,.

Other 125—140 ml fractions were also collected and
lyophilized. The resulting powder was applied to a column
(2% 40 cm) of CM-cellulose and eluted with dilute AcOH
(pH 4.5). The fraction 63—98'ml was collected and lyo-
philized to give r-alanyl-p-isoglutamine (13, 95 mg), which
had an R; value on TLC identical to that of the authentic
dipeptide. Amino acid analysis (hydrolysis with 6 M HCI
at 110 °C for 24 h): Ala, 1.00; Glu, 1.01.

Comparison of Degradation (Side Reaction) Rate of 9a and 9i.
Solutions of AcOH (0.5 ml each) containing N-acetylmura-
myl-L-alanyl-p-isoglutamine (9a, 10.34 pmol) or N-acetyliso-
muramyl-L-alanyl-p-isoglutamine (94, 10.10 umol) were heat-
ed at 80°C for 1h. After evaporation, the residue was
subjected to amino acid analysis (column length: 20 cm,
buffer: pH 5.28, flow rate: 60 mi/h). The quantity of
liberated dipeptide was calculated on the basis of the standard
experiment using L-alanyl-p-isoglutamine!'®) (retention time:
25 min), and was 0.52 pmol (5.0%) from 9a and 5.04 umol
(49.9%) from 9i.

Biological Assay. Determination of the adjuvant ac-
tivity on the induction of delayed-type hypersensitivity was
carried out according to the method reported.l”

We wish to thank Prof. T. Shiba, Drs. E. Ohmura,
and M. Nishikawa for valuable discussions.
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