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The peptides containing o,a'-iminodicarboxylic acids which are
hardly prepared by the conventional methods of peptide synthesis,
were well synthesized by the four-component condensation. The dia-

stereomers were isolated, and their configurations were determined.

a,0'-Iminodicarboxylic acids (IDCA) (1) are receiving

increased attention because of their biological importance. R' R

They seem to be specific markers for crown gall tumors,1) HOOC-CH-NH-CH-COOH
and a series of synthetic dipeptides containing IDCA (1) 1

have demonstrated to be potently active as inhibitors of

angiotensin-converting enzymeZ) and some other enzymes.3)

During our studies on N-carboxymethylamino acids (CmAA), a simple type of IDCA
(1, R'=H), it has been shown that the imino group of a CmAA has remarkably poor
reactivity.4) Recently we could considerably overcome this difficulty by the
application of high pressure (10 kbar) to the coupling reactions of Z-AA-ONSu with
CmAA diesters.s) The coupling yields, however, remained very low in some reactions
between relatively bulky amino acids.

Now we wish to report the successful synthesis of the peptides containing IDCA
(1) by the use of the four-component condensation (4CC) or Ugi reaction.6) The

reaction, as shown in Scheme 1, of a Z-amino acid7) (2), an amino acid methyl ester
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Scheme 1.

#This paper is dedicated to the late Professor Ryozo Goto, Kyoto University.
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(3), isobutylaldehyde (4) and p-tolylsulfonylmethyl isocyanide (TosMIC)B)(é) in
methanol expectedly provided the desired peptide (7) containing IDCA (1) in
moderate to good yield (Table 1). Remarkably, even 7j which contains three bulky
isopropyl groups could be obtained in a 76% yield.

In a typical procedure, to a cold solution of Z-amino acid (10 mmol), amino
acid methyl ester hydrochloride (10 mmol), triethylamine (10 mmol) and isobutyl-
aldehyde (11 mmol) in methanol (15 ml) was added TosMIC (11 mmol) at 0 ©C. The
mixture was stirred at 0 ©C for 1 h and then at 20 °C for 7 days.g) The reaction
mixture was worked up in the usual manner to give a crude product (7), which was
purified chromatographically. These products were characterized by elemental ana-
lyses and "H and "3C-NMR. In the case of 7c, a-adduct intermediate (6) was also
isolated in a 20% yield.

All of the peptides (7), except 7a, were obtained as the mixture of two
diastereomers, which were well separated by HPLC except in the case of 7c¢c (Table
1). The ratios (A/B) of diastereomers (A and B) of 7 are markedly affected by
the side-chain structure (R2) of the amine component (3), while the change of the
acid component (2) has no effect. The more bulkiness of the side-chain.(RZ) of 3
t

provides the larger diastereomer ratio, but unexpectedly, the ratio in R2=But is

Table 1. Synthesis of Peptides (7) Containing a,0'-Iminodicarboxylic Acid by 4CC

1 HPLC Analysis of Diastereomers?®’
Compound R R? vield tp(A)  tg(B) Ratio
% min min A/B
7a H (ea1y)®) w5 (c1y)® 84 4.52
7b Me .  (Ala) H (Gly) 73 5.32 6.31 50/50
Ic prl (val) H (Gly) 39 10.44 10.44 -
74 H (Gly) Me (Ala) 72 5.21 5.69 58/42
Te Me, (Ala) Me (Ala) 80 5.88 7.46 60/40
7f Pri (val) Me (Ala) 73 9.22 14.28 59/41
79 Bu® (Tle) Me (Ala) 75 12.51 20.84 59/41
7h H (Gly) Prl (val) 84 7.57 10.11 81/19
7i Me, (Ala) pri (val) 80 9.46 13.47 81/19
7i prl (val) prl (val) 76 15.48 28.46 81/19
7k H (Gly) Bul (Leu) 68 12.42 14.22 78/22
71 Me. (Ala) Bul (Leu) 66 15.13 18.17 79/21
Tm Prl (val) Bu® (Leu) 77 24.69 38.23 78/22
7n H (Gly) But (Tle) 59 10.27 15.01 70/30
70 Me (Ala) But (Tle) 37 13.37 19.93 69/31
7p H (Gly) Bzl (Phe) 78 12.81 14.93 77/23
1q Me. (Ala) Bzl (Phe) 69 16.66 20.57 79/21
Ir prl (val) Bzl (Phe) 78 29.16 41.60 78/22
Is H (Gly) Ph (Phg) 77 7.07 8.62 54/46
7t Me. (Ala) Ph (Phg) 60 8.27 11.42 55/45
Tu prl (val) Ph (Phg) 72 13.00 23.40 55/45
v H (Gly) pe (Mle) 65 15.73 18.87 81/19
Iw Me. (Ala) pe? (Mle) 87 21.12 23.87 81/19
x pPrl (val) pel! (Mle) 59 36.03 51.64 82/18

a) Conditions: Column, Cosmosil 5C18 (4.6 mm I.D. X 150 mm); Mobile phase, 70% MeOH
aq.; Flow rate, 1.0 ml/min; Column temperature, 30 ©C; Detection, 254 nm. b) Amino
acid of the acid component (2). c) Amino acid of the amine component (3). Abbrevia-
tions: Tle, t-leucine; Phg, phenylglycine; Mle, y-methylleucine; Pe”, neopentyl.
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smaller than those in R2=Pri, Bui, Bzl, or Pe®. 1In all cases, the diastereomer
(A) which elutes faster than B in HPLC arises in excess.

Isolation of each diastereomer of 7 was easily accomplished by silica gel
chromatography or by reversed-phase, medium-pressure liquid chromatography using
ODS column (Table 2). The configuration on the newly formed chiral center could be
determined by isolating IDCAs (8) (Scheme 2) and measuring their optical rotations
(Table 3). IDCAs (8u) were hydrogenolyzed into valine by using 5% Pd-C. Hydroly-
sates (8d4) were converted to TMS derivatives with BSTFA'0) ang analyzed by GLCJ1)

R2
1 N 1) 6 M-HC1, 2 i
R 5y 02 110 ©C, 20 h R br
2-NH-CH-CO-NT HOOC- CH-NH-CH-COOH
(S) CH-CO-NH-CH. -Tos 2) Amberlite (s) (R/S)
7 (R/S) 2 CG-120
prt 8
7

Scheme 2.

These results indicate that the configuration on the new chiral center in
every diastereomer (7-A) is opposite to those of amino acids used as the acid and
amine components, unless the configurations of both components are different each
other. On the other hand, all chiral centers in every diastereomer (7-B) have the
same configuration. Every diastereomer of IDCA (8) produced in excess has S-R
configuration. Interestingly, all of the nitrogenous opines, naturally occurring
IDCA (1), are known to have S-R configuration.13) The steric requirement of the 4CC
shown in Scheme 1 seems to be related to stereochemistry in the formation of S-R
opines, which may occur by enzymatic reduction of the Schiff base of an L-amino
acid and such common metabolites as pyruvic acid and a-ketoglutaric acid.13)

Further studies using isocyanides derived from amino acids are in progress.

Table 2. Isolation of Diastereomers of Peptides (7)

Compound R R2 tR/min [a]%s/O (DMF) gg?ﬁ;%'cgit2§w

5 oMe (ala)  m (@) 37 M0 (2000 p
4 5 H (Gly)  me (ala)  27gr 120 (S 0lag P
7e B Me (Ala) Me (Ala) 3:22 f;g:g Eg 8:33;

26 5 erlval) ome (Al G330 IET (S 0I00) p
moyow o (ely)  erlqvan 00 THES (S 0003

g oMe (la)  ertvan (3030 3-8 (8 100) s
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mop et an® e ene® (300 TS (S 1000 "

a) (R)-Isomers were used.
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Table 3. Determination of Configurations of IDCA (8) Obtained from Peptides (7)

IDCA R? [a]%s/O (solvent) Config.
A - 5.2 (c 1.0, H,0) R
8b g # o (Cmval) + 4.5 (c 1.0, H30) s
8a & Me (CevVal) (GLC of TMS deriv.)'!) o8
A -10.4 (¢ 1.0, H,0) S-R
8f 4 Me (Ceval) + 5.5 (c 0.8, H§O) S-s
A i (c 0.5, 1 M-HC1) S-R
8i Pr® (Cival) +30.1 (¢ 1.0, 1 M-HC1) S-S
. A i 0 (c 0.5, 1 M-HC1) S-R
8 g Pr™ (Cival) +#30.1 (c 1.0, 1 M-HC1) S-S
A - 7.1 (c 1.0, MeOH) R-S
8u 4 Ph  (CbVal) -49.1 (c 1.0, MeOH) R-R
val : A +30.7 (c 0.8, 6 M-HCl) S
* B ~20.4 (c 0.7, 6 M-HC1) R

Lit. Cmval (8, R?=H): (5), [a]2® +6.8° (¢ 1.0, 1,0).%®) ceval (8, R%=Me): (S-R), [a]2° -14.8°
(c 1.0, HY0); (5-8), +10.0° (c 0.8, H,0).72) val:"(s), [a]éo +28.8° (c 3.4, 6M-HC1).
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