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The structure of chloropeptin I, a gp120-CD4 binding inhibitor having a potent anti-HIV
activity, was elucidated by 'H and '*C NMR experiments and chemical degradation. It is a peptide
antibiotic consisting of six aryl amino acids residues and an a-oxo aryl acid some of which have

chlorine atoms.

Chloropeptins I (1) and II (2) are peptide antibiotics
isolated from a culture broth of Streptomyces sp. WK-
3419 as potent inhibitors against gp120-CD4 binding!+?.
They inhibit strongly both the cytopathic effect assayed
in HIV-l-infected MT-4 cells and the syncytium
formation in co-cultured HIV-1-infected and uninfected
MOLT-4 cells?. 1 is a new compound although 2 was
identified with complestatin® which has been reported
to inhibit the hemolysis of erythrocytes sensitized by the
complement system®. In this paper, we wish to report
the structure of 1, elucidated via combination of NMR
analysis and chemical degradation.

Results and Discussion

1 was obtained as a yellow-brown powder: mp
>300°C; [«]3°, —18.7° (c=0.16, DMSQ); UV AMeOH
nm (g), 214 (64,600), 239 (sh), 285 (sh), 291 (14,600) and
304 (sh). 1 was positive to EHRLICH’s reagent, but nega-
tive to ninhydrin and Sakaguchi reagents. The molecular
formula was determined to be C4 H,sN,0,sCls by
HRFAB-MS (/2 1325.1093 (M ™), caled for 1325.1105).
The IR spectrum revealed an amide carbonyl absorption
at 1640cm ™. In the !3C and 'H NMR spectra (Table
1), the signals of six amide carbonyl carbons, five amide
protons and one N-methyl group were observed. These
data indicate the presence of six amide bonds originated
from six amino acids. In the 'H NMR spectrum, six
methine proton signals and two methylene proton signals
were observed. Additionally, in the aromatic region,

eighteen proton signals and a couple of high-field shifted
m-coupled signals at ¢ 5.70 and 5.99 (J=2.0Hz) were
observed. These results suggest that 1 is a peptide anti-
biotic containing aryl amino acid residues. The signal
patterns of the aromatic region show the presence of
seven aromatic ring residues as follows. Each three singlet
signals at ¢ 7.28 (2H), 6 7.36 (2H) and 6 7.82 (2H) indicate
the presence of 1,3,4,5-tetra-substituted symmetrical
benzene rings. A couple of m-coupled signals are orig-
inated from a 1,3,4,5-tetra-substituted asymmetrical
benzene ring. A pair of doublet signals at é 6.74 (2H,
J=8.5Hz) and 6 7.08 (2H, J=8.5Hz) and four
double-doublet signals at 6 7.19, 6 6.79, 6 7.14 and o
7.82 (1H, J=8.0, 2.0Hz, respectively) revealed the
presence of two p-substituted benzene ring systems. The
seventh aromatic ring residue was deduced to be a 7-
substituted indole ring system from the following results:
1 was positive to EHRLICH’s reagent; the remaining three
aryl proton signals at é 7.22 (J=8.0Hz), é 6.90 (/=
8.0Hz) and 6 7.08 (J=8.0Hz) indicated the presence
of 1,2,3-trisubstituted benzene ring; and a singlet signal
at 6 7.64 (1H) and a signal of exchangeable proton at ¢
10.57 which were assigned at C-2 and NH group, re-
spectively, were observed.

From the COSY, HMQC and HMBC data, the
structures of six amino acid residues (A to F) and a
2-oxoaryl acid residue (G) were determined to be as
shown in Fig. 1. Chemical shifts of the quaternary
carbons, C-3 and 5 of C, E and G residues (5 122.1,
121.9 and 122.8) indicated that they attached to chlorine
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Table 1. '3C and 'H NMR spectral data of chloropeptin I (1) in DMSO-d.
13C H (Hz) 13C IH (Hz)
A (4-hydroxyphenylglycine) E (3,5-dichloro-4-hydroxyphenylglycine)
C=0 1715 s C=0 169.0 s
Ca 559 d 5041H d 65 Co 535 d 5411H d 85
NH 841 1H d 6.5 NH 8.191H d
1 1278 s ' 1322 s 8.5
26 1284 d 7082H d 8.5 26 1267 d 728 2H s
35 1154 d 6742H d 8.5 3.5 1219 s
4 1573 s 4 1482 s
B (N-methyltyrosine) F (iryptophan)
C=0 168.6 s C=0 1693 s
Co 615 d 506 1H d Co 549 d 5.081H m
CB 351 t 3022H m CB 267 t 3.122H m
N-CH; 312 q 2993H s
' 1341 s NH 8901H d 6.0
2 1303 d 719 1H dd 8.0,2.0 I 10.57 1H bs
3 1230 d 7.4 1H dd 80,20 20 1260 4 7641H d 20
4 1562 s 3 107.0 s
5 1215 d 679 1H dd 8.0,2.0 Ja 1291 s
6 1316 d  7.821H dd 8.0,2.0 4 1167 d  7221H d 8.0
) : 5 1187 d 6901H t 8.0
C (3,5-dichloro-4-hydroxyphenylglycine) 6: 120.8 d 7.081H d 8.0
C=0 1693 s 71256 s
Ca 517 d 5161H d 60 Ta 1356 s
NH 879 1H d 6.0 ;
1 1313 s G (2-(3,5-dichloro-4-hydroxyphenyl)-2-
26 1272 d  7.362H s oxoacetic acid)
3,5 1221 s C=0 1645 s
4 1488 s Co 1854 s
1" 1272 s
D (4-dihydroxyphenylglycine) 2.6 1304 4 7.822H s
C=0 1681 s 350 1228 s
Ca 550 d 5611H d 85 4 1578 s
NH 8251H d 85
' 1264 s phenol 941 1H s
2 1122 d  S5701H d 20 9.42 1H bs
3 1506 s 995 1H bs
4 1418 s 10.06 1H bs
5 1262 s '
6 1259 d 5991H d 2.0
Fig. 1. Partial structures of chloropeptin I (1).
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Fig. 2. HMBC correlation and NOEs of chloropeptin I (1).

HO

Fig. 3. The structure of chloropeptin I (1).
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Based on 2J and *J long range correlations from
HMBC, the amide connectivities of each residues were
established as shown in Fig. 2. Biaryl ether bond between
C-4 of Tyr (B) and C-3 of 3,4,5-trisubstituted phenyl-
glycine (D) was confirmed by the findings that the
chemical shifts of these carbon atoms were down-field
shifted at 6 156.2 and & 150.6, respectively, and that
NOEs were observed between 2-H of D and 3-H, 5-H
and 6-H of B, respectively (Fig. 2). The second cyclic
system was deduced to be the connection between C-5
of D and C-7 of indole residue, because the strong NOEs
were observed between 6-H of D and 1-H, 2-H and 6-H
of indole residue. Thus, the structure of 1 was elucidated
as shown in Fig. 3.

Configurations of amino acid residues were investi-
gated based on chemical degradation. Acid hydrolysis
(6N HCI, 120°C, 20 hours) of 1 gave 4-hydroxyphenyl-
glycine (3) and 3,5-dichloro-4-hydroxyphenylglycine (4).
The absolute configuration of 3 was determined to be
D, corresponding to Rf value of a standard sample in

Cl
OH

chiral TLC. 4 was also determined to be D-configuration
from its optical rotation ([a], = —65°, c=0.1, in H,0).

As described above, the structure of 1 was elucidated
on the basis of NMR and chemical degradation method.
1 has six aryl amino acids and an a-keto-aryl acid
(D)-4-hydroxyphenylglycine and (D)-3,5,-
dichloro-4-hydroxyphenylglycine were determined via

residues.

acid hydrolysis, while the configurations of the other
three amino acids, N-methyltyrosine, 3,4-dihydroxy-
phenylglycine and tryptophan remain to be clarified. If
the residues of 3,5-dichloro-4-hydroxyphenylglycine,
3,5-substituted-4-hydroxyphenylglycine and 2-(3,5,-di-
chloro-4-hydroxyphenyl)-2-oxo-acetic acid would be
biosynthesized via 4-hydroxyohenylglycine, all of the
3,5-substituted-4-hydroxyphenylglycine residues should
have D configuration. Another compound (2) isolated
from Streptomyces sp. WK-3419 was identified with
complestatin. The substituted position at Trp of 1 differs
from that of 2. The mechanism of biosynthesis of 1 and
2 in Streptomyces sp. WK-3419 is of interest. The
configurations of N-mehtyltyrosine, 4-hydroxyphenyl-
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glycine and tryptophan residues are going to discuss in This study was supported by a Grant-in-Aid from the Ministry

of Education, Science, Sports and Culture of Japan.

a separate paper®.
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