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Abstract: A series of leinamycin derivatives were synthesized and evaluated for antitumor activity.
Modifications at C-8 and C-9 positions revealed a broad structure-activity relationship in vitro and some
derivatives showed potent antiproliferative activity against HeLa S, cells. © 1998 Elsevier Science Ltd. All rights reserved.

Leinamycin (1), a novel antitumor antibiotic with unusual spiro 1-oxo-1,2-dithiolan-3-one moiety, was
isolated from a culture broth of Streptomyces sp. and was shown to possess potent antitumor activities
against murine experimental tumors.' Leinamycin causes single strand scission of plasmid DNA in the
presence of thiol cofacors.” Isolation of a guanine-leinamycin adduct revealed the unprecedented chemical
reactions which would be responsible for the thiol-mediated alkylative DNA cleavage by leinamycin.>* As a
part of our program aimed at discovering clinically useful leinamycin analogs, chemical modification of
natural leinamycin have been investigated.® In this communication, synthesis, in vitro antiproliferative

activity, and in vivo antitumor activity of C-8 and C-9 substituted leinamycin derivatives are described.

Me OH O

Leinamycin (1)

Since the dithiolanone moiety of leinamycin plays a crucial role for the DNA cleaving activity,” the
modifications without affecting this labile moiety were explored (Scheme 1). Monoacetate 2a was obtained
by the treatment of leinamycin with acetic anhydride and pyridine in the presence of N.N-
dimethylaminopyridine (DMAP).” Various C-8 acyloxy derivatives 2b-e were synthesized using acid
chlorides and pyridine in fairly good yields. Although carbonates 2f and 3 were also prepared from
leinamycin and the corresponding chloroformate, reactions of leinamycin with carbamoy! chlorides or
isothianates did not afford the corresponding carbamates. Carbamate 4 could be obtained from 4-

nitrophenyl carbonate 3 and piperidine in 26% yield. Diacetate 5§ was obtained when excess acetyl chloride
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was used. Tetrahydropiranyl (THP) ether 6a and methoxytetrahydropiranyl (MTHP) ether 6b could be
prepared in good yields from leinamycin and the corresponding dihydropirans in the presence of

camphorsulfonic acid (CSA).
Selective reduction of the ketone at C-9 was achieved using NaBH, and CeCl, in MeOH at 0 °C to

afford C-9 hydroxy derivative 7-1 and its epimer 7-2. Dimethylacetal 8 could be prepared from leinamycin
and a catalytic amount of CSA in MeOH and CH(OMe),. Oxime derivatives 9a-c were prepared by treating

leinamycin with hydroxylamine or hydroxylamine ethers.**

Scheme 1. Chemical modifications of leinamycin

MeCOCI
RCOCI Pyridine
Pyridine DMAP

H;NOR"
Pyridine

Antiproliferative activity of leinamycin derivatives against human uterine carcinoma HeLa S, cells and
in vivo antitumor activity against murine leukemia P388 are shown in Table 1. Since diacetate 5 showed
much weaker antiproliferative activity than monoacetate 2a, a free hydroxy group at C-4' might be important
for the activity. Acylation of C-8 hydroxy group resulted in potent derivatives such as 2a and 2e in HeLa S,
assay. THP ether 6a and the ethyl carbonate 2f showed more potent antiproliferative activity than that of
leinamycin. Conversion of the C-9 ketone to acetal or hydroxy group resulted in much less potent
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derivatives 7 and 8. On the other hand, oxime derivatives 9b-1 and 9c-2 maintained the antiproliferative
activity. Interestingly, benzyloxime 9¢-1 (Z isomer) showed 11 times less potent activity than 9¢-2 (E
isomer). These results suggest that the conjugation from the thiazole ring to sp* carbon at C-9 and

substituents at C-8 and C-9 would be critical for the antiproliferative activity.

Table 1. Leinamycin derivatives

]
Me OR' W
yield® Hela S P388 (ip-ip)°
compd R R? w (%)  1Csp (M) LS.y (%) OD (mgtkg)®

2a COMe H o} 82 0.010 34 1.0
2b  CO(chex) H 0 81 0.058 49 4.0
2¢c  CO(CH,),,Me H o} 72 7.7 37 16
2d COPh H 0 84 0.13 36 2.0
2e CO(2-quinoxalinyl) H O 75 0.0068 44 2.0
2f C O,Et H 0 85 0.0014 31 2.0
3 CO,CqH,(4-NO,) H 0 96 0.022 57 2.0
4 CO-N(CH,)s- H 0 26 0.18 nt" -
5 COMe COMe O 74 0.78 15 2.0
6a THPI H o] 58m 0.0013 28 0.13
6b MTHP* H 0 94 0.018 35 2.0
71" H H H, OH 28 6.2 nt -
7-29 H H H, OH 22 49 nt -
8 H H OMe, OMe 72  >10 nt -
9a H H NOH 52 0.91 nt -
9b-1" H H NOMe 24 0.067 nt -
9b-2' H H NOMe 61 0.1 21 2.0
9c-1" H H NOCH,Ph 47 0.11 29 8.0
9¢c-2 H H NOCH,Ph 43 0.0095 31 2.0
1 H H 0 - 0.011 57 0.38

a) Yields from leinamycin unless otherwise noted. b) In vitro antiproliferative activity against HeLa S,
cells. The cells were precultured for 24 h in 96-well plates and treated with compounds for 72 h. On day 4,
the antiproliferative activity was determined by the neutral red dye-uptake method. c) In vivo antitumor
activity against lymphocytic leukemia P388 in mice. CD2F, mice (five mice/group) were implanted
intraperitoneally (ip) with 10° cells, and compounds were administered ip on day 1. d) Maximal increase in
life span, calculated (7/C-1) x 100, where 7 and C are mean survival days of treated and control mice,
respectively. e) Optimal dose. f) Less polar isomer. g) More polar isomer. h) Less polar isomer (Z oxime
configuration). i) More polar isomer (E oxime configuration). j) 2-Tetrahydropiranyl. k) I-
Methoxytetrahydropiranyl. 1) Yield from compound 3. m) Yield for a 5:4 mixture of diastereomers. n) Not
tested.
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In vivo antitumor activity of leinamycin derivatives against P388 leukemia seemed to be consistent
with their in vitro antiproliferative activity in terms of optimal dose. Thus, the derivatives with low IC,
value showed potent in vivo antitumor activity in terms of dose. Some derivatives showed comparable ILS
value to that of leinamycin (2b, 2e, 3, and 6b).

In summary, chemical modifications of C-8 hydroxy and C-9 keto groups of leinamycin were carried
out and the antiproliferative activity against HeLa S, cells revealed a broad structure-activity relationship in
vitro. Modification of C-8 hydroxy group resulted in potent derivatives 2f and 6a. The importance of
substituents at C-8 and C-9 for the antitumor activity might be associated with the interaction between

leinamycin derivatives and DNA.
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