Bioorganic & Medicinal Chemistry Letters, Vol. 7, No. 7. pp. 789-792, 1997
Pergamon © 1997 Elsevier Science Ltd

All rights reserved. Printed in Great Britain

PIL: S0960-894X(97)00117-0 0960-894X/97 $17.00 + 0.00

SYNTHESIS AND BIOLOGICAL ACTIVITIES OF TRUNCATED ACRIDONE:
STRUCTURE-ACTIVITY RELATIONSHIP STUDIES OF CYTOTOXIC
5-HYDROXY-4-QUINOLONE

Moon Woo Chun,2* Kay Kim Olmstead,b Yong Suck Choi,2 Chong Ock Lee,c Chong-Kyo Lee,¢
Joong Hyup Kim,d Jeewoo Lee,a

aCollege of Pharmacy, Seoul National University, Shinlim-Dong, Kwanak-Ku, Seoul 151-742, Korea
bLa Jolla Pharmaceutical Co., 6455 Nancy Ridge Drive, San Diego, CA 92129, USA

¢ Korea Research Institute of Chemical Technology, P.O.Box 107, Yusung, Taejeon 305-606, Korea
dKorea Institute of Science and Technology, P.O. Box 130-650, Cheongryang, Seoul 130-650, Korea

Abstract: A series of 5-hydroxy-4-quinolone (3) and 5-methoxy-4-quinolone (4) derivatives were synthesized as
truncated acridone analogues and evaluated for antitumor and antiherpes activities. Among them 5-hydroxy-8-
methoxy-quinolone showed potent antitumor activity (ICso = 17.7 uM for HL60) which was greater than that of
acronycine. © 1997 Elsevier Science Ltd.

The acridone alkaloid, acronycine (1) was isolated from Acronychia baueri in 19481 and was found to have
potent antitumor activity (ICsq = 26.2 uM for HL60)2. The structure-activity relationships (SAR) of a series of
naturally occurring acridone alkaloids have been studied to determine the effects of these compounds on the
inhibition of cell growth and macromolecular biosynthesis of human promyelocytic leukemia cells3. Among 50
alkaloids tested, glyfoline (2) was found to be the most active compound (ICsp = 2.2 pM) and 22 alkaloids were
found to be more active than acronycine. Further studies of glyfoline congeners by Watanabe and Su# revealed
that the intramolecular hydrogen bonding between the 1-hydroxy and the peri-carbonyl function of the 1-hydroxy-
9-acridone nucleus was an important determinant of their cytotoxicity. A positive inductive effect on this
hydrogen-bonding by alkyl substitution on the nitrogen (NMe, > NHMe > NH,) of 1-hydroxy acridones resulted
in slightly increased cytotoxicity. Although the derivatives with substituents only on the B ring (i.e.,
normelicopicine, I-hydroxy-10-methyl-2,3,4-trimethoxyacridine-9-one) were inactive4a, this study did not

determine conclusively whether substituents on the A ring affected cytotoxicity.
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In order to elucidate further the pharmacophore of acridone congeners and to confirm the importance of the
internal hydrogen bonding to cytotoxicity, we synthesized several A-ring truncated 1-hydroxy acridone analogs
(3. i.e., 5-hydroxy-4-quinolone compounds) and their methoxy equivalents (4), and evaluated their cytotoxicity.

In this report, we describe the synthesis of various substituted 5-hydroxy quinolones and the assays used to
determine their antitumor activity in anin vitro cell culture system (MTT assay and SRB assay). In addition, the
antiviral activity of the compounds was tested using the herpes simplex virus because quinolone related

compounds recently have shown excellent antiherpes activitiesS.
Chemistry

We obtained 5-substituted quinolones by thermolysis of 5-arylaminomethylene-2,2-dimethyl-1,3-dioxane-
4.6-diones (6, arylaminomethylene Meldrum’s acid derivatives, Scheme 1) which was prepared by a reaction of
properly-substituted arylamine (5) and Meldrum’s acid in the presence of trimethyl orthoformate®. The cyclization
of the Meldrum’s acid derivatives was carried out in boiling dipheny! ether. Under the reaction conditions, partial
demethylation of 5-methoxy-4-quinolones (4) resulted in formation of 5-hydroxy-4-quinolones (3) in some cases.
Since some N-methyl quinolone derivative (R = CH3) have been isolated from the thermolysis reaction, it is

believed that the nitrogen on the quinolone ring is involved in the demethylation process?.
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Biological Activities

Human leukemia cell line, HL60, was used to measure antiturnor activity. Activities against the murine
leukemia cell line (L1210) was also tested. Both MTT assays and SRB assays were conducted for the synthesized
quinolone compounds. The MTT assay was based on the reduction of the yellow colored 3-(4,5-dimethylthiazol-
2-yI)-2.5-diphenyl-tetrazolium bromide (MTT) by mitochondrial dehydrogenases of metabolically -active cells to a
blue formazan, as detailed by Carmichael et al8. We also determined the antitumor activity of- these compound,
following the protocols of the National Cancer Institute, for the sulforhodamine B assay?. Both assays gave
similar ICs values for the compounds tested. Antiherpes activity was determined by virus-induced cytopathic

effect inhibition assay reported by Lee et al!0,



Synthesis of truncated acridone

Table I. Antitumor and Antiherpes Activities of the Quinolone Compounds (uM)
o R,
RZ
|
RS
R-t
No. (#) Ry Ro Ra Ry Rs L1210 HL-60 HSV-1(Sl) HSV-2(Sl)
Acronycine (1) 26.2
Glyfoline (2) 26.5 1.4 (2.2%)
Acyclovir 0.2 (1250) 2.1 (119)
Ara-C 0.3 (33) 2.0 (5)
1 OH H H H H >40.0 >30.0 54 (1.8) 83 (1.2)
2 OH H H OMe H 18.9 17.7 82.6 (1.2) >100 (NC)
3 OH H H OMe Me >40.0 >30.0 >100 (NC) >100 (NC)
4 OMe H H OMe H >40.0 >30.0 >100 (NC) >100 (NC)
5 OH OMe OMe H H >40.0 >30.0 >100 (NC) >100 (NC)
6 OMe OMe OMe H H >40.0 >30.0 >100 (NC) >100 (NC)
7 OH OMe OMe H Me >40.0 >30.0 >100 (NC) >100 (NC)
8 OMe OMe OMe H Me >40.0 >30.0 >100 (NC) >100 (NC)
9 H H OMe H H >40.0 >30.0 >100 (NC) >100 (NC)
10 H OMe OMe H H >40.0 >30.0 >100 (NC) >100 (NC)
11 H OMe OMe H Me >40.0 >30.0 >100 (NC) >100 (NC)
12 OMe H OMe H H >40.0 >30.0
13 OMe H OMe H Me >40.0 >30.0 >100 (NC) >100 (NC)
14 OH H OMe H H >40.0 >30.0
15 OH H H Me H >40.0 >30.0 27.1 37) >100 (NC)
16 OMe H H Me H >40.0 >30.0 >100 (NC) >100 (NC)
17 OMe H o] H >40.0 >30.0 >100 (NC) >100 (NC)
18 OMe H CF3 H H >40.0 >30.0 >100 (NC) >100 (NC)
19 H OMe OH H H >40.0 >30.0 >100 (NC) >100 (NC)
20 CF3 H OMe H H >40.0 >30.0 29.4 (<1) 29.4 (<1)
21 OH H CF3 H H >40.0 >30.0

SI: Selectivity Index
#: Reference 4b

NC: Not Calculated
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Antitumor activities
[Csg values for the quinolone compounds tested are listed in Table 1. None of the quinolones tested had greater

cytotoxicity than glyfoline, the most potent cytotoxic compounds of the class. However, 5-hydroxy-8-methoxy-
quinolone (compound #2) showed potent antitumor activity (ICsg = 17.7 pM for HL60) which was greater than

that of acronycine. Although general structure activity relationship of quinolones to cytotoxicity was not able to be
elucidated from these data, the A-ring in the acridone-related compounds did not seem to be indispensible for
cytotoxicity and correlationship between internal hydrogen bonding and cytotoxicity in quinolones also was not
found.

Antiherpes activities

Antiviral activity of the quinolone compounds was tested against the herpes simplex virus-1 (HSV-1) and herpes
simplex virus-2 (HSV-2). Four of the compounds showed moderate activity against HSV-1 (ICsp ranged from
27.1 to 82.6 uM, Table I) and two showed activity against HSV-2 (ICsg = 29.4 - 83 uM). Any these compounds,

however., were not comparable to acyclovir, which is a popular antiviral agent currently in clinical use.
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