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Abstract: Several substituted 8,8-dimethyl-2H,8H-pyrano[6,5-#]quinoline-2-ones and related compounds were
synthesized and evaluated for their in vitro cytotoxicity against a panel of human tumor cell lines. The most
active compound (3) showed significant cytotoxic activity with Glsp values in the micromolar range. © 1999
Elsevier Science Ltd. All rights reserved.

Coumarins constitute a major and widely distributed class of O-heterocyclic natural products with broad
pharmacological profiles,” including antitumor activities.® The substitution pattern affects the pharmacological
and biochemical properties and therapeutic applications of coumarines. Seselin (2), an angular pyrancoumarin,
displays various biological activities, including antifungal® and anti-HIV activities.’ In particular, seselin
exhibited moderate cytotoxicity in a mechanism-based anticancer bioassay employing DNA repair-deficient and
repair-proficient yeasts.®

Potential anticancer drug design is

highly dependent on information gained from “ R Rs R\‘ Rs
structure—activity relationship (SAR) studies, @(1 o oo o o
which determine the structural features of a o""o »Z shr H
compound class that are essential for biological  coumarin (1) Seselin (2) DMPQ
activity. Bioisosteric transformations of

selected potent compounds can be used to OH O o

obtain this data. Our laboratory used the CH,0 OCHs

principle of bioisosteric transformation in the CH0 o/l R O N l

synthesis of a series of 2-phenyl-4-quinolones Chs OCH; " O ¥
(PQ), which are the amino analogs of the F1 on PQ

plant-derived flavonoid F1. PQ derivatives showed extremely potent cytotoxic activity against a panel of
human tumor cell lines with Glsp values in the low micromolar to nanomolar concentration range.”o
Therefore, we were prompted to synthesize a novel series of 8,8-dimethyl-2H,8 H-pyrano[6,5-k]quinoline-2-

ones (DMPQ) and related compounds. These compounds are bioisosteres of seselin where the O atom of the
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pyranocoumarin nucleus has been replaced by a N atom. Herein. we describe the first results on the potential
cytotoxic activity of this class compound against human tumor cell lines. The synthesis and SAR study are also
included.

Chemistry. The syntheses of DMPQ analogs 35 were accomplished by a 4- or 5-step sequence as illustrated
in Scheme 1. 7-Amino-4-methy!-quinolin-2-one (12) was prepared from the m-phenylenediamine (11) and
ethyl acetoacetate. Compound 12 was diazotized and hydrolyzed, yielding 7-hydroxy-4-methyl-quinolin-2-one
(13). Compound 13 was converted in two steps to compound 3. The nitrogen atom in 3 was converted to the
carbamate 4 with di-fert-butyl dicarbonate in CH,Cl; at room temperature. Treating 3 with Lawsesson's reagent

in toluene gave thiolactam S.
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¢: 3-Chloro-3-methyl-1-butyne, K1, K,CO; in DMF; 7 R3=R4=CHj3; Rs=Rg=H

8 R3=R4=Rg=CH3 Rs=H
d: N,N-Diethylaniline, reflux; e: Di-tert-butyl dicarbonate, Et;N; g Rz = g: - 2 =H §4 =503H7

f: Lawesson reagent, toluene 10 R3=Rs = Rs = H; Ry = GgHs
Compounds 6-10 were prepared by the following general methods: A mixture of the substituted 7-hydroxy-
quinolin-2-one, K;CO3, KI, and 3-chloro-3-methyl-1-butyne was in DMF heated at 60 "C under stirring for 24
h. After cooling, the mixture was filtered and concentrated to dryness. The residue was then dissolved in N, V-
diethylaniline and refluxed for 2 h. The products were further purified by silica gel chromatography, yields
were 60-70%. All DMPQ compounds were characterized by HRMS and 'HNMR spectrocopy.ll

Cytotoxicity assays The in vitro cytotoxicity assay was carried out according to procedures described in
Rubinstein et al.'> The human tumor cell line panel includes epiderimoid carcinoma of the nasopharynx (KB),
lung carcinoma (A-349), ileocecal carcinoma (HCT-8), renal cancer (CAKI-1), breast cancer (MCF-7) and

ovarian cancer (1A9). The results are presented in Table 1.
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The most active compound 3 was further tested in the National Cancer Institute's in vitro disease-
oriented antitumor screen, which determines a test agent's effect on growth parameters against a panel of
approximately 60 human tumor cell lines. The cytotoxic effects of each compound are obtained as TGI or Gls
values, which represent the molar drug concentration required to cause total growth inhibition and half growth
inhibition, respectively. The results are expressed in Table 2 as logGlsg values.

Table 1. In Vitro Cytotoxicities of 3,4,5,6-Substituted DMPQ and Related Compounds
EDs; (ng/mL)*

Compound KB" A549° HCT-8® CAKI-1® MCF-7° 1A9°
3 1.6 22 1.7 25 1.7 ND"
4 2.5 43 3.6 4.5 2.4 ND
5 23.0 30.3 28.8 NA? 138 12.0
6 13.1 18 19.3 > 40(30)° 147 5.8
7 23.0 25.0 32.0 35.5 19.0 ND
8 37 41 41 43 38 ND
9 >40(45) >40(29) NA NA >40(31) >40(44)
10 >40(45) 36.3 28.0 >40(35) 30.0 10.0

* Cytotoxicity as EDs, for each cell line, the concentration of compound that causes a 50% reduction in adsorbance at
562 nm relative to untreated cells using the SRB assay.’' ® Human ileocecal carcinoma (HCT-8), human breast cancer
(MCF-7), human lung carcinoma (A-549), human epidermoid carcinoma of the nasopharynx (KB}, human renal cancer
(CAKI-1) and human ovarian cancer (1A9). ¢ ND = not determined. * NA = no activity. ¢ Inhibition was less than fifty
percent at the highest concentration tested. The percent inhibition observed in such cases is given in the parentheses.

Table 2. Inhibition of In Vitro Tumor Cell Growth® by Compound 3

Cytotoxicity log Glso (M)"
HL-60° NCI-H226° COLO0205° HCT-116° SF295°
-6.37 >-4.00 -5.56 -5.31 -4.52
SK-MEL-28° OVCAR-3° CAKI-1° PD-145° MDA-MB-435°
> -4.00 -5.22 -5.21 -5.44 -5.76

*Data obtained from NCI's in vitro disease oriented human tumor cells screen; "Log concentrations that reduced cell
growth to 50% of level at start of experiment; ° HL-60, leukemia cell lines; NCI-H226, non-small cell lung cancer; COLO
205 and HCT-116, colon cancer cell lines; SF-295, CNS; SK-MEL-28, melanoma; OVCAR-3 and CAKI-1, ovarian and
renal cancer cell lines; PD-145, prostate cancer cell lines; MDA-MB-435, breast cancer cell line.

Results and Discussions.  The substituted 8,8-dimethyl-2H,8H-pyrano[6,5-k]quinoline-2-ones (3-10) were
tested for cytotoxicity against a panel of human tumor cell lines. From the EDsg values summarized in Table 1,
compounds 3 and 4 showed significant (EDsy < 4.0 pg/mL) cytotoxic activity. Compounds 5-8 showed
moderate or weak activity, while 9 and 10 were inactive. Compound 3, where the methyl group was at the 4-
position, proved to be the most active compound in this study.

By comparing the cytotoxic activities of compounds with no, single, or multiple substitutions (3—10), the
following conclusions were reached: (a) Introduction of a methyl group at the 4-position (3) led to enhanced
cytotoxic activity compared with the unsubstituted compound 6. (b) Replacing the hydrogen atom of the amine
with a Boc group led to slightly decreased activity, while converting the 2-ketone to a 2-thione analog (5)
decreased activity more than ten fold. Thus, these two functional moieties are essential for retaining

cytotoxicity. (c) Increasing the number of methyl groups to two (7) or three (8) dramatically reduced the
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cytotoxicity. (d) Larger or bulky groups at the 4-position (9 and 10) abolished the cytotoxic activity. In
addition, the results obtained from NCI's in vitro disease-oriented antitumor screen shown in Table 2 are in
agreement with our results in Table 1. Compound 3 showed strong cytotoxic effects against leukemia cell lines,
including HL-60. It also showed fairly good activity against colon, ovarian, renal, and prostate cell lines as well
as increased activity against breast cancer. However, it had low activity against non-small cell lung and
melanoma cancer cell lines, with logGlso values > -4.00. In summary, the position and size of the substitutents
in the pyranoquinoline-2-one nucleus seems to be important for the antitumor activity in this compounds class.
Compound 3 with a methyl group at the 4-position is a lead compound with potent cytotoxic activity. Synthesis

of additional analogs and mechanism of action studies are ongoing to develop more potent compounds.
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