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As part of our continuing search for potential anticancer drug candidates in the 2-phenyl-4-quinolone 
series, we have synthesized a series of 6,7-methylenedioxy-substituted and unsubstituted 2-phenyl-
4-quinolones, as well as related compounds. Their in vitro inhibition of human tumor cell lines 
and tubulin polymerization is reported. In general, a good correlation was found between cytotoxicity 
and inhibition of tubulin polymerization. Compounds 7,9,13,16,22,23,36, and 37 showed potent 
inhibitory effects in both assays. All rigid analogs (47-49) and trimethoxy-substituted compounds 
showed little or no activity. Substitution at the 4'-position also resulted in compounds with little 
or no activity, except for hydroxyl or methyl groups at this position. Further investigation is 
underway to determine if substitution at the 3'-position will result in compounds with increased 
activity. 

Introduction 

Microtubules are among the most strategic subcellular 
targets of anticancer chemotherapeutics. Many structur
ally diverse compounds have been reported to attack 
microtubules through their major structural component, 
tubulin,2'8 and cause mitotic arrest. This occurs whether 
microtubule assembly is inhibited or stimulated by the 
action of the drug. Interestingly, all clinically used 
antimitotic agents are natural products (e.g., taxol,4-7 

podophyllotoxin,8,9 and the Vinca alkaloids6) of their 
semisynthetic derivatives. Although colchicine itself is 
too toxic to have chemotherapeutic potential, it is of major 
importance in studying the functions of microtubules.10 

Recently, combretastatin A-4 and related compounds have 
been isolated and found to inhibit in vitro tubulin 
polymerization.11-13 Combretastatin A-4 is the strongest 
competitive inhibitor of colchicine binding to tubulin that 
has been reported to date. In a previous paper,14 we 
reported a novel series of biaryl-containing antimitotic 
agents, the 1,6,7,8-substituted 2-(4'-substituted phenyl)-
4-quinolones and related compounds. We also confirmed 
their classification as colchicine-site drugs. In this series, 
the most potent compound inhibited tubulin polymeri
zation with an IC50 of 2.7 /xM, which was comparable to 
that of colchicine (IC50 = 1.9 MM). Although many 
structurally diverse colchicine-site compounds have been 
documented and some have been studied extensively, the 
tubulin-binding site for colchicine remains unknown. 
Although an X-ray crystal structure of an inhibitor-tubulin 
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complex would provide a clear picture of the binding site, 
tubulin's heterogeneity has made such data unobtainable 
thus far. 

(Methylenedioxy)benzene is a common moiety in natural 
products. It also appears commonly in antimitotic agents, 
such as cornigerine,15 podophyllotoxin,8 steganacin,16 and 
combretastatin A-212'17 (Figure 1). Cornigerine16 differs 
from colchicine only in the substitutions of the 2- and 
3-positions of the A ring. While cornigerine has a 2,3-
methylenedioxy substitution, colchicine has a 2,3-di-
methoxy substitution. Cornigerine is about 1.5 times more 
potent than colchicine in binding to tubulin, inhibiting 
cell growth, and inhibiting microtubule assembly. In 
contrast, methylenedioxy-substituted combretastatin A-2 
is less potent than the corresponding dimethoxy-substi-
tuted combretastatin A-4 in both cytotoxicity and tubulin-
binding assays.12'17 In exploring the structure-activity 
relationships of the 2-phenyl-4-quinolone series, we syn
thesized several 6,7-methylenedioxy-substituted deriva
tives. Generally, these compounds had activity equivalent 
to 6-methoxy-substituted analogs and substantially greater 
activity than 6,7-dimethoxy-substituted analogs. This 
represents a third pattern among colchicine-site com
pounds for which a methylenedioxy-substituted derivative 
can be directly compared to equivalent methoxy-substi-
tuted derivatives. In addition, we explored the effects of 
a variety of substituents in the phenyl C ring of this class 
of compounds. 

Chemistry 

2-Phenyl-4-quinolones can be synthesized by several 
pathways; an anthranilic acid or its ester can be heated 
with the acetal of an alkyl aryl ketone, or, alternatively, 
an arylamine can be condensed with an ethyl arylacetate 
in the presence of PPA or sulfuric acid.18,19 Compounds 
32-35 and 42-45 (Tables 1 and 2) were prepared according 
to these previously reported methods.14 However, these 
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Figure 1. 

methods are not suitable for the preparation of 2-phenyl-
4-quinolones with multiple substituents on the phenyl 
rings. More convenient methods with higher yields have 
been developed.20-21 One method (Scheme 1) is to condense 
substituted anthranilamides 1 with substituted acetophe-
nones 2 to give the corresponding ketimines 3. The 
substituted anthranilamides 1 were prepared by the 
following steps: Jones oxidation of ortho-substituted 
nitrophenyl aldehydes, formation of an acid chloride using 
thionyl chloride, conversion to an iV,iV-diethylamide, and 
reduction of the ortho nitro group to the amine by 
hydrogenation. Lithium diisopropylamide (LDA)-medi-
ated cyclization of 3 gave 2-phenyl-4-quinolones 7-21,24-
31, 36-41, and 47-49 (Tables 1, 2, and 3) in good yield. 
However, LDA-mediated cyclization failed when an 
electron-withdrawing group (e.g., a nitro group) was 
present on the 2-phenyl ring. This may be due to enhanced 
stabilization of the anion intermediate by the electron-
withdrawing group. A second method (Scheme 2) involves 
the formation of diarylamides 6 from substituted ortho 
amino acetophenones 4 and an appropriately substituted 
benzoyl chloride (5). Cyclization in the presence of tert-
butoxide (t-BuOK) gave compounds 7, 9, 22, 23, and 46 
(Table 1). The starting materials, substituted ortho amino 
acetophenones 4, were prepared by nitration of the 
corresponding acetophenones followed by hydrogenation 
in the presence of 10% palladium on active carbon.22 

2-Phenyl-4-quinolones have low solubility in most 
organic solvents; however, they dissolve moderately in 
DMSO, DMF, and a mixture of CHC13 and MeOH. 
2-Phenylquinolones can be purified either by chroma
tography or by recrystallization from DMF or a mixture 
of CHCI3 and MeOH. 

Results and Discussion 
a. Evaluation of the Cytotoxicity of 2-Phenyl-4-

quinolones. The 2-phenyl-4-quinolones and related 
compounds were tested in the National Cancer Institute's 
in vitro disease-oriented antitumor screen, which deter

mines a test agent's effect on growth parameters against 
a panel of approximately 60 human tumor cell lines.23,24 

The cytotoxic effects of each compound are obtained as 
TGI or GI50 values, which represent the molar drug 
concentrations required to cause total growth inhibition 
and half growth inhibition, respectively. The results are 
expressed in Table 4 as log GI50 values. Among the 
compounds tested, 7,9,13,16,22,23,33,36, and 37 showed 
the strongest inhibitory effects against a variety of tumor 
cell lines, especially colon, CNS, ovarian, and small-cell 
lung cancer cell lines. This result is in agreement with our 
previous report on this series. In addition to leukemia, 
melanoma, non-small-cell lung, colon, CNS, ovarian, and 
renal cancer panels, compound 23 was also tested against 
breast and prostate cancer cell lines. It has low activity 
against prostate cancer cell lines; however, it showed strong 
cytotoxic effects against several breast cancer cell lines 
such as MCF-7/ADR-RES, MDA-MB-435, MDA-MB-231/ 
ATCC, and MDA-N (with log GI50 values equal to -7.16, 
-5.77, -7.50, and -7.40 uM, respectively). Overall, com
pounds substituted at the 4'-position were inactive, except 
for compounds 14, 17,19, and 33. All rigid analogs (2,3-
fused quinolones) (47-49) and all 2-heteroaryl-4-quino-
lones (38-46) were inactive or less active than the 2-phenyl-
4-quinolones. The 6,7-methylenedioxy-substituted com
pounds (9 and 13) were more potent than their corre
sponding 6,7-dimethoxy-substituted (30 and 29) or un-
substituted (26 and 24) compounds. Trimethoxy substi
tutions on the 2-phenyl ring resulted in loss of activity 
(compounds 20,21, and 27). 2-Styryl-4-quinolone 46 was 
also inactive in the cytotoxicity assay. 

b. Interactions of 2-Phenyl-4-quinolones with Tu
bulin. In the previous paper,14 selected molecules of this 
class of compounds were reported to be antimitotic agents 
interacting at the colchicine site ot tubulin.25-28 To further 
delineate structure-activity relationships, the newly syn
thesized compounds were evaluated as inhibitors of tubulin 
polymerization and compared with the classic antimitotic 
agents, colchicine, podophyllotoxin, and combretastatin 
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Table 1. Physical Properties and Antitubulin Effects of 2',3',4',5',6,7-Substituted 2-Phenyl-4-quinolones 

0 
5 JU 

compd 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

Ry 

H 
H 
H 
OMe 
H 
H 
H 
H 
H 
H 
OMe 
OMe 
H 
H 
OMe 
F 
CI 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

colchicine 

Rr 

H 
H 
OMe 
H 
H 
H 
N(Me)2 

H 
OMe 
OMe 
H 
H 

R , 

H 
OMe 
H 
H 
OPh 
N(Me)2 
H 
Me 
OMe 
H 
OMe 
H 

OCH20 
OMe 
OMe 
H 
H 
N(Me)2 

H 
OMe 
OMe 
H 
N(Me)2 
OMe 
OMe 
H 
H 
H 
H 
N(Me)2 

OMe 

podophyllotoxin 
combretastatin A-4 

OMe 
OMe 
H 
H 
H 
N(Me)2 

H 
OMe 
H 
H 
H 
OMe 
OMe 
OH 
OMe 
OMe 
H 
H 

dihydrocombretastatin A-4 
50 

R* 

H 
H 
H 
H 
H 
H 
H 
H 
H 
OMe 
H 
OMe 
H 
OMe 
H 
H 
H 
H 
H 
H 
OMe 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

Re R7 

OCH20 
OCH20 
OCH20 
OCH20 
OCH20 
OCH20 
OCH2O 
OCH2O 
OCH20 
OCH20 
OCH20 
OCH20 
OCH20 
OCH20 
OCH20 
OCH20 
OCH20 

H 
H 
H 
H 
OMe 
OMe 
OMe 
OMe 
OMe 
OMe 
CI 
H 
OMe 
OMe 

H 
H 
H 
H 
OMe 
OMe 
OMe 
OMe 
H 
H 
H 
F 
H 
H 

ITP0 

ICw (nM) ± SD 

0.63 ± 0.2 
>40 

0.57 ± 0.1 
14 ± 0.5 

>40 
>40 

0.7 ± 0.03 
1.0 ± 0.2 

>40 
0.62 ± 0.2 

>40 
5.5 ± 0.8 
1.1 ± 0.2 

>40 
>40 

0.85 ± 0.1 
0.89 ± 0.1 
1.5 ± 0.3 

>40 
1.4 ± 0.4 

>40 
18 ± 1 
15 ± 2 
4.3 ± 1 

>40 
>40 

5.6 ± 1 
>40 
>40 

0.84 ± 0.2 
0.74 ± 0.1 
0.80 ± 0.07 
0.46 ± 0.02 
0.53 ± 0.05 
0.63 ± 0.03 
0.61 ± 0.05 

ICB6 

(% inhibition) 

26 ± 1 0 

39 ± 8 

29 ± 7 
12 ± 8 

31 ± 2 

37 ± 3 
24 ± 4 

18 ± 6 
13 ± 2 

8 6 ± 1 
94 ± 2 
65 ± 4 
11 ± 7 

formula" 

C16Hi6NO3-0.25H2O 
Ci7Hi3NO* 
Ci7Hi3N04-1.5H20 
Ci7Hi3NO« 
CMHISNO* 
Ci8Hi6N203-3.25H20 
CigHisN203 
Ci7Hi3NO3-0.33H2O 
C18Hi6N06 
Ci8Hi6N06-H20 
C18Hi6NOB 

CigHisNOs 
Ci7Hi31NO6-0.5H2O 
C19Hi7NOe-0.33H2O 
Ci9Hi7N06 

Ci6HioFN03-0.25H20 
C16HioClNOs 
Ci7Hi6Ni!-0.33H2O 
C17Hi6N20 
Ci6HX3N02 

CieHi7N204 

Ci6Hi7N03 

Ci9H2oN203 

Ci8Hi7N0«-H20 
C19H19NO5 
Ci7Hi5N03 

Ci6Hi3N03 

CieHi2ClN02 

Ci6Hi2FN02-Me0H 
Ci8Hi8N202 

CigHieNOj, 

mp (8C) 

>300 
>300 
>300 

285-287*' 
>300 
>300 
>300 
>300 
>300 
>300 

286-288d 

294-296'' 
>300 

285-287 
258-259 

>300d 

>300<* 
276-278 

>300 
267-268 
257-258 
274-275'' 
294-296'' 
149-151 
162-163 

>300 
>260 i 

295-297 
265-266 

>270d 

280-281 

method 

A o r B 
A 
A o r B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
A 
A 
A 
A 
B 
A 
A 
A 
C 
C 
C 
C 
A 
B 

yield 
(%) 

50 (A)e 

53 
56 (A)« 
32 
34 
41 
45 
51 
44 
47 
33 
28 
56 
42 
33 
83 
78 
70 
67 
75 
66 
70 
77 
40 
48 
42 
11 
13 
8 

32 
83 

a I T P = inhibition of tubulin polymerization. b ICB = inhibition of colchicine binding." All compounds were analyzed for C, H, and N, and 
the results agreed to ±0.4% of the theoretical values. d Decomposed.' The yields were 82% and 78% for 7 and 9, respectively, when method 
B was used. 

Table 2. Physical Properties and Antitubulin Effects of 5,6,7-Substituted 2-Heterocyclic 4-Quinolones and a Related Styryl Derivative 

O 

compd 

38 
39 
40 
41 
42 
43 
44 
45 
46 

R' 

2'-pyrrolyl 
2'-furyl 
2'-thienyl 
3'-indolyl 
2'-pyridyl 
2'-pyridyl 
2'-pyridyl 
2'-pyridyl 
trarw-styryl 

Rs 

H 
H 
H 
H 
H 
F 
H 
H 
H 

Re R7 

OCH20 
OCH20 
OCH20 
OCH20 

H F 
H H 
OMe H 
CI H 

OCH20 

ITP" l ew (MM) ± SD 

18 ± 1 
23 ± 7 

2.2 ± 0.2 
1.3 ± 0.4 

>40 
>40 
>40 
>40 

2.3 ± 0.6 

formula4 

Ci4H10N203 

C14H9N04 
Cl4H9NO3S-0.33H2O 
Ci8Hi2N203 

Ci+HoFNzO 
O 4H 9FN 20 
Ci6H12N2O2-0.125H2O 
C14H9ClN2O.0.5H2O 
CisHi3N03 

mp C O 

>300 
>300 
>300 
>300 

274-275 
267-268 
236-237 

>276c 

>300 

method 

A 
A 
A 
A 
C 
C 
C 

c B 

yield (%) 

20 
18 
24 
22 
17 
16 
18 
17 
61 

" ITP = inhibition of tubulin polymerization. ° All compounds were analyzed for C, H, and N except compound 36 which was also analyzed 
for S, and the results agreed to ±0.4% of the theoretical values.e Decomposed. 

A-4, and with the most active of the previously prepared 
compounds (50) (Figure 1). The results are summarized 
in Tables 1-3. Overall, there was good correlation between 
cytotoxicity and inhibition of in vitro tubulin polymeri
zation. Eight of nine strongly cytotoxic compounds (7,9, 

13,16, 22, 23, 36, and 37) demonstrated the most potent 
inhibitory effects (IC50 values less than 1.0 nM) on tubulin 
polymerization, and these were similar to the inhibitory 
effects of colchicine, podophyllotoxin, combretastatin A-4, 
and compound 50. The equally cytotoxic compound 33 
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Table 3. Physical Properties and Antitubulin Effects of 2',3'-Fused 6,7-(Methylenedioxy)-2-phenyl-4-quinolones 
0 

H 

compd n R ITP" ICw <jM) ± SD formula1' mp CO method yield (%) 

47 2 H >40 Ci7H13NO4-0.25H2O >300 A 12 
48 2 OMe >400 C19H15NO4 202-204" A 18 
49 3 H >40 C19H15NO3 >300c A 14 

o I T P = inhibition of tubulin polymerization. * All compounds were analyzed for C, H, and N, and the results agreed to ±0.4% of the 
theoretical values.c Decomposed. 

Scheme 1 
0 0 *r 0 

LDA/THF 

-30 - 20 °C 

Scheme 2 

4 t-BuOK/t-BuOH 

was almost 6-10-fold less active as an inhibitor of tubulin 
polymerization (IC50 value of 5.6 vM). Compounds 14, 
26, 30, and 40, which were moderately cytotoxic, also 
exhibited strong inhibitory effects (IC50 values of 1.0-2.0 
/iM) in the polymerization assay. In contrast, the mod
erately cytotoxic compounds 18 and 29 showed reduced 
inhibitory effects, and compounds 19, 24, and 41, which 
were weakly cytotoxic, demonstrated relatively strong 
inhibitory activity on tubulin polymerization (IC50 values 
of 1.0-2.0 fiM). The strongest inhibitors of polymerization 
(ICso values 51.0 juM) were also evaluated as inhibitors of 
the binding of radiolabeled colchicine to tubulin (Table 
1). Previously14 we had found compound 50 to be a weak 
inhibitor of this reaction, with significant inhibition only 
occurring when the phenylquinolone was present in large 
molar excess over colchicine. In the experiments sum
marized in Table 1, the potential inhibitor and colchicine 
were present in equimolar concentrations. Most of the 
potent inhibitors of polymerization were more active than 
compound 50 as inhibitors of colchicine binding, but none 

approached the potency of podophyllotoxin or combre-
tastatin A-4. This could indicate a relatively slow binding 
and/or rapid dissociation reaction in the interaction of 
this group of agents with tubulin relative to the binding 
and dissociation reactions of colchicine with tubulin. 

Colchicine, podophyllotoxin, combretastatin A-4, and 
steganacin all contain a trimethoxybenzene ring, while 
cornigerine, combretastatin A-2, podophyllotoxin, and 
steganacin all contain a (methylenedioxy) benzene ring. 
While it has been proposed that the binding sites for 
podophyllotoxin and colchicine only partially overlap, with 
the podophyllotoxin E ring and the colchicine A ring 
sharing a binding domain,29,30 the structural variety of the 
natural products now known to bind strongly in the 
colchicine site makes analogous features of active molecules 
uncertain. The known interaction of the phenylquinolone 
derivatives at the colchicine site,14 their homology to 
styrylquinazohnone derivatives, another class of agents 
known to bind in the colchicine site,31 and their possession 
of two aromatic domains, a common feature of colchicine-
site drugs,12,26 led us to prepare many of the compounds 
whose synthesis is described here. We hoped not only to 
obtain agents with promising antineoplastic activity but 
also to gain insight into features required for interaction 
at the colchicine site and to define structural homologies 
in this class of drug. Therefore, much of our effort was 
concentrated on molecules with different patterns of 
methoxy substitution. 

Our earlier study14 showed that the unsubstituted 
compound 51 (Figure 1) was 3-fold less active as an 
inhibitor of polymerization than compound 50 with a 
methoxy substituent at the 6-position. A methylenedioxy 
bridge spanning the 6,7-positions is probably equivalent 
to a methoxy group at the 6-position, as compounds 7 and 
50,9 and 37, and 13 and 36 were equipotent. In contrast, 
two methoxy groups at the 6,7-positions led to a substantial 
loss of activity (compounds 28 vs 7 and 50, 29 vs 13 and 
36, and 30 vs 9 and 37). This can also be seen by comparison 
of the 6,7-dimethoxy-substituted compounds (29 and 30) 
with the corresponding unsubstituted compounds (24 and 
26). However, the 6,7-unsubstituted compounds (24 and 
26) were about 2-fold less active than compounds with 
either a methoxy at the 6-position (compounds 36 and 37) 
or a methylenedioxy at the 6,7-positions (compounds 13 
and 9). Three sets of compounds (7,9, and 13; 28,29, and 
30; and 36, 37, and 50) showed that compounds with a 
methoxy or an iV^V-dimethylamino substituent at the meta 
position of ring C were almost equipotent to the corre
sponding unsubstituted compounds, except compound 30, 
which was about 4-fold more active as an inhibitor of 
polymerization than the corresponding unsubstituted 28. 

Compound 7 with no substituent in the C ring showed 
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Table 4. Inhibition of in Vitro Tumor Cell Growth" by 2',3',4',5',5,6,7-Substituted 2-Phenyl-4-quinolones and Related Compounds 

compd 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28" 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

NCI-H226' 

-6.50 
-4.54 
-6.70 
-4.64 

-6.50 
-5.80 

-6.66 
-4.03 
-5.20 
-4.40 
-
-
-6.35 
-6.58 
-4.53 
-
-5.55 
-

-5.73 
-4.67 

. -
-
-6.68 

-6.43 
-6.46 
-4.45 
-4.61 
-5.20 
-
-
-
-4.44 
-4.33 
-5.54 

-

DMSIU" 

-6.93 
-d 

-6.62 
-4.60 

-6.39 
nt 

-6.52 
-4.58 
-5.30 
-4.62 
-4.08 
4.53 
-6.29 
nt 
-4.34 
-
-5.25 
-

-5.32 
-4.26 
nt 
-
-6.75 

nt 
nt 
-4.49 
-4.43 
-5.17 
-
-4.28 
-
-4.65 
-4.86 
nt 

nt 

HCT-116" 

-7.15 
-
-6.76 
-4.55 

-6.43 
-6.17 

-6.50 
-4.39 
-5.49 
-4.42 
-4.13 
-
-7.22 
-7.06 
-4.23 
-
-5.24 
-

-5.30 
-4.23 
-
-
-6.68 

-6.71 
-6.81 
-4.53 
-4.40 
-5.32 
-
-4.36 
nt 
-4.47 
-4.58 
-5.55 

-4.55 

cytotoxicity log GIw 

KM20L2' 

-6.74 
-
-6.74 
-4.73 

-6.64 
-5.85 

-6.15 
-4.37 
-5.16 
-4.58 
-
-
nt 
nt 
-4.46 
-
-5.07 
-

-5.70 
-4.62 
nt 
-
-6.39 

nt 
nt 
-4.70 
-4.67 
-4.84 
-
-
-
-4.45 
-4.40 
nt 

nt 

OVCAR-31 

-6.79 
-
-7.34 
-4.40 

-6.61 
-6.37 

-6.71 
-
-5.31 
-4.71 
-
-
-7.09 
-7.11 
-4.38 
-
-5.26 
-

<-6.0 
-4.47 
-
-
-6.52 

-6.77 
nt 
-4.51 
-4.37 
-5.10 
-
0 
-
-
-4.20 
-5.65 

-

(jM)b 

RXF-393" 

-6.95 
-4.42 
-7.34 
-4.82 

-6.62 
nt 

-6.66 
-4.34 
-5.52 
-4.68 
-4.66 
-
nt 
nt 
-4.45 
-
-5.18 
-

-5.65 
-4.48 
-4.17 
-
-6.77 

-6.92 
-6.72 
-4.80 
-4.60 
-5.69 
-
0 
-
-5.60 
-4.47 
-5.37 

-

SK-Mel-5' 

-7.45 
-
-7.43 
-4.05 

-6.71 
-5.76 

-6.51 
-4.37 
-5.39 
-4.60 
-4.03 
-
-7.68 
-7.44 
nt 
nt 
nt 
nt 

nt 
nt 
-
-
-6.54 

-6.71 
-6.93 
-5.11 
-4.87 
-5.87 
-
-4.35 
-4.21 
-4,55 
-4.58 
-5.66 

: 

SF-268C 

-7.52 
-
-6.88 
-4.19 

-6.13 
-5.66 

-6.15 
-4.20 
-5.08 
-4.33 
-4.49 
-
-5.64 
-6.16 
-4.12 
-
-5.17 
-

-5.28 
-4.30 
-
-4.44 
-6.38 

-6.22 
-6.64 
-
-4.38 
-4.95 
-
-4.53 
nt 
-4.62 
-4.63 
-5.15 

-

SF-295' 

-6.72 
-
-7.04 
-4.68 

-6.62 
-5.72 

-6.59 
-4.34 
-5.18 
-4.53 
-4.49 
-4.12 
-7.26 
nt 
-4.55 
-
-5.64 
-

-5.71 
-4.39 
-
nt 
-6.61 

-6.69 
-6.82 
-4.47 
-4.55 
-5.49 
-4.04 
-
-
-4.29 
-4.29 
-5.52 

-4.71 

" Data obtained from NCI's in vitro disease-oriented human tumor cells screen (see refs 23 and 24 for detail).b log concentrations which 
reduced cell growth to 50% of level at start of experiment.c NCI-H226, non-small-cell lung cancer cell line; DMS 114, small-cell lung cancer 
cell line; HCT-116 and KM20L2, colon cancer cell lines; OVCAR-3, ovarian cancer cell line; RXF-393, renal cancer cell line; SK-Mel-5, 
melonoma; SF-268 and SF-295, CNS tumor cell lines. d "-" means log GI50 is greater than -4 . e Cytotoxicity assay is pending. 

significant activity as an inhibitor of tubulin polymeri
zation. In comparison, either one (compound 9) or two 
(compound 16) methoxy groups in the meta positions 
[C(30 and C(5')] yielded analogs with activity essentially 
identical with that of the unsubstituted 7. Compound 10, 
with an ortho methoxy substituent, had greatly reduced 
activity (IC50 value of 14 vs 0.6 nM), while compound 8, 
with a para methoxy substituent, was inactive. The 
presence of this para methoxy group was routinely 
associated with inactivity, in compounds with either one 
(15 and 17) or two (20 and 21) additional methoxy groups 
in the C ring. This effect of the para methoxy group is 
probably steric in origin, for compounds with a 4'-methyl 
substituent (compound 14) or a 3',4'-methylenedioxy 
bridge (compound 19) were effective inhibitors of polym
erization, with only minor loss of activity relative to 
compound 7 (also compare the partially active compound 
33, with a 4'-hydroxy group, to the inactive 32, with a 
4'-methoxy group). 

We can summarize our findings, based on these com
pounds prepared thus far, with methoxy substituents in 
the phenylquinolone class of agents as follows. In the A 
ring, a methoxy substituent at the 6-position or a 6,7-

methylenedioxy bridge enhances activity, while an addi
tional methoxy group at the 7-position reduces activity. 
In the C ring, meta methoxy substituent(s) have little 
effect, an ortho methoxy substituent reduces activity, and 
a para methoxy group eliminates activity. The latter effect 
is probably steric, at least in part, since derivatives with 
smaller substituents at the para position retain significant 
activity. 

In contrast, in colchicine, reduction of activity occurs 
with demethylation of any of the three methoxy groups 
of the A ring, with the 1-methoxy group apparently the 
most important and the 3-methoxy substituent the least 
important.32-34 In the C ring, reversal of the substituents 
at the 9- and 10-positions yields isocolchicine and results 
in nearly complete loss of activity. Similarly, while the 
phenyltropolone 52 (Figure 1) has inhibitory activity 
comparable to that of colchicine, removal of a single 
methoxy group leads to significant loss of activity (the 
1-methoxy substituent most important, the 2-substituent 
least important).36 With combretastatin A-4, its dihydro 
derivative, and analogous compounds, maximum activity 
also seems to require all three methoxy groups in the A 
ring and a para methoxy group in the B ring (reduced 
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activity with a meta methoxy, none with an ortho 
methoxy).17-36-37 

The limited tolerance of the phenylquinolone for 
substitution on either the A ring or the C ring thus makes 
it hard to speculate with confidence on structural analogies 
to colchicine and combretastatin A-4. Perhaps, the active 
phenylquinolone derivatives, through either the A ring or 
the C ring, interact primarily with the region of the tubulin 
molecule that binds the C ring of colchicine and the B ring 
of combretastatin A-4. The active phenylquinolones may 
also have a limited interaction with the site on tubulin 
that interacts with the trimethoxybenzene ring of the 
natural products. Alternatively, the phenylquinolone 
derivatives may not interact in the region of tubulin that 
binds trimethoxybenzene rings. Either model would 
explain the weak inhibitory effects of phenylquinolone 
derivatives on the binding of radiolabeled colchicine to 
tubulin. 

Like colchicine and cornigerine, the methylenedioxy-
substituted phenylquinolones (7 and 9) are more potent 
than the corresponding dimethoxy-substituted compounds 
(26 and 24) in terms of cytotoxicity and inhibition of 
tubulin polymerization. The reason for this difference is 
unknown. A difference in either the size of the binding 
pocket for the two moieties or the desolvation energy of 
the two molecules could play a role. Compounds with two 
vicinal methoxy groups should be slightly more hydro
phobic and, accordingly, less likely to stay in an aqueous 
solution than the corresponding methylenedioxy-substi-
tuted compounds. Therefore, dimethoxy-substituted 
compounds would require less desolvation energy than 
their corresponding methylenedioxy-substituted com
pounds when moving from the aqueous environment to 
the tubulin-binding site. Which factor is dominant is not 
clear. 

The lack of effect of methoxy substituents at the meta 
positions in the C ring of the phenylquinolone derivatives 
extended to the still bulkier dimethylamino group (com
pound 13). The poor activity of compound 10, with the 
ortho methoxy group, cannot be attributed solely to steric 
factors, for analogs with either a fluoro (compound 22) or 
chloro (compound 23) substituent at the 2'-position were 
highly active. Compounds 13,22, and 23 all had activity 
as inhibitors of tubulin polymerization and colchicine 
binding comparable to that of compound 7. 

Generally, when a heterocyclic C ring replaced the 
phenyl C ring (compounds 38-45), antitubulin activity 
was minimal. Exceptions were observed when the phenyl 
C ring of compound 7 (IC50 value of 0.63 IJM) was replaced 
with either a thienyl or indolyl group (compounds 40 and 
41, with IC50 values of 2.2 and 1.3/iM, respectively). Three 
compounds in which the 2,3'-positions were linked by a 
2- (compounds 47 and 48) or 3-carbon (compound 49) 
bridge were inactive. 

Finally, we wished to gain insight into possible rela
tionships between the styrylquinazolinone agents31,38 and 
the phenylquinolone derivatives. The two classes differ 
by one atom in the B ring (the former class has an additional 
nitrogen at the 3-position) and by the attachment of the 
C ring at the 2-position (a styryl bridge in the former class; 
direct attachment in the latter). In the quinazolinone class 
with a chloro substituent at the 6-position, Jiang et al.38 

reported that derivatives with ethynyl and methylene 
bridges attaching the phenyl ring to the 2-position were 
inactive and that reduction of the styryl bridge resulted 

in a 3-fold loss in activity. They did not examine a 
compound in which the phenyl C ring was directly attached 
to the B ring. 

Therefore, we prepared compound 46, with a styryl 
bridge linking the phenyl C ring to the 2-position of the 
B ring of the quinolone moiety. Compound 46 had limited 
cytotoxicity, but it had significant activity as an inhibitor 
of tubulin polymerization (IC50 value of 2.3 uM) and was 
about 4-fold less active than compound 7, with the C ring 
attached directly at the 2-position. This finding, together 
with the earlier results of Jiang et al. i38 suggests that analogs 
with directly attached phenyl rings would have maximum 
activity in both series of compounds. Substituent patterns 
in different locations of either series could, however, alter 
this conclusion (cf. ref 26). 

In summary, we have synthesized a series of novel 
2',3',4',5',5,6,7-substituted 2-phenyl-4-quinolones and re
lated compounds. Compounds 7,9, and 13,14,16,22,23, 
33,36, and 37 showed potent inhibitory effects on in vitro 
tubulin polymerization as well as on the growth of a variety 
of human tumor cell lines, especially colon, CNS, and small-
cell lung cancer cell lines. Compound 23 also exhibited 
strong cytotoxicity against several breast cancer cell lines 
(the only compound of the 2-phenylquinolone series tested 
in this panel of cell lines). In general, there was good 
correlation between the results of the two assays. Within 
this data set, we found that the methylenedioxy-substi
tuted compounds were more potent than their corre
sponding dimethoxy-substituted or unsubstituted com
pounds. Relatively bulky substitution at the 4'-position 
resulted in loss of activity. We speculate that this is due 
to disturbance of the local binding site by the 4'-
substituent. Substituents at the 3'-position did not affect 
activity. On the basis of these preliminary structure-
activity relationship studies, we speculate that substitution 
at the 3'-position could result in more potent compounds, 
particularly in terms of enhanced cytotoxicity, tumor-type 
specificity, or solubility. Studies on additional substitu
tions at this position are in progress. 

Experimental Section 

Chemistry. Melting points were determined on a Fisher-
John melting point apparatus and are uncorrected. Elemental 
analyses were performed by Atlantic Microlabs, Atlantic, GA; 
*H NMR spectra were measured at 300 MHz on a Bruker 300 
spectrometer and recorded in CDCI3, a mixture of CDC13 and 
CD3OD, or DMSO-dg. Chemical shifts are reported in 5 (ppm) 
units relative to the internal reference Me<Si. Infrared (IR) 
spectra were recorded on a Perkin-Elmer IR 400 spectrometer 
as KBr pellets. Mass spectra (MS) data were obtained on a TRIO 
1000 mass spectrometer. Flash chromatography was performed 
on silica gel (mesh 25-150 11m) using a mixture of CHCI3 and 
MeOH as eluant. 

Procedure for Method A. Preparation of Ketimines 3. A 
solution of 2-amino-4,5-(methylenedioxy)-iV,N-diethylbenzoy-
lamide or 2-amino-iV^-diethylbenzoylamide (2.5 mmol), methyl 
aryl ketone (2.5 mmol), and p-toluenesulfonic acid (5 mg) was 
heated under reflux for 48-72 h with azeotropic removal of water. 
The mixture was concentrated on a rotary evaporator and the 
oily residue dissolved in 10 mL of THF and used directly in the 
next step. 

Preparation of 2-Pheny 1-4-quinolones 7-21,24-31, 36-41, 
and 47-49. Lithium diisopropylamide (LDA) was used either as 
a commercially available 2.5 M solution in hexane (Aldrich) or 
prepared as follows. A solution of diisopropylamine (2.51 mmol) 
in 20 mL of THF was treated with a 2.5 M solution of 
n-butyllithium (2.5 mL, 2.5 mmol) in hexane at -60 °C, and the 
resulting mixture was stirred at -30 °C for 20 min. The ketimine 
solution was added dropwise, and the mixture was stirred at -30 



1132 Journal of Medicinal Chemistry, 1994, Vol. 37, No. 8 Li et al. 

°C for 30 min. The temperature of the reaction was raised to 
room temperature over 1 h, and the orange-colored mixture was 
stirred overnight. MeOH (10 mL) was added, the solvent was 
evaporated, and the residue was purified by flash chromatography 
using a mixture of CHCI3 and MeOH (30:1-20:1) as eluant. 

6,7-(Methylenedioxy)-2-phenyl-4-quinolone (7): obtained 
from 2-amino-4,5-(methylenedioxy)-N^/-diethylbenzoylamide 
and acetophenone; amorphous; XH NMR (CDCI3 and CD3OD) 8 
6.13 (s, 2 H, OCH20), 6.57 (s, 1 H, H-3), 7.15 (s, 1 H, H-8), 7.59 
(s, 1H, H-5), 7.56 (m, 3 H, C ring ArH), 7.74 (m, 2 H, C ring Arif); 
IR (KBr) 3100, 1610 cm"1; MS m/z 265 (M+). Anal. C, H, N. 

4-Methoxy-6,7-(methylenedioxy)-2-phenyl-4-quinolone 
(8): obtained from 2-amino-4,5-(methylenedioxy)-AThiV-dieth-
ylbenzoylamide and 4-methoxyacetophenone; amorphous; lH 
NMR (DMSO-d6) 8 3.85 (s, 3 H, OCH3), 6.15 (s, 2 H, OCH20), 
6.23 (s, 1 H, H-3), 7.13 (d, J = 8.6 Hz, 2 H, H-3', H-5'), 7.20 (s, 
1H, H-8), 7.39 (s, 1H, H-5), 7.76 (d, J = 8.6 Hz, 2 H, H-2', H-6'); 
IR (KBr) 3060, 1610 cm"1. Anal. C, H, N. 

3-Methoxy-6,7-(methylenedioxy)-2-phenyl-4-quinolone 
(9): obtained from 2-amino-4,5-(methylenedioxy)-2v",N-dieth-
ylbenzoylamide and 3-methoxyacetophenone; needles; 'H NMR 
(CDCI3 and CD3OD) 8 3.87 (s, 3 H, OCH3), 6.16 (s, 2 H, OCH20), 
6.29 (s, 1 H, H-3), 7.13 (dd, J = 1.8, 8.0 Hz, 1 H, H-4'), 7.20 (s, 
1 H, H-8), 7.32 (d, J = 1.8,1 H, H-2'), 7.35 (d, J = 8.0 Hz, 1 H, 
H-6'), 7.40 (s, 1 H, H-5), 7.50 (t, J - 8.0 Hz, 1H, H-5'); IR (KBr) 
3100, 1610 cm-1; MS m/z 295 (M+). Anal. C. H, N. 

2-Methoxy-6,7-(methylenedioxy)-2-phenyl-4-quinolone 
(10): obtained from 2-amino-4,5-(methylenedioxy)-N^V-dieth-
ylbenzoylamide and 2-methoxyacetophenone; amorphous; 'H 
NMR (DMSO-d6) 8 3.82 (s, 3 H, OCH3), 6.00 (d, J = 1.4 Hz, 1 
H, H-3), 6.15 (s, 2 H, OCH20), 7.06 (s, 1H, H-8), 7.11 (t, J - 7.5 
Hz, 1 H, H-5'), 7.21 (d, J = 7.5 Hz, 1 H, H-3'), 7.40 (s, 1 H, H-5), 
7.45 (d, J = 7.5 Hz, 1 H, H-6'), 7.53 (t, J = 7.5 Hz, 1 H, H-4'); 
IR (KBr) 3060,1610 cm"1. Anal. C, H, N. 

4-Phenoxy-6,7-(methylenedioxy)-2-phenyl-4-quinolone 
(11): obtained from 2-amino-4,5-(methylenedioxy)-AT^V-dieth-
ylbenzoylamide and 4-phenoxyacetophenone; amorphous; XH 
NMR (DMSO-de) 8 6.16 (s, 2 H, OCH20), 6.25 (s, 1H, H-3), 7.19 
(s, H, H-8), 7.40 (s, H, H-5), 7.45 (d, J = 8.6 Hz, 2 H, H-3', H-5'), 
7.82 (d, J = 8.6 Hz, 2 H, H-2', H-6'), 7.11-717 (m, 3 H, 4'-phenyl 
ring Artf), 7.23,7.47 (t, J = 7.5 Hz, 1H each, 2 H, 4'-phenyl ring 
Arif); IR (KBr) 3100,1610 cm-1. Anal. C, H, N. 

4'-(AyV-Dimethylamino)-6,7-(methylenedioxy)-2-phenyl-
4-quinolone(12): obtained from 2-amino-4,5-(methylenedioxy)-
iVJV-diethylbenzoylamide and 4-(JV^V-dimethylamino)acetophe-
none; needles; XH NMR (DMSO-d6) 8 2.50, 2.51 (both s, each 3 
H, N(CH3)2), 6.14 (s, 2 H, OCH20), 6.20 (s, 1 H, H-3), 6.85 (d, 
J = 8.7 Hz, 2 H, H-3', H-5'), 7.21 (s, 1 H, H-8), 7.37 (s, 1H, H-5), 
7.66 (d, J = 8.7 Hz, 2 H, H-2', H-6'), 11.29 (s, 1H, NH); IR (KBr) 
3100, 1610, 1520 cm-1; MS m/z 308 (M+). Anal. C, H, N. 

3'-(iV,JV-Dimethylamino)-6,7-(methylenedioxy)-2-phenyl-
4-quinolone (13): obtained from 2-amino-4,5-(methylenedioxy)-
iV,N-diethylbenzoylamide and 3-(N,2V-dimethylamino)acetopne-
none; needles; iH NMR (CDCI3 and CD3OD) 8 3.05 (s, 6 H, 
N(CH3)2), 6.12 (s, 2 H, OCH20), 6.55 (s, 1 H, H-3), 6.92 (dd, J 
= 1.6,8.0 Hz, 1 H, H-4'), 7.00 (d, J = 1.6 Hz, 1 H, H-2'), 7.03 (d, 
J = 8.0 Hz, 1 H, H-6'), 7.15 (s, 1 H, H-8), 7.37 (t, J = 8.0 Hz, 1 
H, H-5'), 7.58 (s, 1H, H-5); IR (KBr) 3080,1600,1500 cm-1. Anal. 
C, H, N. 

4'-Methyl-6,7-(methylenedioxy)-2-phenyl-4-quinolone 
(14): obtained from 2-amino-4,5-(methylenedioxy)-iV^V-dieth-
ylbenzoylamide and 4-methylacetophenone; amorphous; *H NMR 
(DMSO-d6) 8 2.40 (s, 3 H, CH3), 6.15 (s, 2 H, OCH20), 6.24 (d, 
J = 1.7 Hz, 1 H, H-3), 7.20 (s, 1 H, H-8), 7.38 (d, J = 7.8 Hz, 2 
H, H-3', H-5'), 7.39 (s, 1 H, H-5), 7.69 (d, J = 7.8 Hz, 2 H, H-2', 
H-6'); IR (KBr) 3060,1610 cm"1; MS m/z 279 (M+). Anal. C,H, 
N. 

3,4'-Dimethoxy-6,7-(methylenedioxy)-2-phenyl-4-quino-
lone (15): obtained from 2-amino-4,5-(methylenedioxy)-A/',iV-
diethylbenzoylamide and 3,4-dimethoxyacetophenone; amor
phous; m NMR(DMSO-de) 8 3.84,3.88 (both s, 3 H each, OCH3 
x 2), 6.15 (s, 2 H, OCH20), 6.30 (s, 1 H, H-3), 7.14 (d, J - 8.3 
Hz, 1 H, H-5'), 7.20 (s, 1H, H-8), 7.32 (d, J = 1.8 Hz, 1H, H-2'), 
7.36 (dd, J = 1.8, 8.3 Hz, 1H, H-6'), 7.40 (s, 1 H, H-5), 11.52 (br 
s, 1 H, -NH); IR (KBr) 3100,1610 cm-1. Anal. C, H, N. 

3',5'-Dimethoxy-6,7-(methylenedioxy)-2-phenyl-4-quino-
lone (16): obtained from 2-amino-4,5-(methylenedioxy)-2V,iV-
diethylbenzoylamide and 3,5-dimethoxyacetophenone; amor
phous; W NMR (DMSO-d6) 8 3.85 (s, 6 H, OCH8 X 2), 6.16 (s, 
2 H, OCH20), 6.31 (s, 1 H, H-3), 6.69 (s, 1 H, H-4'), 6.91 (s, 2 H, 
H-2', H-6'), 7.20 (s, 1H, H-8), 7.40 (s, 1H, H-5); IR (KBr) 3100, 
1590 cm-1. Anal. C, H, N. 

2',4'-Dimethoxy-6,7-(methylenedioxy)-2-phenyl-4-quino-
lone (17): obtained from 2-amino-4,5-(methylenedioxy)-iV^V-
diethylbenzoylamide and 2,4-dimethoxyacetophenone; amor
phous; SH NMR (DMSO-dg) 8 3.80,3.83 (both s, 3 H each, OCH3 
X 2), 5.97 (s, 1 H, H-3), 6.12, (s, 2 H, OCH20), 6.67 (dd, J = 1.5, 
7.5 Hz, 1H, H-5'), 6.72 (d, J = 1.5 Hz, 1 H, H-3'), 7.05 (s, 1 H, 
H-8), 7.36 (s, 1H, H-5), 7.38 (d, J = 7.5 Hz, 1 H, H-6'); IR (KBr) 
3100, 1610 cm-1. Anal. C, H, N. 

2',5'-Dimethoxy-6,7-(methylenedioxy)-2-phenyl-4-quino-
lone (18): obtained from 2-amino-4,5-(methylenedioxy)-JV^V-
diethylbenzoylamide and 2,5-dimethoxyaceteophenone; amor
phous; lH NMR (DMSO-d6) 8 3.77,3.78 (both s, 3 H each, OCH3 
X 2), 6.02 (s, 1 H, H-3), 6.15 (s, 2 H, OCH20), 7.03, 7.09 (both 
d, J = 3.1 Hz, 1 H each, H-3', H-4'), 7.06 (s, 1 H, H-8), 7.13 (br 
s, 1 H, H-6'), 7.40 (s, 1H, H-5), 11.56 (br s, 1H, NH); IR (KBr) 
3100,1600 cm-1. Anal. C, H, N. 

3',4':6,7-Bis(methylenedioxy)-2-phenyl-4-quinolone(19): 
obtained from 2-aminc-4,5-(metnylenedioxy)-N,N-diethylben-
zoylamide and 3,4-(methylenedioxy)acetophenone; amorphous; 
•H NMR (DMSO-de) 8 6.14 (s, 4 H, OCH20 X 2), 6.22 (s, 1 H, 
H-3), 7.11 (d, J = 8.1 Hz, 1 H, H-5'), 7.18 (s, 1 H, H-8), 7.32 (d, 
J « 8.1 Hz, 1 H, H-6'), 7.38 (s, 2 H, H-5, H-2'), 11.42 (br s, 1 H, 
NH); IR (KBr) 3160,1610 cm"1; MS m/z 309 (M+). Anal. C, H, 
N. 

3,4',5'-Trimethoxy-6,7-(metb.ylenedioxy)-2-phenyl-4-qui-
nolone (20): obtained from 2-amino-4,5-(methylenedioxy)-iV^V-
diethylbenzoylamide and 3,4,5-trimethoxyacetophenone; amor
phous; JH NMR (DMSO-de) 8 3.73 (s, 3 H, 4'-OCH3), 3.90 (s, 6 
H, 3',5'-OCH3 X 2), 6.16 (s, 2 H, OCH20), 6.33 (s, 1H, H-3), 7.05 
(s, 2 H, H-2', H-6'), 7.17 (s, 1 H, H-8), 7.40 (s, 1 H, H-5), 11.45 
(br s, 1 H, NH); IR (KBr) 3040, 1610 cm"1; MS m/z 355 (M+). 
Anal. C ,H,N. 

2,3',4'-Trimethoxy-6,7-(methylenedioxy)-2-phenyl-4-qui-
nolone (21): obtained from 2-amino-4,5-(methylenedioxy)-iV^V-
diethylbenzoylamide and 2,3,4-trimethoxyacetophenone; amor
phous; m NMR (DMSO-dg) 8 3.70, 3.82, 3.87 (all s, each 3 H, 
OCH3 X 3), 5.99 (s, 1 H, H-3), 6.14 (s, 2 H, OCH20), 6.96 (d, J 
= 8.7 Hz, 1 H, H-5'), 7.08 (s, 1 H, H-8), 7.19 (d, J = 8.7 Hz, 1 H, 
H-6'), 7.39 (s, 1H, H-5); IR (KBr) 3080,1610 cm-1. Anal. C,H, 
N. 

3-(JV^V-Dimethylamino)-2-phenyl-4-quinolone (24): ob
tained from 2-amino-JVJV-diethylbenzoylamide and 4-(JV^V-
dimethylamino)acetophenone; needles; XH NMR (DMSO-de) 8 
2.98 (s, 6 H, N(CH8)2), 6.34 (s, 1 H, H-3), 6.91 (dd, J = 2.0, 7.8 
Hz, 1 H, H-4'), 7.02 (br s, 1 H, H-2'), 7.04 (d, J = 7.8 Hz, 1 H, 
H-6'), 7.35 (t, J - 3.5 Hz, 1H, H-6), 7.37 (t, J • 7.8 Hz, 1H, H-5'), 
7.68 (t, J = 7.5 Hz, 1H, H-7), 7.87 (d, J = 7.5 Hz, 1H, H-8), 8.10 
(d, J - 7.5 Hz, 1H, H-5); IR (KBr) 3100,1610 cm-1; MS m/z 264 
(M+). Anal. C, H, N. 

4'-(Ar
(A

r-Dimethylamino)-2-phenyl-4-quinolone (25): ob
tained from 2-amino-NJV-diethylbenzoylamide and 4-(JV^V-
dimethylamino)acetophenone; needles; : H NMR (DMSO-d6) 8 
3.01 (s, 6 H, N(CHj)2), 6.29 (s, 1 H, H-3), 6.86 (d, J = 8.8 Hz, 2 
H, H-3', H-5'), 7.29 (t, J = 7.5 Hz, 1 H, H-6), 7.63 (t, J = 7.5 Hz, 
1 H, H-7), 7.71 (d, J = 8.8 Hz, 2 H, H-2', H-6'), 7.76 (d, J = 7.5 
Hz, 1H, H-8), 8.06 (d, J = 7.5 Hz, 1H, H-5); IR (KBr) 3280,3080, 
1600 cm-1. Anal. C, H, N. 

3'-Methoxy-2-phenyl-4-quinolone (26): obtained from 2-ami-
no-N^V-diethylbenzoylamide and 3-methoxyacetophenone; amor
phous; JH NMR (DMSO-de) 8 3.87 (s, 3 H, OCH3), 6.36 (d, J = 
1.4 Hz, 1 H, H-3), 7.15 (dd, J = 1.8, 8.0 Hz, 1 H, H-4'), 7.34 (dt, 
J = 1.0, 8.0 Hz, 1 H, H-6), 7.37 (d, J = 1.8 Hz, 1 H, H-2'), 7.39 
(d, J = 8.0 Hz, 1 H, H-6'), 7.51 (t, J = 8.0 Hz, 1 H, H-5'), 7.67 
(dt, J = 1.0,8.0 Hz, H-7), 7.76 (d, J = 8.0 Hz, 1H, H-8), 8.10 (dd, 
J = 1.0, 8.0 Hz, 1 H, H-5); IR (KBr) 3080,1620 cm"1. Anal. C, 
H, N. 

3',4',5'-Trimethoxy-2-phenyl-4-quinolone (27): obtained 
from 2-amino-2V,N-diethyIbenzoylamide and 3,4,5-trimethoxy-
acetophenone; amorphous; JH NMR (DMSO-d6) 8 3.74 (s, 3 H, 
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OCH3), 3.91 (s, 6 H, OCH3 X 2), 6.42 (s, 1 H, H-3), 7.11 (s, 2 H, 
H-2', H-6'), 7.34 (t, J = 7.5 Hz, 1 H, H-6), 7.65 (d, J = 7.5 Hz, 
1 H, H-8), 7.68 (t, J = 7.5 Hz, 1 H, H-7), 8.10 (d, J = 7.5 Hz, 1 
H, H-5); IR (KBr) 3060,1620 cm-1. Anal. C, H, N. 

6,7-Dimethoxy-2-phenyl-4-quinolone (28): obtained from 
2-amino-4,5-dimethoxy-AT^Vr-diethylbenzoylamide and benzoyl 
chloride; amorphous; XH NMR (CDC13) 6 3.54,3.56 (s, 3 H each, 
OCH3 X 2), 6.05 (s, 1 H, H-3), 6.88 (s, 1 H, H-8), 7.11 (m, 3 H, 
C ring), 7.21 (s, 1 H, H-5), 7.34 (m, 2 H, C ring Arfl); IR (KBr) 
3160,1630 cm-1. Anal. C, H, N. 

3-(iV,iV-Dimethylamino)-6,7-dimethoxy-2-phenyl-4-qui-
nolone (29): obtained from 2-amino-4,5-dimethoxy-iV,iv"-dieth-
ylbenzoylamide and 3-(iV^-dimethylamino)acetophenone; amor
phous; 'H NMR (DMSO-de) « 3.38 (s, 6 H, N(CH3)2), 4.06, 4.07 
(both s, 3 H each, OCH3 X 2), 7.47 (s, 1H, H-3), 7.54 (s, 1H, H-8), 
7.57 (s, 1 H, H-5), 7.75 (br, d, J = 8.0 Hz, H-4'), 7.81 (t, J = 8.0 
Hz, H-5'), 8.06 (br, d, J = 8.0 Hz, H-6'), 8.49 (br s, 1 H, H-2'); 
IR (KBr) 3080, 2800, 1580 cm-1. Anal. C, H, N. 

3',6,7-Trimethoxy-2-phenyl-4-quinolone (30): obtained from 
2-amino-4,5-dimethoxy-JV^V-diethylbenzoylamide and 3-meth-
oxyacetophenone; amorphous; JH NMR (DMSO-de) 5 3.85,3.87, 
3.88 (all s, 3 H each, OCH3 X 3), 6.31 (s, 1 H, H-3), 7.13 (br, d, 
J = 7.5 Hz, H-4'), 7.26 (s, 1 H, H-8), 7.35 (br, s, 1 H, H-2'), 7.37 
(d, J = 7.5 Hz, H-6'), 7.45 (s, 1H, H-5), 7.49 (t, J = 7.5 Hz, H-5'); 
IR (KBr) 3100,1600 cm"1. Anal. C, H, N. 

3,4',6,7-Tetramethoxy-2-phenyl-4-quinolone (31): ob
tained from 2-amino-4,5-dimethoxy-iV^V-diethylbenzoylamide 
and 3,4-dimethoxyacetophenone; amorphous; !H NMR (DMSO-
de) S 3.85, 3.89 (both s, 6 H each, OCH3 X 4), 6.31 (s, 1 H, H-3), 
7.14 (d, J = 8.5 Hz, 1 H, H-5'), 7.25 (s, 1 H, H-8), 7.36 (br s, 1 
H, H-2'), 7.39 (br d, J = 8.5 Hz, 1 H, H-6'), 7.49 (s, 1 H, H-5). 
Anal. C, H, N. 

3'-(iV,JV-Dimethylamino)-6-methoxy-2-phenyl-4-quino-
lone (36): obtained from 2-amino-5-methoxy-2V,N-diethyIben-
zoylamide and 3-(N,iV-dimethylamino)acetopnenone; amor
phous; m NMR (DMSO-de) & 3.0 (s, 6 H, N(CH3)2), 3.85 (s, 3 H, 
OCH3), 6.30 (s, 1 H, H-3), 6.91 (dd, J = 2.75 Hz, 1 H, H-4'), 7.03 
(br s, 1 H, H-2'), 7.04 (br d, J = 7.5 Hz, 1 H, H-6'), 7.32 (dd, J 
= 3.9 Hz, 1 H, H-7), 7.37 (t, J = 7.5 Hz, 1 H, H-5'), 7.51 (d, J = 
3 Hz, 1 H, H-5), 7.72 (d, J = 9 Hz, 1 H, H-8), 11.62 (br s, 1 H, 
NH); IR (KBr) 3100,1600 cm"1; MS m/z 294 (M+). Anal. C, H, 
N. 

3',6-Dimethoxy-2-phenyl-4-quinolone (37): obtained from 
2-acetyl-3-methoxyaniline and 3'-methoxybenzoyl chloride; amor
phous; lH NMR (DMSO-d6) & 3.85,3.87 (both s, 3 H, each, OCH3 
X 2), 6.34 (d, J = 1.4 Hz, 1 H, H-3), 7.14 (dd, J = 2.0, 8.0, Hz, 
1 H, H-4'), 7.32 (dd, J = 2.9, 9.0 Hz, 1 H, H-7), 7.35 (d, J = 2.0 
Hz, 1 H, H-2'), 7.38 (br d, J = 8.0 Hz, 1 H, H-6'), 7.49 (t, J = 2.9 
Hz, 1H, H-5), 7.50 (d, J = 2.9 Hz, 1 H, H-5), 7.73 (d, J = 9.0 Hz, 
1 H, H-8); IR (KBr) 3100,1600 cm-1. Anal. C, H, N. 

2-(2-Pyrrolyl)-6,7-(methylenedioxy)-2-phenyl-4-quino-
lone (38): obtained from 2-amino-4,5-(methylenedioxy)-N,N-
diethylbenzoylamide and 2-acetylpyrrole; amorphous; XH NMR 
(DMSO-d6) 6 6.13 (s, 2 H, OCH20), 6.26 (dd, J = 2.1, 3.5 Hz, 1 
H, H-4'), 6.37 (s, 1 H, H-3), 6.94 (br s, 1 H, H-3'), 7.05 (br s, 1 
H, H-5'), 7.15 (s, 1 H, H-8), 7.35 (s, 1H, H-5), 11.09,11.65 (both 
s, 1 H each NH X 2); IR (KBr) 3310, 3080,1620 cm-1. Anal. C, 
H, N. 

2-(2-Furyl)-6,7-(methylenedioxy)-2-phenyl-4-quinolone 
(39): obtained from 2-amino-4,5-(methylenedioxy)-N,N-dieth-
ylbenzoylamide and 2-acetylfuran; amorphous; JH NMR (CDCI3) 
6 6.20 (s, 2 H, OCH20), 6.51 (br s, 1 H, H-4'), 6.96 (s, 1 H, H-3), 
7.12 (s, 1 H, H-8), 7.13 (d, J = 3.5 Hz, 1 H, H-3'), 7.29 (s, 1 H, 
H-5), 7.54 (br s, 1H, H-5'), 12.81 (br s, 1H, NH); IR (KBr) 3100, 
1620 cm-1. Anal. C, H, N. 

2-(2-Thienyl)-6,7-(methylenedioxy)-2-phenyl-4-quino-
lone (40): obtained from 2-amino-4,5-(methylenedioxy)-iV^V-
diethylbenzoylamide and 2-acetylthiophene; amorphous; 1H 
NMR (CDCI3 and CD3OD) 6 6.12 (s, 2 H, OCH20), 6.60 (s, 1 H, 
H-3), 7.15 (s, 1 H, H-8), 7.21 (dd, J = 3.5, 5.0 Hz, 1 H, H-4'), 7.57 
(s, 1 H, H-5), 7.59 (d, J = 5.0 Hz, 1H, H-5'), 7.73 (d, J = 3.5 Hz, 
1 H, H-3'); IR (KBr) 3060,1600 cm"1; MS m/z 271 (M+). Anal. 
C, H, N, S. 

2-(3-Indolyl)-6,7-(methylenedioxy)-2-phenyl-4-quino-
lone (41): obtained from 2-amino-4,5-(methylenedioxy)-iVJV-
diethylbenzoylamide and 3-acetylindole; amorphous; XH NMR 

(DMSO-de) « 6.14 (s, 2 H, OCH20), 6.31 (s, 1 H, H-3), 7.17 (s, 1 
H, H-8), 7.19,7.24 (both t, J = 7.5 Hz, 1 H each, H-5', H-6'), 7.41 
(s, 1 H, H-5), 7.53 (d, J = 7.5 Hz, H-7'), 7.85 (d, J = 7.5 Hz, 1 
H, H-4'), 8.01 (d, J = 1.5 Hz, 1 H, H-2'); IR (KBr) 3400, 3100, 
1610 cm-1. Anal. C, H, N. 

6,7-(Methylenedioxy)-2-styryl-4-quinolone (46): obtained 
from 2-amino-4,5-(methylenedioxy)-iV^V-diethylbenzoylamide 
and cinnamoyl chloride; amorphous; : H NMR (DMSO-de) & 6.15 
(s, 2 H, OCH20), 6.27 (s, 1H, H-3), 7.08 (d, J = 20.0 Hz, 1H, H-b 
of vinyl), 7.37 (s, 1 H, H-8), 7.41 (t, J = 7.2 Hz, 1 H, H-4'), 7.46 
(t, J = 7.2 Hz, 2 H, H-3', H-5'), 7.56 (d, J = 20.0 Hz, 1 H, H-a 
of vinyl), 7.65 (d, J = 7.2 Hz, 2 H, H-2', H-6'). Anal. C, H, N. 

2,3-Ethano-6,7-(methylenedioxy)-2-phenyl-4-quinolone 
(47): obtained from 2-amino-4,5-(methylenedioxy)-iV,iV-dieth-
ylbenzoylamide and a-tetralone; amorphous; XH NMR (CDCI3) 
8 2.82 (m, 4 H, CH2CH2), 5.89 (s, 2 H, OCH20), 7.26 (s, 1H, H-8), 
7.30 (s, 1 H, H-5), 7.31 (d, J = 7.5, H-3'), 7.39, 7.50 (both t, J = 
7.5 Hz, 1 H each, H-4', H-5'), 7.95 (d, J = 7.5 Hz, H-6'), 12.58 (s, 
1 H, NH); IR (KBr) 3140,1610 cm-1; MS m/z 291 (M+). Anal. 
C, H, N. 

2',3-Ethano-6,7-(methylenedioxy)-4'-methoxy-2-phenyl-4-
quinolone (48): obtained from 2-amino-4,5-(methylenedioxy)-
iV^V-diethylbenzoylamide and 6-methoxytetralone; amorphous; 
m NMR (DMSO-de) « 2.70, 2.80 (both m, 2 H each, CH2CH2), 
3.84 (s, 3 H, OCH3), 6.13 (s, 2 H, OCH20), 6.98 (d, J = 2.0 Hz, 
1H, H-3'), 7.01 (dd, J = 2.0,8.5 Hz, 1H, H-5'), 7.25 (s, 1H, H-8), 
7.40 (s, 1 H, H-5), 7.92 (d, J = 8.5 Hz, 1 H, H-6'), 11.25 (br s, 1 
H, NH); IR (KBr) 3040,1610 cm-1. Anal. C, H, N. 

2,3-Propano-6,7-(methyIenedioxy)-2-phenyl-4-quino-
lone (49): obtained from 2-amino-4,5-(methylenedioxy)-iV,iV-
diethylbenzoylamide and benzosuberone; amorphous; : H NMR 
(CDCI3) S 2.22 (t, J = 6.9 Hz, 2 H, CiJ.jCH2CH2), 2.60 (t, J = 6.9 
Hz, 2 H, CH2CH2Cif2), 3.37 (m, 2 H, CHjCtfjCHs), 6.13 (s, 1 H, 
OCH20), 7.35 (dd, J = 1.0,7.5 Hz,-3'), 7.37 (s, 1H, H-8), 7.45 (dt, 
J = 7.5 Hz, 2 H, H-4', H-5'), 7.59 (dd, J = 1.0,7.5 Hz, H-6'), 7.69 
(s, 1 H, H-5); IR (KBr) 3140,1610 cm-1. Anal. C, H, N. 

Method B. Preparation of 2-Fluoro-6,7-(methylene-
dioxy)-2-phenyl-4-quinolone (22). 2-Acetyl-4,5-(methylene-
dioxy)aniline (3.0 mmol) was dissolved in 20 mL of THF and 10 
mL of triethylamine. The mixture was cooled in an ice bath. A 
solution of 2-fluorobenzoyl chloride (3.0 mmol) was added 
dropwise. After 30 min at 0 °C, the mixture was stirred at room 
temperature overnight and poured onto 50 mL of ice water. The 
precipitate was collected and washed successively with water 
(several times) and MeOH. The solid was dried in a vacuum and 
then suspended in 20 mL of tert-butyl alcohol. Potassium tert-
butoxide (1.17g, 10.5 mmol) was added, and the mixture was 
heated under argon at 70 °C for 10-24 h. The mixture was cooled 
and poured onto 30 mL of aqueous ammonium chloride solution. 
The solid was collected and washed successively with water and 
a mixture of CHCI3 and MeOH (1:10). The crude product was 
recrystallized from a mixture of CHCI3 and MeOH (20:1) or from 
DMF: lH NMR (DMSO-d6) & 6.11 (s, 1 H, H-3), 6.17 (s, 2 H, 
OCH20), 7.09 (s, 1 H, H-8), 7.43 (s, 1H, H-5), 7.44 (m, 2 H, H-3', 
H-6'), 7.62, 7.69 (both t, J = 7.5 Hz, 1 H each, H-4', H-5'); IR 
(KBr) 3440, 1622 cm-1; MS m/z 283 (M+). Anal. C, H, N. 

2-Chloro-6,7-(methylenedioxy)-2-phenyl-4-quinolone 
(23): obtained from 2-amino-4,5-(methylenedioxy)acetophenone 
and 2-chlorobenzoyl chloride; XH NMR (DMSO-dfl) S 5.95 (s, 1 
H, H-3), 6.16 (s, 2 H, OCH20), 7.02 (s, 1 H, H-8), 7.42 (s, 1 H, 
H-5), 7.60 (m, 4 H, H-3',4',5',6'); IR (KBr) 3440,1615 cm"1. Anal. 
C, H, N. 

Method C. Preparation of Quinolones 32-35 and 42-45. 
The following compounds were prepared according to the method 
reported in a previous paper.14 

4',6-Dimethoxy-2-phenyl-4-quinolone (32): obtained from 
p-methoxyaniline and ethyl 4'-methoxybenzoyl acetate; amor
phous; JH NMR (CDCI3 and CD3OD) 5 3.90, 3.93 (both s, 3 H 
each, OCH3 X 2), 6.57 (s, 1H, H-3), 7.06 (d, J = 8.5 Hz, 2 H, H-3', 
H-5'), 7.29 (dd, J = 2.5, 9.0 Hz, 1 H, H-7), 7.63 (d, J = 9.0 Hz, 
1 H, H-8), 7.69 (d, J = 2.5 Hz, 1 H, H-5), 7.70 (d, J = 8.5 Hz, 2 
H, H-2', H-6'); IR (KBr) 3450, 1608 cm-1. Anal. C, H, N. 

4'-Hydroxy-6-methoxy-2-phenyl-4-quinolone (33): ob
tained as a byproduct from the synthesis of 31; needles; JH NMR 
(CDCI3 and CD3OD) S 3.64 (s, 3 H, OCH3), 6.27 (s, 1H, H-3), 6.67 
(d, J = 8.5 Hz, 2 H, H-3', H-5'), 7.00 (dd, J = 2.0, 9.0 Hz, 1 H, 
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H-7), 7.34 (d, J = 8.5 Hz, 2 H, H-2', H-6'), 7.36 (d, J = 9.0 Hz, 
1 H, H-8), 7.38 (d, J = 2.0 Hz, 1 H, H-5); IR (KBr) 3440, 1620 
cm-1. Anal. C, H, N. 

4-Methoxy-6-chloro-2-phenyl-4-quinolone(34): obtained 
from p-chloroaniline and ethyl 4'-methoxybenzoyl acetate; amor
phous; m NMR (DMSO-d6) S 3.35 (s, 3 H, OCH3), 6.90 (d, J = 
8.5 Hz, 2 H, H-3', H-5'), 7.70 (dd, J = 2.0,9.0 Hz, 1H, H-7), 7.96 
(s, 1 H, H-3), 7.98 (d, J = 9.0 Hz, 1 H, H-8), 8.06 (d, J - 2.0 Hz, 
1 H, H-5), 8.12 (d, J = 8.5 Hz, 2 H, H-2', H-6'), 9.89 (br s, 1 H, 
NH); IR (KBr) 3450, 1600 cm"1. Anal. C, H, N. 

4'-Methoxy-7-fluoro-2-phenyl-4-quinolone (35): obtained 
from m-fluoroaniline and ethyl 4'-methoxybenzoyl acetate; 
amorphous; JH NMR (DMSO-d6) « 3.38 (s, 3 H, OCH3), 6.90 (d, 
J = 8.0 Hz, 2 H, H-3', H-5'), 7.44 (dt, J = 2.5,10.0 Hz, 1H, H-6), 
7.67 (dd, J = 2.5,10.0 Hz, 1 H, H-8), 7.89 (s, 3 H, H-3), 8.09 (dd, 
J = 6.0, 9.0 Hz, 1 H, H-5), 8.11 (d, J = 8.0 Hz, 2 H, H-2', H-6'), 
9.90 (s, 1 H, NH); IR (KBr) 3450, 1625 cm"1. Anal. C, H, N. 

7-Fluoro-2-(2-pyridyl)-4-quinolone (42): obtained from 
m-fluoroaniline and ethyl pyrid-2-yl acetate; needles; *H NMR 
(CDC13) d 6.96 (s, 1 H, H-3), 7.13 (dt, J = 2.4, 8.8 Hz, 1 H, H-6), 
7.39 (dd, J = 2.4, 9.2 Hz, 1 H, H-8), 7.50 (dd, J = 5.0, 7.8 Hz, 1 
H, H-5'), 7.95 (dt, J - 1.6,7.8 Hz, 1H, H-4'), 8.07 (d, J = 7.8 Hz, 
1 H, H-3'), 8.32 (dd, J = 2.4, 8.8 Hz, 1 H, H-5), 8.75 (br d, J = 
5.0 Hz, 1 H, H-6'); IR (KBr) 3440,1635 cm-1. Anal. C, H, N. 

5-Fluoro-2-(2-pyridyl)-4-quinolone (43): obtained from 
m-fluoroaniline and ethyl pyrid-2-yl acetate; amorphous; XH NMR 
(CDCI3) & 6.90 (s, 1H, H-3), 6.98 (dd, J = 8.3,11.5 Hz, 1H, H-6), 
7.46 (d, J = 8.3 Hz, 1H, H-8), 7.49 (d, J = 5.0,7.8 Hz, 1H, H-5'), 
7.59 (dt, J = 5.2, 8.3 Hz, 1 H, H-7), 7.94 (dt, J = 1.6, 7.8 Hz, 1 
H, H-4'), 8.05 (d, J = 7.8 Hz, 1 H, H-3'), 8.75 (br d, J = 5.0 Hz, 
1 H, H-6'); IR (KBr) 3440, 1635 cm-1. Anal. C, H, N. 

6-Methoxy-2-(2-pyridyl)-4-quinolone (44): obtained from 
p-methoxyaniline and ethyl pyrid-2-yl acetate; needles; XH NMR 
(CDCI3) 5 6.95 (s, 1 H, H-3), 7.29 (dd, J = 2.8,8.9 Hz, 1 H, H-7), 
7.44 (dd, J - 5.0,8.0 Hz, 1H, H-5'), 7.47 (d, J = 8.9 Hz, 1H, H-8), 
7.77 (d, J = 2.8 Hz, 1H, H-5), 7.89 (dt, J = 1.5,8.0 Hz, 1H, H-4'), 
7.98 (d, J = 8.0 Hz, 1 H, H-3'), 8.71 (br d, J = 5.0 Hz, 1 H, H-6'), 
10.41 (s, 1H, NH); IR (KBr) 3460,1605 cm"1; MS m/z 252 (M+). 
Anal. C, H, N. 

6-Chloro-2-(2-pyridyl)-4-quinolone (45): obtained from 
p-chloroaniline and ethyl pyrid-2-yl acetate; needles; JH NMR 
(CDCI3 and CD3OD) S 6.82 (s, 1 H, H-3), 7.35 (dd, J = 4.8, 7.8 
Hz, 1 H, H-5'), 7.47 (dd, J - 2.0, 8.8 Hz, 1 H, H-7), 7.56 (d, J = 
8.8 Hz, 1 H, H-8), 7.80 (dt, J = 1.6, 7.8 Hz, 1 H, H-4'), 7.92 (d, 
J = 7.8 Hz, 1 H, H-3'), 8.11 (d, J = 2.0 Hz, 1 H, H-5), 8.61 (br 
d, J = 4.8 Hz, 1H, H-6'); IR (KBr) 3450,1630 cm"1; MS m/z 256 
(M+). Anal. C, H, N. 

Biochemical Assays. Electrophoretically homogeneous bo
vine brain tubulin was purified as described previously.39 

Combretastatin A-4 was a generous gift of Dr. G. R. Pettit, Arizona 
State University. Dihydrocombretastatin A-4 was prepared as 
described previously.26 [3H] Colchicine was from DuPont, non-
radiolabeled colchcine from Sigma, podophyllotoxin from Aldrich, 
and monosodium glutamate from USB. The binding of radio
labeled colchicine to tubulin was measured by the DEAE-cellulose 
filter technique, as described previously.14 Reaction mixtures 
contained 1.0 uM tubulin, 5.0 11M [3H] colchicine, and 5.0 ^M 
potential inhibitor. 

The tubulin-polymerization assay was performed as described 
previously, except for a modification in reaction conditions.40 

With an increasing number of colchicine-site compounds, we have 
observed atypical patterns of turbidity development, apparent 
persistence of polymerization reactions at high drug concentra
tions, and altered stability of polymer formed in the presence of 
drug14,26'40 under reaction conditions we have used in the past 
(1.0 M monosodium glutamate, 1.0 mM MgCl2, 37 °C). As a 
consequence, IC50 values for tubulin polymerization could not be 
obtained for a substantial number of agents without altering 
reaction conditions. Thus far, we have not had problems with 
the reaction conditions used here, but the modifications intro
duced have led to substantially lower IC50 values for all inhibitory 
compounds.86'40 

In brief, tubulin at 1.2 mg/mL (12 uM) was preincubated for 
15 min at 26 °C in a 0.24-mL volume of 0.8 M monosodium 
glutamate (pH 6.6 with NaOH in a 2 M stock solution) with 
varying drug concentrations. The drug stock solutions were in 

dimethyl sulfoxide, and the final solvent concentration was 4% 
(v/v). Atomic absorption spectroscopy indicated the Mg2+ 

concentration of the reaction mixtures was about 35 nM (26-27 
MM from the glutamate, 8-9 fiM from the tubulin), but no 
exogenous magnesium was added. All concentrations are in terms 
of the final reaction volume (0.25 mL). The reaction mixtures 
were chilled on ice, and 10 ixL of 10 mM GTP was added to each 
reaction mixture. Samples were transferred to cuvettes held at 
0 °C by an electronic temperature controller in Gilford spec
trophotometers. Base lines were established at 350 nm, and 
polymerization was initiated by a temperature jump to 26 °C. 
The jump took about 50 s to complete. After 20 min, turbidity 
readings were recorded and the temperature controller was set 
toO°C. Whendepolymerizationwascomplete.turbidityreadings 
were again recorded. Generally, turbidity readings were about 
90 % cold-reversible, and the cold-reversible turbidity was taken 
to represent the extent of assembly for each reaction mixture. 
ICw values were obtained graphically from inhibition of polym
erization by different drug concentrations. Four spectropho
tometers were used for each experimental sequence, with two 
control reactions (no drug) in each set. Generally the control 
reactions were within 5% of their average. A minimum of three 
independent IC50 values were obtained for each drug, except that 
inactive compounds were usually evaluated only two times. In 
most cases, ICW values obtained with this polymerization assay 
are highly reproducible. Generally, standard deviations were 
within 20% of the mean values, but with some compounds, the 
standard deviations were 30-35% of the mean. Therefore, we 
can conservatively estimate that a 50% difference in IC50 values 
represents a difference in the relative activity of two agents. 
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