BIOORGANIC &
MEDICINAL
CHEMISTRY

science (@)oineet:

Pergamon

Bioorganic & Medicinal Chemistry 11 (2003) 1511-1519

Synthesis and Cytotoxicity Evaluation of 2-Amino- and
2-Hydroxy-3-ethoxycarbonyl-/V-substituted-benzo|f]indole-4,9-dione
Derivatives

Hyun-Jung Lee,® Myung-Eun Suh®* and Chong-Ock Lee®

aDepartment of Medicinal Chemistry, College of Pharmacy, Ewha Woman's University, Seoul 120-750, South Korea
bPharmaceutical Screening Division, Korea Research Institute of Chemical Technology, Taejon 305-606, South Korea

Received 29 November 2002; accepted 20 January 2003

Abstract—Reaction between 2,3-dichloronaphthoquinone (I) and ethyl cyanoacetate or diethyl malonate under different conditions
gave the starting materials, 2-chloro-3-(a-cyano-a-ethoxycarbonyl-methyl)-1,4-naphthoquinone (A) or 2-chloro-3-(diethoxy-
carbonyl-methyl)-1,4-naphthoquinone (B). The 2-amino-3-ethoxycarbonyl-N-substituted-benzo[f]indole-4,9-dione derivatives [A-
(1-10)] and 2-hydroxy-3-ethoxycarbonyl-N-substituted-benzo[f]indole-4,9-dione derivatives [B-(1-12)] were prepared from com-
pounds A and B, respectively, by using various alkyl-, and arylamines. The cytotoxic activities of the prepared compounds were
evaluated by SRB (Sulforhodamine B) assay against the following tumor cell lines: A459 (human lung), SK-OV-3 (human ovarian),
SK-MEL-2 (human melanoma), XF498 (human CNS), and HCT 15 (human colon). Many of the derivatives mentioned exhibited
more potent cytotoxic effects against SK-OV-3 and XF498 than etoposide. Significantly, 2-amino-3-ethoxycarbonyl-N-(3-methyl-
phenyl)-benzo[f]indole-4,9-dione (A-8) showed potent activity against all tumor cell lines, and in particular, its cytotoxic effect
against SK-OV-3 was much higher than doxorubicin.

© 2003 Elsevier Science Ltd. All rights reserved.

Introduction

The aminoquinones are a subject of interest because of
their remarkable anticancer activities.!2 Moreover, the
planar tri- and tetracyclic quinones, such as adriamycin
have been found to act as intercalating agents.? It is also
known that benzo[f]indole-4,9-dione derivatives posses
versatile pharmacological activities, which include,
anticancer, virus-static, antibacterial, tuberculostatic,
antinaphylastatic, fungicidic, and anticoagulant
effects.*"!? Kinamycin A, B, C, and D (Fig. 1) are anti-
biotics that contain the benzo[f]lindole-4,9-dione struc-
ture, a heterocycle with a pyrrole ring attached to 1,4-
naphthoquinone.'? Tolypomycin, mitomycin C, porfiro-
mycin, actinomycin, rifamycin, and geldanamycin are
examples of currently used antibiotics of this type.'4~!8

The antitumor activities of quinone derivatives have
been thoroughly studied, and it is known that they act
as topoisomerase inhibitors via DNA intercalation and
by consuming oxido-reductase (DT-diaphorase), due to
quinone reduction.!®~22

*Corresponding author: Tel. +82-2-3277-3040; fax: +82-2-3277-
3051; e-mail: suh@mm.ewha.ac.kr

According to the theory of Moore*® and Pindur,?* the
DNA:-intercalating molecule must have a planar tricyclic
or tetracyclic ring, of length 3—4 A and width 6-8 A. It must
also have a p-conjugated quinone containing nitrogen as
this enables hydrogen bonding with DNA. The structure of
benzolf]indole-4,9-dione shown in Figure 2 illustrates a
planar tri-heterocyclic ring of width 7.161 A (C2—C7)and a
p-conjugated ketone group. Therefore, the compounds
prepared during the present study are fully consistent with
the conditions prescribed for intercalator species.
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Kinamycin A COCH3; COCH; COCH; H

KinamycinB H COCH; H H
Klnamycin C COCH; H COCH; COCH3
Kinamycin D COCH; H COCH; H

Figure 1. Structures of kinamycin A, B, C, and D.
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Recently, the synthesis of benzo[f]indole-4,9-diones was
reported by Suh.?> The compound 1 was formed when 2,3-
dichloro-1,4-naphthoquinone (I) was reacted in sodium
ethoxide with ethyl acetoacetate. Further reaction with
various amines converts compound (1) to 2-amiono-3-(o-
aceto-a-ethoxycarbonyl-methyl)-1,4-naphthoquinone (2).
In the presence of sodium ethoxide, the nitrogen of the
amino group attacks the carbonyl group of the ester,
causing compound (2) to undergo an intramolecular cycli-
zation to yield compound (3), which has a hydroxy group
at 2-position of benzo[f]indole-4,9-dione (Scheme 1).

In this study, we designed and synthesized a new series
of  benzo[flindole-4,9-dione  derivatives. Reaction
between 2,3-dichloronaphthoquinone (I) and ethyl cya-
noacetate or diethyl malonate under different conditions
gave the starting materials, 2-chloro-3-(a-cyano-o-
ethoxycarbonyl-methyl)-1,4-naphthoquinone (A)?° or 2-

o)
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Figure 2. Structure and dimensions (/D%) of benzo[flindole-4,9-dione.
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Scheme 1. The synthetic scheme of 2-hydroxy-3-methylcarbonyl-N-
substituted-benzo[flindole-4,9-dione derivatives (3).

chloro-3-(diethoxycarbonyl-methyl)-1,4-naphthoquinone
(B),%” respectively. Derivatives of 2-amino-3-ethoxy-
carbonyl- N-substituted-benzo[f]indole-4,9-dione [A-(1—
10)] and 2-hydroxy-3-ethoxycarbonyl-N-substituted-
benzo[f]indole-4,9-dione [B-(1-12)] were then prepared
by reacting compounds A and B, respectively, with var-
ious amines (Scheme 2). Prepared compounds were
evaluated for cytotoxic activity by using a SRB (Sulfor-
hodamine B) assay against the following cancer cell
lines: A459 (human lung), SK-OV-3 (human ovarian),
SK-MEL-2 (human melanoma), XF498 (human CNS),
and HCT 15 (human colon) and their activities com-
pared with clinically available anticancer agents, such
as, doxorubicin and etoposide.

Results and Discussion

Synthetic chemistry

2-Chloro-3-(a-cyano-a-ethoxycarbonyl-methyl)-1,4-
naphthoquinone (A) and 2-chloro-3-(diethoxycarbonyl-
methyl)-naphthoquinone-4,9-dione (B) were synthesized
as starting materials. Scheme 2 shows that reaction
between the active methylene compounds (ethyl cya-
noacetate, diethyl malonate) and 2,3-dichloro-
naphthoquinone (I) required different base catalysts,
solvents and reaction conditions (i.e., time, temperature,
quantity of solvent). Several other approaches were
used to synthesize compounds A and B, but it proved
difficult to produce pure end-products. When 2,3-
dichloronaphthoquinone (I) was reacted with diethyl
malonate as an active methylene compound, under dif-
ferent reaction conditions, the products B and C were
obtained.

The structures of compounds A, B, and C were deter-
mined by IR and '"H NMR analysis. Compound A had
an absorption in the region 2240 cm~! (-CN) in the IR
spectrum, compound B showed resonances at o 1.2 (t,
6H, 2x-COOCH,CH3), and 6 4.3 (q, 4H, 2x-
COOCH,CHs3) by "TH NMR, and compound C showed
a double integral of compound B. Both compounds A
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CH
e Qe 00
NH,OH, EtOH, r-t ol
o)
A -(1-10)
o) o] cooa o]
cl COOEt COOEt
O oo ooom e, (Y
ol | NaOEt, EtOH, 50°c N" o
o) 0 R2
I B-(1-12)

COOEt
COOEt

H,CL

—ocoe - (]
NaH, THF, reflux

CH(COOE),

CH(COOE),

Scheme 2. Synthetic routes of 2-amino-3-ethoxycarbonyl- N-substituted-benzo[f]lindole and 2-hydroxy-3-ethoxycarbonyl- N-substituted-benzo[flindole.
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and B were positive by Beilstein’s test,?® and therefore,
contained chloride, but compound C was negative by
the same test because both chlorides had been sub-
stituted by the diethyl malonate.

When 2-chloro-3-(a-cyano-a-ethoxycarbonyl-methyl)-
1,4-naphthoquinone (A) was reacted with amines in the
presence of tricthylamine, as a base catalyst, nucleo-
philic substitution occurred, and 2-alkylamino-3-(a-
cyano-a-ethoxycarbonyl-methyl)- 1,4-naphthoquinone,
the probable intermediate, underwent transient ring-
formation to give the compounds A-1-A-10. The reac-
tion mechanism seems to involve an intramolecular
cyclization as shown in Scheme 3. Chemical structures
of the 2-amino-3-ethoxycarbonyl-N-substituted-benzo
[flindole-4,9-diones were confirmed by IR and NMR.
Doublet absorption at 3400-3500 cm~' in the IR spec-
trum and at & 6.5-7.0 (s, 2H, —NH,) in the NMR
spectrum indicated the presence of a primary amine,
thereby suggesting a closed ring structure. With
increasing amine size, yields decreased and reaction time
increased, which is believed to be related to the steric
effect of the R amino group. When R was aryl, triethy-
lamine had to be employed to form the ring-closed
compound. On the other hand, when R was alkyl, the
triethylamine was not required to form the closed ring.
However, when triethylamine was employed as the cat-
alyst, the reactivity of the amines improved, which in
practice meant higher yields and shorter reaction times.
Since it appeared that this catalytic effect was basicity
related, it seemed reasonable to expect that compound
A would react with arylamines under basic conditions to
give cyclized compounds. The basic catalysts examined
were ammonia solution, NaOH, KOH, triethylamine,
pyridine, and sodium ethoxide. Triethylamine proved
the most efficient basic catalyst examined.

When 2-chloro-3-(a-cyano-a-ethoxycarbonyl-methyl)-
1,4-naphthoquinone (A) was reacted with the arylamines
(p-anisidine or p-bromoaniline) without triethylamine in
refluxing ethanol, 2-N-(4-methoxy-phenylamino)- and 2
- N-(4-bromo - phenylamino) - 3 - (& - cyano - o - ethoxy-
carbonyl-methyl)-1,4-naphthoquinone (D, E) were pre-
pared via nucleophilic substitution, and no cyclization
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i CHC
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occurred (Scheme 5). When pyridine was used as cata-
lyst, the reactivity of the arylamines was enhanced,
which does not imply ring-closure. We believe that pyr-
idine accelerates the substitution reaction rate by
entrapping the HCI evolved. We took several different
approaches to prepare the closed ring products from
compounds D and E, but unfortunately we failed to
produce pure forms of 2-amino-3-ethoxycarbonyl-N-
aryl-benzo[f]indole-4,9-naphthoquinones.

The proposed mechanism of the reaction between
2-chloro-3-(diethoxycarbonyl-methyl)-naphthoquinone-
4,9-dione (B) with amine is illustrated in Scheme 4. The
reactions between B and alkylamines produced closed
ring compounds independently of the presence of tri-
ethylamine. Moreover, reactions of B with 3-hydroxy-
propylamine, cyclopropylamine, furfurylamine, and
trans-4-amino-cyclohexanol gave closed ring com-
pounds (B-1, B-3, B-5, and B-7) at room temperature.

In vitro antitumor activity evaluation by SRB assay

The newly obtained derivatives of benzo[f]lindole-4,9-
dione were evaluated for cytotoxic activity to cancer cell
lines at the Korea Research Institute of Chemical
Technology by using the sulforhodamine B (SRB)
assay.?>3% This method was developed for measuring
cellular culture protein content, and involves tumor cell
lines representing five different cancer types, namely,
A549 (human lung), SK-OV-3 (human ovarian), SK-
MEL-2 (human melanoma), HCT 15 (human colon),
and XF 498 (human CNS).

Cells were maintained as stocks in RPMI 1640 (Gibco)
supplemented with 10% fetal bovine serum (Gibco), and
cultures were passaged once or twice a week using
trypsin-EDTA to detach the cells from their culture
flasks.

Rapidly growing cells were harvested, counted, and
incubated at the appropriate concentration (1-2x10*
cells/well) in 96-well micro plates. After being incubated
for 24 h, the compounds, dissolved in culture medium,
were applied to the culture wells in triplicate and

COOEt
COOEt
N

R1=cyclopropyl
R1=(CH,),0OCH3
R1=(CH,),OH

R1= butyl
R1=p-OH-cyclohexyl
R1=p-ethylphenyl
R1=3,4-dimethylphenyl
R1=3-methylphenyl
R1=3-methoxyphenyl

A-10 R1=3,4-(methyenedioxy)phenyl

Scheme 3. Proposed mechanism of 2-amino-3-ethoxycarbonyl-N-substituted-benzo[f]indole-4,9-dione derivatives.
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Scheme 4. Proposed mechanism of 2-hydroxy-3-ethoxycarbonyl- N-substituted-benzo[f]indole-4,9-dione derivatives.
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Scheme 5. Structures of 2-N-(4-methoxy-phenylamino)- and 2-N-(4-

bromo-phenylamino)-3-(a-cyano-a-ethoxycarbonyl-methyl)-1,4-naph-
thoquinone (D, E).

incubated for 48 h at 37°C under a 5% CO, atmo-
sphere. The cultures were fixed with cold TCA and
stained with 0.4% SRB dissolved in 1% acetic acid.
After solubilizing the bound stain with 10 mL of
unbuffered tris base solution (pH 10.5) using a gyratory
shaker, absorbance at 520 nm was measured with a
microplate reader (Molecular Devices E-max, Sunny-
vale, USA). Cytotoxic activity was evaluated by mea-
suring the concentration of a compound that was
required to inhibit protein synthesis by 50% (i.e., EDs)
as comparison. Each value shown in Table 1 represents
the mean of triplicate experiments.

Many compounds prepared in this study: 2-chloro-3-(a-
cyano-o-ethoxy-carbonyl-methyl)-1,4-naphthoquinone
(A), 2-chloro-3-(diethoxycarbonyl-methyl)-naphthoqui-
none-4,9-dione (B), 2,3-di(diethoxycarbonyl-methyl)-
1,4-naphthoquinone (C), 2-amino-3-ethoxycarbonyl-N-
(4-hydroxy-cyclohexyl)-benzo[f]indole-4,9-dione  (A-5),
2-amino-3-ethoxy-carbonyl- N-(3-methyl-phenyl)-ben-
zo|[f]indole-4,9-dione (A-8), 2-amino-3-ethoxycarbonyl-
N-(3-methoxy-phenyl)-benzo[f]indole-4,9-dione  (A-10),
2 - hydroxy - 3 - ethoxycarbonyl - N - cyclohexyl - benzo
[flindole-4,9-dione (B-6), 2-hydroxy-3-ethoxycarbonyl-
N-(3-methyl-phenyl)-benzo[flindole-4,9-dione  (B-10),
showed more potent cytotoxic activity against human
ovarian tumor cells (SK-OV-3) and CNS tumor cells
(XF 498) than etoposide. Of the above mentioned com-
pounds, both compounds A and A-8 exhibited inhibited
SK-OV-3 more than doxorubicin, and the cytotoxic

activities of compounds A, A-8, and B-6 to A 549 cell
line; A, C, and A-8 to SK-MEL-2 cell line; and A, C,
A-8, and B-6 to HCT 15 cell line were greater than that
of etoposide.

Summarizing, compounds A, A-8, and B-6 exhibited
greater cytotoxic activity upon the growth of a wide
variety of human tumor cell lines in vitro than those of
etoposide. In particular, the EDs, values of A-8 to all
tumor cell lines were much lower than those of etopo-
side and similar to those of doxorubicin. Moreover, the
cytotoxicity of A-8 against human ovarian tumor cells

Table 1. EDs, of benzol[f]indole-4,9-dione derivatives
Compd EDsp (pg/mL)

A549 SK-OV-3 SK-MEL-2 XF 498 HCT 15
Doxorubicin  0.03 0.18 0.03 0.11 0.05
Etoposide 0.65 2.08 0.71 1.48 0.78
A 0.34 0.16 0.13 0.27 0.10
A-1 >30 >30 >30 >30 >30
A-2 >30 >30 >30 >30 >30
A-4 >30 >30 >30 >30 >30
A-5 1.42 1.20 1.00 2.49 2.13
A-6 >30 >30 >30 >30 >30
A-7 >30 >30 >30 >30 >30
A-8 0.07 0.04 0.05 0.09 0.07
A-9 1.25 0.68 0.78 1.46 1.74
A-10 >30 >30 >30 >30 >30
B 1.99 1.07 1.07 1.48 1.01
B-1 >30 >30 >30 >30 >30
B-2 1.00 2.34 1.59 1.47 2.22
B-3 6.56 9.26 8.20 8.03 9.27
B-4 5.77 4.63 3.18 8.81 8.72
B-5 2.42 3.19 2.08 2.35 3.46
B-6 0.61 0.78 0.81 0.75 0.71
B-7 12.08 9.53 6.41 18.67 9.25
B-8 24.94 16.37 12.69 25.85 23.00
B-10 1.01 1.21 1.20 1.67 1.21
B-12 6.79 9.67 6.81 8.88 6.26
C 1.39 0.59 0.68 1.02 0.83
D >30 >30 >30 >30 >30
E >30 >30 >30 >30 >30
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(SK-OV-3) (EDsy=0.04 pg/mL) was 4-5 times greater
than that of doxorubicin (ED5y,=0.18 ng/mL).

Generally, compounds possessing an amino group at
the 2-position of benzo[f]indole-4,9-dione showed more
cytotoxic activity than those with a hydroxy group at
the same position.

Conclusion

Reactions of 2,3-dichloronaphthoquinone (I) with ethyl
cyanoacetate or diecthyl malonate under different
conditions gave the starting materials, 2-chloro-3-(a-
cyano-a-ethoxycarbonyl-methyl)-1,4-naphthoquinone (A)
or 2-chloro-3-(diethoxycarbonyl-methyl)-1,4-naphthoqui-
none (B), respectively. When the starting materials, com-
pound A or B was reacted with various amines,
nucleophilic substitution occurred, followed by intramole-
cular cyclization to give the 2-amino-3-ethoxycarbonyl-N-
substituted-benzo[flindole-4,9-dione derivatives [A-(1-10)]
or the 2-hydroxy-3-ethoxycarbonyl-N-substituted-benzo
[flindole-4,9-dione derivatives [B-(1-12)], respectively.

The cytotoxicities of the prepared compounds were
evaluated by using a SRB assay versus doxorubicin and
etoposide. Many of the compounds prepared showed
more potent cytotoxic activity to human ovarian cancer
cells (SK-OV-3) and CNS cancer cells (XF498) than eto-
poside. Compounds A, A-8, and B-6 proved to be potent
cytotoxic agents against all tumor cell lines. In particular,
the cytotoxic activity of 2-amino-3-ethoxycarbonyl-N-(3-
methyl-phenyl)-benzo[f]indole-4,9-dione  (A-8) against
human ovarian tumor cells (SK-OV-3) was 4-5 times
higher than that of doxorubicin.

Generally, compounds possessing an amino at the
2-position of benzo[f]indole-4,9-dione had greater cyto-
toxicities than those with a hydroxy group at the same
position. We believe that these compounds have the
potential to become valuable anticancer agents and that
they should be tested for in vivo antitumor activity in
human cancer xenograft models.

Experimental

Materials and methods

The reagents and the solvents used in this study were of
analytical grade and were used without further purifica-
tion. Infrared spectra were recorded on a Perkin—Elmer
Model 1420 Infrared Spectrophotometer using a pressed
KBr pellet. '"H NMR spectra were analyzed using a Var-
ian Unity Innova 400 (9.4 T) Spectrometer in CDCl; using
trimethylsilane as an internal standard. Melting points
were determined using an Electrothermal Digital Melt-
ing Point Apparatus and are uncorrected. Elementary
analysis was performed on a Thermoquest (CE Instru-
ments) EA 1110 elemental analyzer. TLC was con-
ducted on plastic plates precoated with Kieselgel 60
F-254 (0.2 nm, Merck), under an UV 254nm lamp.
Most reagents were purchased from Aldrich and Merck.

2-Chloro-3-(x-cyano-oc-ethoxycarbonyl-methyl)-1,4-naph-
thoquinone (A). To a solution of 2,3-dichloro-
naphthoquinone (I) (1 g, 4.40 mmol) and ethyl
cyanoacetate 0.6 mL (5.52 mmol) in 300 mL of ethanol,
ammonia solution (40 mL) was added dropwise. The
mixture was stirred at room temperature for 20 min, dil
HCl was then added, and the ammonium chloride
formed was removed by suction. The mixture was then
extracted several times with methylenechloride, and the
organic layer was washed with water, dried with anhy-
drous MgSO,4, and concentrated. The residue was
recrystallized from methanol twice to give 860 mg
(64%) of yellow powder: mp 121°C; IR (KBr, cm™')
1680 (C=0), 2240 (CN); 'H NMR (CDCl;, d) 1.4 (t,
3H, -COOCH,CH3), 4.4 (q, 2H, -COOCH,;CH3;), 5.5
(s, 1H, C3-CH), 7.9 (m, 2H, CH, C5, C6), 8.2 (m, 2H,
CH, C4, C7). Anal. caled (C;sH(NOy): C, 59.32; H,
3.32; N, 4.61. Found: C, 59.26; H, 3.03; N, 4.65.

The general procedure for 2-amino-3-ethoxycarbonyl-/V-
substituted-benzo|f]indole-4,9-dione derivatives (A-1-A-10)

To a suspension of 2-chloro-3-(a-cyano-a-ethoxy-
carbonyl-methyl)-1,4-naphthoquinone (A) (500 mg, 1.65
mmol) in abs ethanol (50 mL), amine (about 3.3 mmol)
was added. The reaction mixture was heated under
reflux for 10-22 h, cooled, and extracted several times
with methylenechloride. The organic layer was washed
with water, dried over anhydrous MgSOy,, and con-
centrated. Finally, the crude product was crystallized
from 95% ethanol.

2-Amino-3-ethoxycarbonyl-/N-cyclopropyl-benzo[f]indole-
4,9-dione (A-1). The general procedure was followed for
a reaction time of 40 min with cyclopropylamine (0.24
mL, 3.38 mmol) as amine to give 130 mg (24%) of pur-
ple powder: mp 201°C; IR (KBr, cm~!): 1730 (C=0),
3400, 3500 (NH,); '"H NMR (CDCl;, 8) 1.0 (m, 2H,
—CHCH,CH,-), 1.3 (m, 2H, -CHCH,CH;,-), 1.5 (t, 3H,
—-COOCH,CH3), 3.2 (m, 1H, -N-CH-), 4.4 (q, 2H,
—-COOCH,CH;), 6.1 (s, 2H, -NH,), 7.6 (m, 2H, CH,
C5, C6), 8.1 (m, 2H, CH, C4, C7). Anal. calcd
(CigH1sN>,Oy): C, 66.66; H, 4.97; N, 8.64. Found: C,
66.92; H, 5.14; N, 9.02.

2-Amino-3-ethoxycarbonyl-/V-(2-methoxyethyl)-benzo-
[flindole-4,9-dione (A-2). The general procedure was fol-
lowed for a reaction time of 16 h with 2-methoxy-
ethylamine (0.3 mL, 3.4 mmol) to give 410 mg (73%) of
purple powder: mp 148°C; IR (KBr, ecm™') 1750
(C=0), 3400, 3500 (NH,); '"H NMR (CDCl;, 8) 1.5 (t,
3H, -COOCH,CHj3), 3.4 (s, 3H, -O-CHs), 3.8 (m, 2H,
~N-CH,CH,-0-), 4.4 (q, 2H, -COOCH,CH3), 4.6 (t,
2H, -NH,), 6.2 (s, 3H, -NH,, -OH), 7.6 (m, 2H, CH,
C5, C6), 8.0-8.2 (m, 2H, CH, C4, C7). Anal. calcd
(C1gH1sN>Os5): C, 63.15; H, 5.30; N, 8.18. Found: C,
62.99; H, 5.38; N, 8.18.

2- Amino-3-ethoxycarbonyl- NV-(2-hydroxypropyl)-benzo-
[flindole-4,9-dione (A-3). The general procedure was fol-
lowed for a reaction time of 21 h with triethylamine (0.5
mL) and 3-hydroxypropylamine (0.5 mL, 6.47 mmol),
and crystallized from methanol to give 140 mg (25%) of
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red-purple powder: mp 111-112°C; IR (KBr, cm™!)
1680 (C=0), 3400, 3450 (NH,), 3500 (OH); '"H NMR
(CDCl;, 6) 1.5 (t, 3H, -COOCH,CH3), 2.2 (m, 2H, —N-
CH,CH,CH,-OH), 3.7 (m, 2H, ~N-CH,CH,CH,—
OH), 4.4 (m, 2H, -N-CH,CH,CH,-OH), 4.6 (q, 2H, —
COOCH,CHj;), 6.4 (s, 3H, -NH,, -OH), 7.6 (m, 2H,
CH, C5, C6), 8.1 (m, 2H, CH, C4, C7). Anal. calcd
(C1gH1§N»O5): C, 63.15; H, 5.32; N, 8.18. Found: C,
63.14; H, 5.51; N, 7.90.

2- Amino-3-ethoxycarbonyl - V-butyl-benzo|f]indole-4,9-
dione (A-4). The general procedure was followed for a
reaction time of 16 h with n-butylamine (0.34 mL, 3.44
mmol) to give 260 mg (46%) of red powder: mp 134°C;
IR (KBr, cm~1) 1750 (C=0), 3400, 3500 (NH,); '"H NMR
(CDCl3, 9) 1.0 (t, 3H, -CH,CH,CH,CH3), 1.3 (m,
3H, -CH,CH,CH,CHj3), 1.5 (t, 3H, -COOCH,CH3),
1.8 (t, 3H, —CH,CH,CH,CH;), 4.3-4.5m, 4H, -
COOCH,CH;, -CH,CH,CH,CH3), 5.7 (s, 2H, ~-NH»),
7.6 (m, 2H, CH, C5, C6), 8.0-8.2 (m, 2H, CH, C4, C7).
Anal. caled (C19H»0N>Oy): C, 67.05; H, 5.92; N, 8.23.
Found: C, 66.38; H, 6.12; N, 8.15.

2- Amino-3-ethoxycarbonyl- V- (4-hydroxy-cyclohexyl)-
benzo[f]indole-4,9-dione (A-5). The general procedure
was followed for a reaction time of 5 h with trans-4-
amino-cyclohexanol (400 mg, 2.59 mmol) and triethy-
lamine (0.4 mL), and crystallized from ethylacetate/
n-hexane to give 90 mg (14%) of deep-red powder: mp
217°C; IR (KBr, cm™ ') 1650 (C=0), 3300, 3400 (NH,),
3500 (OH); 'H NMR (CDCl;, &) 14 (t, 3H,
—COOCH,CH3), 1.8-2.2 (m, 8H, CH,, —N-cyclo-
hexyl), 2.4 (m, 1H, -CH-OH), 3.9 (m, 1H, -N-CH-),
4.4 (q, 2H, -COOCH,CH3), 5.8 (s, 3H, —-OH, —-NH;),
7.8 (m, 2H, CH, C5, C6), 8.0 (m, 2H, CH, C4, C7).
Anal. caled (C,1H»:N505): C, 65.96; H, 5.90; N, 7.33.
Found: C, 64.51; H, 6.02; N, 6.93.

2-Amino-3-ethoxycarbonyl-/N-(4-ethyl-phenyl)-benzo|f]in-
dole-4,9-dione (A-6). The general procedure was fol-
lowed for a reaction time of 4 h with 4-ethylaniline
(0.5 mL, 3.92 mmol) and triethylamine (0.4 mL) to
give 380 mg (59%) of red powder: mp 218°C; IR
(KBr, cm~!) 1650 (C=0), 3300, 3400 (NH,); 'H
NMR (CDCl;, 8) 1.2 (t, 3H, -COOCH,CH3), 1.4 (t,
3H, -CH,CH3), 2.7 (q, 2H, -CH,CH;), 4.4 (q, 2H, —
COOCH,CH3;), 5.6 (s, 2H, -NH>»), 7.2-7.4 (m, 4H, -N-
phenyl), 7.5 (m, 2H, CH, CS, C6), 7.9 (dd, 2H, CH, C4),
8.1 (dd, 2H, CH, C7) Anal. calcd (C23H20N204)Z C,
71.12; H, 5.19; N, 7.21. Found: C, 71.22; H, 5.60; N,
7.43.

2-Amino-3-ethoxycarbonyl-/N-(3,4-dimethyl-phenyl)-ben-
zo|flindole-4,9-dione (A-7). The general procedure was
followed for a reaction time of 9 h with 3,4-dimethyl-
aniline (0.4 mL, 3.30 mmol) and triethylamine (0.4 mL),
and crystallized from methanol to give 110 mg (17%) of
red powder: mp 239°C; IR (KBr, cm™!) 1650 (C=0),
3300, 3400 (NH,); '"H NMR (CDCls, §) 1.5 (t, 3H,
—COOCH,CHj3), 2.4 (m, 6H, 2x-CH3), 4.4 (q, 2H,
~COOCH,CH3), 5.6 (s, 2H, -NH»), 7.1-7.4 (m, 3H,
~N-phenyl), 7.6 (m, 2H, CH, C5, C6), 7.9 (dd, 2H, CH,
C4), 8.1 (dd, 2H, CH, C7). Anal. calcd (Cy3H,9N,Oy,):

C, 71.12; H, 5.19; N, 7.21. Found: C, 70.81; H, 5.63; N,
7.11.

2-Amino-3-ethoxycarbonyl- NV-(3-methyl-phenyl)-benzo-
[flindole-4,9-dione (A-8). The general procedure was fol-
lowed for a reaction time of 14 h with m-toluidine (0.5 mL,
3.30 mmol) and triethylamine (0.5 mL) to give 310 mg
(48%) of chestnut powder: mp 209°C; IR (KBr, cm™)
1750 (C=0), 3350, 3450 (NH,); 'H NMR (CDCl;, 8) 1.5
(t, 3H, -COOCH,CH3;), 3.9 (s, 3H, -CH3y), 4.4 (q, 2H,
—COOCH,CHs3), 5.7 (s, 2H, —-NH,), 6.9-7.5 (m, 3H,
—phenyl), 7.6 (m, 2H, CH, C5, C6), 7,9 (dd, 2H, CH, C4),
8.2 (dd, 2H, CH, C7) Anal. calcd (C22H18N204): C,
70.58; H, 4.85; N, 7.48. Found: C, 70.34; H, 4.82; N,
7.32.

2-Amino-3-ethoxycarbonyl-/NV-(3-methoxy-phenyl)-benzo-
[flindole-4,9-dione (A-9). The general procedure was fol-
lowed for a reaction time of 19 h with m-anisidine (0.6
mL, 5.26 mmol) and triethylamine (0.5 mL) to give 230
mg (38%) of red powder: mp 232°C; IR (KBr, cm™})
1700 (C=0), 3350, 3480 (NH,); '"H NMR (CDCls, §) 1.4
(t, 3H, -COOCH,CH3), 2.4 (s, 3H, —-OCH3;), 4.4 (q, 2H,
~COOCH,CH3), 5.6 (s, 2H, -NH,), 7.1-7.4 (m, 3H,~
phenyl), 7.6 (m, 2H, CH, C5, C6), 7,9 (dd, 2H, CH, C4),
8.1(dd, 2H, CH, C7). Anal. caled (Cy,H5N,05): C, 67.69;
H, 4.65; N, 7.18. Found: C, 67.38; H, 4.70; N, 7.03.

2-Amino-3-ethoxycarbonyl-/V-(3,4-methyenedioxy-phenyl)-
benzo|flindole-4,9-dione (A-10). The general procedure
was followed for a reaction time of 24 h with 3,4-
(methylenedioxy)aniline (600 mg, 4.33 mmol) and tri-
ethylamine (0.5 mL) to give 310 mg (47%) of dark-red
powder: mp 261°C; IR (KBr, cm~!) 1680 (C=0), 3400,
3500 (NH,); 'H NMR (CDCl;, §) 14 (t, 3H,
—COOCH,CH3;), 4.4 (g, 2H, -COOCH,CH3;), 5.6 (s, 2H,
~NH,), 6.1 (s, 2H, -O-CH,-0O-), 6.8-7.0 (m, 3H, -N—
aromatic), 7.6 (m, 2H, CH, CS5, C6), 8.0 (dd, 1H, CH,
C4), 8.2 (dd, 1H, CH, C7). Anal. calcd(C,,H 4N,Og): C,
65.34; H, 3.99; N, 6.93. Found: C, 65.30; H, 4.13; N,
6.65.

2-Chloro-3-(diethoxycarbonyl-methyl)-1,4-naphthoquinone
(B). After metal sodium (1.2 g, 0.052 mol) was added to
abs ethanol (25 mL) and dissolved, it was warmed
and stirred at 50°C for 1 h. And in this mixture
diethylmalonate (12 mL, 0.075 mol) was dropped.
The reaction mixture was added very slowly with
stirring at 0°C to a suspension of 2,3-dichloro-naph-
thoquinone (I) (10.0 g, 0.044 mol) in abs ethanol
(150 mL). The solution was then stirred at 0°C in ice
bath for an additional 7 min and poured into water
(175 mL). The filtered precipitate was removed, acetic
acid was added to the solution to pH 6, and the
solution allowed to solidify on standing overnight.
The precipitate formed was collected by suction and
recrystallized twice from ethanol to give 4.14 g (27%) of
bright yellow powder: mp 102°C; IR (KBr, cm™!) 1780
(C=0); 'H NMR (CDCl;, &) 1.3 (t, 6H, 2x
—COOCH,CH3), 4.5 (q, 4H, 2x—COOCH,CH3), 5.1 (s,
1H, C3-CH), 7.8 (m, 2H, CH, C5, C6), 8.2 (m, 2H, CH,
C4, C7). Anal. caled (C7H506Cl): C, 58.21; H, 4.31.
Found: C, 58.19; H, 4.21.
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The general procedure for 2-hydroxy-3-ethoxycarbonyl-
N-substituted-benzo[f]indole-4,9-dione derivatives (B-1-
B-12). Amine (about 2.8 mmol) was added to a suspen-
sion of 2-chloro-3-(diethoxycarbonyl-methyl)-naphtho-
quinone-4,9-dione (B) (500 mg, 1.43 mmol) in abs
ethanol (50 mL). The reaction mixture was heated under
reflux for 5-24 h, cooled, and extracted several times with
methylenechloride. The organic layer was washed with
water, dried over anhydrous MgSO,, and concentrated.
Crude product was crystallized from 95% ethanol.

2-Hydroxy-3-ethoxycarbonyl-/V-(2-hydroxyethyl)-benzo-
[flindole-4,9-dione (B-1). The general procedure was
followed for a reaction time of 10 h with ethanol-
amine (0.5 mL, 4.45 mmol) to give 110 mg (22%) of
orange powder: mp 186 °C; IR (KBr, cm~!) 1700 (C=0),
3500(0H); 'H NMR (CDCl;, &) 1.5 (t, 3H, —
COOCH,CH3;), 4.0 (t, 2H, -N-CH,CH,OH), 4.4 (q, 2H,
~COOCH,CH3), 4.6 (t, 2H, -N-CH,CH,OH), 7.6 (m,
2H, CH, C5, C6), 8.0-8.2 (m, 2H, CH, C4, C7), 11.8 (s,
H.,-OH). Anal. calcd (C;7H;5NOg): C, 62.00; H, 4.59; N,
4.25. Found: C, 61.50; H, 4.51; N, 4.25.

2-Hydroxy-3-ethoxycarbonyl-/NV-(2-chloroethyl)-benzo-
[flindole-4,9-dione (B-2). The general procedure was fol-
lowed for a reaction time of 31 h with 2-chloro-
ethylamine (500 mg, 4.31 mmol) and triethylamine
(0.5 mL) to give 250 mg (51%) of bright yellow powder:
mp 246 °C; IR (KBr, cm™!) 1750(C=0), 3450 (OH); 'H
NMR (CDCl;, §) 2.4 (t, 3H, -COOCH,CHj3), 4.4 (q,
2H, -COOCH,CH3), 4.8 (m, 2H, -N-CH,CH,Cl), 5.2
(m, 2H, -N-CH,CH,Cl), 7.6 (m, 2H, CH, C5, C6), 8.0
(dd, H, CH, C4), 8.2 (dd, H, CH, C7), 11.6 (s, H, -OH).

2-Hydroxy-3-ethoxycarbonyl- N-cyclopropyl-benzo]|f]in-
dole-4,9-dione (B-3). The general procedure was fol-
lowed for a reaction time of 16 h with cycropropylamine
(0.4 mL, 5.6 mmol), and the crude product was crystal-
lized from ethylacetate to give 160 mg (18%) of golden-
yellow powder: mp 226-227°C; IR (KBr, cm~!') 1680
(C=0), 3450(OH); '"H NMR (CDClj, 8) 1.1 (m, 2H, —
CHCH,;CH,), 1.3 (m, 2H, -CHCH,CH,-), 1.5 (t, 3H,
~COOCH,CH3), 3.4 (m, 1H, -N-CH-), 4.5 (q, 2H, —
COOCH,CH3), 7.7 (m, 2H, CH, C5, C6), 8.2 (m, 2H,
CH, C4, C7), 11.8 (s, 1H,-OH). Anal. calcd
(CigH5NOs): C, 66.46; H, 4.65; N, 4.31. Found: C,
66.60; H, 5.02; N, 4.29.

2-Hydroxy-3-ethoxycarbonyl-/N-(2-methoxyethyl)-benzo-
|flindole-4,9-dione (B-4). The general procedure was fol-
lowed for a reaction time of 16 h with 2-methox-
yethylamine (0.25 mL, 2.85 mmol) to give 90 mg (19%)
of golden-yellow powder: mp 153-154°C; IR (KBr,
cm~ ') 1670 (C=0), 3500 (OH); '"H NMR (CDCl3, 8) 1.5
(t, 3H,~.COOCH,CH3), 3.4 (s, 3H, —-O-CH;), 3.8 (t,
2H, ~N-CH,CH,-0-), 4.5 (q, 2H, -
COOCH,CH3), 4.7 (t, 2H, -N-CH,CH,-0-), 7.6 (m,
2H, CH, C5, C6), 8.0-8.2 (m, 2H, CH, C4, C7), 11.6 (s,
1H, —OH). Anal. caled (C;gH7NOy): C, 62.97; H, 4.99;
N, 4.08. Found: C, 63.26; H, 4.93; N, 4.20.

2-Hydroxy-3-ethoxycarbonyl- V-furfuryl-benzo|f]indole-
4,9-dione (B-5). The general procedure was followed for

a reaction time of 16 h with furfurylamine (0.4 mL, 4.28
mmol) to give 80 mg (16%) of golden colored powder:
mp 164°C; IR (KBr, cm~!) 1680 (C=0), 3500 (OH); 'H
NMR (CDCls, 9) : 1.5 (t, 3H, -COOCH,CH3), 4.5 (q,
2H, -COOCH,;CH3), 5.6 (s, 2H, -N-CH,-), 6.3 (q, 1H,
CH, C3 at furan), 6.5 (d, 1H, CH, C4 at furan), 7.3 (t,
1H, CH, C2 at furan), 7.9 (m, 2H, CH, C5, C6), 8.1 (m,
2H, CH, C4, C7), 11.6 (s, 1H, —OH). Anal. calcd
(CH5NOg): C, 65.75; H, 4.14; N, 3.83. Found: C,
65.16; H, 4.09; N, 3.78.

2-Hydroxy - 3-ethoxycarbonyl - NV-cyclohexyl - benzo[f]in-
dole-4,9-dione (B-6). The general procedure was fol-
lowed for a reaction time of 16 h with cyclohexylamine
(0.5 mL, 4.39 mmol) and triethylamine (0.5 mL), and
the crude product was crystallized from ethylacetate/n-
hexane to give 150 mg (28%) of violet powder: mp
219°C; IR (KBr, cm~!) 1650 (C=0), 3400(0OH); 'H
NMR (CDCls, 9) 1.4 (t, 3H,~COOCH,CH3), 1.8-2.4
(m, 10H, —N—cyclohexyl), 4.5 (q, 2H, -COOCH,CH3),
7.8 (m, 2H, CH, C5, C6), 8.1 (m, 2H, CH, C4, C7), 11.9
(s, IH, —OH)

2-Hydroxy-3-ethoxycarbonyl- V-(4-hydroxy-cyclohexyl)-
benzo[f]indole-4,9-dione (B-7). The general procedure
was followed for a reaction time of 25 h with trans-4-
amino-cycylohexanol (500 mg, 3.20 mmol) and triethyl-
amine (0.4 mL), and crystallized from ethylacetate to
give 120 mg (21%) of bright yellow powder: mp 268 °C;
IR (KBr, cm~!) 1700 (C=0), 3500(0H); 'H NMR
(CDCl;, 9) 1.5 (t, 3H, -COOCH,CHj3), 2.0-2.6 (m, 9H,
CH,, ~N-cyclohexyl, -CH-OH), 3.9 (m, 1H, -N-CH-),
4.5 (q, 2H, -COOCH,CH3), 7.7 (m, 2H, CH, C5, C6),
8.0-8.2 (m, 2H, CH, C4, C7), 11.9 (s, 1H, —OH). Anal.
calcd (C51H,NOg): C, 65.59; H, 5.52; N, 3.65. Found:
C, 65.23; H, 5.33; N, 3.67.

2-Hydroxy-3-ethoxycarbonyl-/V-(4-methyl-phenyl)-ben-
zo|flindole-4,9-dione (B-8). The general procedure was
followed for a reaction time of 6 h with p-toluidine (300
mg, 2.28 mmol) and triethylamine (0.5 mL) to give 120
mg (11%) of deep yellow powder: mp 213 °C; IR (KBr,
cm~ ') 1680 (C=0), 3500 (OH); '"H NMR (CDCl;, 8) 1.5
(t, 3H, -COOCH,CH3), 2.5 (s, 3H, Ar —CH3), 4.6 (q,
2H, -COOCH,CH3), 7.2-7.4 (m, 4H, -N-phenyl), 7.7
(m, 2H, CH, C5, Co6), 8.0-8.2 (m, 2H, CH, C4, C7), 11.8
(s, 1H, “OH). Anal. calcd (C,,H7NOs): C, 70.39; H,
4.56; N, 3.73. Found: C, 69.60; H, 4.57; N, 3.73.

2-Hydroxy-3-ethoxycarbonyl-/N-(4-amion-phenyl)-benzo-
[flindole-4,9-dione (B-9). The general procedure was fol-
lowed for a reaction time of 10 h with 1,4-phenylene-
diamine (300 mg, 3.35 mmol) and triethylamine (0.4
mL) to give 480 mg (45%) of blue-violet powder: mp
>270°C; IR (KBr, cm™') 1700 (C=0), 3300,
3400(NH,), 3500 (OH); "H NMR (CDCls, ) 1.2 (t, 3H,
—COOCH,CH3), 3.7 (s, 2H, —-NH;,), 4.2 (q, 2H, -
COOCH,CH3), 6.6-7.0 (m, 4H, —N—phenyl), 7.6-8.2
(m, 4H, CH, aromatic), 11.7 (s, 1H, —OH).

2-Hydroxy-3-ethoxycarbonyl-/V-(3-methyl-phenyl)-ben-
zo|flindole-4,9-dione (B-10). The general procedure was
followed for a reaction time of 37 h with m-toluidine
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(0.7 mL, 6.42 mmol) and triethylamine (0.7 mL), and
the product was crystallized from ethylacetate to give
110 mg (21%) of deep yellow powder: mp 264 °C; IR
(KBr, cm~") 1700 (C=0), 3500(0H); '"H NMR (CDCl;,
d) 1.5 (t, 3H, —COOCH,CH3), 2.4 (s, 3H, —CH,;), 4.5
(g, 2H, —COOCH,CH3), 7.1-7.4 (m, 4H, ~N—phenyl),
7.6 (m, 2H, CH, CS5, C6), 8.0-8.2 (m, 2H, CH, C4, C7),
13.5 (s, 1H,-OH). Anal. caled (C,,H{7NOs): C, 70.39;
H, 4.56; N, 3.73. Found: C, 70.32; H, 4.72; N, 3.98.

2-Hydroxy-3-ethoxycarbonyl-/V-(3-methoxy-phenyl)-ben-
zo|flindole-4,9-dione (B-11). The general procedure was
followed for a reaction time of 20 h with m-anisidine
(0.7 mL, 6.13 mmol) and triethylamine (0.7 mL), and
the product was crystallized from ethylacetate to give
160 mg (29%) of deep yellow powder: mp 217°C; IR
(KBr, em~!) 1680 (C=0), 3500 (OH); 'H NMR
(CDCl;, 9) 1.5 (t, 3H, -COOCH,CH3), 3.9 (s, 3H, —-O-
CHs), 4.5 (q, 2H, -COOCH,CH3), 7.0-8.2 (m, 8H, CH,
—N-phenyl, C4, C5, C6, C7), 12.0 (s, 1H, -OH). Anal.
caled (C5,H{7NOg): C, 67.51; H, 4.38; N, 3.58. Found:
C, 66.87; H, 4.38; N, 4.04.

2-Hydroxy - 3-ethoxycarbonyl - V- (3,4-methylenedioxy -
phenyl)-benzo[f]-indole-4,9-dione (B-12). The general
procedure was followed for a reaction time of 29 h with
3,4-(methylenedioxy)aniline (500 mg, 3.61 mmol) and
triethylamine (0.7 mL) to give 70 mg (12%) of deep
yellow powder: mp 262°C; IR (KBr, cm~!) 1700
(C=0), 3500 (OH); 'H NMR (CDCl;, 8) 1.5 (t, 3H,
—COOCH,CH3), 4.5 (q, 2H, -COOCH,CH3), 6.1 (s,
2H, O-CH,-0-), 6.8-7.0 (m, 3H, -N-aromatic), 7.8 (m,
2H, CH, C5, C6), 8.0 (dd, 1H, CH, C4), 8.2 (dd, 1H,
CH, C7), 11.6 (s, 1H,-OH). Anal. calcd (C»,H;5sNO5 ):
C, 65.19; H, 3.73; N, 3.46. Found: C, 64.74; H, 3.81; N,
3.60.

2,3-i(Diethoxycarbonyl-methyl)-1,4-naphthoquinone (C).
To a suspension of sodium amide 8.0 g (0.352 mol) in
THF (70 mL) at 0°C, diethyl malonate (28 mL, 0.176
mol) was added slowly and then refluxed for about 2 h.
The reaction mixture was added very slowly with stir-
ring at 0°C in ice-bath to a suspension of 2,3-dichloro-
naphthoquinone (I) (20.0 g, 0.088 mol) in THF (50 mL).
The solution was then stirred at 0°C for an additional
10 min, after dil HCI added to pH 2-3, and the solution
extracted with methylenechloride. The organic layer was
washed with water, dried over anhydrous MgSQ,, and
concentrated. The residue was crystallized from ethanol.
After cooling for 20 min, the solution was purified by
filtration and allowed to cool to produce bright yellow
crystal. The crystals were recrystallized three times from
ethyl acetate and n-hexane to give 7.27 g (24%) of yel-
low powder: mp 96-97deg;C; IR (KBr, cm~!) 1700
(C=0); 'H NMR (CDCls;, 8) 1.2 (t, 12H, 4x-
COOCH,CHj3;), 4.2 (m, 8H, 4x—-COOCH,CH3), 5.2 (s,
2H, 2x-CH, C2, C3), 7.8 (m, 2H, CH, C5, C6), 8.2 (m,
2H, CH, C4, C7). Anal. calcd (Cy4H»50g): C, 60.76; H,
5.52. found C, 60.89; H, 5.82.

2-N-(4-Methoxy-phenylamino)-3-(x-cyano-«x-tethoxycar-
bonyl-methyl)-1,4-naphthoquinone (D). To a suspension
of  2-chloro-3-(a-cyano-a-ethoxycarbonyl-methyl)-1,4-

naphthoquinone (A) (1.0 g, 3.29 mmol) in abs ethanol
(50 mL), p-anisidine (400 mg, 3.35 mmol) was added.
The reaction mixture was stirred at room temperature
for 18 h, cooled, and the precipitate was filtered and
washed with ethanol. The filtered solid was purified by
recrystallization from ethylacetate/n-hexane to give 580
mg (45%) of dark red powder: mp 187-188°C; IR
(KBr, cm™") 1740 (C=0), 2250 (CN), 3300 (NH); 'H
NMR (CDCls, 8) 1.3 (t, 3H, —COOCH,CH3), 3.8 (s,
3H, -O-CHj;), 4.1-4.3 (m, 3H, -COOCH,CHj;, C3-
CH), 7.0-7.3 (m, 4H, -N—phenyl), 7.7-7.9 (m, 2H, CH,
Cs5, C6), 8.0-8.2 (m, 2H, CH, C4, C7). Anal. calcd
(C5rH§N>O5): C, 67.69; H, 4.65; N, 7.18. Found: C,
68.27; H, 4.64; N, 7.18.

2-N-(4-Methoxy-phenylamino)-3-(x-cyano- «-etethoxy-
carbonyl-methyl)-1,4-naphthoquinone (E). To a suspen-
sion of 2-chloro-3-(a-cyano-a-ethoxycarbonyl-methyl)-
1,4-naphthoquinone (A) (1.0 g, 3.29 mmol) in abs etha-
nol (50 mL), p-bromoaniline (800 mg, 4.65 mmoml) was
added. The reaction mixture was refluxed for 16 h,
concentrated, and cooled. The precipitate was filtered,
washed with ethanol and crystallized from dioxane. The
crystals so obtained were recrystallized from n-hexane
to give 280 mg (19%) of orange powder: mp >270°C;
IR (KBr, cm™') 1750(C=0), 2350(CN), 3350(NH); 'H
NMR (CDCls, 3) 1.4 (t, 3H, -COOCH,CH3), 4.4 (m,
2H, -COOCH,CH3;), 7.0-8.2 (m, 8H, -N—phenyl, aro-
matic), 9.9 (s, |H, -NH-). Anal. calcd (C5;H;5N,O4Br):
C, 57.42; H, 3.44; N, 6.38. Found: C, 57.66; H, 3.08; N,
6.32.

Acknowledgements

This work was supported by grant (No. R04-2000-000-
00055-0) from Korea Science & Engineering Founda-
tion.

References and Notes

1. Skibo, E. B.; Islan, I.; Heileman, M. T.; Schukz, W. G. J.
Med. Chem. 1994, 37, 78.

2. Renault, S. G.; Renault, J.; Baron, M.; Servolles, P.; Pao-
letti, C.; Cros, S. Eur. J. Med. Chem. Chem. -Chim. Ther. 1985,
20, 144.

3. Marshall, B.; Ralph, R. K. Adv. Cancer Res. 1985, 44, 267.
4. Zee-Cheng, R. K. Y.; Podrebarac, E. G.; Menon, C. S;
Cheng, C. J. Med. Chem. 1979, 22, 501.

5. Petersen, S.; Gauss, W.; Kichne, H.; Juehling, L. Z. Krebs-

Sforschung 1969, 72, 162.

6. Holmes, H. L.; Currie, D. J.; Maltman, J. R.; Silver, R. F.;
Lough, C. E.; Leahy, G. J. Chemotherapy 1964-1965, 9, 241.
7. Wurm, G.; Baumann, J.; Geres, U.; Schmidt, H. D. Arz-
neimittel-Forschung 1984, 32, 652.

8. Rehse, K.; Fredrich, D.; Kehr, W. Arch. Pharm. 1979, 312,
670.

9. Wurm, G.; Geres, U. Arch. Pharm. 1978, 311, 177.

10. Reilly, P. A.; Thompson, M.; Bayer, A.; Kazim, F.;
Rosenfeld, J.; Glynn, M. F. Can. J. Surg./J. Can. Chirurg.
1984, 30, 260.

11. Forth, W. Die Medizinische Welt 1981, 32, 1394.

12. Nagai, F.; Ushiyama, K.; Satoh, K.; Kano, 1. Chem. Biol.
Interact. 1990, 76, 163.



H.-J. Lee et al. | Bioorg. Med. Chem. 11 (2003) 1511-1519 1519

13. Janos B. CRC Handbook of Antibiotic Compounds 3;
CRC: Cleveland, OH, 1981; p 229.

14. Dorr, R. T. Semin. Oncol. 1988, 15, 32.

15. Beijnen, J. H.; Hartigh, J. D.; Underberg, W. J. J. Pharm.
Biomed. Anal. 1983, 72, 553.

16. Namba, Y.; Waksman, B. H. J. Immunol. Meth 1976, 116,
1140.

17. Hamilton-Miller, T.; Bruzzese, A.; Nonis, S. S. Int. J.
Antimicrob. Agents 1996, 7, 247.

18. Kremer, W. B.; Laszlo, J. Cancer Chemother. Rep. 1967,
51, 19.

19. Lin, A. J.; Lillis, B. J.; Sartorelli, A. C. J. Med. Chem.
1975, 18, 917.

20. Yamashita, Y.; Kawada, S.; Fujii, N.; Nakano, H. Cancer
Res. 1990, 50, 5841.

21. Morton, R. A., Ed. Biochemicastry of Quinones. Aca-
demic: New York, 1965.

22. Beall, H. D.; Siegel, D.; Liu, Y.; Bolton, E. M.; Gibson,
N. W.; Ross, D. Biochem. Pharmacol 1996, 51, 645.

23. Moore, M. H.; Hunter, W. H.; Kennard, O. J. J. Mol.
Biol. 1987, 206, 693.

24. Pindur, U.; Haber, M.; Sattler, K. J. Chem. Educ. 1993,
70, 263.

25. Lee, J. Y.; Suh, M. E. Yakhak Hoeji 1990, 34, 15.

26. Akatsuka, M. Yakugaku Zasshi 1970, 90, 160.

27. Liebermann, C. Chem. Ber. 1899, 32, 260.

28. Becker, H., 1973. Organicum ( Practical Handbook of Organic
Chemistry ). Addison-Wesley: Massachusetts, USA. p 611

29. Skehan, P.; Storeng, R.; Scudiero, D.; Monks, A.;
McMahon, J. B.; Vistica, D. T.; Warren, J. T.; Bokesch, H.;
Kenney, S.; Boyd, M. R. J. Natl. Cancer Inst. 1990, 82, 1107.
30. Rubinstein, L. V.; Shoemaker, R. H.; Paull, K. D.; Simon,
R. M.; Tosini, S.; Skehan, P.; Scudiero, D.; Monks, A.; Boyd,
M. R. J. Natl. Cancer Inst. 1990, 82, 1113.



	Synthesis and cytotoxicity evaluation of 2-amino- and 2-hydroxy-3-ethoxycarbonyl-N-substituted-benzo[f]indole-4,9-dione derivat
	Introduction
	Results and discussion
	Synthetic chemistry
	In vitro antitumor activity evaluation by SRB assay

	Conclusion
	Experimental
	Materials and methods
	2-Chloro-3-(alpha-cyano-alpha-ethoxycarbonyl-methyl)-1,4-naphthoquinone (A)

	The general procedure for 2-amino-3-ethoxycarbonyl-N-substituted-benzo[f]indole-4,9-dione derivatives (A-1-A-10)
	2-Amino-3-ethoxycarbonyl-N-cyclopropyl-benzo[f]indole-4,9-dione (A-1)
	2-Amino-3-ethoxycarbonyl-N-(2-methoxyethyl)-benzo—[f]indole-4,9-dione (A-2)
	2-Amino-3-ethoxycarbonyl-N-(2-hydroxypropyl)-benzo[f]indole-4,9-dione (A-3)
	2-Amino-3-ethoxycarbonyl-N-butyl-benzo[f]indole-4,9-dione (A-4)
	2-Amino-3-ethoxycarbonyl-N-(4-hydroxy-cyclohexyl)-benzo[f]indole-4,9-dione (A-5)
	2-Amino-3-ethoxycarbonyl-N-(4-ethyl-phenyl)-benzo[f]indole-4,9-dione (A-6)
	2-Amino-3-ethoxycarbonyl-N-(3,4-dimethyl-phenyl)-benzo[f]indole-4,9-dione (A-7)
	2-Amino-3-ethoxycarbonyl-N-(3-methyl-phenyl)-benzo[f]indole-4,9-dione (A-8)
	2-Amino-3-ethoxycarbonyl-N-(3-methoxy-phenyl)-benzo[f]indole-4,9-dione (A-9)
	2-Amino-3-ethoxycarbonyl-N-(3,4-methyenedioxy-phenyl)-benzo[f]indole-4,9-dione (A-10)
	2-Chloro-3-(diethoxycarbonyl-methyl)-1,4-naphthoquinone (B)
	The general procedure for 2-hydroxy-3-ethoxycarbonyl-N-substituted-benzo[f]indole-4,9-dione derivatives (B-1-B-12)
	2-Hydroxy-3-ethoxycarbonyl-N-(2-hydroxyethyl)-benzo[f]indole-4,9-dione (B-1)
	2-Hydroxy-3-ethoxycarbonyl-N-(2-chloroethyl)-benzo[f]indole-4,9-dione (B-2)
	2-Hydroxy-3-ethoxycarbonyl-N-cyclopropyl-benzo[f]indole-4,9-dione (B-3)
	2-Hydroxy-3-ethoxycarbonyl-N-(2-methoxyethyl)-benzo[f]indole-4,9-dione (B-4)
	2-Hydroxy-3-ethoxycarbonyl-N-furfuryl-benzo[f]indole-4,9-dione (B-5)
	2-Hydroxy-3-ethoxycarbonyl-N-cyclohexyl-benzo[f]indole-4,9-dione (B-6)
	2-Hydroxy-3-ethoxycarbonyl-N-(4-hydroxy-cyclohexyl)-benzo[f]indole-4,9-dione (B-7)
	2-Hydroxy-3-ethoxycarbonyl-N-(4-methyl-phenyl)-benzo[f]indole-4,9-dione (B-8)
	2-Hydroxy-3-ethoxycarbonyl-N-(4-amion-phenyl)-benzo[f]indole-4,9-dione (B-9)
	2-Hydroxy-3-ethoxycarbonyl-N-(3-methyl-phenyl)-benzo[f]indole-4,9-dione (B-10)
	2-Hydroxy-3-ethoxycarbonyl-N-(3-methoxy-phenyl)-benzo[f]indole-4,9-dione (B-11)
	2-Hydroxy-3-ethoxycarbonyl-N-(3,4-methylenedioxy-phenyl)-benzo[f]-indole-4,9-dione (B-12)
	2,3-i(Diethoxycarbonyl-methyl)-1,4-naphthoquinone (C)
	2-N-(4-Methoxy-phenylamino)-3-(alpha-cyano-alpha-tethoxycarbonyl-methyl)-1,4-naphthoquinone (D)
	2-N-(4-Methoxy-phenylamino)-3-(alpha-cyano-alpha-etethoxycarbonyl-methyl)-1,4-naphthoquinone (E)


	Acknowledgements
	References and Notes


