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In order to study the structure-activity relationship of 7,8-dimethoxy-2-methyl-3-(4,5-methylen-
edioxy-2-vinylphenyl)isoquinoline-1(2H)-one (2), which has exhibited significant antitumor ac-
tivity, chemical modifications of 2 were performed to yield the corresponding products (3-7).
Further systematic uses of an efficient procedure for the synthesis of 3-arylisoquinoline deri-
vatives produced the substituted compounds (9a-9g), which were tested for /n vitro antitumor
activity against five different human cancer cell lines.
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INTRODUCTION

In a previous paper, we reported the significant an-
titumor activity of 7,8-dimethoxy-2-methyl-3-(4,5-meth-
ylenedioxy-2-vinylphenyl)isoquinoline-1(2H)-one (EDsy=
0.001 ug/ml: SK-MEL) (Cho et al,, 1996). The seren-
dipitous finding of this compound attracted us to ex-
plore the structure-activity relationship (SAR) of 3-aryl-
isoquinoline to learn how to enhance its activity as
well as synthesize its derivatives more effectively. The
styrene compound (2) is thought to be a bioisostere
of benzo[c]phenanthridine which has been shown to
exhibit strong antitumor activity by inhibiting topo-
isomerase 1 or Il, as shown in scheme 1 (Fang et al,
1993, Janin et al., 1993).
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Scheme 1.

The disconnection of the C ring of benzo|clphenan-
thridine skeleton gives the styrene compound, 3-aryl-
isoquinoline, in what is considered to be an isosteric
interchange (Thornber et al., 1979). Therefore, we de-
cided to study the primary SAR using the styrene (2)
as a lead compound for defining the essential functio-
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nal group exhibiting the activity. In order to modify
the functional group of styrene (2), the amide moiety
was reduced to dihydro- isoquinoline, a double bond
was hydrogenated and the demethylation of the aro-
matic methoxy group was performed. However, a lim-
itation of the diverse modification of 2 made us deve-
lop an alternative to the biomimetic transformation
method of synthesizing 3-arylisoquinoline derivatives,
which not only needs a preparation of protoberberine,
but also restricts the introduction of substituents on
the aromatic ring due to the difficulty of synthesis
(Hanaoka et al, 1991). For this reason we used the
known procedure, taking AN-methyltoluamide (7) and
benzonitrile (8) as starting materials in the presence
of a base (Poindexter et al., 1982). The advantages of
this method are: (1) the various substituted starting
materials are commercially available or easily prepar-
ed, and (2) the one pot procedure saves time in syn-
thesizing the desired molecules. By this method, sev-
eral types of substituents were systematically intro-
duced to the 3-phenyl ring and tested for /n vitro an-
titumor activity. In this paper a modification of styrene
(2) and the synthesis of 3-arylisoquinoline derivatives
are described with the result of anti-tumor activities
against five different tumor cell lines.

MATERIALS AND METHODS

Melting points were determined on a Electrother-
mal 1A9200 melting point apparatus and are uncor-
rected. Nuclear magnetic resonance spectra (H-NMR)
were recorded on a Bruker AC 80 instrument, using
TMS as the internal standard. Chemical shifts are re-
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ported in parts per million (8) and signals are quoted
as a s (singlet), d (doublet), t (triplet), q (quartet), and
m (multiplet). IR spectra were recorded on a Perkin-
Elmer 783 spectrometer and Nicolet instrument using
KBr pellets. Solvents were routinely distilled prior to
use. Anhydrous tetrahydrofuran (THF) was distilled
from sodium-benzophenon ketyl. Column chromato-
graphy was performed on Merck silica gel 60 (230-
400 mesh). TLC was carried out using plates coated
with silicagel 60F 254 purchased from Merck Co. The
organic extract was dried with sodium sulphate.

Synthesis of compounds

(2-Ethyl-4,5-methylenedioxyphenyl)-7,8-Dimethoxy-
2-methyl-3-isoquinoline-1(2H)-one (4): A solution of 2
(300 mg, 0.82 mmole) in MeOH (30 ml) was stirred
with 5% Pd-C (120 mg) under hydrogen (1 atm) at
room temperature overnight. The reaction mixture
was filtered and the solvent was evaporated off. The
residue was taken up in CH,Cl,. The organic layer
was washed with brine, dried, and concentrated to
dryness which was column chromatographed on sil-
ica gel with methylene chloride/methanol (100:3) to
afford 4 (290 mg, 96%,) as a solid. mp: 164-165°C, IR-
"*em’: 1647 (amide), 'H-NMR (CDCly) §: 7.34, 7.19
(each 1H, AB-q, £8.7 Hz, C,-H and Cs-H), 6.81 (1H,
s, Co-H), 6.67 (1H, s, C;-H), 6.27 (1H, s, C,-H), 6.00
(2H, s, OCH,0), 4.03, 3.95 (each 3H, each s, OMe x
2), 3.24 (3H, s, NMe), 2.40 (2H, g, E7.2 Hz, ben-
zylic H), 1.09 3H, t, =7.2 Hz, CH,CH,)

(2-Ethyl-4,5-methylenedioxyphenyl)-8-Hydroxy-7-
methoxy-2-methyl-3-isoquinoline-1(2H)-one (6): A
solution of 4 (380 mg, 1.03 mmole) and ¢-HCI (10
mi) in MeOH (30 ml) was heated to reflux for 12 h.
10%-NaOH solution (15 ml) was then added to the
reaction mixture which was extracted with CH,Cl,.
The extract was washed with water and brine, dried,
and concentrated to dryness which was purified by
column chromatography with methylene chloride/me-
thanol (100:4) to afford 6 (360 mg, 98%) as a solid.
mp: 143-144°C, IR™cm™: 1647 (amide), 'H-NMR
(CDCIy) 8: 13.18 (1H, s, OH), 7.29, 6.88 (eachl1H,
AB-q, 10.0 Hz, C,-H and C;-H), 6.82 (1H, s, C.-H),
6.66(1H, s, C;-H), 6.38 (1H, s, C,-H), 6.01 (2H, s,
OCH,0), 3.70 (3H, s, OMe), 3.25 (3H, s, NMe), 2.40
(2H, q, £7.4 Hz, benzylic H), 1.18 (3H, t, ]=7.4 Hz,
CH,CH,).

(2-Ethyl-4,5-methylenedioxyphenyl)-1,2-Dihydro-7,
8-dimethoxy-2-methyl-3-isoquinoline (5): LiAIH, (309
mg, 8.13 mmole) was added portionwise to a stirred
solution of 4 (300 mg, 0.81 mmole) in dry THF (40
ml) at 0°C under nitrogen atmosphere. The reaction
mixture was stirred for 1 h at room temperature under
nitrogen atmosphere, then water was added at 0°C
and the whole was filtered. The filtrate was concen-

trated and the residue was taken up in CH,Cl,. The
solution was washed with water and brine, dried, and
concentrated to dryness which was column chromato-
graphed on silical gel with methylene chloride/meth-
anol (100:4) to give 5 (250 mg, 87%). 'H-NMR (CDCl,)
6: 6.72, 6.55 (each 1H, AB-q, 8.6 Hz, C,-H and Cs-
H), 6.73 (1H, s, Co-H), 6.66 (1H, s, C;-H), 6.00 (1H,
s, C4-H), 5.93 (2H, s, OCH,0), 4.51 2H, s, C,-H), 3.83
(6H, s, OMe x 2), 2.50 (3H, s, NMe), 2.59 (2H, g, E
7.6 Hz, benzylic H), 1.17 3H, t, /=7.6 Hz, CH,CH,).
General procedure of the synthesis of 3-arylisoqu-
inoline-1(2H)-one: n-Buli (2.3 equivalent) was slowly
added to stirred solution of AN-methyl-o-toluamide (1 e-
quivalent) in dry THF at ice-salt bath under nitrogen
maintaining the reaction temperature never exceeded
20°C. After the addition was completed, the orange-
red solution was stirred for 1 h at 0°C under nitrogen
and the cooled to -50°C. A solution of benzonitrile (1
equivalent) in dry THF was quickly added to the reac-
tion mixture. The cooling bath was removed and the
reaction mixture allowed to warm to room tempera-
ture. The reaction mixture was quenched with water
at room temperature and organic layer was separated,
washed with brine, dried, and concentrated to dryness
to give the crude yellow solid which was recrystalliz-
ed from EtOH. The results for the preparation of 3-
arylisoquinoline-1(2H)-one derivatives are summarized
in Table I. The spectral and physical data obtained
from the reaction are shown in Table [lI-1.
3-Phenylisoquinoline (12): LiAIH, (515 mg, 13.56
mmole) was added portionwise to a stirred solution of
9 (300 mg, 1.36 mmole) in dry THF (30 ml) at 0°C
under nitrogen atmosphere. The reaction mixture was
heated to reflux under nitrogen atmosphere, then water
was added at 0°C and the whole was filtered through
celite. The filtrate was washed brine, dried, and con-
centrated to dryness which was purified by column
chromatography on silicagel with Hexane/EtOAC (5:
1) to give 12 (110 mg, 39%) as a white solid. mp: 96-
97°C. IR™"cm’ : 1640 (imine). H-NMR (CDCl,) §: 9.34
(TH, s, HC=N), 8.14-7.26 (10H, m, aromatic H).
General procedure of the synthesis of 1-chloro-3-

Table 1. Substituents and Yield of Compounds

No X Yield No X Yield
9a H 43 10e 2-Me 93
9b 4-Br 27 10f 3-Me 86
9c 4-OMe 53 10g 4-Me 99
9d 4-Cl 37 11a H 95
9e 2-Me 29 11b 4-Br 89
9f 3-Me 42 11c 4-OMe 85
9g 4-Me 57 11d 4-Cl 49

10a H 86 11e 2-Me 95

10b 4-Br 94 11f 3-Me 64

10c 4-OMe 97 11g 4-Me 71

10d 4-Cl 69
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arylisoquinoline: Amide (9) (1.36 mmole) and phospho-
rous oxychloride (10 ml) were stirred at 50°C overnight.
The phosphorous oxychloride was removed by va-
cuum distillation. The residue was taken up in EtOAC.
The solution was washed with saturated NaHCO,
solution, water, and brine, dried, and concentrated to
dryness to give 10 as a solid. The results for the pre-
paration of 1-chloro-3-arylisoquinoline-1(2H)-one deri-
vatives are summarized in Table |. The spectral and

Tablell. /n vitro antitumor activities of 3-arylisoquinolines

EDs, (Log1/C)

No. A 549 SKOV-3  SK-MEL-2  XF 498 HCT 15
9a 5.24 5.61 5.59 5.23 5.86
9b 4.21 4.46 4.87 4.40 4.55
9c 3.81 3.03 4.52 3.98 4.20
9d nd’ 3.94 4.14 nd 4.14
9e 4.90 5.00 5.23 4.70 5.35
9f 4.39 4.61 nd nd 4.62
9g 4.52 4.86 5.30 4.37 5.14
2 8.05 6.31 9.70 8.01 8.01
7 5.72 5.46 6.96 5.71 5.92
4 6.84 6.34 8.09 6.58 6.90
6 493 4.80 5.98 4.85 5.03
5 5.89 5.87 6.91 5.82 6.19
3b 6.49 5.57 6.75 5.90 5.55

T1a 4.60 4.65 493 4.43 4.73

11b 4.82 4.77 532 4.79 5.18

Tlc 4.32 433 4.79 4.23 4.60

11d 4.68 4.72 5.03 4.80 4.75

1e 4.66 4.64 4.71 4.60 4.70

11f 4.67 4.65 5.00 4.72 4.75

g 4.68 4.70 5.68 4.62 5.00

a: nd means not determined exact activity due to week ac-
tivity (EDg,<30 pg/ml), b: The synthesis of this compound is
already reported (Cho et al, 1996). A 549: human lung, SK-
OV-3: ovarian carcinoma, SK-MEL-2: melanoma, XF 498:
CNS, HCT 15: colon

Table I11-1. Analytical and Physical Data
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physical data obtained from this reaction are shown
in Table IlI-1.

General procedure of the synthesis of 1-(A-methyl)
piperazinyl-3-arylisoquinolines: A mixture of iminech-
loride (10) (1.19 mmole), N-methylpiperazine (1.2 equ-
ivalent), and potassium carbonate (3 equivalent) in DMF
(8 ml) was heated to reflux for 6 h. The reaction mixture
was cooled to room temperature, diluted with water,
and extracted with CH,Cl,. The combined organic ex-
tracts were washed with water, dried, and concentrat-
ed. The residue was purified by column chromatogra-
phy on silicagel with Hexane/EtOAC (50:1 to 10:1)
and then CH,Cl,:MeOH (100:1 to 100:4) to give the
product (11) as a solid. The results for the preparation of
1-piperazinyl-3-arylisoquinoline derivatives are summariz-
ed in Table I. The spectral and physical data obtained
from the reaction are shown in Table IlI-2.

Acetyl chloride (1.45 ml), (19.78 mmole) was slow-
ly added to methanol (0.79 ml), (19.78 mmole) at
0°C. The solution was added all at once to the flask
charged with 11 (300 mg), (0.99 mmole). The solvent
was evaporated off to give hydrochloride salt of 11.

Antitumor test in vitro

The cytotoxicity experiment was performed using the
five different human tumor cell lines, A-549 (human
nonsmall cell lung), SKOV-3 (ovarian carcinoma), HCT-
15 (colon), XF-498 (CNS), SK-MEL-2 (melanoma) which
were purchased from National Cancer Institute (NCI)
in U. S. A,

The cells were grown at 37°C in RPMI 1640 medium
supplemented with 10% FBS and separated using PBS
containing 0.25% trypsin and 3 mM EDTA. 5x 10°-2x
10* cells were added to each well of 96 well plate and
incubated at 37°C for 24 hrs. Each compounds was dis-
solved in DMSO and diluted with the above medium

No R (Cm") "H-NMR (CDCI,) & MP(C)
9a 1650 10.45 (1H, s, NH), 8.40 (1H, d, }=7.6Hz, C8-H), 8.11-7.15 (8H, m, aromatic H), 6.89 (1H, s, C4-H) 202-203
9b 1651 11.50 (1H, s, NH), 8.22 (1H, d, J=7.5Hz, C8-H), 7.98-7.20 (7H, m, aromatic H), 6.93 (1H, s, C4-H), 266-267
9c 1647 11.34 (TH, s, NH), 8.19 (1H, d, J=7.9Hz, C8-H), 8.02-6.94 (7H, m, aromatic H), 6.80 (1H, s, C4-H), 239-240
3.83 (3H, s, OMe)

9d 1658 11.49 (TH, s, NH), 8.21 (1H, d, ]=7.9Hz, C8-H), 7.87-7.17 (7H, m, aromatic H), 6.91 (1H, s, C4-H) 268-269

9e 1639 9.64 (1H, s, NH), 8.42 (1H, d, }=7.4Hz, C8-H), 8.10-7.10 (7H, m, aromatic H), 6.58 (1H, s, C4-H), 181-182
2.42 (3H, s, Me)

9f 1655 10.48 (1H, s, NH), 8.41 (1H, d, ]=7.6Hz, C8-H), 8.11-7.14 (7H, m, aromatic H), 6.88 (1H, s, C4-H), 197-198
2.46 (3H, s, Me)

9g 1651 10.35 (1H, s, NH), 8.40 (1H, d, )=7.8Hz, C8-H), 8.10-7.00 (7H, m, aromatic H), 6.85 (1H, s, C4-H) 234-235

10a - 8.40-7.25 (10H, m, aromatic H) 83-84
106 - 8.31-7.45 (9H, m, aromatic H) 107-108
10c - 8.37-6.92, (9H, m, aromatic H), 3.88 { 3H, s, OMe) 93-94
10d - 8.40-7.25 (9H, m, aromatic H) 116-117
10e - 8.43-7.28 (9H, m, aromatic H), 2.43 (3H, s, Me) 65-67
10f - 8.32-7.21 (9H, m, aromatic H), 2.45 (3H, s, Me) 62-63
10g - 8.36-7.23 (9H, m, aromatic H), 2.41 (3H, s, Me} 69-70
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Table llI-2. Analytical and Physical Data

No "H-NMR (CDCl,) & MP(’C)

11a 8.22-7.27 (10H, m, aromatic H), 3.67 (4H, t, ]=4.7Hz, C2'-H and C6'-H), 2.93 (4H, t, J=4.7Hz, 198-200
C3'-H and C5'-H), 2.48 (3H, s, NMe)

1b 8.02-7.51 (9H, m, aromatic H), 3.81 (4H, t, J=4.7Hz, C2'-H and C6'-H), 3.03 (4H, t, )]=4.7Hz, 154-155
C3'-H and C5'-H), 2.63 (3H, s, NMe)

11¢ 8.15-6.90 (9H, m, aromatic H), 3.86 (3H, s, OMe), 3.64 (4H, t, J=4.6Hz, C2'-H and C6'-H), 2.80 138-140
(4H, t, J=4.6Hz, C3'-H and C5'-H), 2.48 ( 3H, s, NMe )

11d 8.39-7.11 (9H, m, aromatic H), 3.65 (4H, t, J=4.7Hz, C2'-H and C6'-H), 2.82 (4H, t, J]=4.7Hz, 147-149
C3'-H and C5'-H), 2.48 (3H, s, NMe)

11e 8.15-7.10 (9H, m, aromatic H), 3.64 (4H, t, J=4.6Hz, C2'-H and C6'-H), 2.85 (4H, t, J=4.6Hz, 133-134
C3'“H and C5'-H), 2.49 (3H, s, NMe), 2.46 (3H, s, Me)

11f 8.01-7.12 (9H, m, aromatic H), 3.53 (4H, s, C2'-H and C6é'-H), 2.66 (4H, s, C3'-H and C5'-H), 133-134
2.41 (3H, s, NMe), 2.35 (3H, s, Me)

11g 8.37-7.22 (9H, m, aromatic H), 3.67 (4H, t, J=4.7Hz, C2'-H and C6'-H), 2.82 (4H, t, ]=4.7Hz, 158-160

C3'-H and C5'-H), 2.48 (3H, s, NMe), 2.41 (3H, s, Me)

at different concentrations with the range of 0.001-30
ug/ml. The DMSO concentration was set to be below
0.5% and filtrated using 0.22 mg filter. After removing
the well medium by aspiration, a portion 200 ml of
the solution was added to above well plates which
were placed in 5% CO, incubator for 48 hrs. The pro-
tein stain assay was performed according to SRB meth-
od (Skehan et al, 1990, Rubinstein et al,, 1990).

RESULTS AND DISCUSSION

Chemistry

The hydrogenation of the styrene moiety in com-
pound 2 was attained by treatment with 5% Pd-C
under hydrogen atmosphere (Tatm) in methanol at
room temperature, to produce the ethyl isoquinoline
derivative (4) in 96% vyield. The structure was ap-
parent from the signals caused by the ethyl moiety at
2.40 and 1.09 (/=7.2 Hz) as the quartet and triplet of
its 'H-NMR spectrum. The methoxy group at position
C8 in compound 4 was selectively demethylated with
c-HCl by refluxing in methanol to afford 6 in 98%
yield. This selectivity could be explained that the hy-
drogen bonding between amide ketone and oxygen
atom of 7-methoxy group effected the cleavage in a-
cidic reaction condition. The sequential reduction of 4
with LiAlH, in dry THF, and with NaBH, in methanol
at room temperature produced the dihydrocompound
(5) in 87% vyield. 3-Arylisoquinoline derivatives were
prepared using a reported procedure (G. S. Poindexer,
1984) as follows : a dry THF solution of N-methyl-o-
toluamide was treated with 2.1 equivalents of n-bu-
tyllithum (n-Buli) at 0°C to result in the formation of
dianion as evidenced by its orange-red color; after
cooling to -50°C, the solution was treated with 1.25 e-
quivalents of substituted benzonitriles to afford the
corresponding amide in 27-57% yield. These com-
pounds (9a-9g) seem to exist predominantly in the

amide tautomeric form rather than the enol tauto-
meric form on the basis of the presence of strong car-
bonyl stretching absorption at 1650 cm™ in their IR
spectra, and the broad peak of NH proton in their
NMR spectra. The 3-phenylisoquinolinone derivatives
(9a-9g) were converted to the T-chloroisoquinoline
derivatives (10a-10g) by treatment with phosphorus
oxychloride, giving in 69-99% yield. The reaction of
the 1-chloroisoquinolines (10a-10g) with A-methyl-
piperazine in the presence of potassium carbonate in
refluxing dimethyl formamide (DMF) afforded the am-
ines (11a-11g), which were transformed to HC| salt

KT T Nrt -
) CH3 OF‘ CHy
7
jd
N N _HCE N
s ®
10 Me 11
Scheme 2. a; 7-Buli/THF b; POC1,, ¢: N-methylpiperazine/
DMF, K,CO,, then AcCl/MeOH d; LiAIH/THF 39%.

Q O, Q,
O> = 0> d RN O 0>
MO NMe MeO NMe MeG O NMe

OMe OMe R oH ©
4:R-0
7 ¢ 6
- S R-H,

Scheme 3. a; TI(NO3);/MeOH 80% b; 5% Pd-C, H,/MeOH
96% c; LIAIH/THF 87% d; c-HCl/MeOH 98% e; LiAlIH,/
THF, NaBH,/MeOH 53%.
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by treatment with acetyl chloride and methanol in
good vield (Behrens, 1990).

Biological activity

When the amide moiety of styrene (2) was transform-
ed to dihydrocompound (7), the activity was signifi-
cantly decreased. However, a hydrogenation of the sty-
rene moiety of 2 into a saturated alkyl group (ethyl)
showed a relatively weak influence on the activity.
This means the amide ketone is essential for exhibiting
the antitumor activity as expected electrostatic interact-
ion (Le. hydrogen bonding) between the substance
and a receptor active site. The demethylation of the C8
position in 4 to the hydroxyl group (6) also decreased
the activity. The systematic introduction of substituents
on the 3-phenyl ring (9a-9g) gave some information
about further modifications of the aromatic ring. As a
result, none of the substituents (halogen, methoxy, alkyl)
on the phenyl ring contributed to increase the activity
over the non-substituent compound (9a). An electro-
static effect on the aromatic ring could not be detect-
ed. Interestingly, 3-phenylisoquinoline (12) did not ex-
hibit any anti-tumor activity, which demonstrates that
the amide group is crucial for show the activity. The
poor solvent solubility of amides (9a-9g) made us re-
place the amide group to another bioisostere, retain-
ing the hydrogen bonding ability. A N-methylpiper-
azinyl group was introduced to produce hydrochlori-
de salts which were easily dissolved in water without
losing their activity. The study of the structure-activity
relationship of the A ring is in progress.

ACKNOWLEDGEMENT

Financial support from Chonnam National University,
ROK is greatly appreciated.

W.-] Cho, S.-J. Yoo, M.-J. Park, B.-H. Chung, and C.-O. Lee

REFERENCES CITED

Behrens, Carl H., Preparation of 1(2H)-isoquinolones
and T-isoquinolineamines as neoplasm inhibitors,
US 4,942,163 (1990).

Cho, W.-J., Yoo, S.-., Chung, B.-H., Cheon, S. H,,
Whang, S.-H., Kim, S.-K., Kang, B.-H., and Lee, C.-
O., Synthesis of Benzo[cdphenanthridine Deri-
vatives and their In Vitro Antitumor Activities, Arch.
Pharm. Res., 19, 321-325 (1996).

Hanaoka, M., Cho, W.-}., Yoshida, S., and Mukai, C.,
Biomimetic Introduction of an Oxy Functionality at
the C 10 Position in the Benzolc]phenanthridine
Skeleton : Synthesis of 2,3,7,8,10-pentaoxygenated
Benzol[c]phenanthridine Alkaloids, Chelilutine and
Sanguilutine, Chem. Pharm. Bull., 39, 1163-1166
(1991).

Janin, Y. L., Croisy, A., Riou, J.-F., and Bisagni, E.,
Synthesis and Evaluation of New 6-Amino-substi-
tuted Benzolclphenanthridine Derivatives, J. Med.
Chem., 36, 3686-3692 (1993).

Poindexter, Graham S, Convenient Preparation of 3-
Substituted 1(2H)-Isoquinolinones, /. Org. Chem.,
47, 3787-3788 (1982).

Rubinstein, L. V., Shoemaker, R. H., Paull, K. D,,
Simon, R. M., Tosini, S., Skehan, P., Scudiero, D.
A., Monks, A., and Boyd, M. R., Comparison of /n
Vitro Anticancer-Drug-Screening Data Generated
With a Tetrazolium Assay Versus a Protein Assay
Against a Diverse Panel of Human Tumor Cell
Lines, /. Natl. Cancer Inst., 82, 1113 (1990).

Skehan, P., Storeng, R., Scudiero, D., Monks, A,
McMahon, ]. B., Vistica, D. T., Warren, ). T., Bok-
esch, H., Kenney, S., and Boyd, M. R., New Colo-
rimetric Cytotoxicity Assay for Anticancer-Drug
Screening, J. Natl. Cancer Inst., 82, 1107 (1990).

Thornber, C. W., Chem. Soc. Res., 8, 563 (1979).



