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(s, 3 H), 1.93 (m, 1 H), 0.50 (m, 4 H).

2-[n-Butyl(2-hydroxyethyl)amino]ethyl acetate (9): yield
10.4%; TLC (EtOAc + 5% MeOH), single spot (R;0.89); NMR
(CDCl) 6 4.14 (t, 2 H), 3.55 (t, 2 H), 2.92-2.30 (m, 7 H), 2.10 (s,
3 H), 1.37 (m, 4 H), 0.93 (m, 3 H).

2-[Isobutyl(2-hydroxyethyl)amino]ethyl acetate (10): yield
8.2%; TLC (EtOAc + 5% MeOH), single spot (R, 0.87); NMR
(CDCl) 6§ 4.12 (t, 2 H), 3.53 (t, 2 H), 3.10-2.40 (m, 5 H), 2.24 (d,
2 H), 2.06 (s, 3 H), 1.74 (m, 1 H), 0.88 (d, 6 H).

Preparation of 2-[n-Propyl(2-chloroethyl)amino]ethyl
Acetate Hydrochloride (11) (General Procedure: Step d).
To a magnetically stirred and ice-cooled solution of 460 mg (2.4
% 107 mol) of 6 in 2.0 mL of CHCl, was added 382 mg (3.2 X 1073
mol) of SOCl, dropwise with a hypodermic syringe, under an N,
atmosphere. After the completion of addition of SOCl; (10 min),
the ice bath was removed and the reaction mixture was stirred
for 2.5 h at room temperature under an N, atmosphere to complete
the reaction. Removal of CHCl; and SOC), under high vacuum
gave a thick yellow oil. The oil was dissolved in 3.0 mL of dry
THF and cooled with stirring. Addition of 5.0 mL of dry diethyl
ether to the stirred solution under N, resulted in the precipitation
of a white solid, which was filtered, washed with dry diethyl ether,
and then dried in an Abderhalden pistol (CH,Cl, as solvent and
0.5 mmHg pressure) to give 460 mg of a white solid (78.6% yield)
as the hydrochloride salt 11: mp 96-98 °C; NMR (CDCl,) § 4.62
(t, 2 H), 4.10 (t, 2 H), 3.70-2.90 (m, 6 H), 2.60 (s, 3 H), 1.93 (m,
2 H), 1.05 (t, 3 H); MS, m/e (relative intensity), 207 (0.31, M*
- HCl), 136 (34.82, M* - HC1 - C;H;0,), 134 (91.23, M* - HCl
- C;H;0,), 87 (100.00, C,H,0,). Anal. (CoH,;oNO,Cl,) C, H, N,
Cl

In the same manner, other 2-[alkyl(2-chloroethyl)amino]ethyl
acetate hydrochlorides were prepared from compounds 7-10 by
route (d).

2-[1sopropyl(2-chloroethyl)amino]ethyl acetate hydro-
chloride (12): mp 72-74 °C; yield 71.9%; NMR (CDCl,) § 4.45
(t, 2 H), 3.94 (m, 3 H), 3.66 (m, 4 H), 2.15 (s, 3 H), 1.37 (d, 6 H);
MS, m/e (relative intensity) 209 (0.29, M* - HCl), 207 (1.28, M*
- HC), 136 (31.13, M* - HCI - C;H;0,), 134 (85.62, M* - HC1
- C;H;0,), 94 (32.87, C3H,NCl), 92 (100.00, C;H,NCl). Anal
(CyH;,NOCl,) C, H, N, CL; C: calcd, 44.44; found, 43.95.

2-[Cyclopropyl(2-chloroethyl)amino]ethyl acetate hy-
drochloride (13): mp 67-69 °C; yield 62.47%; NMR (CDCly)
§4.64 (t, 2 H), 4.22 (t, 2 H), 3.64 (m, 4 H), 2.72 (m, 1 H), 2.16 (5,
3 H), 1.61 (m, 2 H), 1.00 (m, 2 H); MS, m/e (relative intensity)
205 (1.72, M* - HC]), 132 (47.65, M* - HCl - C3H;0,, 87 (100.00,
C,H,;0,). Anal. (C;H;;NO,Cl,) C, H, N, Cl.

2-[n -Butyl(2-chloroethyl)amino]ethyl acetate hydro-
chloride (14): mp 110-112 °C; yield 85.5%; NMR (CDCl;) 5 4.62
(t, 2 H), 4.12 (t, 2 H), 3.75-2.95 (m, 6 H), 2.14 (s, 3 H), 2.10-1.15

(m, 4 H), 1.00 (t, 3 H); MS, m/e (relative intensity) 223 (0.43, M*
- HCl), 221 (1.29, M* - HCI), 180 (6.30, M* - HC1 - C;H,), 178
(18.78, M* - HC1 - C3H5), 150 (86.57, M* - HCI - C;H;0,, 148
(100.00, M* - HCI1 - C3H;0,), 108 (24.67, C;ZH,NCl), 106 (74.67,
C,HgNCY), 87 (78.75, C,H,0,). Anal. (C,(H;NO,ClL) C, H, N,
CL

2-[Isobutyl(2-chloroethyl)amino]ethyl acetate hydro-
chloride (15): mp 94-96 °C; yield 88.3%; NMR (CDCl,) § 4.63
(t, 2 H), 4.15 (t, 2 H), 3.57 (t, 4 H), 3.12 (d, 2 H), 2.28 (m, 1 H),
2.15 (s, 3 H), 1.16 (d, 6 H); MS, m/e (relative intensity) 221 (0.49,
M* - HCD), 180 (2.87, M* - HCI - C,H;), 178 (8.52, M* - HCl
- C3Hy), 87 (100.00, C,H,0,). Anal. (C,(Hy;;NO,CL) C, H, N, CL

Preparation of 10 mM Solution of 1-Alkyl-1-(2-hydroxy-
ethyl)aziridinium Chloride for Biological Assays. The hy-
drochloride salt 11-15 was accurately weighed and stirred in
sufficient distilled H,O to dissolve the salt. At this point, the pH
was usually between 3.5 and 4.0. A sufficient amount of 5 N
NaOH was added to bring the pH to 11.3-11.6. The solution was
then stirred for another 30 min at room temperature while the
pH was maintained between 11.3 and 11.6. Next, the pH was
adjusted to 7.4 by first adding concentrated HCl to bring the pH
to slightly acidic (about 6) and then adding the required amount
of NaHCO;. Finally, the required amount of distilled H,O was
added to make up a final solution of 10 mM concentration for
use in biological assays.
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A number of 11-alkylbenzo[a]carbazoles and their 5,6-dihydro derivatives with one or two hydroxy groups in the
aromatic rings were synthesized and studied for their binding affinities for the estrogen receptor. Best conditions
for the receptor binding are provided by one hydroxy group at C-3 and a second one at position 8 or 9. The binding
affinities of the benzo[a]carbazoles are somewhat lower than those of the dihydro derivatives but still high regarding
the planar structure of these molecules. The highest relative binding affinity (RBA) values (e.g., 30 for 13b, 13 for
16b, 20 for 25a; estradiol = 100) are close to those of the corresponding 2-phenylindole derivatives. Depending on
the positions of the oxygen functions, the benzo[a]carbazoles behaved as strong estrogens (13c, 25a) or impeded
estrogens (16¢, 28a) in the immature mouse. Derivative 16¢ inhibited the growth of dimethylbenzanthracene-induced
hormone-dependent mammary tumors of the rat at a dose of 6 X 1 mg/kg per week. In vitro, 16b and 28b showed
inhibitory activity on estrogen receptor positive MCF-7 breast cancer cells. A mode of action involving the estrogen

receptor system is assumed.

Pharmacotherapy with antiestrogens has become an
established method in the management of advanced breast
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cancer.’® The advantages of this treatment are because
of the greatly reduced toxicity compared to cytostatic
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Table I. 11-Alkyl-6,11-dihydromethoxy-5H-benzo[a]carbazoles and Acetoxy-11-alkyl-6,11-dihydro-5H-benzo[a]carbazoles

SSeSR

X,Y = OCHs.0Ac

Y
R
position of

compd® R X Y formula mp,? °C compd® formula? mp,t °C
12a CH;, 3 9 CygHyNO, 125-126 © 12e CaH;sNO, 197-198
13a C2H5 3 9 C20H21N02 141-143 13c C22H21N04 183-185
l4a C3H7 3 9 C21H23N02 111-112 l4c C23H23N04 160-162
15a C4H9 3 9 C22H25N02 92-94 15¢ C24H25N04 125-127
16a C2H5 3 8 C20H21N02 140-141 16c C22H21N04 165-167
17a . C2H5 4 9 ConleOQ 134-135 17¢c C22H21N04 195-196
18a C2H5 4 8 20H21N02 96-98 18¢c C22H21N04 139-141
19a C2H5 2 9 C20H21N02 136-138 19¢ C22H21N04 104-105
20a C2H5 2 8 C20H21N02 98-99 20c C22H21N04 129-130
21a C2H5 3 ClnggNO 133-134 21c CmngNOQ 148-149
22a C2H5 8 ClnggNO 115-116 22¢ C20H19N02 96-97
23a C,H; 9 CgHyNO 97-98 23c CyH;yNO, 177-178

¢X, Y = OMe. ?Recrystallized from EtOH. X, Y = OAc, R as in a. ¢Analyzed for C and H within £0.40% of the calculated values.

Table I1. Estrogen Receptor Binding Affinities of 11-Alkyl-6,11-dihydrohydroxy-5H-benzo[a]carbazoles

N Y

\R
position of

compd R X Y formula mp,® °C RBA?
12b CH;, 3 9 Cy7H;sNO, 240-242 9.6
13b C.H; 3 9 CysH;NO, 207-209 30
14b C;H, 3 9 CioH 1oNO, 142-144 38
15b CH, 3 9 CaoHy NO, 167-170 95
16b C.H; 3 8 CysH,7;NO, 182-184 13
17b CoH, 4 9 1sH1sNO, 171-173 1.3
18b C.H; 4 8 C;sH;NO, 182-185 1.9
19b C.H; 2 9 18H17NO, 180-185 9.7
20b C,H, 2 8 C,sH7NO, 179-180 0.7
2lb C2H5 3 C18H17N0 98_100 1.8
22b C,H; 8 CsHy;NO 157-159 0.06
23b C.H; 9 CigH;7NO 122-124 0.8

¢ Crystallized from CH,Cl,. °Relative binding affinities for the calf uterine estrogen receptor = ratio of molar concentrations of 175-es-
tradiol (E,) and inhibitor required to decrease the amount of bound [*H]E2 by 50%, X 100. Values are not corrected for contamination by

dehydrogenated derivatives.

agents. A general limitation met within all antiestrogens
so far available is the therapeutic failure in more than
one-third of the patients with estrogen receptors in the
malignant tissue.* One possible way to overcome this
problem is the development of new structures with a higher
efficacy. Hydroxy-substituted 2-phenylindoles have proved
to be an active class of compounds in this respect. They
show high binding affinities for the estrogen receptor and
exert an inhibitory effect on hormone-dependent experi-
mental mammary tumors.>” These results prompted us

(1) Patterson, J. S.; Battersby, L. A. Cancer Treat. Rep. 1980, 64,
775.

(2) Baum, M.; Brinkley, D. M.; Dosett, J. A.; McPherson, K.;
Patterson, J. S.; Rubens, R. S.; Smiddy, F. G.; Stoll, B. A,;
Wilson, A.; Lea, J. C.; Richards, D.; Ellis, S. H. Lancet 1983,
257.

(3) Heel, R. C; Brogden, R. N.; Speight, R. M.; Avery, G. S. Drugs
1978, 16, 1. .

(4) Maas, H.; Jonat, W; Stolzenbach, G.; Trams, G. Cancer 1980,
46, 2783.

(5) von Angerer, E.; Prekajac, J. J. Med. Chem. 1983, 26, 113.

(6) von Angerer, E,; Prekajac, J.; Strohmeier, J. J. Med. Chem.
1984, 27, 1439.

(7) von Angerer, E.; Prekajac, J.; Berger, M. Eur. J. Cancer Clin.
Oncol. 1985, 21, 531.

Scheme I
RZ

HO O ; Q > X O Y
\R1 .

X=H: 8- or 9-OH
Y=H:2-,3-,0r 4-0H
R =CHz, C2Hs, CaH7. CaHg

to extend our studies in this class of heterocycles. Linkage
of one ortho position of the phenyl ring with C-3 of the
indole nucleus by an ethylene or ethane bridge leads to
benzo[a]carbazole derivatives (Scheme I). These tetra-
cycles are more rigid than the 2-phenylindoles and might
resemble the natural estrogens in respect to binding af-
finity for the estrogen receptor. In addition, benzo[a]-
carbazoles are planar polycycles that have the potential
of intercalating into the DNA %2

(8) LePecq, J. B.; Dat-Xoung, N.; Gosse, C.; Paoletti, C. Proc.
Natl, Acad. Sci. US.A. 1974, 71, 5078.

(9) Pelaprat, D.; Oberlin, R.; Le Guen, L; Roques, B. P.; LePecq,
J.B. J. Med. Chem. 1980, 23, 1330.
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Table III. Acetoxy-11-alkyl-11H-benzo[a]carbazoles, Hydroxy-11-alkyl-11H-benzo[a]carbazoles, and Estrogen Receptor Binding

Affinities
X O X.Y = 0OAc.OH
N Y
N\
R
position
of

compd® R X Y formula® mp,® °C compd? formula mp,¢ °C RBA/
24a CH, 3 9 CyH7;NO, 207-208 24b C,7H;3NO, 256-258 9.5
25a C.H; 3 9 CyH(NO, 176-178 25b C,sH;;NO, 226-227 20
26a C3H, 3 9 Cy3Hy NO; 166-167 26b C,sH,,NO, 198-202 13
27a CH, 3 9 CosHyNO, 152-153 27b CyHgNO, 225-227 2.3
28a C.H; 3 8 CyoH s NO, 193-194 28b CsHsNO, 223-224 6.5
29a C2H5 4 9 C22H19N04 184-186 29b ClngsNOQ 222-223 0.65
30a C,H; 4 8 CyoH;;sNO, 164-165 30b C,sH,NO, 210-211 0.10
3la C.H; 2 9 CyoH;sNO, 159-160 31b CysHysNO, 176-178 3.6
32a C2H5 2 8 C22H19N04 149-150 32b C18H15N02 197-198 0.08
33a C,H; 3 CyoH;7NO, 146-147 33b CsH;sNO 188-190 0.33
34a C,H; 8 CyH;,NO, 177-179 34b CsH s NO 185-187 <0.01
35a C.H; 9 CyH;NO, 181-183 35b CisH;NO 167-170 0.01

*X,Y = OAc. ®Analyzed for C and H within £0.40% of the calculated values. °Recrystallized from EtOH. ¢X, Y = OH; R as in a.
¢Crystallized from CH,Cl,. /Relative binding affinities for the calf uterine estrogen receptor = ratio of molar concentrations of 178-estradiol
(E,) and inhibitor required to decrease the amount of bound [*H]E2 by 50%, X 100.

A number of 11-alkylbenzo[a]carbazoles and their di-
hydro analogues with oxygen functions were synthesized
and investigated for their binding affinity for the estrogen
receptor, their estrogenic and antiestrogenic effects in the
immature mouse, and their mammary tumor inhibiting
activity.

Chemistry. 6,11-Dihydro-5H-benzo[a]carbazoles were
obtained by the same procedure as applied for the Fischer
indole synthesis:1° Reaction of (methoxyphenyl)-
hydrazines (1) with methoxy-1-tetralones (2) afforded the
methoxy-substituted 6,11-dihydro-5H-benzo[a]carbazoles
3-11 (Scheme II). The substituents at the nitrogen were
introduced by deprotonation with sodium amide in liquid
ammonia and subsequent addition of alkyl iodide. De-
methylation of the methoxy compounds 12a-23a was
readily effected with BBr; in CH,Cl, (Table I). The hy-
droxydihydrobenzocarbazoles 12b-23b (Table II) were
purified by conversion to the acetates 12¢c-23¢ with use
of acetic anhydride in pyridine followed by chromato-
graphic isolation. The free hydroxy compounds were ob-
tained by alkaline hydrolysis of the acetates in methanol.
Chromatographic analysis by HPLC and NMR spectros-
copy showed that the 6,11-dihydro-5H-benzo[a]carbazole
12b,c-23b,¢ are contaminated by 5-10% of the corre-
sponding benzo[a]carbazoles that are formed by dehy-
drogenation in position 5 and 6. This oxidation reaction
took place although ether cleavage, acetylation, and hy-
drolysis were performed under nitrogen atmosphere.

The acetoxy-substituted 11H-benzo[a]carbazoles 24a-
35a were obtained by oxidation of the acetates 12¢-23c
with 2,3-dichloro-4,6-dicyanobenzoquinone (DDQ) in
CH,C], in high yield. Alkaline hydrolysis afforded the
hydroxy benzo[a]carbazoles 24b-35b (Table III).

Binding Affinity for the Calf Uterine Estrogen
Receptor. All of the hydroxy-substituted benzo[a]car-
bazole derivatives were tested for their estrogen receptor
affinity. Binding affinities were measured by a competitive
binding assay with 178-[1®H]estradiol as described previ-
ously!! and by other authors.’#'8 Calf uterine cytosol was

(10) Cross, P. E.; Jones, E. R. H. J. Chem. Soc. Suppl. 1964, 5919.

(11) Kranzfelder, G.; Hartmann, R. W., von Angerer, E.;
Schénenberger, H.; Bogden, A. E. J. Cancer Res. Clin. Oncol.
1982, 103, 165.

Scheme II. General Synthesis of
11-Alkyl-11H-benzo[a]carbazoles

x
NHNH3

1.X=H, OCH3 OCH3

1. NaNH
2RrT

3-11, X.Y

12a-23a,R* n-ulkyl

12b-23b, X

t~

12¢-23¢, X, Y= H, OAc

xY

244a-35b, X,Y=H, OAc

24b-35b

used as receptor source and the dextran-coated charcoal
(DCC) method was applied. The incubation period was



Benzo[a]carbazole Derivatives

Table IV. Uterotrophic Activity of Benzo[a]carbazole
Derivatives in the Mouse

compd dose?’ug effect’ compd doseug effect

control 144 £ 2.0 control 12.8 £ 2.0
13c 0.2 20.3 £ 4.7 25a 0.2 21.6 £ 2.1
1 29.3 £ 3.1 1 28.5 £ 3.5

5 45.8 £ 4.2 5 385 £ 3.9

25 439 £ 4.3 25 38.7 £ 3.2

125 46.0 £ 2.4

estrone 1 42,5 £ 3.7 estrone 1 46.9 £ 3.8
control 12.8 £ 2.0 control 9.6 £ 25
16c 0.2 153 £ 1.7 28a 0.2 120 £ 25
1 196 £ 2.5 1 137+ 1.8

5 184 £ 2.4 5 144 £ 25

25 23.6 £ 1.7 25 151 £ 24

125 254 £ 1.9 125 18.1 £ 4.2

estrone 1 46.9 £ 3.8 estrone 04 486 £ 3.2

?Dose per animal, administered at 3 consecutive days sc.
b Uterus dry weight (mg)/body weight (g) X 100, determined 24 h
after the last injection; mean of 10 animals £ SD.

18 h to guarantee equilibrium conditions for the binding
assay and exclude the possible influence of different dis-
sociation rates of the ligands. According to Leclercq et al.,4
the concentration of [*H]estradiol used (5 mM) is sufficient
to reach nearly saturation of the specific binding sites. The
relative binding affinities (RBA) are given as the ratio of
the molar concentrations of 178-estradiol and carbazole
required to decrease receptor bound radioactivity by 50%,
multiplied by 100. The RBA values are reported in Tables
II and ITI. The semilogarithmic plot of bound radioactivity
vs. molar concentrations of the benzo[a]carbazole deriva-
tives exhibited curves parallel to those of 1783-estradiol and
hexestrol, suggesting a common binding site for all of the
compounds that were tested.

Several dihydroxy-substituted benzo[a]carbazoles show
strong binding affinities for the calf uterine estrogen re-
ceptor (Tables II and ITI). The highest RBA values (13b,
14b) exceed the affinity of the potent synthetic estrogen
hexestrol (RBA = 25). As expected, the receptor affinity
decreases considerably if one hydroxy group is missing.
Conversion of the dihydro derivatives to the planar aro-
matic system does not affect very much the binding of the
benzo[a]carbazoles to the receptor site. The contamination
of the dihydro compounds by a small amount of oxidation
products can be neglected for these considerations because
its effect is within the experimental error. Generally, the
affinity decreases by this structural alteration. The best
conditions for the binding to the estrogen receptor are
provided by two hydroxy groups located in positions 3 and
9.

Estrogenic and Antiestrogenic Activity. The ace-
tates of the two dihydro benzo[a]carbazoles with high
binding affinities (13¢, 16¢) and their oxidized analogues
(25a, 28a) were evaluated for their estrogenicity in the
mouse uterus. The assay was performed according to the
procedure described by Rubin et al.l® Estrone (1.0 and
0.4 ug, respectively) was used as reference for maximum
stimulation of uterine weight gain. In these and other in
vivo experiments the acetates were used because of their
higher stability and better solubility in olive oil. The

(12) Delbarre, A.; Oberlin, R.; Roques, B. P.; Borgna, J.-L.;
Rochefort, H.; LePecq, J.-P.; Jacquemin-Sablon, A. J. Med.
Chem. 1985, 28, 752.

(13) Lyman, S. D.; Jordan, V. C. Biochem. Pharmacol. 1985, 34,
2221.

(14) Leclercq, G.; Heuson, J. C.; Schoenfeld, R.; Mattheiem, W. H.,
Tagnon, H. J. Eur. J. Cancer 1973, 9, 665.

(15) Rubin, B. L.; Dorfman, A. S.; Black, L.; Dorfman, R. L. Endo-
crinology 1951, 49, 429.
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acetates are readily cleaved in vivo to afford the free hy-
droxy derivatives as active metabolites (data not shown).
Compounds 13¢ and 25a with oxygen functions in positions
3 and 9 produced the same estrogenic response like the
reference drug but at higher doses (Table IV). Already
at low doses, uterotrophic activity was observed. Dis-
placement of one acetoxy group from C-9 to C-8 (16¢, 28a)
diminishes the estrogenicity considerably. A daily dose
of 125 pg/animal is required for doubling the uterine
weight. Since we knew from previous experiments that
low estrogenicity is often associated with antiestrogenic
activity, we determined the antiuterotrophic effect of
compounds 16¢ and 28a by simultaneous administration
of 0.4 ug of estrone. Only compound 16¢ showed signifi-
cant antiestrogenic effects (inhibition: 14% at 5 pug and
27% at 125 ug) whereas 28a was devoid of antagonistic
activity.

Mammary Tumor Inhibition. Two representatives
of the benzo[a]carbazoles were tested for their inhibitory
activity against the 7,12-dimethylbenz[a]anthracene
(DMBA) induced mammary carcinoma of the Sprague-
Dawley rat. This tumor is widely used as in vivo model
for estrogen-sensitive carcinomas because it shows many
similarities to human hormone-dependent breast cancer.!®
Regarding a potential clinical application we are mainly
interested in compounds with low estrogenicity. Therefore,
two of the 8-hydroxy derivatives (16¢c, 28a) were tested for
their mammary tumor inhibiting effect. Tamoxifen, a drug
that is used for treatment of estrogen receptor positive
breast cancer, served as standard in this experiment.
Benzo[a]carbazole 28a in both dosages was inactive. The
slight increase of tumor area that was observed after 4
weeks of treatment was not significant. The administered
dose of 1 and 4 mg/kg were chosen following the experi-
ence with structurally related 2-phenylindoles. The di-
hydro analogue 16¢ inhibited the growth of DMBA-in-
duced tumors, but only the lower dose gave rise to a sig-
nificant effect (p < 0.01). The inhibitory activity of 16¢
was similar to that of tamoxifen. Change of body weight
during therapy was less than 3% (Table V).

In addition to the in vivo experiments, the deacetylated
benzo[a]carbazole derivatives 16b and 28b were tested for
their in vitro antitumor activity against hormone-de-
pendent and -independent human breast cancer cells.
Both compounds inhibited the growth of estrogen-receptor
positive MCF-7 cells at concentrations of 107> and 10¢ M
(Table VI). The inhibition was nearly complete at 1075
M. At the lower concentration the cell number was clearly
reduced, but the inhibitory effect on thymidine incorpo-
ration was rather weak. All of these compounds failed to
inhibit the growth of hormone-independent MDA-MB 231
breast cancer cells (data not shown).

Discussion

A number of benzo[a]carbazoles and their dihydro de-
rivatives with one or two hydroxy functions were syn-
thesized in order to establish structure-activity relation-
ships. The first objective was to study the influence of
structural variations on estrogen receptor binding. Like
in the 2-phenylindole series, the arrangement of two hy-
droxy groups in positions 3 and 8 or 9 provide the most
favorable conditions for the receptor affinity.® The low
affinity of derivatives bearing a hydroxy function at C-4
can be explained by a steric effect of the adjacent C, bridge
that impedes the formation of a hydrogen bond between
the hydroxy group and the receptor site. The reason for

(16) Fiebig, H. H.; Schmahl, D. Recent Res. Cancer Res. 1980, 71,
80.
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Table V. Effect of 16c, 28¢, and Tamoxifen Citrate on the DMBA-Induced Mammary Carcinoma of the Sprague-Dawley Rat

no. of complete partial static progr .
no. of no. of new remission,’  remis- tumors  tumors/ _change of tumor area

compd dosemg  animals tumors? tumors % sion,? % % % median, % range,” %
controlt 10 31 51 7 5 21 67 460 224-620
16¢ 1.0 8 22 21 9 7 35 49 179* 49-492
16¢ 4.0 8 24 24 10 6 23 61 230 -94-691

28a 1.0 8 22 41 3 8 19 70 493 -29-2088
28a 4.0 8 23 45 6 10 25 59 561 111-988
tamoxifen 3.0 10 31 24 22 7 27 44 136* -57-600

2Dose per kilogram of body weight, dissolved in olive oil. The animals received a single dose daily from Monday to Thursday and a
double dose on Friday. ?At the beginning of the test. ¢ Tumor not palpable. ¢Reduction of initial tumor size <50%. ¢Tumor size 51-150°
of the initial size. /Tumor size > 150% of the initial size. #Median on the 28th day of therapy. The U test according to Wilcoxon, Mann,
and Whitney was used to determine the significance. » Numbers without sign are understood to be positive.  Vehicle alone. *Significant (p
< 0.01).

Table VI. Effect of 16b, 28b, and Tamoxifen on the Growth of the antitumor effect is not as strong in vivo as expected.
MCF-7 Cells The lack of activity in hormone-independent MDA-MB
H]thymidine 231 cells make an additional cytostatic action via DNA
(cell no./dish)* X  incorp® x 10° (% intercalation unlikely.’® Therefore, we assume that the
compd  concn, M 10* (% T/C) T/C) benzo[a]carbazole derivatives act via the cellular estrogen
control 11.65 + 0.61 37.31 £ 2.30 receptor system.
16b 107 0.46 £ 0.13 (4)¢ 0.76 = 0.16 (2)° . .
28h 10 0.52 £ 009 (4)°  1.04 £ 017 (3)° Experimental Section
tamoxifen 107 0.20 + 0.05 (2)° 0.08 £ 0.01 (0)° Melting points were determined on a Biichi 510 apparatus and
control 4.05 £ 0.40 30.58 £ 1.86 are uncorrected. Elemental analyses were performed by the
16b 10° 2.82 £ 0.14 (70)°  25.84 + 261 (85)° Mikroanalytisches Laboratorium, University of Regensburg, and
28b . 10__2 2.41 £ 0.21 (59)Z 26.46 £ 3.13 (87) were within £0.40% of the calculated values except where noted.
tamoxifen 10 048 + 0.10 (12) 1.85 + 0.46 (6)° NMR spectra were obtained on a Varian EM 390A spectrometer
2Cell number based on Coulter counts on day 7, mean of six and were consistent with the assigned structures.
dishes + SD. ?Radioactivity/dish; mean of six dishes + SD. General Procedure for the Preparation of 6,11-Dihydro-
¢Significant inhibition (p < 0.05). 5H-benzo[a Jcarbazoles 3-11. A solution of 1-tetralone or
Lo ) ) methoxy-1-tetralone (0.023 mol) in 50 mL of EtOH was added
the unexpeqtedly weak blndmg_ of .the 2,8-disubstituted to a boiling mixture of phenyl- or (methoxyphenyl)hydrazine
compounds is unclear. The main difference between the hydrochloride (0.023 mol) and concentrated HCl (2.0 mL) in 75
2-phenylindole system and the benzo[a]carbazoles is based mL of EtOH within 30 min. Boiling was continued for 5 h. After
on the planar structure of the tetracyclic compounds. The addition of hot water (150 mL), the solution was allowed to cool
high estrogen receptor affinity of some of the benzo[a]- to room temperature. The product was separated by filtration
carbazole derivatives is contrary to the hypothesis of other and recrystallized from EtOH.

authors that a molecular thickness of 4.5 A is required for 6,11-Dihydro-3,9-dimethoxy-5H-benzo[a ]carbazole (3) has
been described previously.!®

A . . T
a strong. blpd.lng. n teractlo% with the br ecelp tor.sllltel.l 6,11-Dihydro-3,8-dimethoxy-5H -benzo[a Jcarbazole (4):
Geomet.rlc 51m11ar1t1(?s of th(? enzo[a]carbazo es with the yield 75%; mp 189-191 °C (lit.® mp 190 °C); 'H NMR (CDCly)
S){nthetlc estrogen (_ilet}}yl§t11bestrol make an interaction 52.95 (mc, 4 H, CH,CH,), 3.78 (s, 3 H, OCH,), 3.87 (s, 3 H, OCH,),
with the receptor site similar to that of estrogens likely. 6.57-7.25 (m, 6 H, Ar H), 8.00 (s, 1 H, NH).

Two representatives both of the benzo[a]carbazoles and 6,11-Dihydro-4,9-dimethoxy-5H -benzo[a Jcarbazole (5):
the dihydro derivatives were tested for their endocrine yield 58%; mp 222-223 °C; 'H NMR (CDCl,;/CF;COOH) § 3.00
activity. According to the results that were obtained in (m, 4 H, CH,CH,), 3.87 (s, 3 H, OCHj), 3.95 (s, 3 H, OCHj),
the 2-phenylindole series, the 3,9-disubstituted compounds 7.00-7.87 (m, 6 H, Ar H). Anal. (C,H;7NO,) C, H.
behave as strong estrogens whereas the 3,8-dihydroxy 6,11-Dihydro-4,8-dimethoxy-5H -benzo[a Jearbazole (6):

s - : : yield 64%; mp 207-208 °C; 'H NMR (CDCl;) é 3.00 (mc, 4 H,
f]‘i’g}‘lpgi‘;n(ﬁi;":f’égi‘;iIZSIOW agonistic activity despite their CH,CH,), 3.87 (s, 6 H, OCHy), 6.67-7.30 (m, 6 H, Ar H), 8.07 (s,

1 H, NH). Anal. (C;sH;;NO,) C, H.

Since the aim of these .in.vgstigations is the development 6.11-Dihydro-2,9-dimethoxy-5H-benzo[a Jcarbazole (7):
of mammary tumor inhibiting agents with low estrogen- yield 68%; mp 178-181 °C; 'H NMR (CDCly) & 2.93 (s, 4 H,
icity, we studied the antitumor activity of the latter com- CH,CH,), 3.83 (s, 6 H, OCH,), 6.50 (dd, J; = 9 Hz, J, = 2 Hz,
pounds (16¢, 28a) in vivo and in vitro. The dihydro- 1H, Ar H), 6.63-7.13 (m, 4 H, Ar H), 743 (d, J = 9 Hz, 1 H, Ar
benzo[a]carbazole 16¢ showed a significant inhibitory ef- H), 8.13 (s, 1 H, NH). Anal. (C;sH,;NO,) C, H.
fect on DMBA-induced hormone-dependent rat mammary 6,11-Dihydro-2,8-dimethoxy-5H -benzo[a Jcarbazole (8):
tumors at a dose of 1 mg/kg. Unfortunately, it was not yield 75%; mp 152-153 °C; 'H NMR (CDCly) & 2.93 (s, 4 H,

: : : ; CH,CH,), 3.82 (s, 3 H, OCH,), 3.88 (s, 3 H, OCHy,), 6.70 (dd, J,
possible to enhance this effect by increasing the dose. = 0'Hz, 7, = 2 Hz, 1 H, Ar HJ, 6.76-7.30 (m, 5 H, Ar H), 8.17 (s,

Tlllesedfi2nd}11ngs f}r(:i (illffergnt fr};)m those obta(iilneqt}lln jche 1 H. NH). Anal. (C,sH,;NO,) C, H.
related 2-phenylindole series where compounds with sim- 6,11-Dhydro-3-methoxy-5H-benzo[a ]Jcarbazole (9): yield

ilar receptor affinities were very active in this tumor 80%; mp 167-168 °C (lit.¥ mp 168 °C); 'H NMR (CDCly) 5 2.97
model.>” Hoping to find an explanation for these results, (s, 4 H, CH,CH,), 3.78 (s, 3 H, OCHp), 6.63-7.57 (m, 7 H, Ar H),
we studied the effect of both compounds on hormone- 8.03 (s, 1 H, NH).

sensitive MCF-7 breast cancer cells. A marked growth 6,11-Dihydro-8-methoxy-5H-benzo[a Jcarbazole (10): yield

inhibition was only found at a concentration of 10° M. We 74%; mp 186-187 °C; '"H NMR (CDCl;) 6 3.00 (mc, 4 H, CH,H,),
assume that this comparatively high concentration of the
drug cannot be reached in the tumor tissue and, therefore,

(18) Groupe Européen du Cancer du Sein Eur. J. Cancer 1967, 3,
75

(17) Weeks, C. M.; Cooper, A.; Norton, D. A. Acta Crystallogr., (19) Btiu-Hoi, N. P.; Perin, F.; Jacquignon, P. Bull. Soc. Chim. Fr.
Sect. B 1970, B26, 429. 1966, 584.
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3.87 (s, 3 H, OCHj;), 6.82 (dd, J, = 9 Hz, J, = 2 Hz, 1 H, Ar H),
7.00 (d, J = 2 Hz, 1 H, Ar H), 7.13-7.30 (m, 5 H, Ar H). Anal.
(C;H;sNO) C, H.

6,11-Dihydro-9-methoxy-5H-benzo{a Jcarbazole (11): yield
66%; mp 173-174 °C; 'H NMR (CD3COCD;) § 2.93 (mc, 4 H,
CH,CH,), 3.77 (s, 3 H, OCHj,), 6.67 (dd, J; = 9 Hz, J, = 2 Hz,
1H,Ar H),6.90(d,J = 2 Hz, 1 H, Ar H), 7.02-7.57 (m, 5 H, Ar
H). Anal. (C,;H;;NO) H; C: calcd, 81.90; found, 81.30.

General Procedure for the Alkylation of 6,11-Dihydro-
5H-benzo[a Jcarbazoles. Sodium (1.44 g, 0.06 mol) was added
in portions to 200 mL of liquid ammonia. After disappearance
of the blue color, a solution of 0.035 mol of the benzocarbazole
in 100 mL of dry THF was added at -70 °C. After the mixture
was stirred for an additional 30 min, a solution of the alkyl iodide
(0.042 mol) in dry THF was added slowly. After 30 min the cooling
bath was removed to allow the ammonia to evaporate. The residue
was treated with water and extracted with Et,0. The organic layer
was washed with NaHSO; solution and water and dried (MgSO,).
After evaporation of the solvent the product was recrystallized
from EtOH. Yields ranged between 80% and 90%. Melting
points are reported in Table I. Elemental analyses were performed
after ether cleavage and acetylation (vide infra).

General Procedure for the Ether Cleavage and Acetyla-
tion. A solution of the methoxy-substituted dihydrobenzo[a]-
carbazole (0.008 mol) in dry CH,Cl, (50 mL) was cooled to -60
°C under nitrogen atmosphere, and then BBr; (3.4 mL, 0.035 mol)
was added. After 30 min the cooling bath was removed and the
mixture stirred over night, With cooling, the mixture was poured
into an aqueous solution of NaHCOQO;. The organic layer was
separated, and the aqueous phase was extracted three times with
EtOAc. The combined organic layers were washed with water
and dried (MgSO,). After the solvent was removed, the dark
residue was treated with Ac,0 (6.0 g) and pyridine (6.0 mL) under
nitrogen. After refluxing for 2 h, the mixture was poured onto
ice and extracted with CH,Cl,. The organic layer was washed
twice with 2 N HCl and water and dried (MgSO,). After evap-
oration of the solvent, the remaining residue was chromatographed
(Si0,, CH,Cl,). The product was obtained as a solid and re-
crystallized from EtOH. The yields were in the range of 50-70%.
Melting points are reported in Table I.

General Procedure for the Hydrolysis of the Acetates.
The acetoxyindole (0.03 g) was suspended in 20 mL of MeOH.
Under nitrogen, 2 N NaOH (4 mL) was added, and the mixture
was stirred for 2 h at room temperature. The clear solution was
acidified with 2 N HCI and the alcohol was removed under reduced
pressure. The aqueous mixture was extracted with CH,Cl,. After
drying (MgSQ,), the solvent was evaporated. The residue crys-
tallized after treating with a small volume of CH,Cl,. The yields
were between 75% and 90%. Melting points are reported in Table
IL

General Procedure for the Oxidation of Dihydrobenzo-
[a]carbazoles. 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone was
added in portions to a stirred solution of acetoxy-11-alkyl-6,11-
dihydro-5H-benzo[a]carbazole (1.0 mmol) in 10 mL of CH,Cl,
until the green color persisted. The mixture was stirred for an
additional 30 min. Without removal of the solvent, the mixture
was transferred onto a silica gel column and chromatographed
with CH,Cl,. The product was isolated in a yield of 20-95% and
was recrystallized from EtOH. Hydroxy derivatives were obtained
after alkaline hydrolysis as described above. Melting points both
of the acetates and the hydroxy compounds are reported in Table
IIL

Biochemical and Biological Methods. Reagents.
[2,4,6,7-*H]Estradiol (110 Ci/mmol) and [*H]thymidine (80
Ci/mmol) were obtained from New England Nuclear, Dreieich,
FRG. 7,12-Dimethylbenz[a]anthracene (DMBA), hormones, and
biochemicals were purchased from Sigma, Minchen, FRG. Ta-
moxifen citrate was a gift of ICI, Plankstadt, FRG. TEA [Tris
buffer (0.01 M, pH 7.5) supplemented with EDTA (0.01 M) and
NaNj (0.003 M)] was used as buffer.

Estradiol Receptor Binding Assay. Fresh calf uteri, stored
in ice-cold saline, were freed of adherent fat and connective tissue
at 4 °C. After addition of TEA buffer (1 mL/g), the uteri were
homogenized by treatment with a ultraturrax mixer (IKA, FRG)
and a glass-in-glass homogenizer (Potter S; Braun, FRG) at 4 °C.
The homogenate was centrifuged at at 105000g for 1 h (0 °C).
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The supernatant (cytosol) was then used for determining the
affinity of compounds for the estrogen receptor. The protein
concentration of the cytosol was ca. 15 mg/mL, leading to a final
concentration of 3 mg/mL in the assay.

For the determination of the relative binding affinity (RBA),
the previously described procedure was applied with modifica-
tions.!! The 500-uL incubation mixture comprised 5 nM 178-
[*H]estradiol (added in 100 uL of TEA), 109-10"* M competing
ligand (in 100 L of TEA), 100 xL of uterine cytosol, and TEA.
The mixture was incubated for 18, h at 4 °C, and then 0.5 mL
of dextran-coated charcoal (DCC) slurry (0.8% charcoal Norit
A and 0.008% dextran in TEA) was added to the tubes, and the
contents were mixed. The tubes were incubated for 90 min at
4 °C and then centrifuged at 700g for 10 min to pellet the charcoal.
An aliquot (100 uL) of the supernatant was removed, and the
radioactivity in it was quantified by liquid scintillation spec-
trometry after addition of 2 mL of Quickszint 212 (Zinsser).
Nonspecific binding was calculated with use of 5 UM 173-estradiol
as competing ligand. Six concentrations of competitor (1, 2, 5,
and 10 X 10~ to 107) were chosen to provide values between 10%
and 90% of specificly bound radioactivity. Radioactivity was
plotted as a function of the log concentration of competing ligand
in the assay. The RBA was calculated as the ratio of the molar
concentrations of estradiol and test compound required to decrease
the amount of bound radioactivity by 50%, multiplied by 100.

Immature Mice Uterine Weight Tests. Immature female
mice (19 day old, of the NMRI strain) from Ivanovas, Kisslegg,
FRG, were randomly divided into groups of 10 animals. To
determine estrogenic activity, compounds were dissolved in olive
oil (50 uL./animal) by gentle warming and injected subcutaneously
on 3 consecutive days. Control animals received the vehicle alone.
Twenty-four hours after the last injection, the animals were killed
by cervical dislocation and weighed. Uteri were dissected free
of fat and fixed in Bouin solution (saturated agueous picric
acid-40% formaldehyde—glacial acetic acid, 15:5:1 by volume) for
20 h. Uteri were freed from connective tissue, washed with a
saturated alcoholic solution of LiCl, dried at 100 °C for 24 h, and
weighed. The uterotrophic effect was calculated according to ref
11 by the formula: uterine dry weight (mg)/body weight (g),
multiplied by 100. To determine the antiestrogenic activity,
injections contained a standard dose (0.4 ug) of estrone and
increasing doses of the carbazole derivatives. The inhibition (%)
of the estrone-stimulated uterine growth was estimated by the
formula 100 - [(Eqr - Ev)/(Es — Ev)] X 100 (Eg = effect of estrone
standard, Egr = effect of standard with simultaneous adminis-
tration of test compound, Ey = effect of vehicle).

Mammary Tumor Growth Inhibition Test: DMBA-In-
duced Rat Mammary Tumors. Female Sprague-Dawley rats
(Zentralinstitut fiir Versuchstierzucht, Hannover, FRG), 50 days
old, were administered by gavage a single dose of 20 mg of DMBA
dissolved in 1 mL of olive oil. The rats were examined for tumor
masses by palpation twice weekly, beginning 30 days after feeding
of DMBA; those without tumors by day 70 were discarded.
Animals were assigned randomly to experimental groups when
the tumor area per animal exceeded 140 mm? The tumor area
was determined by caliper measurements of two perpendicular
axes, one across the largest diameter. Analysis revealed an ap-
proximately equal distribution of tumors of different latencies,
tumor number, and total tumor area among each of the treatment
and control groups. Drugs were dissolved in olive oil (1 mL/kg
of body weight) by gentle warming and administered subcuta-
neously. A single dose was administered from Monday to
Thursday and on Friday a double dose was administered. Tumor
size and body weight were measured twice weekly. Criteria for
determining tumor response to the drug included change in tumor
area per animal, change in size of individual tumor 250% (in-
creased, decreased) or <50% (static), appearance of new tumors,
and proportion of tumors regressing to nonpalpability. Signifi-
cance of difference was determined by the U test according to
Wilcoxon, Mann, and Whitney.?

MCF-7 Human Breast Cancer Cells. The MCF-7 cell line
was kindly provided by Dr. M. E. Lippman, NCI, Bethesda, MD.
Cells were grown in improved minimal essential medium (MEM),

(20) Mann, H. B.; Whitney, D. R. Ann. Math. Statist. 1947, 18, 50.
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as modified by Richter et al.?! (Biochrom, Berlin, FRG), sup-
plemented with glutamine (0.3 g/L), gentamycin (60 mg/L), and
5% newborn calf serum (NCS) (Gibco) or charcoal-treated NCC
(CCS). CCS was prepared by incubation of 500 mL of NCS with
a dextran-coated charcoal pellet?? for 4 h in a shaker at 0-4 °C.
The procedure was repeated with a fresh pellet. After each
incubation, the charcoal was removed by centrifugation. The
serum was sterilized through a 0.20-um filter (Sartorius, Gttingen,
FRG) and stored at —20 °C. Cells were grown in a humified
incubator in 5% CO, at 37 °C. Two weeks before start of the
experiment, cells were switched from NCS to CCS and received
two additional media changes before they were harvested with
0.05% trypsin-0.02% EDTA in 0.15 M NaCl. They were syringed
gently to prevent clumbing, and approximately 2 X 10* cells in
2 mL were plated replicately in six-well dishes (Costar). One day
later, cells were switched to a medium containing the substances
and 0.1% ethanol in which the compounds had been dissolved.
The medium of control wells contained an equal volume of ethanol.

(21) Ridder, A.; Sandford, K. K.; Evans, V. J. J. Natl. Cancer Inst.
1972, 49, 1705.

(22) Scholl, S. M,; Huff, K. K,; Lippman, M. E. Endocrinology
1983, 113, 611.

At the fourth day, media were changed. Three days later, cells
were labeled with 1 uCi [3H]thymidine/well for 2 h. Cells were
washed with cold PBS and harvested in PBS containing 0.02%
EDTA. After centrifugation, the cell pellet was resuspended in
1 mL of PBS and divided in two equal parts. One part was
counted in a Z I Coulter Counter and the other one was sonicated.
After addition of 4 mL of 10% trichloroacetic acid, the acid-in-
soluble fraction was collected on a 0.45-um filter (Metricel,
Gelman) and counted after addition of 10 mL of scintillation liquid
(Quickszint 212, Zinsser) in a LS 8000 Beckman scintillation
counter.
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Imidazo[2,1-b ]benzothiazoles. 2.! New Immunosuppressive Agents
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A series of 2-phenylimidazo[2,1-b]benzothiazole derivatives was prepared and tested for immunological activities.
Some of the compounds showed significant suppressive activity of delayed type hypersensitivity (DTH) without
inhibition of humoral immunity in mice by oral administration. The most active compound was 2-(m-hydroxy-

phenyl)imidazo[2,1-b]benzothiazole (20).

Immunosuppressive agents have been used for the .

treatment of some autoimmune diseases, such as systemic
lupus erythematosus, rheumatoid arthritis, and glomeru-
lonephritis,? and in organ transplantation.? However, these
drugs, for example, alkylating agents, such as cyclo-
phosphamide, and antimetabolites, such as azathioprine,
are cytotoxic agents, inhibit both cell-mediated and hu-
moral immunity, and are associated with a number of side
effects, such as bone marrow depression, infection, hepatic
toxicity, and rash.> Therefore, they are not used widely.
In recent years, several immunosuppressive agents, such

(1) Mase, T.; Murase, K. Heterocycles 1984, 22, 1013,

(2) (a)Bach, J. F. Drugs 1976, 11, 1. (b) Gerber, N. L.; Steinberg,

A. D. Drugs 1976, 11, 14.

(3) (a) Decker, J. L. Arthritis Rheum. 1973, 16, 89. (b) Pirofsky,

B.; Bardana, E. J. Med. Clin. North Am. 1977, 61, 419.

as cyclosporin A,* niridazole,® and oxisuran® have been
reported to suppress selectively cell-mediated immunity.
Recently, cyclosporin A7 has been widely used in organ
transplantation. However, this agent also has side effects,
such as hepatic and renal toxicities.” In these aspects, less
toxic immunosuppressive agents are awaited.

In a search for new compounds that alter the immune

(4) (a) Borel, J. B. Immunology 1976, 31, 631. (b) Dreyfuss, M.,;
Harri, E.; Hoffman, H.; Kobel, H.; Pache, W.; Tsherter, H.
Eur. J. Appl. Microbiol. 1976, 3, 125.

(5) (a) Mahmoud, A. A. F.; Mandel, M. A.; Warren, K. S.; Webster,
L. T, Jr. J. Immunol. 1975, 114, 279. (b) Webster, L. T., Jr.;
Butterworth, A. E.; Mahmoud, A. A. F.; Mngola, E. N.; War-
ren, K. 8. N. Engl. J. Med. 1975, 292, 1144.

(6) Freedman, H. H.; Fox, A. E.; Shavel, J., Jr.; Morrison, G. C.
Proc. Soc. Exp. Biol. Med. 1972, 139, 909.

(7) White, D. J. G. Drugs 1982, 24, 322.
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