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Various 4-N-substituted amino-4H-1,2,4-triazole derivatives were synthesized and evaluated for aromatase-
inhibitory activity (in vitro) and for pregnant mare serum gonadotropin (PMSG)-induced estrogen synthesis-inhibitory
activity (in vivo). The 4-(4-cyanophenyl) amino derivative and 4-(4-nitrophenyl)amino derivative, each possessing a
strong electron-withdrawing group on the phenyl moiety, showed potent aromatase-inhibitory activity. Struc-
ture—activity relationship studies indicated that 4-[(4-bromobenzyl)(4-cyanophenyl)amino]-4H-1,2,4-triazole (5k,
YMS511) is a highly potent aromatase inhibitor with IC, values of 0.4 and 0.12nM in in vitro experiments
using rat ovary and human placenta, respectively, and an in vivo ED 5, of 0.002 mg/kg in rats on oral administration.
YMS511 was also a weak inhibitor of other steroid hormone synthesis enzymes. These data suggest that YM511 is
a highly selective aromatase inhibitor and may be a useful agent for the treatment of estrogen-dependent diseases

such as breast cancer.
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Aromatase is a cytochrome P-450 enzyme which is
responsible for the conversion of androgen to estrogen
in the final step of the steroid biosynthesis cascade. In-
hibition of this enzyme is therefore of practical impor-
tance in the treatment of estrogen-dependent diseases,
for example breast cancer, cancer of the uterine body,
endometriosis and uterine myoma.! ™% Like aromatase,
several other steroidogenic enzymes are also cytochrome
P-450 enzymes.” Therefore, lack of selectivity of P-450
could lead to inhibition of the biosynthesis of other
important steroid hormones such as aldosterone, cortisol
and testosterone, causing undesirable side effects.

Several non-steroidal aromatase inhibitors are now under
clinical trial or in clinical use, including CGS16949A®
(imidazole type), D10337 and CGS20267% (1H-1,2,4-tri-
azol-1-yl type). Recently, CGS16949A was launched in
Japan for the treatment of advanced breast cancer in

\

postmenopausal women. However, this agent was shown
to cause a significant decrease in serum aldosterone
level,” demonstrating that it shows insufficient selectiv-
ity for aromatase. Thus, in an attempt to develop more
useful aromatase inhibitors, we have focused our atten-
tion on not only potency, but also enzyme selectivity.

It is well known that compounds having an aza-hetero
ring, such as imidazole,'® triazole!*'*? and pyridine,!¥
show inhibitory activity against aromatase. The sp*
nitrogen atom in an azole or azine ring binds to the heme
iron atom of aromatase.” Inhibitory potency and selec-
tivity for aromatase depend on the number and position
of sp? nitrogen atoms in the hetero ring.'® During the
course of our studies on azole-type compounds as aro-
matase inhibitors, we found that 4-[bis(4-cyanophenyl)-
amino]-4H-1,2,4-triazole (5¢) has good selectivity for
aromatase inhibition. Although its aromatase-inhibitory
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potency was only moderate, its aldosterone synthesis-
inhibitory activity was very weak. We therefore selected
this compound as the lead compound and synthesized a
series of 4-N-substituted 4H-1,2,4-triazol-4-ylamino de-
rivatives to examine the structure-activity relationships
(SARs). Among these compounds, 4-[(4-bromobenzyl)(4-
cyanophenyl)amino]-4 H-1,2,4-triazole (Sk) (YMS511) was
a highly potent and selective aromatase inhibitor.

Chemistry

Most of the N,N-disubstituted derivatives were syn-
thesized by two-step reactions from 4-amino-4H-1,2,4-
triazole (1). General synthetic procedures for the para-
cyanophenylamino (5), para-nitrophenylamino (6) and
5-benzofurazanylamino derivatives (7) are shown in Chart

1, and the synthesis of para-bromophenylamino deriva-
tives (12) is shown in Chart 2. Excess 4-aminotriazole (1)
was reacted with fluoroaryl derivatives in the presence of
potassium fert-butoxide in dimethyl sulfoxide (DMSO) to
afford the 4-N-mono-substituted amino-4H-1,2,4-triazole
derivatives (2—4). N,N-Diphenyl derivatives (5¢,d, 6a)
were obtained by reaction of 2 and 3 with the fluoroaryl
derivatives using sodium hydride as a base (method A).
Compounds Sa,b with a short alkyl substituent and
compound Sr with a benzoyl substituent were also
synthesized in a similar manner.

Preparation of compounds Se—q, 6b—n, 7a,b and 12a,
b having an arylalkyl group on the amino moiety was
performed by the reaction of 2, 3, 4 and 11 with arylalkyl
halide derivatives in the presence of potassium carbonate
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in acetonitrile (method B). The para-bromophenylamino
derivative (11) was synthesized from the nitro derivative
(3) as shown in Chart 2. The mono-substituted amino
group of 3 was protected with an acetyl group, and the
protected compound was hydrogenated with 10% palla-
dium on carbon under atmospheric pressure to afford the
para-aminophenyl derivative (9). This amino group was
replaced with a bromo group by means of the Sandmeyer
reaction to give 10 in moderate yield. Compound 10 was
treated with 4N hydrochloric acid to give the amine
derivative (11).

Results and Discussion

Inhibitory activities of the series of triazole derivatives
on aromatase (in vitro), aldosterone synthesis (in vitro) and
pregnant mare serum gonadotropin (PMSG)-induced
estrogen synthesis (in vivo) were evaluated. In the in vitro
rat ovarian microsome assay, aromatase-inhibitory ac-
tivity of the compounds at concentrations of 1 and 10nm
was expressed as percent inhibition of the aromatization
of androstenedione. In the rat in vivo assay, the estrogen
synthesis-inhibitory activity of the compounds at the
dosages of 0.03 and 0.3 mg p.o. was expressed as percent
inhibition of PMSG-induced estrogen synthesis.

The pharmacological data for these derivatives are
summarized in Tables 1—4.

1873

In a series of para-cyanophenylamino derivatives (5)
(Table 1), the unsubstituted compound 2 and compounds
5a and 5b with a short alkyl substituent showed no
aromatase inhibitory activity in vitro. Compounds pos-
sessing a phenyl moiety (Sc—r), except Sr, exhibited the
inhibitory activities in vitro, and substituted benzyl de-
rivatives (Se—q), except Se and Sp, were more potent
inhibitors than phenyl derivatives (Sc,d). These results
indicated that a sufficiently bulky substituent such as a
benzene ring is necessary as the R moiety for a potent
aromatase inhibitor. Moreover, as shown in Table 4, the
inhibitory activities of compounds Sc, d (phenyl type) and
5f, k (benzyl type) on aldosterone synthesis were very weak,
being comparable to that of CGS16949A. This shows that
these compounds have good selectivity for aromatase
inhibition.

Introduction of a cyano (5f), halogen (S5g,h,k,l),
trifluoromethyl (Sm) or nitro group (Sn) at the para
position of the phenyl ring of the benzyl derivatives
increased the aromatase-inhibitory activity. Among them,
the para bromo-substituted derivative (Sk) showed the
most potent activity both in vitro and in vivo, while the
inhibitory activity of compounds with an ortho (5i) or a
meta (5j) bromo substituent was weak, especially in vivo.

Introduction of a methyl or carbonyl group at the
benzylic position of compound 5n resulted in decreased

Table 1. Physical and Biological Data for 4-[(4-Cyanophenyl)amino]-4H-1,2,4-triazole Derivatives

% inhibition of % inhibition of PMSG-

. aromatase® induced estrogen synthesis®
Compd. R Method® Y€l ooy  Reoryst
(%) solvent (in vitro, nM) (in vivo, mg/kg p.o.)
1 10 0.03 0.3

2 H a) 699  206—208 Acetone NE NE NT NT
5a CH, A 34 184—186  AcOEt-Et,O NE NE 30.0 67.2
sb C,H, A 59 108—109 AcOEt-Et,0 NE NE 19.3 56.7
5¢ 4-CN-Ph A 60 218—220 AcOEt NE 139 49.8 81.8
5d 4-NO,-Ph A 71 203 EtOH-iso-Pr,0 NE 24.5 57.2 89.8
Se PhCH, B 48 193—194 AcOEt NE 10.5 21.5 66.5
5f 4-CN-PhCH, B 48 214—215 EtOH-iso-Pr,0 14.7 50.1 27.2 87.6
5S¢ 4-F-PhCH, B 40 193—194 AcOEt 11.9 20.1 38.1 81.6
5h 4-Cl-PhCH, B 45 172—173 AcOEt 60.2 57.4 71.6 92.2
Si 2-Br-PhCH, B 46 234—235 MeOH 224 434 NE 14.2
5j 3-Br-PhCH, B 45 195—196 MeOH 25.5 St 38.8 86.2
5k 4-Br-PhCH, B 68 201—202 EtOH 68.2 92.0 90.0 97.8
51 4-1-PhCH, B 40 242—243 MeOH 28.9 64.9 55.6 89.1
Sm 4-CF;-PhCH, B 52 157—158 AcOEt 55.3 54.7 68.8 92.2
5n 4-NO,-PhCH, B 32 213215 EtOH 22.1 68.3 76.2 923
50 5-Benzofurazanylmethyl/? B 39 200—205 AcOEt 13.9 59.7 58.1 96.9
Sp 4-NO,-PhCH(CH,) B 33 191—194 EtOH NE 22.7 NE 20.4
5q 4-NO,-PhCH,CH, B 24 213218 MeOH 54.7 71.8 57.3 86.8
Sr 4-NO,~PhCO A 64 235—237 AcOEt-acetone NE NE NT NT
CGS16949A 37.0 85.2 81.3 92.3

a) A: NaH, DMF B: K,CO;, CH;CN. b) % inhibition of aromatization of androstenedione in the in vifro rat ovarian microsome assay. Values were determined

in a single experiment. Each assay was performed in triplicate.

¢) % inhibition of estrogen synthesis in the in vivo rat PMSG-induced estrogen synthesis assay.
Each compound was tested in groups of five rats and data represent mean values of peak inhibition.

d) See experimental section. e) Yield is based on 4-

fluorobenzonitrile. f) 5-Benzofurazanylmethyl: NE: no effect. NT: not tested.
N
|: |‘ o}

>

NII-Electronic Library Service



1874

Vol. 44, No. 10

Table 2. Physical and Biological Data for 4-[(4-Nitrophenylamino]-4H-1,2,4-triazole Derivatives

% inhibition of % inhibition of PMSG-

. aromatase? induced estrogen synthesis®
Compd. R Method® Y;jld mp (°C) Relcryst'

(%) solven (in vitro, nM) (in vivo, mg/kg p.o.)

1 10 0.03 0.3

6a 4-NO,-Ph A 46 217218 MeOH 134 389 61.7 78.2
6b PhCH, B 51 203—204 AcOEt NE 21.1 NE 16.0
6¢ 4-CN-PhCH, B 41 211212 EtOH 15.6 47.0 62.3 87.2
6d 4-F-PhCH, B 64 178—179 EtOH-iso-Pr,O 16.1 335 75.0 92.3
6e 4-Cl-PhCH, B 76 207—208 EtOH 29.4 72.4 77.4 77.9
6f 4-Br-PhCH, B 45 237 EtOH-acetone 68.0 92.3 91.9 96.9
6g 4-1-PhCH, B 31 225—226 MeOH 66.1 82.7 17.7 92.0
6h 4-CF,-PhCH, B 56 156—157 AcOEt 21.2 63.6 86.3 934
6i 4-NO,~-PhCH, B 41 211212 EtOH 37.0 85.2 91.3 97.1
6j 5-Benzofurazanylmethyl? B 25 217—218 AcOEt 314 75.0 70.4 92.6
6k 4-CH,;-PhCH, B 24 213 EtOH-iso0-Pr,0 16.9 56.1 63.5 63.8
ol 4-CH,0-PhCH, B 49 178 EtOH-iso-Pr,O0 18.3 40.4 13.6 46.4
6m 2-Pyridylmethyl B 61 137—138 MeOH 53.1 73.4 NE NE
6n 7-Quinolylmethyl B 61 198 MeOH-acetone 52,5 76.2 NE NE

a) A: NaH, DMF B: K,CO;, CH,CN. b} % inhibition of aromatization of androstenedione in the in vitro rat ovarian microsome assay. Values were determined

in a single experiment. Each assay was performed in triplicate.

¢) % inhibition of estrogen synthesis in the in vivo rat PMSG-induced estrogen synthesis assay.

©°

Each compound was tested in groups of five rats and data represent mean values of peak inhibition. d) 5-Benzofurazanylmethyl: NE: no effect.
kc :N

N

Table 3. Physical and Biological Data for 4-(N,N-Disubstituted amino)-4H-1,2,4-triazole Derivatives
Ar
2\ ;
P\
N§/ R
% inhibition of % inhibition of PMSG-
. aromatase® induced estrogen synthesis®
Compd. Ar R Method® ‘E},jl)d mp (C) Reeryst
? 0 (in vitro, nm) (in vivo, mg/kg p.o.)
1 10 0.03 0.3
7a  5-Benzofurazanyl”? 4-NO,-PhCH, B 38 218—220 MeOH 36.2 46.4 18.5 76.5
Th 5-Benzofurazanyl ~ 4-Br-PhCH, B 50 177—178 EtOH NE 63.7 37.0 80.8
12a 4-Br-Ph 4-CN-PhCH, B 79 215216 MeOH NE 6.5 NE 49.1
12b 2-Br-Ph 4-NO,-PhCH, B 37 205 EtOH NE 28.2 NE 69.2

a) B: K,CO;, CH,CN. b) % inhibition of aromatization of androstenedione in the in vitro rat ovarian microsome assay. Values were determined in a single

experiment. Each assay was performed in triplicate.

¢) % inhibition of estrogen synthesis in the in vivo rat PMSG-induced estrogen synthesis assay. Each compound

o

was tested in groups of five rats and data represent mean values of peak inhibition. d) 5-Benzofurazanylmethyl: | NNE: no effect.

Table 4. Inhibitory Activities of Compound 5 and CGS16949A against
Aldosterone Synthesis

% inhibition of aldosterone synthesis®

Compound (in vitro, uM)
1 3
Sc¢ NE NE
5d NE NE
5f NE NE
Sk 35 52
CGS16949A 99 NT

(ICs0=0.04 )

a) % Inhibition of aldosterone synthesis in the in virro rat adrenal cell assay.
Values were determined in a single experiment. Each assay was performed in
triplicate. NE: no effect. NT: not tested.

N

activity (5m vs. S5p, 5r), but elongating the benzyl moiety
to a phenethyl moiety (5q) resulted in retention of potency
both in vitro and in vivo. These results suggested that steric
and electronic effects in the benzylic position are the main
determinant factors of the inhibitory activities. Compound
50 having the 5-benzofurazanyl group, which is well known
as a bioisostere of the nitrophenyl moiety, exhibited
comparable potency to that of the parent compound 5n.

The inhibitory activities of various para-nitrophenyl-
amino derivatives (6) are listed in Table 2. Introduction of
an electron-withdrawing substituent on the benzene ring
of benzyl substituents showed potent activity, as did a
series of para-cyanophenylamino derivatives (5). In
particular, compounds 6f and 6i showed the most potent
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inhibitory activity in vivo. In contrast, compound 6l
possessing a methoxy substituent, which has an electron-
donating effect, showed remarkably decreased potency.
These results suggested that the electron-withdrawing
effect on the benzene ring of the benzyl moiety is the
strongest determinant of the potency of aromatase-
inhibitory activity.

Replacement of the benzene ring with a hetero aryl ring,
such as a pyridyl group (6m) resulted in no loss of potency
of aromatase inhibition in vitro, but no inhibitory activity
was seen in vivo even at a dosage of 0.3 mg/kg. Compound
6n having a quinolyl hetero ring also exhibited no
inhibitory activity in vivo, although it had distinct in vitro
activity. These observations suggested that introduction
of an aza-hetero ring as the R moiety is disadvantageous
from the viewpoint of pharmacokinetic properties in vivo.

From the results of these two series (Tables 1, 2), it was
clear that phenylamino derivatives possessing a strong
electron-withdrawing group (e.g., cyano or nitro sub-
stituent) on the para position of the phenyl ring exhibited
potent aromatase-inhibitory activity. To study the degree
of influence of the substituent on the potency, we
investigated other electron-withdrawing substituents, such
as halogen and benzofurazanyl (Table 3). 5-Benzofura-
zanyl ring analogs (7a, 7b) showed moderate activity in
vitro and in vivo. On the other hand, the para-bromophenyl
compounds 12a and 12b were about 10 times less potent
than the corresponding nitrophenylamino derivatives (6c,
6i), respectively. These observations demonstrated that a
very strong electron-withdrawing group, that is a cyano
or nitro group, is indispensable on the phenylamino moiety
for high potency.

From the SAR studies in this series, we selected ‘com-
pound 5k (YMS511) as a highly potent, novel aromatase
inhibitor and further evaluated its effect on various
steroid hormone synthesis activities in vitro and in vivo

1875

in comparison with those of other aromatase inhibitors.

The results of these evaluations are summarized in Table
S. YMS511 inhibited aromatase in human placental and
rat ovarian microsomes with ICs, values of 0.12 and
0.4 nm, respectively. Thus, YMS5I11 is about 3 times more
potent than CGS16949A and CGS20267. A kinetic
analysis of human placental aromatase inhibition by
YMS11 is shown in Fig 2. Lineweaver—Burk plots in-
dicated that YMS511 was a competitive, reversible inhibi-
tor with a K; of 0.11 nm.

YMS511 inhibited aldosterone synthesis, cortisol syn-
thesis and testosterone synthesis with ICs, values of 2.19,
3.9 and 52.9 uM, respectively, indicating that its inhibi-
tory activity against synthesis of other steroids is very
weak in comparison with its aromatase-inhibitory activity.
In particular, with regard to its inhibitory activity on
aldosterone synthesis, the aldosterone/aromatase in-
hibitory activity ratios of CGS16949A, CGS20267 and
YMS511 were 27, 1500 and 5500, respectively, showing that
YMSI11 has more than 200 times and 3 times greater
selectivity for aromatase inhibition than CGS16949A and
CGS20267, respectively.

Further, YM511 showed good enzyme selectivity in vivo.
YMS511 inhibited estrogen synthesis with an EDs, of
0.002mg/kg p.o., while its inhibitory activities for
aldosterone and cortisol synthesis were extremely weak,
being undetectable even at a dose of 100mg/kg. In
contrast, CGS16949A and CGS20267 significantly in-
hibited the synthesis of aldosterone with ED, values of
0.26 and 32.6 mg/kg, respectively. These results suggested
that YMS5I11 is the most potent and selective aromatase
inhibitor among the three compounds.

In conclusion, we have identified a novel series of
4H-1,2,4-triazol-4-ylamino derivatives which are potent
aromatase inhibitors. SAR studies of this series have led
to the conclusion that compound 5k (YMS511) is optimal

Table 5. Comparison of the Inhibitory Activities of Compound 5k (YM511) and Other Aromatase Inhibitors on the Synthesis of Various Steroid
Hormones
In vitro
Inhibition of aromatase IC5, (nM)*9 Inhibition of synthesis ICy, (um)><®
Aldosterone Cortisol Testosterone
Compound Rat ovarian Human placental
microsomes microsomes Rat adrenal cells Rabbit adrenal cells Rat testicular cells
Sk (YMS511) 0.4 0.12 2.19 39 52.9
CGS16949A 1.5 0.37 0.04 24 1.8
0.39 2.61 1.6 18.4

CGS20267 1.8

a) Concentration required to inhibit aromatase activity by 50%.

b) Concentration required to inhibit steroid synthesis by 50%.

¢) The number of experiments

was 3 to 5. d) See reference 20.
In vivo
Inhibition of synthesis ED;, (mg/kg)*?
Compound PMSG-induced estrogen synthesis ACTH-induced aldosterone ACTH-induced cortisol synthesis
in rats synthesis in rats in guinea pigs

5k (YMS11) 0.002 NE (100 mg/kg) NE (100 mg/kg)
CGS16949A 0.006 0.26 NT

CGS20267 0.003 326 NT

a) Dose required to decrease the concentration of estrogen in ovary or the serum concentration of aldosterone or cortisol by 50%. In each experiment 5—65

animals were used. b) See reference 20. NE: no effect. NT: not tested.
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Fig. 2. Kinetic Analysis of the Mechanism of Inhibition of Androstenedione Aromatization in Human Placental Microsomes by YMS511

(Lineweaver—Burk Plots)

The results are mean values of three experiments.

in this series. YM511 showed potent and highly selective
aromatase inhibition, and is currently under clinical study.

Experimental

Melting points were determined on a Yanaco MP-500D micro point
apparatus and are uncorrected. Proton nuclear magnetic resonance
(*H-NMR) spectra were recorded on a JEOL EX-90, a JEOL FX-100,
a JNM-EX 400 and a JNM-GX 500 spectrometer using tetramethylsilane
as an internal standard. Mass spectra (MS) were recorded on a Hitachi
M-80 (EI) or a JEOL JMS DX-300 (FAB) mass spectrometer. Elemental
analysis was performed with a Yanaco MT-5 analyzer. Column
chromatography was performed on silica gel (Wakogel C-200 or Merck
Kieselgel 60, 70—230 mesh).

4-[(4-Cyanophenyl)amino]-4H-1,2,4-triazole (2) 4-Amino-4H-1,2,4-
triazole (1) (1.68 g, 0.02 mol) was added portionwise to a suspension of
potassium rerz-butoxide (22.4 g, 0.02 mol) in DMSO (10 ml) at 10—15°C
with stirring. The mixture was stirred for 30 min at room temperature,
and then 4-fluorobenzonitrile (1.21g, 0.0l mol) in DMSO (3 ml) was
added dropwise below 30 °C. The mixture was stirred for 30 min at room
temperature, then poured into water and neutralized with I N HCI. The
resultant precipitate was collected by filtration and purified by silica gel
column chromatography. Elution with CHCI;-MeOH (100: 1) gave a
crystalline product, which was recrystallized from acetone to give 2
(1.33g, 72%). mp 206—208 °C. '"H-NMR (DMSO-d,) 8: 6.57 (2H, d,
J=9Hz), 7.69 (2H, d, J=9Hz), 8.83 (2H, s). FAB-MS m/z: 186
M+H)*.

4-[(4-Nitrophenyl)amino]-4 H-1,2,4-triazole (3) and 5-[(4H-1,2,4-Tri-
azole-4-yl)amino Jbenzofurazan (4) Compounds 3 and 4 were prepar-
ed from 1 with 4-fluoronitrobenzene and S-fluorobenzofurazane, re-
spectively, in a similar manner to that described for compound 2.

Compound 3: Yield 61%. mp 176—178 °C (recrystallized from EtOH).
TH-NMR (DMSO-d;) d: 6.61 (2H, d, J=9Hz), 8.17 2H, d, J=9Hz),
8.88 (2H, s), 10.52 (1H, s), EI-MS m/z: 205 (M ™).

Compound 4: Yield 78%. mp 250—253 °C (recrystallized from EtOH).
TH-NMR (DMSO-dy) 6: 6.09 (1H, s), 7.29 (1H, dd, J=10, 2Hz),
8.05 (1H, d, J=10Hz), 8.90 (2H, s). EI-MS m/z: 202 (M*).

4-[Bis(4-cyanophenyl)amino]-4 H-1,2,4-triazole (5c). Method A Com-
pound 2 (0.3 g, 1.6 mmol) was added to a suspension of sodium hydride
(60% in mineral oil, 65 mg, 1.6 mmol) in N,N-dimethylformamide (DMF)
(5 ml) with ice-cooling. The mixture was stirred for 30 min at 40—50°C,
and cooled to room temperature. 4-Fluorobenzonitrile (0.2 g, 1.62 mmol)
was added and the reaction mixture was stirred for 2h at 80°C, then
concentrated under reduced pressure. Water was added to the resultant
residue and the whole was extracted with CHCl,. The organic layer was
washed with water, dried over MgSO, and evaporated in vacuo. The

residue was subjected to silica gel column chromatography. The
CHCIl;~MeOH (100:1) eluate gave a crystalline product, which was
recrystallized from AcOEt to give 5¢ (0.28 g, 60%). Using this procedure,
compounds Sa,b,d,r and 6a in Tables 1 and 2 were synthesized.

4-[Benzyl(4-cyanophenyl)amino]-4 H-1,2,4-triazole (5e). Method B A
mixture of compound 2 (0.5g, 2.7mmol), benzyl bromide (0.46¢g,
2.7mmol) and K,CO; (0.75 g, 5.4 mmol) in CH,CN (20 ml) was stirred
for 2h at room temperature. The reaction mixture was diluted with water
and extracted with CHCl,. The organic layer was washed with water,
dried over MgSO, and concentrated in vacuo. The residue was purified
by silica gel column chromatography. Elution with CHCl;-MeOH
(100: 1) gave a crystalline product, which was recrystallized from AcOEt
to give Se (0.36 g, 48%). Using this procedure, compounds 5f—q, 6b—n,
7a,b and 12a,b in Tables 1, 2 and 3 were synthesized.

4-[ Acetyl(4-nitrophenyl)amino]-4H-1,2,4-triazole (8) Acetic anhy-
dride (47.2ml, 0.5mol) was added dropwise to a solution of compound
3(10.26 g, 0.05 mol) in pyridine (200 ml), and the mixture was stirred for
30 min at room temperature. Removal of the solvent under reduced
pressure afforded a residue, which was taken up in water and extracted
with AcOEt. The organic layer was washed with water, dried over MgSO,
and evaporated in vacuo to give 8 (10.61 g, 86%) as a foam. '"H-NMR
(CDCly) 6: 2.13 (3H, s), 7.49 (2H, d, J=9Hz), 8.28 (2H, d, /=9 Hz),
8.52 (3H, s). EI-MS m/z: 274 (M),

4-[ Acetyl(4-aminophenyl)amino]-4H-1,2,4-triazole (9) Palladium on
carbon (10%, 0.05g) was added to a solution of compound 8 (0.38 g,
1.5mmol) in MeOH (15ml) and the mixture was stirred under H, gas
at atmospheric pressure and room temperature. After the theoretical
amount of hydrogen had been consumed, the mixture was filtered and
the filtrate was concentrated in vacuo. The resultant residue was purified
by silica gel column chromatography (CHCl;: MeOH=50:1) to give 9
(0.3 g, quant.) as a foam. 'H-NMR (DMSO-dy) : 1.97 (3H, s), 5.53
(2H, br), 6.58 (2H, d, J=9Hz), 7.35 (2H, d, J=9Hz), 8.88 (2H, s).
EI-MS m/z: 217 (M™).

4-[ Acetyl(4-bromophenyl)amino]-4H-1,2,4-triazole (10) A solution of
sodium nitrite (0.1 g, 1.47 mmol) in water (1 ml) was added dropwise to
a solution of compound 9 (0.32 g, 1.47 mmol) in 47% hydrobromic acid
(3ml) at 0—5°C, and the mixture was stirred for 20 min at 0—5°C. The
reaction mixture was poured into a solution of cuprous bromide (0.53 g,
3.7mmol) in 47% hydrobromic acid (1 ml) with ice-cooling, and stirred
for 20 h at room temperature. The mixture was neutralized with a solution
of sodium hydrogen carbonate and extracted with AcOEt. The organic
layer was washed with water, dried over MgSO, and concentrated under
reduced pressure. The crystalline residue was washed with ether to give
10 (0.29 g, 71%). '"H-NMR (DMSO-d;) §: 2.00 (3H, s), 7.45—7.95 (4H,
m), 9.06 (2H, s). EI-MS m/z: 281 (M ™).

4-[ (4-Bromophenyl)amino -4 H-1,2,4-triazole (11) A solution of com-
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Table 6. Physical and Spectral Data for Compounds Sa—r
Analysis (%)
Compd.  Formula Caled (Found) TH-NMR (DMSO-d,) & MS m/z
C H N X
5 C,oHoN; 6029 4.55 35.15 3.56 (3H, s), 6.60 (2H, d, J=9Hz), 7.60 (2H, d, J=9Hz), 8.41 199 (M*)
(60.24 4.66 35.12) (2H, 5)®
Sh C,,H,sNg 6342 577 30.82 1.03 3H, t, J=7Hz), 1.45—1.76 (2H, m), 3.67 2H, dd, /=7, 227 (M%)
(6341 582 30.77) 7Hz), 6.54 (2H, d, J=9Hz), 7.56 (2H, d, J=9 Hz), 8.33 (2H,
s)?
5S¢ CugH;oN,  67.13 3.52 2935 7.04 (4H, d, J=9Hz), 7.69 (4H, d, /=9 Hz), 8.44 2H, s} 286 (M*)
(66.92 3.62 2923)
54  C,,H,N,O, 5882 329 27.44 6.98—7.16 (4H, m), 7.72 (2H, d, J=9Hz), 8.26 (2H, d, 307 (M +H)*
(58.79 346 27.37) J=9Hz), 8.46 (2H, s)¥
Se  C,oH,;sNg  69.80 4.76 25.44 5.07 (2H, s), 6.76 (2H, d, J=9Hz), 7.32 (SH, 5), 7.76 2H, d, 275 (M*)
(69.66 4.84 25.43) J=8Hz), 8.80 (2H, s)
Sf  C,H,,N,  67.99 403 2798 4.98 (2H, s), 6.64 (2H, d, J=9Hz), 7.26—7.74 (6H, m), 8.20 300 (M*)
(6791 396 27.97) (2H, 5)?
S¢  CH,,FNy 6552 412 2388 648 (X=F) 505 (2H,s), 6.77 2H, d, J=9Hz), 7.04-7.44 (4H, m), 7.76 293 (M*)
(65.53 4.16 2393 6.43) (2H, d, J=9Hz), 8.78 (2H, s)
5h Ci6H;,CINs 6204 390 2261 1145 (X=Cl) 5.07(2H,s), 6.75 (2H, d, J=9Hz), 7.37 (4H, s), 7.76 2H, d, 309 (M*)
(61.97 4.10 22.59 11.26) J=9Hz), 8.80 (2H, s)
5i CiH,BrNg 5426 341 1977 22.56 (X=Br) 5.14 (2H,s), 6.75 (2H, d, /=9Hz), 7.27—7.36 (3H, m), 7.65 354 (M*)
(54.10 332 19.85 22.72) (1H, d, /=7Hz), 7.78 (2H, d, J=9Hz), 8.80 (2H, s)
5 CiH,BrN; 5426 341 1977 2256 (X=Br) 5.09 (2H,s), 6.75 2H, d, J=9Hz), 7.27—7.34 2H, m), 7.50 354 (M*)
(54.16 329 19.89 22.59) (1H, d, J=T7Hz), 7.77 (2H, d, J=9Hz), 8.86 (2H, s)
5k C,Hp,BrNg 5426 341 1977 22.56 (X=Br) 506 (2H,s), 6.75 (2H, d, J=9Hz), 7.27 (2H, d, J=9Hz), 7.53 354 (M*)
(53.96 448 19.72 22.65) (2H, d, J=9Hz), 7.75 (2H, d, J=9Hz), 8.81 (2H, s)
51 CioHiINg  47.97 301 1746 3163 (X=I) 503 (2H,s), 6.74 (2H, d, /=9Hz), 7.13 (2H, d, J=8 Hz), 7.68 401 (M*)
(4776 3.05 17.46 31.51) (2H, d, J=8Hz), 7.76 (2H, d, J=9Hz), 8.88 (2H, s)
5m CisH,F3Ns 5948 352 2040 16.60 (X=F) 520 (2H,s), 6.75 (2H, d, J=9Hz), 7.58 (2H, d, J=8Hz), 7.71 343 (M*)
(59.40 359 2041 16.48) (2H, d, J=9Hz), 8.20 (2H, d, /=9 Hz), 8.88 (2H, s)
Sn C,H;,N,0, 60.00 3.78 26.24 527 (2H, s), 6.74 (2H, d, J=9Hz), 7.65 (2H, d, J=9Hz), 7.77 320 (M*)
(59.75 371 26.28) (2H, d, /=9Hz), 8.20 (2H, d, /=9 Hz), 8.90 (2H, s)
50  C,H;,N,O 60.56 349 30.90 527 (2H, s), 6.75 (2H, d, J=9Hz), 7.61 (1H, d, J=9Hz), 7.78 317 (M*)
(60.56 4.41 31.05) (2H, d, /=9Hz), 8.02 (1H, s), 8.08 (1H, d, /=9 Hz), 8.99
(2H, 5)
Sp C,H N0, 61.07 422 2514 1.48 (3H, d, J=9Hz), 5.88 (1H, q, J=7Hz), 6.66 (2H, d, 334 (M)
(60.92 4.27 25.11) J=9Hz), 7.68 (2H, d, J=9Hz), 7.74 (2H, d, J=9Hz), 8.20
(2H, d, J=9Hz), 8.88 (2H, s)
5  C,H,,N,O, 61.07 422 2514 2.99 (2H, t, J=THz), 4.18 (2H, t, J=7Hz), 6.26 (2H, d, 334 (M)
(61.01 4.26 25.14) J=9Hz), 7.61 (2H, d, J=9Hz), 7.72 (2H, d, /=9 Hz), 8.17
(2H, d, J=9Hz), 8.88 (2H, s)
5t C,H,0N,O 6496 321 26.74 7.61 (2H, d, J=9Hz), 7.77—7.99 (6H, m), 9.13 (2H, s) 314 (M™)
(64.81 3.35 26.72)

a) Measured in CDCl,.

pound 10 (0.22 g, 0.78 mmol) in 4 N hydrochloric acid (5 ml) was heated
for 40 min at 90°C, then concentrated under reduced pressure. The
residue was taken up in water, neutralized with a solution of saturated
sodium hydrogen carbonate, and extracted with AcOEt. The organic
layer was washed with water, dried over MgSO, and evaporated in vacuo.
The residue was subjected to silica gel column chromatography, and
elution with CHCl;-MeOH (50: 1) gave a crystalline product 11 (0.18 g,
96%). '"H-NMR (DMSO-d;) §: 6.45 (2H, d, J=9Hz), 7.41 (2H, d,
J=9Hz), 8.77 (2H, s), 9.62 (1H, s). EI-MS m/z: 239 (M *).
Aromatase-Inhibitory Activity [18,28->H]Androstendione (0.1 umol)
(44.2 Ci/mmol, Du Pont New England Nuclear, Boston, MA, U.S.A))
was incubated with rat ovarian microsomes (160 ug/ml, specific activity
0.021 pmol/min/mg of protein) in potassium phosphate buffer'® (pH
7.4). The incubation medium also contained various concentrations of
test compounds dissolved in DMF (final concentration 0.5%) in the
presence of an NADPH-regenerating system'> or 5 mm NADPH.!® The
reaction mixture was treated with CHCly and 2.5% activated charcoal
to remove residual steroids. The radioactivity in an aliquot of the
supernatant was determined with a Packard liquid scintillation spec-
trometer (model 2500TR). The inhibitory activity of test compounds
was obtained as the percentage inhibition of the aromatization in the
solvent control. The IC;, was obtained from a line drawn by the
least-squares method. Using this method, aromatase inhibitory activity
of human placental microsomes was measured ([18,28-*H]andro-

stendione 1.04nmol, human placental microsomes 7.5 ug/ml, specific
activity 0.351 pmol/min/mg of protein).

Inhibition of Aldosterone Synthesis Aldosterone synthesis activity was
measured according to the method described by De Coster et al.'” Rat
adrenal cells suspended (3 x 10° cells/ml) in 199 medium containing 0.2%
bovine serum albumin were preincubated at 37 °C for 30 min with various
concentrations of test compounds dissolved in DMSO, then incubated
for 2h with 1ng/ml ACTH to stimulate aldosterone synthesis. The
amount of aldosterone released from the cells in the presence or absence
of the test compound was measured by radioimmunoassay. The in-
hibitory activity of test compounds was obtained as the percentage
inhibition with respect to the solvent control. The ICs, was obtained
from a line drawn by the least-squares method.

Inhibitory Activity of PMSG-Induced Estrogen Synthesis (in Vivo)
The in vivo inhibition of aromatase activity by the test compounds was
evaluated by literature methods.!®'®) Briefly, female rats (about 3 weeks
old, n=5) were injected subcutaneously with 100 IU/rat of PMSG. After
72h, rats were administered 20% polyethylene glycol or various doses
of the test compound orally. At 3h after administration, the rats were
killed, their ovaries were removed, and the estrogen content of the ovaries
was measured by radioimmunoassay. The inhibitory activity of the test
compound was expressed as the percentage inhibition with respect to
the control. ED;, was expressed as the dose required to decrease the
concentration of estrogen in the ovaries by 50%.
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Table 7. Physical and Spectral Data for Compounds 6a—n

Analysis (%)
Caled (Found)

Compd. Formula "H-NMR (DMSO-d,) é MS m/z
C H N X

6a  C,H,(N,O, 5154 3.09 2576 7.24 (4H, d, J=9Hz), 8.30 (4H, d, J=9Hz), 9.28 2H,s) 326 (M*)
(51.59 3.14  25.80)

6b  C,H N0, 6101 444 2372 5.13 (2H, ), 6.79 (2H, d, J=9Hz), 7.33 (5H, s), 8.20 (2H, d, 295 (M*)
(60.68 449 23.67) J=9Hz), 8.83 (2H, s)

6c  C,H,NO, 6000 378 2624 527 (2H, s), 6.76 (2H, d, J=9Hz), 7.57 QH, d, J=9Hz), 320 (M*)
(59.94 398 26.21) 7.84 (2H, d, J=9Hz), 8.20 (2H, d, J=9Hz), 8.91 (2H, s)

6d C,sH,,FN;O, 5751 3.86 2235 6.06 (X=F) 5.12(2H,s), 6.81 (2H, d, J=9Hz), 7.05—7.46 (4H, m), 8.20 313 (M*)
(57.44 398 2227 5.85) (2H, d, J=9Hz), 8.81 (2H, s)

6e  CH,,CIN,O, 5464 367 2124 1075 (X=Cl) 5.14 (2H,s), 6.79 H, d, J=9Hz), 7.36 2H, d, J=9Hz), 329 (M")
(54.59 3.85 2113 10.72) 7.40 2H, d, J=9Hz), 8.20 (2H, d, J=9 Hz), 8.84 (2H, )

6f  C,H,BrN,0, 48.15 323 1872 2135 (X=Br) 5.2 (2H,s), 6.79 2H, d, J=9Hz), 7.29 2H, d, J=9Hz), 374 (M*)
(48.07 327 1874 20.64) 7.54 (2H, d, J=9Hz), 8.19 (2H, d, J=9 Hz), 8.84 (2H, 5)

6g  CHLINO, 4277 287 1663 30.13 (X=I) 5.10(H,s), 6.78 H, d, J=9Hz), 7.14 (IH, d, J=9Hz), 422 (M+H)*
(42.68 3.01 16.46 30.26) 7.70 (2H, d, /=9 Hz), 8.19 (2H, d, J=9Hz), 8.84 (2H, s)

6h Ci6H,F3NO, 5290 333 1928 15.69 (X=F) 527 (2H,s), 6.78 (2H, d, J=THz), 7.59 (2H, d, J=8Hz), 363 (M)
(52.88 3.36 19.38 15.60) 7.72 (2H, d, J=9Hz), 8.21 (2H, d, /=9 Hz), 8.84 (2H, s)

6i C,sH,,NO, 5294 355 2470 533 (2H, s), 6.77 (2H, d, J=9Hz), 7.66 2H, d, J=9Hz), 340 (M*)
(5294 3.62 25.02) 8.20 (4H, d, J=8.93 (2H, s)

6  CH, N,O, 5341 329 29.07 5.33 (2H, s), 6.78 (2H, d, J=7Hz), 7.61 (1H, d, J=9Hz), 337 (M*)
(5327 3.38 29.08) 8.04 (1H, s), 8.09 (1H, d, J=9Hz), 8.21 (2H, d, J=7 Hz),

9.03 (2H, s)

6k CH;sN,0, 6213 489 22.64 234 (3H, s), 490 (2H, s), 6.68 (2H, d, J=7Hz), 7.08 (2H, d, 309 (M*)

(61.87 5.00 22.43) J=8Hz), 7.16 (2H, d, J=8 Hz), 8.10 (2H, s), 8.19 (2H, d,
J=7Hz)"

6l CyeH,sIN;O,  59.07 4.65 21.53 3.73 (3H, 5), 5.04 (2H, s), 6.76—6.92 (4H, m), 7.22 (2H, d, 325 (M*)
(59.05 4.61 21.50) J=9Hz), 8.19 (2H, d, J=9Hz), 8.75 (2H, s)

6m C,4H;NgO, 56.75 4.08 28.36 5.23 (2H, s), 6.72 (2H, d, J=9Hz), 7.40 (2H, d, /=6 Hz), 297 M +H)*
(56.67 423 28.36) 8.19 (2H, d, J=9Hz), 8.55 (2H, d, J=6Hz), 8.97 (2H, s)

6n  C,H,,N,O, 6242 407 2426 5.52 (2H, s), 6.70 (2H, d, J=8Hz), 7.61 (1H, t, J=6Hz), 347 (M+H)"
(6242 422 24.30) 7.67 (1H, d, J=7Hz), 7.76 (1H, t, J=6 Hz), 7.98—8.03 (2H,

m), 8.42 (1H, d, J=7Hz), 9.08 (2H, s)

a) Measured in CDCl5.

Table 8. Physical and Spectral Data for Compounds 7a, b and 12a, b

Analysis (%)
Calcd (Found)

Compd. Formula '"H-NMR (DMSO-d;) & MS m/z
C H N X
7a  CiH,N,0, 5341 329 29.07 5.29 (2H, s), 7.04 (1H, dd, J=10, 2Hz), 7.15 (1H, d, J=2Hz), 337 (M*)
(53.13 3.28 29.10) 7.69 (2H, d, J=9Hz), 8.05 (1H, d, J=10Hz), 8.21 (1H, d,

J=10Hz), 8.92 (2H, s)
b C,H,BiN,O 4854 299 2264 21.53 (X=Br) 5.07 (2H,s), 7.02 (1H, dd, J=10, 2Hz), 7.18 (1H, d, J=2Hz), 370 (M*)
(4836 3.03 2271 21.67) 7.31 (2H, d, J=8Hz), 7.54 (2H, d, /=8 Hz), 8.03 (1H, d,
J=10Hz), 8.83 (2H, s)
122 C,H,,BrN, 5426 341 19.77 22.56 (X=Br) 507 (2H, s), 6.66 (2H, d, J=9Hz), 7.45—7.90 (6H, m), 8.84 354 (M*)

(54.17 3.55 19.70 22.43) (2H, s)
12b C,sH,;,BrN;O, 48.15 323 18.72 21.35 (X=Br) 5.13 (2H, s), 6.68 (2H, d, J=9Hz), 7.51 (2H, d, J=9Hz), 7.65 374 (M™)
(48.08 3.39 18.66 21.19) (2H, d, J=9Hz), 8.19 (2H, d, J=9Hz), 8.88 (2H, s)
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