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The synthesis of the novel tetracyclic rings 5 and 6 is described starting from 4-cyano-1-methyl-51 H-pyr-
rol-1-yl}-1H-pyrazole and its 31 H-pyrrol-1-yl} isomer, respectively. The pathway employed is based on a one-
pot double annelation reaction involving the transformation of 13 into the required tetracyclic derivative 16.
Lithium aluminum hydride/sulfuric acid reduction of the last compound furnished 5. A similar way was used

for the synthesis of 6 by cyclization of 20.
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Tetracyclic benzodiazepines with a piperazine moiety
have been widely explored after the discovery of aptaze-
pine 1, an excellent antidepressant agent related to mian-
serin 2 [1]. Two novel analogues of aptazepine, respective-
ly isoaptazepine 3 and 10-methyl-10-azaaptazepine 4 have
been synthesized by our team in recent years [2-4].

As a further development of our search on aptazepine-
related tetracyclic systems we reported now the synthesis
of derivatives 5 and 6, two pyrazole analogues of isoapt-
azepine 3.

Recently, various pyrazole compounds have been devel-
oped as atypical antipsychotic agents. These include deriv-
atives 7, 8 and 9, the last one being closely related to clo-
zapine and flumazepine [5-7]. On the basis of good phar-
macological profile exhibited by such derivatives, we can
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argue that substitution of benzene in compound 3 with
pyrazole ring to acquire 5 and 6 would provide novel lead
systems, useful for planning potential psychotropic agents.
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To synthesize 3 we used the one-pot double annelation
procedure previously reported for the preparation of 3
[2,3]. Starting from 5-amino-4-cyano-1-methyl-1H-pyrazole,
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we prepared by the Clauson-Kaas method [8] 4-cyano-1-
methyl-5-(1 H-pyrrol-1-yl)-1 H-pyrazole (10), which was then
reduced by lithium aluminum hydride to the correspond-
ing amino derivative 11. Acylation of this compound with
chloroacetyl chloride gave 12, which was reacted with
methylaminoacetaldehyde dimethylacetal in the presence
of potassium carbonate to afford the amidoacetal 13.
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Treatment with concentrated hydrochloric acid in boil-
ing ethanol directly transformed 13 into the tetracyclic de-
rivative 16. This reaction involved w-cyclization of the in-
termediate N-acyliminium ion 15 generated from the hy-
droxylactam 14 as established elsewhere [9-11]. Subse-
quent reduction of 16 with lithium aluminum hydride/sul-
furic acid (2:1) [11] afforded the required product 3
(Scheme 1).

Starting from 17 we prepared compound 6, via the in-
termediates 18-21, by the same procedure adopted for the
synthesis of 3.
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17 R=CH 21 X=CO
18 R=CHyNH =
- 6 X=CHj

19 R=CH;NHCOCHC!
20 R =CHyNHCOCH,N(CH3)CH,CH(OCH3);

EXPERIMENTAL

Melting points were determined on an Electrothermal IA6304
apparatus and are uncorrected. Infrared spectra were run on a
Perkin-Elmer 1310 spectrophotometer in nujol mulls. The 'H
nmr spectra were recorded on a Varian EM-390 (90 MHz) spec-
trometer using tetramethylsilane as internal standard. Column
chromatography purifications were performed on silica gel
Merck (70-230 mesh) and alumina Merck (70-230 mesh). Strato-
crom SIF Carlo Erba (silica gel precoated plates with fluorescent
indicator) and Stratocrom ALF Carlo Erba (aluminum oxide pre-
coated plates with fluorescent indicator) were used for thin layer
chromatography. Developed plates were visualized by uv light.
Organic solutions were dried over anhydrous sodium sulfate.
Concentration of solutions after reactions and extractions in-
volved the use of a rotary evaporator (Biichi) operating at re-
duced pressure (approximately 20 bar). Elemental analyses were
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performed in the laboratories of Professor A. Pietrogrande, Uni-
versity of Padova, Italy.

4-Cyano-1-methyl-5{1 H-pyrrol-1-yl}1 H-pyrazole (10).

To a well-stirred hot solution of 5-amino-4-cyano-1-methyl-1H-
pyrazole (20 mmoles, 2.4 g) in glacial acetic acid (100 ml) 2,5-di-
methoxytetrahydrofuran (25 mmoles, 3.2 ml) was added and the
mixture was heated at reflux for 30 minutes. After cooling, the
solvent was removed under reduced pressure, the residue was dis-
solved in water and the solution made basic with sodium carbon-
ate. Extraction with chloroform (3 x 50 ml) gave a solution, which
was washed with brine (2 x 100 ml), dried and evaporated. The
residue was chromatographed on a silica gel column (chloroform
as eluent) to afford 10 as a colorless oil, yield 100%; ir: 2220
em™'; 'H nmr (carbon tetrachloride): 6 3.83 (s, 3H, CH,), 6.45 (m,
2H, pyrrole f-protons), 6.87 (m, 2H, pyrrole a-protons), 7.73 (s,
1H, pyrazole proton).

Anal. Caled. for C,;H,N: C, 62.77; H, 4.68; N, 32.55. Found: C,
62.90; H, 4.70; N, 32.40.

4-Cyano-1-methyl-3{1 H-pyrrol-1-yl} 1 H-pyrazole (17).

This compound has been prepared as reported for derivative
10. Removal of the solvent from the combined extracts gave a
crude residue which was recrystallized (n-hexane) to give pure 17
(88%), mp 75-76°; ir: 2225 cm™"; 'H nmr (deuteriochloroform): é
3.87 (s, 3H, CH,), 6.42 (m, 2H, pyrrole S-protons), 7.47 (m, 2H,
pyrrole a-protons), 7.80 (s, 1H, pyrazole proton).

Anal. Caled. for CH,N,: C, 62.77; H, 4.68; N, 32.55. Found: C,
62.68; H, 4.60; N, 32.60.

4-Aminomethyl-1-methyl-5-(1 H-pyrrol-1-yl)-1 H-pyrazole (11).

A solution of 10 (17 mmoles, 3.0 g) in dry tetrahydrofuran (100
ml) was gradually added to an ice-cooled suspension of lithium
aluminum hydride (35 mmoles, 1.3 g) in the same solvent (100
ml). The mixture was stirred at room temperature for 6 hours,
then quenced carefully with water and filtered. The solution was
evaporated and the residue was extracted with chloroform (3 x 50
ml). The organic phase was washed with brine (2 x 100 ml), dried
and evaporated. The oily residue was chromatographed on
alumina column (ethyl acetate as eluent) to give 11 (71%); ir:
3300, 3360 cm™'; 'H nmr (carbon tetrachloride): § 1.33 (s broad,
2H, NH,), 3.50 (s, 2H, CH,), 3.60 (s, 3H, CH,), 6.33 (m, 2H, pyrrole
B-protons), 6.80 (m, 2H, pyrrole a-protons), 7.40 (s, 1H, pyrazole
proton). Compound 11 was analyzed as hydrochloride, mp
209-211°.

Anral. Caled. for C,H,,CIN,: C, 50.82; H, 6.16; Cl, 16.67; N,
26.35. Found: C, 51.09; H, 6.36; Cl, 16.47; N, 26.32.

4-Aminomethyl-1-methyl-3(1 H-pyrrol-1-yl}-1 H-pyrazole (18).

This derivative was prepared as reported above for derivative
11, yield 94%; ir: 3300, 3340 cm™"; 'H nmr (carbon tetrachloride):
61.42 (s broad, 2H, NH,), 3.62 (s, 2H, CH,), 3.65 (s, 3H, CH;), 6.35
(m, 2H, pyrrole B-protons), 7.40 (m, 2H, pyrrole a-protons), 7.63
(s, 1H, pyrazole proton). Compound 18 was analyzed as hydro-
chloride, mp 212-215°.

Anal. Caled. for C;H,,CIN, C, 50.82; H, 6.16; Cl, 16.67; N,
26.35. Found: C, 50.64; H, 6.25; CI, 16.79; N, 26.32.

4-Chloroacetamidomethyl-1-methyl-5{1 H-pyrrol-1-yl)-1 H-pyrazole
(12).

A solution of 2-chloroacetyl chloride (16 mmoles, 1.3 ml) in di-
chloromethane (100 ml) was gradually added to an ice-cooled
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solution of 11 (16 mmoles, 2.9 g) and triethylamine (33 mmoles,
4.6 ml) in the same solvent (50 ml). After stirring at room temper-
ature for 1 hour, the mixture was washed once with water (100
ml), saturated solution of sodium carbonate (100 ml) and brine
(100 ml) and then dried and evaporated. The residue was purified
by passing through a silica gel column eluting with ethyl acetate.
The eluates were collected and evaporated to afford 12(72%). An
analytical sample was recrystallized from carbon tetrachloride,
mp 65-67°; ir: 1640, 3270 cm™'; 'H nmr (deuteriochloroform): &
3.67 (s, 3H, CH,), 4.00 (s, 2H, CH,CO), 4.25 (d, 2H, CH,NH), 6.50
(m, 2H, pyrrole 3-protons), 6.87 (m, 2H, pyrrole a-protons), 7.63
(s, 1H, pyrazole proton).

Anal. Caled. for C,,H,,CIN,O: C, 52.28; H, 5.19; Cl, 14.03; N,
22.17. Found: C, 52.50; H, 5.25; Cl, 13.89; N, 22.09.

4-Chloroacetamidomethyl-1-methyl-3-(1 H-pyrrol-1-yl}-1 H-pyrazole
19).

Starting from 18 this compound has been prepared as reported
for 12, yield 61%; ir: 1655, 3290 cm™"; 'H nmr (deuteriochloro-
form): & 3.85 (s, 3H, CH,), 4.02 (s, 2H, CH,CO), 4.39 (d, 2H,
CH,NH), 6.33 (m, 2H, pyrrole (-protons), 7.05 (m, 2H, pyrrole
o-protons), 7.48 (s, 1H, pyrazole proton).

Anal. Caled. for C,,H,,CIN,O: C, 52.28; H, 5.19; Cl, 14.03; N,
22.17. Found: C, 52.17; H, 5.20; Cl, 14.10; N, 22.27.

1-Methyl-4-(N-methyl-N-2,2-dimethoxyethyl)aminoacetamido-
methyl-541 H-pyrrol-1-yl)-1 H-pyrazole (13).

A solution of 12 (20 mmoles, 5.0 g) in freshly distilled N,N-di-
methylformamide (10 ml) was added dropwise into a mixture of
methylaminoacetaldehyde dimethylacetal (24 mmoles, 3.1 ml),
anhydrous potassium carbonate (40 mmoles, 5.5 g) and freshly
distilled N,N-dimethylformamide (10 ml). The mixture was
heated at 90° for 1 hour, then cooled, diluted with water (200 ml)
and extracted with ethyl acetate (3 x 100 ml). The organic ex-
tracts were washed with brine (3 x 100 ml), dried and evaporated
to afford a residue, which was chromatographed on silica gel
eluting with ethyl acetate. The collected eluates were evaporated
to give 13 (87%) as an oil; ir: 1655, 3320 cm™; 'H nmr (carbon
tetrachloride): & 2.33 (s, 3H, CH,N(CH,)CH,), 2.49 (d, 2H,
NCH,CH), 2.93 (s, 2H, COCH,N), 3.27 (s, 6H, OCH,), 3.60 (s, 3H,
pyrazole N.CH,), 4.11 (d, 2H, CH,NHCO), 4.37 (1, 1H,
CH(OCH5,),), 6.33 (m, 2H, pyrrole B-protons); 6.83 (m, 2H, pyrrole
a-protons), 7.47 (s, 1H, pyrazole proton).

Anal. Caled. for C, H,N.O; C, 57.29; H, 7.51; N, 20.88.
Found: C, 57.08; H, 7.50; N, 21.01.

1-Methyl-4-(N-methyl-N-2,2-dimethoxyethyl)aminoacetamido-
methyl-341 H-pyrrol-1-yl)-1 H-pyrazole (20).

Starting from 19 this compound has been prepared as reported
for 13, yield 75%; ir: 1660, 3330 cm™; 'H nmr (carbon tetrachlo-
ride): 6 2.27 (s, 3H, CH,N(CH,)CH,), 2.46 (d, 2H, NCH,CH), 2.95
(s, 2H, COCH,N), 3.20 (s, 6H, OCH,), 3.83 (s, 3H,
pyrazole-N-CH;), 4.25-4.45 (m, 3H, CH,NHCO and CH(OCHa,),),
6.22 (m, 2H, pyrrole B-protons), 7.03 (m, 2H, pyrrole a-protons),
7.45 (s, 1H, pyrazole proton).

Anal. Caled. for C,H,,N,O,; C, 57.29; H, 7.51; N, 20.88.
Found: C, 57.40; H, 7.72; N, 20.70.

5,12-Dimethyl-10-0x0-10,11,13,13a-tetrahydro-5H,8 H,12 H-pyra-
zino[2,1-c]pyrazolo[4,3-flpyrrolo[1,2-a][1,4]diazepine (16).

A solution of 13 (10 mmoles, 3.3 g) in ethanol 95° (120 ml) con-
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taining 12NV hydrochloric acid (24 ml) was heated at reflux for 12
hours. After cooling, the solution was concentrated, made basic
with 2V sodium hydroxide and extracted with chloroform (3 x 50
ml). The combined extracts were washed with brine (2 x 100 ml),
dried and evaporated. The residue was chromatographed on
silica gel column (1:1 ethyl acetate/ethanol as eluent) to give 16
(67%). An analytical sample was recrystallized from acetone, mp
139-141°; ir: 1620 cm™'; 'H nmr (deuteriochloroform): 6 2.40 (s,
3H, piperazine N-CH;), 3.03-3.30 (m, 4H, piperazine CH,), 3.85
(d, 1H, half of AB quartet, J = 15 Hz, diazepine CH,), 4.03 (s, 3H,
pyrazole N-CH,), 4.52 (t, 1H, CH), 5.17 (d, 1H, half of AB quartet,
J = 15 Hz, diazepine CH,), 6.47 (m, 2H, pyrrole S-protons), 7.10
(m, 2H, pyrrole o-protons), 7.53 (s, 1H, pyrazole proton).

Anal. Caled. for C ,H,,N;O: C, 61.97; H, 6.32; N, 25.81. Found:
C, 62.18; H, 6.17; N, 25.67.

6,12-Dimethyl-10-0x0-10,11,13,13a-tetrahydro-6 H,8 H,12 H-pyra-
zino[2,1-c]pyrazolo[4,3-flpyrrolo[1,2-a]1,4]diazepine (21).

Compound 21 was prepared as reported for compound 16,
yield 76%, mp 132-135°; ir: 1635 cm™; 'H nmr (deuteriochloro-
form): & 2.42 (s, 3H, piperazine N-CH,), 3.03-3.27 (m, 4H, piper-
azine CH,), 3.93 (s, 3H, pyrazole N-CH,), 4.20 (d, 1H, half of AB
quartet, ] = 15 Hz, diazepine CH,), 4.63 (1, 1H, CH), 5.03 (d, 1H,
half of AB quartet, J = 15 He, diazepine CH,), 6.38 (m, 2H, pyr-
role B-protons), 7.28 (m, 2H, pyrrole «-protons), 7.42 (s, 1H,
pyrazole proton).

Anal. Calcd. for C,,H,,N.0: C, 61.97; H, 6.32; N, 25.81. Found:
C, 62.09; H, 6.40; N, 25.70.

5,12-Dimethyl-10,11,13,13a-tetrahydro-5H,8 H,12 H-pyrazino-
[2,1-c]pyrazolo[4,3-flpyrrolo[1,2-a][1,4]diazepine (3).

Concentrated sulfuric acid (7.5 mmoles, 0.74 g) was carefully
added to an ice-cooled suspension of lithium aluminum hydride
(15 mmoles, 0.56 g) in anhydrous tetrahydrofuran (50 ml). The
mixture was stirred for 30 minutes, then a solution of 16 (1.1
mmoles, 0.3 g) in anhydrous tetrahydrofuran was gradually
added and stirring was continued for 1 hour at 0-5°. The mixture
was then cooled at —15°, quenched carefully with 2NV sodium hy-
droxide and extracted with chloroform (3 x 50 ml). The combined
extracts were washed once with brine (100 ml), dried and evapo-
rated. The oily residue was purified by passing through an
alumina column (ethyl acetate as eluent) to give 15, yield 98%;
'H nmr (deuteriochloroform): § 2.33 (s, 3H, piperazine N-CH,),
2.58-2.80 (m, 6H, piperazine CH, protons), 3.25-3.37 (m, 1H, CH),
3.52 (s, 2H, diazepine CH,), 4.00 (s, 3H, pyrazole N-CH;), 6.43 (m,
2H, pyrrole B-protons), 6.79 (m, 2H, pyrrole a-protons), 7.47 (s,
1H, pyrazole proton).

Anal. Caled. for C,,H N C, 65.34; H, 7.44; N, 27.22. Found:
C, 65.17; H, 7.40; N, 27.24.

6,12-Dimethyl-10,11,13,13a-tetrahydro-6 H,8 H,12 H-pyrazino-
[2,1-clpyrazolo[4,3-flpyrrolo[1,2-a][1,4]diazepine (6).

Compound 6 was prepared as reported for compound 15, yield
98%; 'H nmr (deuteriochloroform): &6 2.33 (s, 3H,
CH,N(CH;)CH,), 2.62-2.85 (m, 6H, piperazine CH, protons),
3.30-3.42 (m, 1H, CH), 3.58 (s, 2H, diazepine CH,), 4.00 (s, 3H,
pyrazole N-CH;), 6.36 (m, 2H, pyrrole S-protons), 7.25 (m, 2H,
pyrrole c-protons), 7.45 (s, 1H, pyrazole protons).

Anal. Caled. for C, ,H N C, 65.34; H, 7.44; N, 27.22. Found:
C, 65.45; H, 7.45; N, 27.10.
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