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NEW ATYPICAL ANTIDEPRESSANTS: AN EFFICIENT PROCESS FOR PREPARING ClS-1,3,4,6,7,11B-HEXAHYDRO-2-
METHYL-7-ARYL-2H-PYRAZINC{2,1-8)ISOQUINOLINES.?

Richard J. Schmiesing*2 and James R. Matz?
Department of Organic Chemistry
Pennwalt Corporation, Pharmaceutical Diviston

Rochestar, New York 14603, USA

Abstract- Starting from 3-phenyl-2-piperazinone, cis-1,3,4,6,7,11b-hexahydro-2-methyl-7{4-chlorophenyl}-2H-pyrazino[2,1-a]
isoguinoline (1) was synthesized utilizing as the pivotal step of the sequence a highly stereocontrolled base-catalyzed equili-

bration of 3.4,8,7-tetrahydre-7<{4-chloropheny(}2H-pyrazino[2,1-ajisoquinolin-1{1 1bH}ones (2).
A series of novel cis-1,3,4,6,7,11b-hexahydro-2-methyl-7-aryl-2H-pyrazino[2, 1-alisoquinolines have recently been synthesized and were found
10 possess an atypical antidepressant biological profile® As shown th Scheme 1, the key steps of that synthesis were a Bischler-Napieralski

cyclization of the symmetrical 2,2-diphenylethylamide, followed by a stereoselective catalytic hydrogenation of the resulting 3,4-dinydro-4-

phenyiiscauinoline to give a 10:1 ratio of cisftrans isomers.

Q ® ®

c cl NHCH,

Scheme 1
However, when employed to prepare other compounds in the series, particularly aryl substituted analogs, various shortcomings in the original
synthetic process are encountered: ring-closure isomers are possible when using an unsymmetrical 2,2-diarylethylamide, while phenyl
substitution in the latter stages of the synthesis employing classical procedures (e.9., nitration = diazotization = salt decomposition) gives
ring positional isomers. We wish to describe in this report a novel and more versatile process for preparation of the title compounds by which

a greater than 10C:1 ratio of cisftrans Isomers is possible and by which aryl substituted analogs are readily accessible. Also, by slightly

modifying this new procedure a 19:1 ratio of trans/cis isomers can be generated. The following is an exemplary procedure.
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cis-3,4,6,7-Tetrahydro-7{4-chiorophenyl)-2H-pyrazing[2,1-aliscquinolin-1{1 tbH)-one (6). To 1905.0 g (6.09 mol} of 3,4,6,7-tetrahydro-7{4-

chlorophenyl)-2H-pyrazino[2,1-ajisoguinolin-1{11bH}-ones (5) & (6} in 4 | of methanol was added, while stirring at ambient temperature, a
solution of 36,5 g (1.59 mol) of metallic sodium dissolved in 15 | of methano!. The resulting stirred suspension was heated at reflux for 24 h,
allowed 1o cool to ambient temperature, and stirred for a further 12 h. The solid was collected by filtration, washed thorcughly with methanol,
and dried in a vacuum oven at 60°C to give 1692.9 (89% } of (§) as a white solid (mp 239-244 °C dec.) contaminated by less than 1 % of (5). For
{6} hydrochlaride; *H-nmr (CDCI,/GF,CCODY): 7.60-7.30 (m,5H Ar), 7.10 (AA'BB’,2H,Ar,J = 8.3Hz), 7.0-6.80 (m,1H Ar), .50 (s, TH,H-11b}, 4.8C
(dd,1H,H-7 J=12.3,5.5 Hz), 4.10-3.60 (m,5H,CH,} and 3.40 (t,1H,CH,,J = 12.3 Hz). Anal. Calcd for C,,H,CN,0-1/2H,0:C, 60.35; H, 5.35; Cl,
19.79; N, 7.82. Found: C, 80.36; H, 5.40; CI, 19.36; N, 7.74.

cis-1,3,4,6,7,11b-Hexahydro-2-methyl-7-{4-chicrophenyl)-2H-pyrazing2 1-ajisoquincline (1) dihydrochloride. To a stirred suspension of

1810.0 g (5.79 mol) of cis-3,4,8,7-tetrahydro-7-{4-chloropheny!)-2H-pyrazinof2,1-aJiscquinolin-1{1 tbH}-one (8) in 5.7 | of tetrahydrofuran under
nitrogen was added rapidly 26.6 1 of a 1.0 M solution of borane in tetrahydrofuran. The mixiure was heated at reflux for 15 h, cocled to ambient
temperature, and treated cautiously with 4.2 | of 2.5 M aguecus hydrochionic acid. This resulting mixture was heated at reflux for 3.5 h and
then allowed to cool to ambient temperature. The sclid (contaminated with approximately 20% of boric acid) was collected by filtration and
treated with 2.4 | of 88% formic acid, 3.92 | of 35-40% formaldehyde, and 805.0 g of sodium formate. The resuiting mixture was heated at
80-85°C for 1.2 h, cooled 1o ambient temperature, poured onto 44.0 kg of ice, and made basic (pH 10-11) by adding concentrated ammonium
hydroxide. The solid was collected by filtration, washed neutral with water, and dried in a vacuum oven at 65 °C. A soiution of this sclid in 5.51
of methanol was acidified to pH 1 with dry gasecus hydrochloric acid. The resulting solid was collected by filtration, washed with 4 1ofa 1101
mixture of diethyl sther and methanol followed by 1 | of diethyl ether, and dried in & vacuum oven at 60°C for 24 h lo give 1573.0 g (B0%

overall) of {1) dihydrochloride as a white solid (mp 274-276 °C), identical in all respects to material obtained by Griffith, et al®

trans-1,3,4,6,7,11b-Hexahydro-7 {4-chlorcphenyly2H-pyrazinof2,1-afisoquinoting (8, R=H) dihydrochloride. To a suspension of 822 g

(25.0 mmoal) of 3-phenyl-4-{4-chlorophenacyl)-2-piperazinone (3) in 25 mi of anhydrous tetrahydrofuran was added 150 ml of a 1.0 M solution
of berane in tetrahydrofuran. The resulting mixture was heated at reflux for 18 h, cooled to ambient temperature, and treated with dropwise
addition of 125 ml of 2.5 M aquecus hydrochloric acid. This mixture was heated at reflux for 3 h, cocled to ambient temperature, and stirred
for 2 h. The resulting solid was collected by filtration, washed with 50 ml of tetrahydrofuran, and dried giving 10.9 g of the crude {7, R=H)as a
white solid contaminated with boric acid. To 30 ml of concentrated sulfuric acid at 0°C was added portionwise 8.50 g (26.8 mmol)of (7, R = H}
over a period of 0.5 h. The resulting mixture was warmed to ambient temperature, stirred for 2 h, poured onto ice chips, and made basic with
50% aqueous sodium hydroxide. The resulting solid was collected, air dried, digsclved in 50 mi of absolute methanel, and made acidic with
gaseous hydrochloric acid {pH 1). Addition of 50 ml of diethy| ether gave a while solid which was collecied by filtration and washed with 50 ml
of a 1:1 methanol/ether mixture to glve 2.7 g (27%) of (8, R=H) as a white solid (mp 265-267 °C dec.) containing less than 1% of the
responding cis isomer {8, R=H). For (8, R=H) gihydrochloride; "H-nmr (CDCI,/{CF,COOD): 7.50-6.90 {m, &H, Ar), 5.50 (d, 1H, H-11b,
J=11.0Hz), 480 (dd, 1H, H-7, J=12.2,5.5 Hz), 455 (d, 1H, CH,, J=13.7 Hz), 4.40-3.75 (m, 6H, CH,} and 3.60 (1, 1H, CH,, J =12.3 Hz). Anal.
Caled for €, H,,Cl N, 1/2H,0: C, 56.78; H, 5.82; CI, 27.93; N, 7.36. Found: C,56.16; H, 6.01; Cl, 27.07; N, 6.83.

trans-1.3,4.5,7,110b-Hexahydro-2-mettyl-7 {4-chloropheny}-2H-pyrazine|2, 1-alisoquinoline {8, R = Me) dinydrochloride.

2-Phenylpiperazing. To an ice-cooled slirred suspension of 25.g (0.66 mol) of lithium aluminum hydride in 2.6 | of anhydrous diethyl ether was
added in portions over 1.5 h 30 g (0.17 mol} of 3-phenyl-2-piperazincne. The resulting mixiure was heated at reflux for 20 h and then cooled to

0°C. Isofation of the product by standard methods gave 23 g (83%) of 2-phenylpiperazine as an off-white solid (mp 83-85°C).
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1-Methyl-3-phenylpiperazine. To an ice-cooled stirred solution of 5.45 g (0.033 mol) of 2-phenylpiperazine and 5.3 g (0.53 mol) of triethylamine

in 580 m! of acetone was added dropwise over 20 min a solution of 4.8 g of methy! lodide in 20 m| of acetone. The resulting mixture was stir-
red at0°C for 1 hand then allowed to gradually warm to ambient temperature over 3 h. The residue obtained upon concentration of the reac-
tion mixture was dissolved in 200 mi of diethyl ether and treated with a solution of methanol and ether saturated with gaseous hydrochleric

acid 1o give 4.5 g (54%) of 1-methyl-3-phenylpiperazine dihydrochloride as a white sclid.

1-Methyl-3-phenyl-4{4-chlorophenacyljpiperazine. To a stirred mixture of 14.0 g {C.08 moly of 1-methyl-3-phenylpiperazine and 20 g (0.2 mol) of

triethylamine in 160 mi of tetrahydrofuran was added dropwise a solution of 18.2 g (0.08 mol) of 4-chlorophenacyl bromide in 55 ml of
chloroform. The resulling mixture was stirred at ambient temperature for 3.5 h, poured into 50% aqueous sodium bicarbonate and extracted
with chloroform. The organic extracts were combined, washed with water and saturated sodium chloride and dried over sodium sulfate. The
filtrate was concentrated to dryness to give 25 g of crude 1-methyl-3-phenyl-4-{4-chiorophenacyllpiperazine, This material was used as such in

the next step of the process.

1-Methyl-3-phenyl-4{2-hydroxy-2{4-chiorophenyljethylpiperazine. To a stirred solution of 25 g (0.076 mol} of the 1-methyl-3-phenyl-44{4-

chiorophenacyl) piperazine in 450 mi of ethanol was added in portions 2.9 g (0.076 mol) of scdium borohydride. The resulting mixture was slir-
red al ambient temperature for 2 h, poured into 50% aqueous sodium chloride and extracted with ethyl acetate, The grganic extracts were
combined, washed with water and saturated sodium chioride and dried over sodium sulfate. The resulting crude product obtained from con.
centration of the filtrate was subjected tc rapid liquid chromatography on a silica gei column eluting with a solution of 4% methanol in
chloroform to give 16 g (0% overall) of an isomeric mixture of 1-methyl-3-phenyl-4{2-hydroxy-2{4-chlorophenyliethy(] piperazine (7, R =Me}

as a white solid.

trans-1,3,4,8,7, 11b-Hexahydro-2-methyl-7{4-chiorophenyl}2H-pyrazino[2,1-aJisoquinoline {8, R = Me) dihydrochlaride. To 35 ml of concen-

traled sulfuric acid at 0°C was added portionwise 9.1 g (27.5 mmol) of (7, R = Me) dihydrochloride over a period of 0.5 h. The resulting
mixture was warmed to ambient temperature, stirred for 2 h, poured onto ice chips, and made basic with 50% aqueous sodium hydroxide.
The resulting solid was collecteg, air dried, gissolved in 50 ml of absolute methanol, and made acidic with gaseous hydrochloric acid (pH 1).
The resulting white solid which crystallized was collected by filtration, washed with cold methanol, and dried to give 7.5 g (78%) of (8,
R = Me) (mp 313-315°C dec.) containing less than 1% of the corresponding cis isomer (8, R = Me). For (8, R = CH,) dihydrochioride; *H-nm¢
(CDCI,/CF,CO0DY. 7.40-8.90 (M, 8H, Ar), 550 (d, 1M, H-11b, J= 11.0 Hz), 490 (dd, 1H, H-7, J=12.3, 5.5 Hz), 457 (d, 1H, CH,, J=13.7 H2),
4.30-3.70{m, 6H, CH,), 3.60 {1, 1K, CH,, J = 12.3 Hz) and 3.25 (s, 3H, CHy. Anal. Caled for C,gH,,ClN, .75 H,0: €, 57.16; H, 6.19; Cl, 26.64; N,
7.02. Found: C, 57.57; H, 6.28; Cl, 25.94; N, 7.04,
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