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Synthesis of Possible Metabolites of Chlorpromazine. II.
(1) 3-, 8- and 9-Hydroxychlorpromazine (2a, 3)

Edward A. Nodiff, Noriichi Oda, Takanori Hayazaki, Shuichiro Ina, Toshiyuki Ito,
Sansei Nishibe, Taisei Ueda, Kenji Suzuki, Martin Hausman and Albert A. Manian (2b)

The Research Institute of Temple University

The title compounds have been prepared as analytical standards for the identification of

chlorpromazine metabolites in biological materials. Unequivocal structural proof of key com-

pounds was accomplished by using at least two unrelated syntheses for each one. Resistance of

some phenothiazines to preparation via classic Smiles rearrangement is discussed. More examples

are offered of halogen-induced Smiles rearrangement.

polymorphism is presented.

The 3-, 8- and 9-hydroxychlorpromazines have been
prepared as part of a continuing program for the synthesis
of possible metabolites of chlorpromazine.

Most of the phenothiazine nuclei described herein were
constructed by adaptations of the Bernthsen and Ullmann
approaches (1, 4-7) (Schemes 1 and 2, Tables 1-V).

Ring closure, in the usual manner (1, 4, 6), of the
2-amino-2"-bromodiphenylsulfides (24, 26 and 27) gave
the corresponding phenothiazines (41, 43 and 45).
Cyclization of the formyl derivatives of 24 and 26 (33 and
35) provided isomeric phenothiazines which were most
probably the rearranged products (42 and 44) (1,4).
Lack of material precluded ring-closure of the formyl
derivative (36) of 27.

SCHEME |
SH Cl a & 5
— —
@ * ® ¢ Br OoN ¢
R Br 02N & r Vs =
1R H 3 5-CLA4-0CH, C, He 12 4L 5-0CH; Co g
4 5-ClL 4-OCH, 13 4-Cl, 5-0CH,
5 5-Cl, 10N 14 4CL 50O
6 5-Cl 4+-0OCH (CHy), 15 4-ClL 5-OHl{CH; ),
2 R-Cl 7 50CIH, 16 4'-CH 4-0OCH,
8 5-0l 17 4°-CL -0
9 5-OCH(CH;), 18 4'-Cl, +-0CH(CH,),
10 6-OCH(CH,),; 18 4'-ClL 3-0CHCH; ),
1 6-0H 20 4'-Cl, 301

A rare example of phenothiazine

s . S s
—
4 Br H,N & 2 8r HN 4
3 | 3

H-C=0
21 4CL5-0CH, Gy (a) 29 4.1, 5.0CH,C, s
22 4-C1, 5-0CH, (a) 30 41, 5-0H (a)
23 4:CL 5-0CHCH,), (a) 31 4L 5-0CH,
24 4CL4-OCH, 32 4.Cl 5-0CHCH, ),
25 4'-Cl, 4-0H (a) 33 4'-ClL4-0CH,
26 4Ll LOCH(CH,), 34 4.CL4-0H (b)
27 ACL3-OCIHCH, ), 35 4'C1, 40CHCH,),
28 4'ClL 30N (a) 36 4°Cl 3-0CHCH,), (a)

37 401 3010 (b)

38 2.Cl, 3-OCH, C Uy (From 29)
39 2.Cl, 3-0CH, (From 31)
40 2.CL 3-OCH(CH,), (From 32)
41 2.CL8-OCH, (From 24)
42 3.Cl1 8-OCH, (From 33)
43 2.CL8-OCHCH), (From 26)
44 3.1, 8-OCH(CH,), (From 38)
45 2.CL9-OCHCHG), (From 27)

(a) Cyclization not attempted. (b) Cyclization unsuccessful,

The amines 21-23 were automatically formylated before
cyclization because this step usually improves the yield of
phenothiazine (6) and because the desired phenothiazine
would be obtained regardless of whether rearrangement
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SCHEME 2

2 9
o5 NH 3 Cl s NH 2.0l
e —
4 3
S

a6 4-OCH, 9 3-OCH,

46A 3 -OCH, a1 8-OCH,

a7 3 -OCH(CH,), a3 8-0CHCH,),

a8 2.0CH(CH,), 45 9-OCH(CH; ),
58 201 55 9-OH

[

occurred. The latter is true whenever there is no other
substituent on the bromine-containing ring.

Attempts to cyclize the unprotected phenolic com-
pounds, 34 and 37, were unsuccessful. No effort was
made to ring close 25, 28 and 30.

Preparation of each of the phenothiazines, 39,41, 43
and 45 by both the Ullmann (Scheme 1) and Bernthsen
(Scheme 2) routes provided structural proof for these
compounds.

A simple synthesis for some hydroxyphenothiazines,
which utilized the reaction between the zinc salt of an

SCHEME 3
szng O 0 s o
+ —>
-
NHp o cl N ol
49 50 51

Cl : OH
HO Ct

52

S OH S OR
X —

NH Cl NH Cl

53 33 R:=CH,

0
sa R U

40 R = CHCH,),

o-aminothiophenol and chlorohydroquinone, was reported
carlier (8). The use of 2,5-dichlorohydroquinone (52) in
an attempted adaptation of this method to the synthesis of
2-chloro-3-hydroxyphenothiazine (53) was unsuccessful.

SCHEME 4
szng C OCH3 s OCH3
crr NHp OpN e NHp ON
59 60 61

S 0CH3 @] NH OCHz
- ORIV S
ol ML S

H-C=0

62 a1

ol NH OCH4| Cl NH OCHy
H OpN
2 $ O
63 64 2

SCHEME 5

((I:H2)3N(CH3)2

9 9
. NH 2 Cl . N 2 Cl
s; : & : S : 3

38 30CH, 6 3-0CI,
54 301" 66 30"
40 3-0CHCH, ), 87 3-0CH{CH,),
43 B-OCH(CH,), 68  B-OCH(CH,),
45 9.0CH(CIL), 60  9-OCH(CH, ),

(CHpI3N(CH3),
9

|
. N 2 C
—_—

3
S
70  3-0OH

71 801
72 9-0H
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An alternate preparation of 63 (Scheme 3) was begun with
the reaction between the zinc mercaptide (49) (8) and
commercial 2,5-dichloro-p-benzoquinone (50) in refluxing
ethanol (9). Subsequent reduction of the resulting pheno-
thiazone (51) with sodium hydrosulfite produced the
desired compound.

An attempt to prepare 2-chloro-8-methoxyphenothia-
zine (41) via Smiles rearrangement and subsequent ring
closure is outline in Scheme 4.

Although rearrangement of 62 occurred, ring closure of
the resulting thiol (63) did not follow (10a). Only the
oxidation product (64) of 63 was isolated.

This outcome is the same as that recorded in an
identical effort to prepare 2-methoxy-8-trifluoromethyl-
phenothiazine (5).

Conversion of the phenothiazine ethers (39, 54, 40, 43
and 45) to chloropromazine ethers (65-69) and subsequent
hydrolysis to 3-, 8- and 9-hydroxychlorpromazine (70-72)
are outlined in Scheme 5 and detailed in Tables V1 and VII.

The isopropyl group, used successfully for phenolic
protection in the synthesis of the 8- and 9- derivatives
(71 and 72) (10), failed in the preparation of 3-hydroxy-
chlorpromazine (70). The rather vigorous conditions
(reflux with concentrated hydrochloric acid) necessary for
cleavage of the 3-isopropoxy compound (67) decomposed
the relatively unstable product (70).

This problem was overcome by substituting tetra-
hydropyranyl (removable on short exposure to weak acid
at room temperature) for the isopropyl group.

Although polymorphism is little known among the
phenothiazines (11), 8-hydroxychlorpromazine (71) was
isolated as four distinct forms. Three of these forms were

white and melted at 75° (A), 126-127° (B) and 168-169°

5 hours at 95° B

>
v

crystallization from ether-
petroleum ether (1:19)

crystallization from ether-

A > C
petroleum ether (1:19)

A 5 hours at 100° S N

B ether solution allowed to s D
concentrate in open beaker -

B 5 hours at 140° o D

C 5 hours at 110° e B

It is interesting that two apparently identical crystal-

lizations of A produced different polymorphs (B and C).

(D). The fourth form was yellow and melted at 128-1 30°
(C).  As Nujol mulls the polymorphs provided infrared
spectra which were all different from one another. In
chloroform solution all four spectra were identical.
Elemental analyses (C, H, N, Cly for each of the forms
were in excellent agreement with the values calculated for
8-hydroxychlorpromazine (Table V1I). Thin-layer chroma-
tography (12) indicated that each sample was homo-
geneous and identical in Rg  Finally, the following
interconversions were effected by pumping at appropriate
temperatures or by varying crystallization solvent ratios.
The lowest melting form (A) was obtained by crystalliza-
tion of the crude 71 from petroleum ether (b.p. 20-40°).

EXPERIMENTAL

Melting points were determined in capillary tubes in an
electrically heated Thiele-Dennis apparatus and are uncorrected.
All reactions were mechanically stirred under dry nitrogen and in
the absence of strong, direct light. FElemental analyses were
performed by Schwarzkopf Microanalytical L.aboratory, Woodside,
N. Y. Infrared spectra were taken as liquid films or Nujol mulls on
a Perkin-Elmer Model 137B, Infracord Spectrophotometer. Organic
solutions were dried with anhydrous magnesium sulfate and
decolorized with Darco G-60. Concentration and complete
solvent removal were carried out under reduced pressure.

2'.Bromo-2-Nitrodiphenylsulfides ( Table I).

These compounds were prepared via the reaction between
appropriately substituted o-bromothiophenols (1 and 2) and
o-chloronitrobenzenes (3 to 11) (4) in ethanolic sodium ethoxide.

2.5-Dichloro-4-nitrophenyl Benzyl Ether (3).

Benzylation of 5 (Table I, note d) with benzyl bromide
(anhydrous potassium carbonate, refluxing acetone, 5 hours) gave
86% of 3, m.p. 109-110° (ethanol).

Anal. Caled. for C13HgCl;NO3: C, 52.35; H, 3.04; N, 4.69.
Found: C,52.36; 11, 3.13; N, 4.67.

2,5-Dichloro-4-nitroanisole (4).

Treatment of 5 with dimethyl sulfate (potassium carbonate,
toluene, 115°, 1 hour) provided 54% of 4, m.p. 100-101°
(ethanol); (lit. (13) m.p. 99°).

2,5-Dichloro-4-nitrophenyl Isopropyl Ether (6).

Isopropylation of 5 was effected with isopropyl iodide in
refluxing (40 hours) acetone containing potassium carbonate;
yield 43%, m.p. 56-57.5° (ligroine).

Anal. Caled. for CgllgCl;NO3:
C,43.43; H, 3.62.

4-Chloro-3-nitrophenol (8).

This phenol (8) was obtained in 71% vyield on cleavage of
commercial 4-chloro-3-nitroanisole with pyridine hydrochloride
(2000, 5 hours). Purification was effected by solution in a
minimal amount of 5% sodium hydroxide, decolorization and
acidification with hydrochloric acid; m.p. 120.5-121.5°% (iit. (14)
126-127°).

4-Chloro-3-nitrophenyl Isopropyl Ether (9).

C, 43.20; 11, 3.66. Found:

Isopropylation of 8 with isopropyl iodide in refluxing (8.5 hours)
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10% ethanolic potassium hydroxide afforded 84% of 9; b.p.
118-120° (0.9 mm.), m.p. 46.5-47.4° (petroleum ether).

Anal. Caled. for CoHl19CINO3: C, 50.19; H, 4.69; N, 6.50.
Found: C,50.09; H,4.70; N, 6.85.

3-Chloro-2-nitrophenol (11)(15).

3-Chlorophenol (128 g.) was added slowly, with cooling, to
750 g. of oleum (27% sulfur trioxide). The mixture was kept at
15° for 12 hours and then heated on a water-bath for 2 hours to
complete disulfonation. Nitric acid (45 ml., d., 1.5), dissolved in
200 ml. of oleum (27% sulfur trioxide), was added to the cooled
mixture during 30 minutes, the mixture was allowed to stand for
2 hours, diluted and distilled with superheated steam (inlet
temperature, 200°, outlet temperature, 120°). A yellow oil
distilled which solidified at room temperature, m.p., 44-45°,
(lit. (15) m.p. 37.5°), yield 93 g. (54%).

Anal. Caled. for C4lI4CINO5: C, 41.52; H, 2.32; N, 8.07.
Found: C,41.75; H,2.32; N, 7.99.

3-Chloro-2-nitrophenyl Isopropy! Ether (10).

Isopropylation of 11, effected as described in the synthesis of
9, gave 53% of 10, b.p. 100-104° (0.9 mm), m.p. 45-45.5°
(ethanol).

Anal. Caled. for Coll19CINO3: C, 50.13; H, 4.68; N, 6.49.
Found: C,50.59; 11,4.95; N, 6.70.

2-Amino-2"-Bromodiphenylsulfides ( Table II).

Reduction of the nitro compounds in Table 1 was effected
with stannous chloride dihydrate and hydrochloric acid using one
of the vartations described below.

Method A.

To a suspension of 20 g. (0.05 mole) of 2'.bromo-4-chloro-5-
isopropoxy-2-nitrodiphenylsulfide (15) in 200 ml. of ethanol at
55°, was added, in portions, a solution of 37.5 g. (0.17 mole) of
stannous chloride dihydrate in 80 ml. of hydrochloric acid. The
mixture was heated under reflux for 2 hours. Dilution of the clear,
amber solution with 2 1. of cold water gave a cream-colored gum.
The gum was dissolved in ether, washed with water, dried and
evaporated to give the amine (23).

Method B.

A mixture of 55.5 g. (0.15 mole) of 2'.bromo-4’-chloro-4-
hydroxy-2-nitrodiphenylsulfide (17), 267 g. (1.18 moles) of
stannous chloride dihydrate and 230 ml. of hydrochloric acid was
heated under reflux for 2 hours, basified with sodium hydroxide
solution and worked up, as in method A, to provide 25.

Method C.

To a solution of 90 g. of stannous chloride dihydrate in 120 ml.
of hydrochloric acid was added, during 20 minutes, a solution of
30 g. of 18 in 600 ml. of ethanol. After 30 minutes at reflux, and
workup as in method A, 26 was obtained.

2".Bromo-2-Formamidodiphenylsulfides ( Table III).

A mixture of 11.2 g. (0.027 mole) of 2-amin0-5—benzyloxy-2'-
bromo-4-chlorodiphenylsulfide (21), 224 ml. of ethanol and 112 g.
of 90% formic acid was heated under reflux, cooled and diluted
with water to give 29.

Method B.

This method was identical with method A except for the
elimination of ethanol as diluent.
Method C.

A mixture of 30 g. (0.08 mole) of 2-amino-2"-bromo-4'-chloro -
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4-isopropoxydiphenylsulfide (26), 90 ml. of formic acid (97-
100%) and 3 g. of pyridine was heated under reflux. On cooling,
35 separated.

Diphenylamines (Table 1V).
Method A.

The Goldberg Reaction between appropriately substituted
acetanilides and bromobenzenes was carried out as described in
references 5 and 6.

Method B.

A literature synthesis of 46A (16) was adapted as follows to
prepare 58.

A mixture of 306 g. (2.4 moles) of 3-chloroaniline, 290.4 ¢.
(2.6 moles)of catechol, 20 g. of zinc chloride and 90 ml. of xylene
was stirred under reflux, for 30 hours, in a reactor equipped with a
Barrett distilling receiver (for water separation). Xylene was
removed from the mixture by steam distillation and the residue was
extracted with ethyl acetate. The extract was washed with water,
dried, distilled and crystallized to give 58.

Method C.

Routine isopropylation of the appropriate hydroxydiphenyl-
amines with 2-iodopropane in ethanolic potassium hydroxide.

4-Bromo-2-chloroanisole.

Routine methylation of commercial 4-bromo-2-chlorophenol
with dimethyl sulfate gave 71% of the ether, m.p. 66-67° (ethanol).

Anal. Caled. for C7HgBr(C10: C, 37.94; 1, 2.73: Found:
C, 38.04; H,2.79.

Phenothiazines (Table V).
Method A.

Ring-closure of the appropriate 2-amin0-2’-bromodiphenyl-
sulfides (Table II) and 2’-bromo-2-formamidodiphenylsulfides
(Table IIT) was brought about as described in references 1,4 and 6.

Method B.

Except as noted, thionation of the diphenylamines in Table 1V
was carried out in o-dichlorobenzene as suggested by Massie and
Kadaba (7).

Method C.

2-Chloro-3-hydroxyphenothiazine (53) was converted to its
methyl and isopropyl ethers (39 and 40) in agueous-ethanolic
potassium hydroxide, containing sodium hydrosulfite, with di-
methyl sulfate and 2-bromopropane respectively.

The isopropyl ethers (43 and 45) of 2-chloro-8-hydroxy-
phenothiazine and 2-chloro-9-hydroxyphenothiazine were prepared
routinely with 2-iodopropane in acetone-potassium carbonate and
N,N-dimethylformamide-potassium carbonate respectively.

2-Chloro-3-hydroxyphenothiazine (53) (24.9 ¢g., 0.1 mole) in
300 ml. of dihydropyran containing 1 ml. of hydrochloric acid
was stirred at room temperature for 3 hours. The dark mixture
was allowed to stand at room temperature overnight, heated under
reflux for 3 hours, cooled to room temperature and diluted with
2 1. of ether. The ether was washed with 10% sodium hydroxide
(2 x 500 ml.) and water (2 x 1 1.), dried and decolorized (dark red
to orange). After solvent stripping the residue was freed of
volatiles by pumping at 120° for 3 hours. The remaining oil was
dissolved in ethanol (Darco) and the ethanolic solution was allowed
to concentrate in air for 3 days. The pyranyl compound (54)
separated as tan solid.
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Method D.

A mixture of 7.8 g. (0.025 mole) of the zinc salt of 2-amino-
benzenethiol (49) (8), 10 g. (0.056 mole) of commercial 2,5-
dichloro-p-benzoquinone (50) and 100 ml. of 95% ethanol was
stirred at room temperature for 1 hour and heated at reflux for
8 hours. The mixture was allowed to cool and the dark brown
solid was washed with 4% hydrochloric acid (2 x 200 ml.) and
water and dried. The yield of 2-chlorophenothiazone-3 (51) was
10.5 g. (78%), m.p. 201-203°. Two crystallizations from benzene
provided the analytical sample, m.p. 211-212°.

Anal. Calcd. for C12HgCINOS: C, 58.18; H, 2.44; N, 5.66.
Found: C,57.99; 11, 2.78; N, 5.99.

Reduction of 51 to 2-chloro-3-hydroxyphenothiazine (53) was
effected by stirring (15 g., 0.06 mole) under reflux (0.5 hour) with
15 g. of sodium hydrosulfite in 750 ml. of acetone. The mixture
was poured into a solution of 50 g. of sodium hydrosulfite in 2.5 1.
of water and the resulting yellow solid was dried in vacuo to give
12.2 g. (81%) of 53, m.p. 184-188°, Crystallization from ethanol-
aqueous sodium hydrosulfite (Darco) gave off-white solid, m.p.
189.5-191°.

Routine conversion (Method C) of 53 to the authentic methyl
and isopropyl ethers (39 and 40) afforded structural proof.

Attempted Preparation of 2-Chloro-8-methoxyphenothiazine (41)
Via Smiles Rearrangement.

The zinc salt of 2-amino-4-chlorothiophenol (81 g., 0.21 mole)
(8)in 11. of ethanol was mixed, at room temperature, with 470 ml.
of ethanolic sodium ethoxide (9.7 g., 0.42 g. atom of sodium).
3-Chloro-4-nitroanisole (80 g., 0.42 mole) (17) was added in 1 1.
of ethanol and the solution was heated under reflux overnight.
The mixture was filtered and the filtrate was concentrated.
Crystallization of the residue from ethanol gave 62 g. (47%) of
2-amino-4-chloro-5 -methoxy-2 nitrodiphenylsulfide (61) as yellow
crystals, m.p. 132-134.5°. A second crystallization (ethanol)
provided the analytical sample, m.p. 138.5-139.5°.

Anal. Caled. for C13H11CIN203S: C, 50.24; H, 3.57; N,
9.02. Found: C,50.19; H, 3.62; N, 9.30.

4--Chloro-2-formamido-S'-methoxy-2’-nitrodjphenylsulfide (62).

This compound was obtained by routine formylation of 61 with
90% formic acid (10 hours reflux); yield 69%, m.p. 144.5-145.5°
(ethanol).

Anal. Caled. for C14H11CIN204S: C, 49.61; H, 3.27; N,
8.27. Found: C,49.50; I, 3.37; N,8.55.

To a solution of 86 g. (0.27 mole) of 62 in 1 1. of acetone was
added 544 ml. of 1 N ethanolic sodium hydroxide. Immediate
precipitation occurred. The suspension was stirred under reflux
for 2.5 hours and filtered. Concentration of the filtrate gave a
dark brown solid (sodium salt of 63) which was dissolved in water
and acidified with hydrochloric acid. The red-brown color was
replaced by yellow and an oily precipitate appeared. This material
was extracted with ether and the solvent was stripped. On
standing in air the residual oil solidified (yellow). Crystallization
from ethanol-benzene (1:1) gave orange needles of the disulfide
(64), m.p. 166-167°.

Anal. Caled. for C13HyoCIN203S: C, 50.39; H, 3.26; N,
9.05. Found: C,50.63; H, 3.26; N,9.35.

Chlorpromazine ethers (Table VI).

Various phenothiazine ethers (Table V) were alkylated with
3-dimethylaminopropyl chloride using methods described previous-
ly (1).

Hydroxychlorpromazines (Table VII).

8- and 9-Hydroxychlorpromazine (71 and 72).

These compounds were made by hydrolyzing the corresponding
isopropyl ethers (68 and 69) with refluxing hydrochloric acid
(0.5 and 3 hours respectively) (1).

3-Hydroxychlorpromazine (70).
Method A.

To a mixture of 13.2 g. (0.04 mole) of 2-chloro-3-tetrahydro-
pyranyloxyphenothiazine (54) and 92 ml. of DMSO was added, at
room temperature, 1.88 g. (0.048 mole) of sodium amide. The
temperature was maintained at 60-70° for 1 hour, a solution of
5.2 g. (0.043 mole) of 3-dimethylaminopropyl chloride in 16 ml.
of DMSO was added and the temperature was kept at 60-70° for
3 hours. After standing overnight at room temperature the
mixture was poured into 600 ml. of water. The resulting gray
emulsion was extracted with ether and the red ether solution was
washed with water and extracted with a solution of 30 g. of
tartaric acid in 200 ml. of water. The tartrate solution was treated
with carbon and basified (pH 8) with 15% ammonium hydroxide.
The resulting gray-pink solid was dried in vacuo at 100° for
6 hours (wt 4.5 g.) and extracted with 9:1 petroleum ether
(20-40°)-ether in a Sohxlet extractor. On standing at room
temperature overnight there separated from the extracts red-
brown prisms, and clumps of very pale pink amorphous solid.
Both solids melted 143-145° and their mixture melting point was
not depressed. A mixture of both forms was crystallized from
petroleum ether (20-40°)-ether (9:1) to give a pale pink solid,
m.p. 84° (foaming). Heating this solid for 5 minutes at 115-120°
raised its m.p. to 140-142°,

Method B.

Alkylation of 54 was carried out essentially as described in
method A. However, the ether extract (instead of extraction with
tartaric acid) was simply washed with water, dried, decolorized
and evaporated. The residual oil was dissolved in the minimal
amount of ether and allowed to stand for 2 days. 3-Tetrahydro-
pyranyloxychlorpromazine (66) separated as white prisms (Table
(VD).

A solution of 3.0 g. (0.0072 mole) of 66 in 70 ml. of ether was
acidified at room temperature with a saturated ethereal solution
of hydrogen chloride gas. The resulting solid was washed with
ether and crystallized from ethanol-ether (1:5) to give 2.5 g.
(93%) of 3-hydroxychlorpromazine hydrochloride (73), as a pale
pink solid, m.p. 83-84° (foaming).

Anal. Caled. for C17H20CI2N20S: C, 54.98; H, 5.43; N,
7.54. Found: C,54.63; H,5.98; N,7.18.

On exposure to light and air, 73 turned to gum.

To a solution of 2.2 g. of 73 in 150 ml. of water was added
solid sodium carbonate to pH 8. The solid was extracted with
ether, washed with water, dried and decolorized. The ether was
evaporated and the residual tan oil was treated with petroleum
ether. The resulting solid was crystallized from ether-petroleum
ether (1:5) to give 0.7 g. of 3-hydroxychlorpromazine (70) as
white crystals, m.p. 139-140° dec.

The infrared spectrum of this material was identical with that
prepared using method A.
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