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than of the corresponding acyclic or small ring carbonyl
derivatives which give appreciable amounts of prod-
uects derived from carbenoid insertion and rearrange-
ment processes.®* The possibility that 5 is formed in
the reaction, but is rearranged to 3 during chroma-
tographic resolution of the reaction mixture may not,
however, be excluded.

A comparison of the ultraviolet spectrum of 3 with
that of 4 (Fig. 1) provides a particularly striking demon-
stration of the absence of conjugation between the
ethylenic bond and the cyclopentadienyl ring in 3.

Experimental

a-Keto-1,1’-trimethyleneferrocene p-Toluenesulfonylhydra-
zone (2).—A solution of 240 mg. (1.0 mmole) of the ketone and
190 mg. (1.0 mmole) of p-toluenesulfonylhydrazine in 30 ml. of
ethanol containing a few drops of acetic acid was heated on the
steam bath for 0.5 hr. On cooling, the hydrazone separated as
lustrous golden rods, m.p. 198.5-200.0°, with darkening, yielding
337 mg. (82%). An analytical sample (from ethanol) melted at
201-202°.

Anal. Caled. for CyHFeN:0.S: C, 58.83; H, 4.94; N,
6.86. Found: C, 58.90; H, 4.83; N, 7.02.

Dehydro-1,1’-trimethyleneferrocene (3).—Sodium hydride
(180 mg., 7.5 mmoles) was added to a solution of 500 mg. of the
tosylhydrazone (1.2 mmoles) in 50 ml. of cyclohexane. The
solution was heated at reflux, in an atmosphere of nitrogen, for
12 hr., then cooled, poured into water, and extracted with ether.
The combined ether-cyclohexane extract was washed to neutral-
ity and dried over magnesium sulfate. Removal of solvent left
a crude crystalline product which was taken up in Skellysolve B
and chromatographed on an alumina column. Three bands ap-
peared. The first gave 45 mg. (229%) of 3, m.p. 100.5-102.5°,
after further chromatographic purification followed by sublima-
tion.

The second band afforded 19 mg. of a-keto-1,1’-trimethylene-
ferrocene (1), and the third 120 mg. of starting material. With
sodium methoxide as base 3 was obtained in 149, yield.

Anal. Caled. for C;HpFe: C, 69.68; H, 5.40. Found: C,
70.05; H, 5.28.

Reduction of Dehydro-1,1'-trimethyleneferrocene.—The olefin
(25 mg., 0.1 mmole) was taken up in 10 ml. of methanol and hy-
drogenated at atmospheric pressure and room temperature in the
presence of platinum oxide catalyst. At the end of 36 hr., the
catalyst was filtered off, solvent was removed, and the product
was chromatographed on a short alumina column using Skelly-
solve B ageluent. In this manner, 11.4 mg. of 1,1’-trimethylene-
ferrocene, m.p. 100.5-104.0°, was obtained. Its infrared spec-
trum was identical with that of an authentic sample, and its mix-
ture melting point with a sample of 4 (m.p. 107.5-108.5°) was
105~ 106°.
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Bonvicino, Yogodzinski, and Hardy have reported
a new Smiles-type rearrangement in which bromo
replaces nitro as the activating group.? They en-
countered this rearrangement in the synthesis of pheno-
oxazines by dehydrohalogenation of o-bromo-o’-alkyl-
aminodiphenyl ethers in benzene in the presence of
sodamide. Bonvicino, et al., considered the possi-
bility that the same rearrangement could take place
with potassium carbonate in N,N-dimethylformamide
(DMF), but they minimized this possibility on theoret-
ical grounds.

Our work on the preparation of the isosteric pheno-
thiazines by dehydrohalogenation of o-bromo-o’-form-
amidodiphenyl sulfides (IVa and IVb) has shown that
the halogen-induced Smiles rearrangement can indeed
take place in DMF—-potassium carbonate.

The intermediates (IVa and IVb) were prepared by
the routine reaction sequence® outlined in Scheme I.
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Cyclizations of IVa and IVb were effected by heating
under reflux, in N N-dimethylformamide, in the
presence of anhydrous potassium carbonate and cop-
per—bronze catalyst. Instead of the anticipated 2-
chlorophenothiazine (VIa, m.p. 198.5-199.5°)4~% and 2-

(1) This rearrangement was first described in our Sixth Progress Report
(April 30, 1963) to the Psychopharmacology Service Center, National
Institute of Mental Health, Bethesda, Md., under Contract SA-43-ph-3758.

(2) G. E. Bonvicino, L. H. Yogodzinski, and R. A. Hardy, Jr., J. Org.
Chem., 37,4272 (1962).

(3) E. A. Nodiff, 8. Lipschutz, P. N. Craig, and M. Gordon, ibid. 28, 60
(1960).

(4) P. Charpentier, P. Gaillot, R. Jacob, J. Gaudechon, and P. Buisson,
Compt. rend., 288, 59 (1952).

(5) H. L. Yale, J. Am. Chem. Soc., T7, 2270 (1955).

(6) We are grateful to Dr. Paul N. Craig of Smith Kline and French Lab-
oratories, Philadelphia, Pa., for samples of 2-chloro- and 8-chloropheno-
thiazine.
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chloro-7-methoxyphenothiazine (VIb, m.p. 174.5-175°),
IVa and IVb yielded, respectively, 3-chlorophenothiazine
(Va, m.p. 201-201.5°)%¢ and 3-chloro-7-methoxypheno-
thiazine (Vb, m.p. 202-203°).

To permit mixture melting point and infrared com-
parison, an authentic sample of 2-chloro-7-methoxy-
phenothiazine (VIb) was prepared as shown in Scheme
II.

Adaptations of literature procedures’® provided the
2-nitro-2’-acylaminodiphenyl sulfides (X and XI).
Application of the Clarke modification'® of the Smiles
rearrangement to the formamido compound (X) gave a
4497 vield of 2-chloro-7-methoxyphenothiazine (VIb).
This compound was identical with that obtained by
thionation of 3-chloro-4’-methoxydiphenylamine.!t.!?

The Clarke modification was ineffective with the
acetamido derivative (XI). Attempts to use standard
conditions® 13 for the conversion of X and XI to VIb
were unsuceessful. Starting material, deacylated start-
ing material, and intractable oils were obtained.

Authentie 3-chloro-7-methoxyphenothiazine (Vb) was
obtained in very low yield by thionating 4-chloro-4'-
methoxydiphenylamine (XII) under very carefully
controlled conditions. The major product of this
thionation was the dehalogenated compound 3-me-
thoxyphenothiazine. (Similar loss of halogen during
thionation of 4-halodiphenylamines has been reported
previously.’1214) Efforts to improve the yield of Vb
by eliminating catalyst, by using solvents, and by
varying time, temperature, and concentration were to
no avail.

(7) E.A. Nodiff and P. N. Craig, J. Org. Chem., 26, 824 (1961).

(8) K. Florey and A. R. Restivo, 1bid., 28, 1018 (1958).

(9) H. L. Yale, F. Sowinski, and J. Bernstein, J. Am. Chem. Soc., 79,
4375 (1957).

(10) F, H. Clarke, G. B. Silverman, C. W. Watnick, and N. Sperber,
J.Org. Chem., 26, 1126 (1961).

(11) J. Cymerman-Craig, W. P. Rogers, and M. E. Tate, Australian J.
Chem., 9, 397 (19586).

(12) P. K. Kadaba and S. P. Massie, J. Org. Chem., 24, 986 (1959).

(13) A. Roe and W. F. Little, tbid., 20, 1577 (1955).

(14) J. Cymerman-Craig, W. P. Rogers, and G. P. Warwick, Australian
J.Chem.. 8,252 (1955). :
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The major difference between 2-chloro-7-methoxy-
phenothiazine and 3-chloro-7-methoxyphenothiazine,
in the infrared, lies in the possession by the latter of a
single, strong, broad band (12.3 u) in the region between
120 and 13.1 w.” 2-Chloro-7-methoxyphenothiazine
has two strong peaks in this region, one at 12.3 and
another at 12.6 4.

Experimental®®

2-Bromo-4-chloro-5’-methoxy-2'-nitrodiphenyl Sulfide (IIb).—
A solution of sodium ethoxide, prepared by adding 1.92 g.
(0.084 g.-atom) of sodium metal to 62 ml. of absolute ethanol,
was cooled to 10° and treated dropwise with 18.4 g. (0.082 mole)
of 2-bromo-4-chlorobenzenethiol.®® The resulting solution was
added to 15.5 g. (0.075 mole) of 3-chloro-4-nitroanisole (Ib)!7
dissolved in 62 ml. of ethanol and the mixture was stirred at room
temperature for 20 hr. The yellow solid which separated was
washed with water and dried in vacuo, m.p. 81-85° (15.6 g.,
569,). This material was used in the subsequent reduction with-
out additional purification. An analytical sample was prepared
by crystallization from methanol, m.p. 96-97°.

Anal. Caled. for CmHgBI‘ClNOsS: C, 4165, H, 24:0, N,
3.75. Found: C, 41.22; H, 2.58; N, 3.53.

2-Bromo-4-chloro-2’-nitrodiphenyl Sulfide (Ila).—The reaction
between 2-bromo-4-chlorobenzenethiol (0.20 mole) and 2-chloro-
nitrobenzene (0.22 mole) was carried out essentially as described
for IIb. After heating the reaction mixture under reflux for 3
hr., a 729% yield of Ila was obtained as pale yellow crystals, m.p.
120-121°. Crystallization from ethanol provided an analytical
sample, m.p. 123-124°,

Anal. Caled. for C,H.BrCINO,S: C, 41.80; H, 2.03; N,
4.07. Found: C, 42.54; H, 2.34; N, 4.09.

2’-Amino-2-bromo-4-chloro-5'-methoxydiphenyl Sulfide (IIIb).
—Hydrogen chloride gas was passed into a suspension of 42 g.
(0.19 mole) of stannous chloride dihydrate in 192 ml. of glacial
acetic acid until the suspension cleared. This solution was added
dropwise to a solution of 10 g. (0.027 mole) of IIb in 36 ml. of
glacial acetic acid previously heated to 85°. The temperature
was maintained at 80-95° during addition and for 1 hr. after-
wards. The mixture was allowed to stand at room temperature
overnight, cooled with ice, and treated with 1 1. of 109, sodium
hydroxide solution. The resulting off-white solid was triturated
with 109 sodium hydroxide and extracted with ether. The ether
was dried over magnesium sulfate and evaporated under reduced
pressure to give 6.3 g. (669%;) of tan solid (m.p. 102-106°) suffi-
ciently pure for formylation. An aliquot was crystallized three
times from ethanol to yield a tan, crystalline analytical sample,
m.p. 107.5-109.5°.

Anal. Caled. for C3H, BrCINOS: C, 45.39; H, 3.19; N,
4.14. Found: C, 45.47; H, 3.26; N, 4.18.

2-Amino-2'-bromo-4’-chlorodiphenyl Sulfide (IIla).—A sus-
pension of 49.2 g. (0.15 mole) of I1a in 640 ml. of absolute ethanol
was warmed to 55° and a solution of 120 g. (0.53 mole) of stan-
nous chloride dihydrate in 64 ml. of concentrated hydrochloric
acid was added in several portions. The mixture was heated
under reflux for 1 hr., cooled to room temperature, and poured
into 2 1. of cold water. The yellow oil which separated on stand-
ing was extracted with ether. The ether was dried over magne-
sium sulfate and concentrated under reduced pressure to leave 44.5
g. of yellow oil. This oil was formylated without additional
treatment.
2-Bromo-4-chloro-2’-formamido-5’-methoxydiphenyl Sulfide

(IVbh).—A mixture of 6 g. (0.017 mole) of IITb and 60 g. of
909 formic acid was heated under reflux for 6.5 hr. and allowed
to stand at room temperature overnight. Tan crystals separated
(4.64 g., 72%), m.p. 87-89°. Crystallization from ethanol
raised the melting point to 134-137°. The same melting point
increase was also produced by maintaining the tan crystals at
85° for 1 hr. The infrared spectra (Nujol) of the high- and low-
melting materials were almost identical. Some peaks in the
spectrum of the high-melting form were displaced slightly toward
longer wave lengths. These differently melting solids were most

(15) Microanalyses were performed by Schwarzkopf Microanalytical
Laboratory, Woodside, N. Y.

(16) A. J. Saggiomo, P. N. Craig, and M. Gordon, J. Org. Chem., 23,
1906 (1958).

(17) H. H. Hodgson and F. H. Moore, J. Chem. Soc., 157 (1926).
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likely polymorphic forms of IVb. (The presence of polymor-
phism among diphenyl sulfides has been reported previously.?)
The analytical sample (ethanol) was a white crystalline solid,
m.p. 137-138°.

Anal. Caled. for C H,BrCINO,S: C, 45.11; H, 2.95; N,
3.76. Found: C,44.97; H,3.28; N, 3.77.

2-Bromo-4-chloro-2’-formamidodiphenyl Sulfide (IVa).—2-

Amino-2'-bromo-4’-chlorodiphenyl sulfide (2.0 g., 0.0064 mole)
was heated under reflux for 4 hr. with ten times its weight of 909,
formic acid. The mixture was poured into 100 ml. of ice-water
and the resulting white emulsion was extracted with ether. The
ether was dried (MgS0,) and concentrated under reduced pres-
sure leaving an off-white solid. Several crystallizations from
ethanol afforded 1.3 g. (60%) of IVa as a white solid, m.p. 139.5~
140.5°.

Anal. Caled. for C;HBrCINOS: C, 45.31;
4.06. Found: C, 45.51; H, 2.58; N, 4.46.

Cyclization of 2-Bromo-4-chloro-2’-formamido-5’-methoxydi-
phenyl Sulfide (IVb) —A mixture of 5 g. (0.013 mole) of IVb, 2.1
g. of anhydrous potassium carbonate, 0.05 g. of copper-bronze
catalyst,”® and 125 ml. of DMF was heated under reflux for 2
hr. and allowed to stand at room temperature overnight. An
additional trace of catalyst was added and reflux was continued
until carbon dioxide evolution stopped (4 hr.). The reaction
mixture was filtered, and the filtrate was evaporated to dryness.
The residue was extracted with 1.5 1. of boiling ligroin (60-90°)
and the extracts were concentrated to give 2.5 g. of blue-gray
solid. Repeated crystallization from benzene (Darco G-60)
provided 3-chloro-7-methoxyphenothiazine (Vb) as very pale
green plates, m.p. 202-203°,

Anal. Caled. for CHCINOS: C, 59.20; H, 3.80; Cl,
13.47; N,5.31. Found: C, 59.17; H, 3.88; Cl, 13.08; N, 5.30.

Cyclization of 2-Bromo-4-chloro-2’-formamidodiphenyl Sulfide
(IVa).—A mixture of 2 g. (0.0058 mole) of IVa, 0.83 g. (0.006
mole) of anhydrous potassium carbonate, 0.1 g. of copper-bronze
catalyst,’® and 20 ml. of DMF was heated under reflux for 11 hr.
The mixture was filtered and the filtrate was poured into 300 ml.
of cold water yielding 0.96 g. of pale green solid. Crystallization
from benzene—petroleum ether (b.p.20-40°)(Darco G-60) followed
by crystallization from pure benzene gave 3-chlorophenothiazine
(Va), m.p. 205-206°. The identity of Va was verified by mix-
ture melting point and infrared comparison with authentic sam-
ples of 2-chlorophenothiazine® and 3-chlorophenothiazine.?

2-Amino-4-chloro-4’-methoxy-2’-nitrodiphenyl Sulfide (IX).—
To a solution of 13 g. (0.33 mole) of sodium hydroxide in 195 ml.
of ethanol was added 50 g. (0.13 mole) of the zinc salt of 2-amino-
4-chlorobenzenethiol'® and a solution of 52 g. (0.28 mole) of 4-
chloro-3-nitroanisole?® in 325 ml. of ethanol. The mixture was
heated under reflux for 5 hr. and poured into 2 1. of cold water.
The solid was extracted with ether and the extracts were dried
over magnesium sulfate, decolorized, and concentrated to give
44 .4 g. (559%) of yellow solid, m.p. 1290-138°. This material was
used directly in subsequent acylations. An aliquot was crystal-
lized from ethanol to provide the analytical sample, m.p. 141-
142°,

Anal.
9.02.

H, 2.63; N,

Caled. for C;HuCIN,O,8: C, 50.22; H, 3.57; N,
Found: C, 50.20; H, 3.57; N, 9.06.
2-Acetamido-4-chloro-4'-methoxy-2'-nitrodiphenyl Sulfide
(XI).—A mixture of 2.5 g. (0.008 mole) of IX, 0.9 ml. of pyridine,
and 11 ml. of acetic anhydride was warmed to effect solution.
The deep amber solution was allowed to cool, and a trace of un-
dissolved solid was filtered. The filtrate was diluted with a mix-
ture of 10 ml. of methanol and 150 ml. of water. An oil separated
which solidified on standing. Crystallization from methanol
{Darco G-60) afforded 1.4 g. (49%) of bright yellow crystals,
m.p. 150-151°.
Anal. Caled. for CHiCIN,O8: C, 51.07; H, 3.69; N,
7.94. Found: C, 51.43; H, 3.81; N, 7.40.
4-Chloro-2-formamido-4’-methoxy-2'-nitrodiphenyl Sulfide
(X).—The amino derivative (IX) was formylated on a 0.63 mole
scale, as described above for the preparation of IVa, to give a
709 yield of X, m.p. 146-147° (ethanol).
Anal. Caled. for C“HuClNQOqS: C, 49.61;
8.27. Found: C, 49.49; H, 3.15; N, 8.50.
2-Chloro-7-methoxyphenothiazine (VIb).—To a boiling solu-
tion of X (2.4 g., 0.0071 mole) in 200 ml. of acetone was added,

(18) Arthur S. LaPine and Co., Chicago 29, Ill.

(19) K. J. Farrington and W, K. Warburton, Australian J. Chem., 8,
545 (1955).

(20) Aldrich Chemical Co., Ine., Milwaukee 10, Wis.

H, 3.27; N,
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in portions, 1.41 g. (0.021 mole) of powdered 859, potassium
hydroxide. After reflux for an additional hour, the mixture was
concentrated to 15 ml. and diluted with cold water. Two cry-
stallizations from benzene (Darco G-60) gave 0.79 g. (44%) of
VIb, m.p. 174-175°. This sample did not depress the melting
point of the compound obtained by thionation of 3-chloro-4'-
methoxydiphenylamine.'»'?  The infrared spectra of the two
samples were identical.

4-Chloro-4’-methoxydiphenylamine (XII).—A mixture of 93.5
g. (0.50 mole) of p-bromoanisole, 101.7 g. (0.60 mole) of p-chloro-
acetanilide, 48.0 g. (0.35 mole) of anhydrous potassium carbon-
ate, and 1.7 g. of copper-bronze catalyst was heated in an oil
bath at 210° for 28 hr. The mixture was allowed to cool and
extracted with four 300-ml. portions of boiling acetone. The
acetone was removed under reduced pressure and the residue was
heated under reflux for 4 hr. with a solution of 145 ml. of con-
centrated hydrochloric acid in 400 ml. of ethanol. The hydro-
lysis mixture was poured into 2 1. of cold water, basified with 209,
sodium hydroxide solution, and extracted with four 300-ml.
portions of ether. The extracts were combined, dried (MgSO.),
and concentrated. The black residual oil was distilled with a
short column to give 70 g. (609 of X1I, b.p. 150-163° (0.1 mm.),
m.p. 50-51°.

Anal. Caled. for C;3H,CINO: C, 66.71; H, 5.13; N, 5.95.
Found: C, 67.19; H, 5.69; N, 5.88.

3-Chloro-7-methoxyphenothiazine (Vb).—A mixture of 2.3 g.
(0.01 mole) of XII, 0.64 g. (0.02 mole) of sulfur, and 0.06 g. of
iodine was heated in an oil bath at 140-145° for 45 min. The
brown viscous reaction mixture was extracted with ether and the
combined extracts were evaporated under reduced pressure to a
dark oil. A good recovery of starting material was effected by
trituration of the oil with four 25-ml. portions of petroleum ether
(b.p. 20-40°). The petroleum ether-insoluble, green, gummy
residue was crystallized repeatedly from benzene (Darco) to
give 50 mg. of Vb as very pale green glistening plates, m.p. 195~
197°. The infrared spectra of this compound and the compound
obtained by cyclization of IVb were identical.

Anal. Caled. for C,H, CINOS: C, 59.20; H, 3.80. Found:
C, 59.08; H, 4.06.
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Sometime ago we measured the dipole moments of the
three isomeric dithienyls.* The values for 2,2’-dithienyl
(0.77 D.), 2,3'-dithienyl (1.07 D.), and 3,3’-dithienyl
(0.75 D.) indicated that in solution only the 2,3’-isomer
could have a coplanar conformation.

It appeared interesting to measure the equilibrium
constants of the dithienyl charge-transfer complexes
with some electron acceptors in order to gain additional
information about the conformation of these dithienyls.*

Truly flat (rigid) analogs of the dithienyls, such as I,
I1, and III, would also be valuable models in this study.

(1) Part IT in the series, “*Steric Effects in Heteroeyclic Systems.”” For
part I, see H. Wynberg and D. J. Zwanenburg, J. Org. Chem., 29, 1919
(1964).

(2) Fellow of the Netherlands Organization for Pure Research (Z. W. O.).

(3) H. Wynberg and H. M. J. C. Creemers, Angew. Chem., T5, 453 (1963).

(4) R. E. Merrifield and W. D. Phillips, J. Am. Chem. Soc., 80, 2778
(1958).



