
[COXTRIBUTION FROM THE CHEMISTRY DEPARTMENT OF FISK UNIVERSITY] 

Ring Derivatives of Phenothiazine. The Synthesis of I-Substituted Pheno- 
thiazines by Thionation 

SAMUEL P. MASSIE AXD PANKAJA I(. KADAB.41 

Received December 8, 1955 

The preparation of some 1-derivatives of phenothiazine by thionation and their 10-acetyl derivatives are described. 

The preparation of phenothiazines by thionation 
of diarylamines was discussed recently as a part of 
the review of the chemistry of phenothiazines.2 The 
thionation reaction is being systematically studied 
in this laboratory, with particular emphasis on the 
use of catalysts, solveiits, and temperature, and 
this paper describes some observations on the re- 
sults obtained using solvents in the preparation of 
1-substituted phenothiazines. 

The comparison of the thionation reaction of di- 
phenylamine in various solvents shon-ed that py- 
ridine and dimethylformamide were completely 
unsatisfactory, benzene and naphthalene gave 
highly impure products, and xylene and o-dichloro- 
benzene were most suitable. Using the last men- 
tioned solvent there \\-ere obtained good yields of 
rather pure 1-methyl- and l-methoxy-phenothi- 
azines. The I-chlorophenothiazine presented dif- 
ficulties because of the simultaneous formation of 
phenothiazine. A similar observation has been made 
by Roe and Little3 in the preparation of l-fluoro- 
phenothiazine from 2-fluorodiphenylaniine. 

I-Carboxyphenothiazine, previously prepared by 
metalation4 was obtained in low yield by the thion- 
ation of X-phenylanthranilic acid in o-dichloroben- 
zene. The larger part of the acid was decarboxylated 
so that a 75% yield of phenothiazine was obtained. 
Previous attempts4 to  obtain this compound by 
thionation gave neither the phenothiazine acid nor 
phenothiazine ; only starting material was re- 
covered. The formation of 1-carboxyphenothiazine, 
even in sniall yield, suggests that if a catalyst could 
be found which lowers the reaction temperature, the 
anthi anilic acid might give the carboxyphenothia- 
zine directly. Studies in this direction are in prog- 
ress. 

The necessary diphenylamines were prepared by 
decarboxylation of the corresponding anthranilic. 
acids; these were prepared in good yields by the use 
of large amoiints of the corresponding anilines and 
o-chlorohenzoic arid. 

The aretyl derivative? were prepared by heating 
(1) Former papers by this author are In the name of 

(2)  Massie, ('hem. Revs., 54, 825 (1954). 
( 3 )  Roe and Little, J .  Orq Chem , 20, 1577 (1955). 
(4) Gilman, Shirley. and I7nn Css, J .  ,Qm. Phem.  Soc., 

(5) Allen and AIclice, Ory.  Sgntheses, Coll. Vol. 11, 15 

(SIise) I<. S. I'ankajaniani. 

66, 626 (1044) 

(1943). 

the phenothiazines with acetic anhydride and pyri- 
dine; it is of interest to  note that in the case of 1- 
chlorophenothiazine, if the acetic anhydride mix- 
ture was poured into water, the acetylated product 
was hydrolyzed; it was shown conclusively to  be 
the starting material by mixture melting point and 
analysis. To obtain the desired acetyl derivative, 
it was necessary to work up the reaction mixture 
using anhydrous solvents. 

It is also of interest to compare the melting points 
of the various ring derivatives of phenothiazine : 
the 1- and 4- have low melting points, and the 2- 
and 3- have relatively high melting points (Table 
I). 

TABLE I 
MELTISG I'OISTS OF SIMPLE RING DERIVATIVES OF PHESO- 

THIAZIXE 

Substit- 
uent 1 2 3 4 

Chloro 92-83°a 196-197"' 19Qod 116OC 

Methyl 137 5-138 5"' 187-188"' 166-168"' 114-118°c 
Fluoro 81. 5-820b 1990b 178-1790b - 

Illethosy 990a 179-180"' l5goe - 

a This work. Roe and Little, J .  Org. Chetn., 20, 1577 
(1955). ' Charpentier, et al., Compt. rend., 235, 59 (1952) 

Evans and Smiles, J .  Chem. Soc., 1263 (1935). e Gilman 
and Shirley, J .  Am. Chem. Soc., 65, 888 (1944). 
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EXPERIMEXT l L 6  

l'hzonation of dzphenylaniine. The results of the thionation 
of diphenylamine (0.1 mole), sulfur (0.2 mole), and 0.7  g. 
of iodine in 20 ml. of various solvents a t  their reflux tem- 
peratures are given in Table 11. 

Preparation 0.f the anthranzlzc aczds. These acids were pre- 
pared as described in Orqanzc Syntheses5 for the synthesis of 
N-phen) lanthranilic acid, in the total synthesis of acridone. 
It was found quite necessary to use an excess (3-4 equiv- 
alents) of the aniline, which was easily removed by steam- 
distillation. Copper powder was used rather than copper 
oxide. The addition of potassium iodide as an additional 

(6)  The nitrogen analyses n-ere by the semi-inicro 
Kjeldahl method and were carrird out hy Mrs. Helen 
Peoples of these lahoratories. 
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TABLE I1 
THIOSATION O F  DIPHENYLAMINE 

B.P., Time 
Solvent "C. (hours) Results 

Benzene 80 7 30%, m.p. 155- 
165' 

o-Dichlorobenzene 180-183 2 5 84%, m.p. 181- 

N,S-Dimet hyl- 153 3 nil 

Pyridine 115 5 nil 

182" 

formamide 

Sapht  ha lcne 

Sylcne 

215 2 . 5  33%) m.p. 176- 
180' 

144 4 Quant., m.p. 
178-180 a 

catalyst gave no advantage. The yields obtained were X-o- 
chlorophenyl- (77%),  m.p. 195- 196"; N-o-tolyl- (59%), 
m.p. 191-192"; S-0-anisyl- (68%), m.p. 175-176'. 

Preparation of the diphenylamines. These were prepared by 
decarboxylation of the corresponding anthranilic acids 
(Table 111). In the case of 2-methyldiphenylamine the melt 
was extracted with ether and the ether solution was washed 
with sodium carbonate, dried, and distilled. In  the other 
cases, the decarboxylation product was directly distilled. 

I-Methylphenothiazzne.7 A mixture of 19 g. (0.1 mole) of 
2-methyldiphenylamineJ 6.4 g. (0.2 mole) of sulfur, and 0.7 
g. of iodine in 25 ml. of o-dichlorobenzene vas  refluxed for I 
hour. Hydrogen sulphide was evolved and on cooling the 
reaction mixt'ure, 1-methylphenothiazine separated out as a 
green crystalline mass. This was recrystallized from ben- 
zene-petroleum ether mixture to give 15 g. ( T O % )  of green- 
ish-yellow glittering crystals, m.p. 137-138". Sublimat,ion 
followed by recrystmallization from benzene gave pale yellow 
cr~stals ,  m.p. 137.5-138.5". 

Anal. Calc'd for CI~HIINS: 3, 6.57.  Found: S, 6.31. 
The 1-methyl-10-acefylphenothiatine was prepared by re- 

fluxing 1 g. of l-met,hylphenot,hiazine with 2.5 ml. of acetic 
anhydride and a few drops of pyridine for 3-4 hours and 
pouring the readon mixture into ice-cold water. The acetyl 
derivative was crj.stallized from a chloroform-petroleum 
ether mist,ure to give 1.2 g. of colorless cryst,a!s, m.p. 123.5- 
124.5'. 

Anal. Calc'd for CljH13NOS: K, 5.49. Found: N, 5.31. 
1- ethoxyphe phenothiazine. A mixture of 19.92 g. (0.1 mole j 

of 2-methos~-diphcnylamine, 6.4 g. (0.2 mole) of sulfur, and 
0.7 g. of iodine was refluxed in 25 ml. of o-dichlorobenzene 
for 1 hour. There was evolution of hydrogen sulphide and 
the reaction mixture was distilled to remove excess solvent. 
On cooling, it deposited a dark crystalline solid, which was 
filtered and dissolved in benzene. The intense green benzene 
solution was vigorously shaken with excess petroleum ether, 
when the da,rk-colored impurities ssparated out. The 
yellow supernate on cooling deposited l-niethoxypheno- 
t,hiazine which T V ~ S  recrystallized from ethanol to yield 12 
g. (59%) of glistening yellow crj-stals, m.p. 99". 

(7) This compound was first prepsired in these laboratories 
by Ivar Coolte, Herman Zittel, and Samucl 1'. Massic, 
unpublished oiiservations. 

Anal .  Calc'd for C13H11NOS: X, 6.12. Found: N, 5.94. 
The 10-acetyl derivative was prepared as described for the 

1-methyl derivative and was precipitated by adding excess 
petroleum ether to the reaction mixture. It was recrystal- 
lized from an ethyl acetate-petroleum ether mixture, when 
0.8 g. of colorless crystals, m.p. 165-166" was obtained. 

Anal .  Calc'd for Cl6H1ZNOZS: N, 5.23. Found: N, 5.24. 
1-Chlorophenothiazine.8 A mixture of 20 g. of 2-chloro- 

diphenylamine, 6 g. of sulfur, and a few crystals of iodine 
was heated in 10 ml. of refluxing o-dichlorobenzene for 1 
hour. Hydrogen sulphide was evolved and the solvent was 
distilled at  the end of the reaction. The residue was 
repeatedly extracted with boiling hexane and the com- 
bined extracts were concentrated and cooled. A small 
amount of colored oil separated out. The supernatant, liquid 
on further cooling deposited 1 g. of mat'erial, m.p. 135- 
165'. The filtrate was evaporated and the residue was sub- 
limed to give a product which on recrystallization from 
hexane and resublimation followed by recrystallization from 
benzene-hexane, gave 3.5 g. (15%) of glistening colorless 
crystals of 1-chlorophenothiazine, m.p. 92-93". 

Anal .  Calc'd for C,2H8C1?;S: r\rl 6.00. Found: X, 5.82. 
The colored oil and the material of m.p. 135-165" (de- 

scribed above), together with the dark residue from the ex- 
traction with hexane were combined and sublimed, when 2 
g. of an impure product was obtained. This on crystalliza- 
tion from benzene-hexane followed by recrystallization from 
benzene gave 0.3 g. of colorless cryst,als, t.urning green on 
standing, m.p. 1i5-177". This was shon-n to be pheno- 
thiazine by a mixture melting point of the a&yl derivative 
(203-204") and its mixture melting point n-it,h an aut,hent,ic 
sample. 

The 2 -chloro-lO-acetylphenothiazine, prepared as described 
for the 1-methgl derivative, was worked up in the anhydrous 
cLondit,ion using petroleum ether t'o precipitate the amide. 
I t  was recrystallized from ethyl acetat,e-petroleum ether to 
give 0.6 g. of colorless crystals, m.p. 139-140". 

Baa!.  Calc'd for C1,H&IXOS: N, 5.09. Found: X, 5.14. 
I-Carboxyphenothiazine. A mixture of 10.7 g. (0.05 mole) 

of X-phenylanthranilic acid, 3.2 g. (0.1 mole) of sulfur, and 
0.35 g. of iodine in 15 ml. of o-dichlorobenzene was refluxed 
for 2.5 hours: hydrogen sulphide was evolved. The dark 
green reaction mixture was taken up in ether and the intense 
green ethereal solut,ion was extracted thrice with 10% 
sodium carbonate solution. From the ether solution there 
was obtained 7.5 g. (75%) of yellow crystals, m.p. 182- 
183", undepressed by an authentic sample of phenothiazine. 

The combined sodium carbonate extracts of acidification 
j4elded 1 g. of yellow material which on crystallization from 
acetone gave 0.4 g. of yellow crystals, m.p. 264-265". The 
methyl ester was prepared in 80% yield by refluxing the acid 
with dimethyl sulphate and anhydrous potassium carbonate 
in acetone for 18 hours. I t  was recrystallized from acetone- 
petroleum ether as golden yellow crystals, m.p. 113-114". 
Gilman, et al.4 reported the acid as melting a t  264-265" 
and the methyl ester at 113-113.5'. 

NASHVILLE, TESNESSEE 
(8) During the writing of this paper, ;lustralian Patent 

26,282 was found, which described the synthesis of this com- 
pound by ring closure of 2-bromo-Z'-amino-3'-chloro- 
diphenylsulphide. Their compound melted a t  92". 

TABLE I11 
l'REP.4R.ITION O F  THE DIPHENYLAMINES 

Anthranilic Time and Temp. B.P., 
acid of decarboxylation Diphenylamine "C. Mm. 

S-0-Tolyl- 200-215' (1 5 hours) 2-Methyl- (56%) 143-146 4-5 
240-258' (0 5 hour) 

230-250' (0 5 hour) 
2 5-3 ?;-o-dnisyl- 220-230" (I hour j 2-Methoxj-- ( 7 7 % )  156-158 

S-o-Chlorop henyl- 250-270' (2 hours) 2-Chloro- (80 %) 152-153 4 


