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The preparations of 3-substituted 2-thio4oxohexahydrol,3-diazines from the corresponding l-substituted 8-carboxy- 
ethylthioureas are described. Under different reaction conditions the formation of substituted 2-imino-6-oxo-l,3-thiaaane~ 
has been observed. The 1,3-diazine derivatives exist, on the basis of spectral evidence, in the thione form. 

Although the reaction between an isothiocya- 
nate and substituted 3-aminopropionic acid to  
form l,&thiazine derivatives has been known for 
almost thirty years,l it has not been fully investi- 
gated. As a part of the investigation on 1,3-thiazine 
derivatives2J and related compounds in this 
laboratory, attempts were made to  prepare this 
type of compounds through cyclization of 1- 
substituted 3-carboxyethylthioureas. There are 
known few cyclizations of this type as in the case 
of N,N'-di(p-carboxyethylthiocarbamy1)ethylene- 
diamine,4 1,3-di(p-carboxyethyl) thiourea15 and re- 
lated compounds. They were accomplished with the 
aid of polyphosphoric acid,4 p-toluenesulfonic acid,6 
hydrochloric or acetic anhydride's6 as 
cyclizing agent. It was also observed that refluxing 
1,3-di(p-carboxyethyl)thiourea with acetic anhy- 
dride caused both desulfurization and cyclization.s 

Some 1,Sthiazine derivatives are also formed 
from acyl derivatives of 3-aminopropionic acid 
with phosphorus pentasulfide,* and Ghosh' pre- 
pared them from the corresponding substituted 
carboxyethylthioureas. These were prepared from 
3-aminopropionic acid and 0- or p-tolyl isothiocya- 
nate. We repeated this reaction which we regarded 
as a general one, but we found that only in the case 
of o-tolyl isothiocyanate does the condensation with 
3-aminopropionic acid take place. In  all other 
cases a l,&diarylthiourea was formed. The varia- 
tion of reaction conditions and use of different 
solvents (Methyl Cellosolve, acetone, ethylene 
glycol) proved to  have no advantage. The forma- 
tion of 1,3-diarylthioureas can be explained through 
the formation of an unstable intermediate thio- 
carbamic acid giving rise to  an amine which in 
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turn combines with the isothiocyanate forming the 
thiourea: 

HI0 
RNCS + RNHCSOH .--f RNHi + COS i+ RNCS 

RNHCSNHR 

This reaction competes with the addition reaction 
involving aryl isothiocyanate and 3-aminopropionic 
acid. The only exception is in the case of o-tolyl 
isothiocyanate where the lower reactivityg and 
steric effects may influence the reaction course in a 
way that the formation of the corresponding thio- 
urea is negligible and the condensation takes 
place. It is noteworthy that a similar reaction 
was observed in the case of phenyl isocyanate 
which reacts a t  moderate temperature with organic 
acids forming their anhydrides and diphenylurea. lo 

Glycine reacts similarily with isothiocyanates 
giving in each case a mixture of the corresponding 
diazole and a small quantity of diarylthiourea." 
When a more reactive isothiocyanate is involved, 
e.g., benzoyl isothiocyanate, hydrolysis occurred 
before it could react with an amino acid.12 

Initially, we tried to prepare the necessary 1- 
aryl-3-carboxyethylthioureas in several ways. One 
route to the synthesis of these compounds ap- 
peared to lie through the reaction of l-aryl-3- 
carboxyethylureas (for example, 1-phenyl-3-car- 
boxyethylurea is easily accessible from phenylurea 
and 3-aminopropionic acid13) with phosphorus 
pentasulfide. This reaction failed and the necessary 
thioureas (11) were then successfully prepared by 
condensing the appropriate aryl isothiocyanate 
with ethyl 3-aminopropionate in ethanolic solution 
and subsequent hydrolysis of the esters (I) with 
sodium ethoxide. 

(9) It is known that the reactivity of aryl isothiocyanates 
is diminished when o-alkyl or alkoxy groups are present as 
nuclear substituents D. W. Browne and G. M. Dyson, J .  
Chem. SOC., 3285 (1931). 
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Compounds, Reinhold Publishing Corp., New York, 1947, p. 
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R-NCS + HzN-CHzCHzCOOCzHs + 
R-NH-CS-NH-CHzCHzCOOCzHs + 

I 
R-NH-CS-NH-CH2CHzCOOH 

I1 

These acids were cyclized with acetic anhydride, 
preferentially with short and gentle heating, into 
3-aryl-2-thio-4-oxo-hexahydro-1,3-diazines (111). In 
some cases, if these conditions were not held and 
the cyclization was performed with heating the 
reaction mixture above 70' and for longer periods, 
2-arylimino-6-oxo-l,3-thiazanes (IV) 1, l 4  were ob- 
tained in low yields. In the case of the phenyl 

R-NH-CS-KH-CH*CH*COOH 
\ 

O f y N R  NH 

compound (IV. R = C6Hs) we could establish that 
i t  was formed also from the 1,3-diaxine (111. R 
= C6H5) when this was heated in an acetic an- 
hydride solution. Another route for preparing our 
compounds (111) seemed possible e . g . ,  the introduc- 
tion of sulfur into the 2,4-dioxo compounds, but the 
reaction left the starting material unchanged. 

3 - Aryl - 2 - thio - 4 - oxohexahydro - 1,3 - di- 
azines are colorless substances which are trans- 
formed back into the acids when treated with 5% 
aqueous sodium hydroxide or hydrochloric acid. 
They gave a positive iodine-azide reaction, indi- 
cating thus the presence of a thio group.I5 This 
reacted also with monochloroacetic acid and the 
S-carboxymethyl compound (V) was obtained. 
This and the 1,3-thiazine derivatives gave a nega- 
tive iodine-azide reaction. 

SCHzCOOH 

0 
V 

In order to establish the structure of the cyclized 
compounds 111, the ultraviolet and infrared spectra 
were recorded and correlated. There are possible 
different tautomeric forms, for example 

(14) The imino form, although not proved, is postulated 
on the basis of similarity with derivatives of 2-imino-3,4,5,6- 
tetrahydro-1,3-thiazine, where it was shown that the imino 
form is the most probable.2 Further work dealing with the 
structure of these compounds is in progress in our laboratory. 

(15) F. Feigl, Spot Tests, Vol. 2, Organic applications, 
Elsevier, Amsterdam, 1954, p. 164. 

The infrared spectra showed no absorption bands in 
the 2600-2550-cm.-' region, assignable to  the 
mercapto group,I6 but typical carbonyl frequencies 
could be found, excluding thus structures VI11 
and IX. Moreover, further evidence was obtained 
from the ultraviolet spectra as in the case of dif- 
ferent thio group containing heterocycles we have 
examined recently.3~17~18 Comparison of the ultra- 
violet spectrum of 3-phenyl-2-thio-4-oxo-hexahy- 
dro-1,3-diazine (111. R = CaH5) in ethanolic and 
alkaline solution clearly indicates the presence of 
the thione form in neutral solutions. The absorption 
spectrum of an alcoholic solution of this compound 
(A,,, 2800 8, E 10,800) differs markedly from that 
of an alkaline solution (Amax 2300 8, E 14,300) and a 
similar difference was observed also with the p-  
methoxyphenyl compound (111. R = p-CH30-C6- 
H4). On the basis of all this spectral evidence, the 
structure (VI) should be the correct one for 3-aryl- 
2-thio-4-oxohexahydro-l,3-diazines. 

EXPERIMENTAL" 

Ethyl 3-aminopropionate hydrochloride was prepared from 
the acid according to the procedure of Abderhalden and 
Fodor.20 

Aryl  isothiocyanates were prepared by the usual proce- 
dure*' and were purified by distillation before use. 

Reaction of aryl isothiocyanates with ethyl S-aminopropio- 
nate. General procedure. -4 mixture of 0.76 g. (0.005 mole) of 
ethyl 3-aminopropionate hydrochloride, an ethanolic sodium 
ethoxide solution (prepared from 0.115 g. of sodium and 5 
ml. of absolute ethanol) and aryl isothiocyanate (0.005 
mole, was refluxed for 10 min., filtered from inorganic 
material, and the solvent removed in uucuo. The residual 
oil triturated with 10 ml. water yielded the crystalline 
product which was recrystallized from ethanol or aqueous 
ethanol. Physical constants, yields and analytical figures 
for 1-aryl-3-carbethoxyethylthioureas (I) are compiled in 
Table I. 

The infrared spectrum of the phenyl compound (I. R 
= C6H5) in potassium bromide showed bands a t  2.98 and 
3.12 p (assignable t o  NH groups) and a t  5.80 p (assignable 
t o  the ester group). 

Preparation of l-uryl-3-carboxyethylthioureas (11). The 
prepared ester (0.005 mole) was refluxed with an ethanolic 
sodium ethoxide solution (prepared from 0.23 g. of sodium 

(16) L. J. Bellamy, The Infra-red Spectra of Complex 

(17) M. Tikler and 2. VrbaBki, J. Org. Chem., 25, 770 

(18) M. TiBler, Croat. Chem. Acta, 32, 123 (1960). 
(19) All melting points were taken on a Kofler heating 

microscope. Infrared spectra were determined with a Perkin- 
Elmer Model 21 spectrophotometer and sodium chloride 
optics. 

(20) E. Abderhalden and A. Fodor, Z .  physiol. chem., 85, 
112 (1913). 

(21)  F. B. Dains, R .  Q .  Brewster, and C. P. Olander, Org. 
Syntheses, Coll. Vol. I., 447 (1948). 

Molecules, J. Wiley & Sons, Inc., New York, 1960, p. 351. 

(1960). 
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TABLE I 
1-SUBSTITUTED 3-CARBETHOXYETHYLTHIOUREA8 

R-NH-CS-NH-CHzCHzCOOCzH5 

Compound 
No. 

1 
2 

R 
Phenyl 
&Tolyl 
m-Tolyl 
pTolyl 
o-Methoxyphenyl 
p-Methoxyphenyl 
m-Chlorophenyl 
p-Chlorop henyl 

Yield, 
% 
76 
47.5 
83 
51 
75.5 
98.5 
95.5 
69.5 

M.P. 

71 
80 
78 
80 
116 
96 
78 
95 

Carbon, % 
Calcd. Found 

57.13 57.30 
58.63 58.56 
58.63 58.52 
58.63 58.74 
55.31 55.26 
55.31 55.45 
50.25 50.05 
50.25 50.27 

Hydrogen, % 
Calcd. Found 

6.39 5.57 
6.81 6.89 
6.81 6.91 
6.81 6.81 
6.43 6.60 
6.43 6.52 
5.27 5.11 
5.27 5.33 

Nitrogen, % 
Calcd. Found 

11.11 11.00 
10.52 10.43 
10.52 10.48 
10.52 10.60 
9.92 9.94 
9.92 10.06 
9.77 9.75 
9.77 9.51 

TABLE I1 
1-SUBSTITUTED 3-CARBOXYETHYLTHIOUREAS 

R-NH-CS-NH-CHzCHzCOOH 

Compound 
No. R 

Yield, Carbon, % Hydrogen, % Nitrogen, yo 
yo M.P. Formula Calcd. Found Calcd. Found Calcd. Found 

9 Phenyl 55.5 110 CioHizNzO2S 53.57 53.61 5.39 5.48 12.50 12.56 
10 o-Tolyl 70 144' CiiHi4N202S 55.45 55.56 5.92 6.06 11.76 11.67 
11 m-To1 yl 65 139 CilH14NzOzS 55.45 55.47 5.92 5.78 11.76 11.76 
12 P-Tolyl 63 13jb CiiHi4NZOzS 55.45 55.56 5.92 5.85 11.76 11.68 

14 p-Methoxyphenyl 59 127 CiiHi4N~03S 51.96 51.92 5.55 5.57 11.02 10.97 
15 m-Chlorophenyl 80 138 C10HilClN202S 46.42 46.28 4.28 4.40 10.83 10.73 

13 o-Methoxyphenyl 44.5 147 CllHllN203S 51.96 52.06 5.55 5.61 11.02 11.15 

' Lit.,' m.p. 144-145'. Lit.,' m.p. 151-152', but this substance is erroneously formulated as l-(p-tolyl)-3-carbethoxy- 
thiourea. 

TABLE 111 
3-ARYL-2-THIO-4-OXO-HEXAHYDRO-1,3-DIAZINES 

~ ~~~ 

Compound Yield, Carbon, % Hydrogen, % Nitrogen, % 
No. R yo M.P. Formula Calcd. Found Calcd. Found Calcd. Found 

16 m-Tolyl 28 210 CiiHi2NzOS 59.99 59.88 5.49 5.61 12.72 12.88 
17 P-Tolyl 10 232 CiIHi?NzOS 59.99 59.92 5.49 5.44 12.72 12.91 
18 p-Methoxyphenyl' 8 236 CllH12S&ZS 55.93 55.88 5.12 5.13 11.86 11.61 
19 m-Chlorophenyl 23 231 CloH&lN20S 49.83 49.92 3.76 4.00 11.63 11.69 

' Ultraviolet spectrum: in ethanol Amax 2800 A, c 14,800; in 0.1N sodium hydroxide A,,, 2350 A, c 9120. 

and 5 ml. of absolute ethanol) for 10-15 min. The solvent 
was evaporated in vacuo, some water was added and acidi- 
fied with hydrochloric acid (1: 1). The precipitated acid 
was collected and recrystallized from ethanol or aqueous 
ethanol. Physical constants, yields and analytical figures 
for 1-aryl-3-carboxyethylthioureas (11) are summarized in 
Table 11. The infrared spectrum of 1-phenyl-3-carboxyethyl- 
thiourea in potassium bromide showed bands a t  2.93 
and 3.13 p (assignable to NH groups) and a t  5.91 (as- 
signable to tho carboxyl group). 

3-Phenyl-Pthio-4-oxo-hexahydro-1 ,%diazine (111. R = 
CeH5). A mixture of 1-phenyl-3-carboxyethylthiourea (0.3 
g.), acetanhydride (5 ml.) and concd. sulfuric acid (1-2 
drops) was heated to 60' on a water bath for 5 min. and 
after cooling to room temperature was introduced with 
stirring into 20 ml. of water. The colorless crystals (yield, 

40%) were separated and recrystallized from ethanol, 
m.p. 228'. 

Anal. Calcd. for C1OHiONPOS: C, 58.25; H, 4.89; N, 13.58. 
Found: C, 58.40; H, 4.98; N, 13.59. In ethanol Amsx 2800 
A, c 10,800; in 0.1W sodium hydroxide A,, 2300 A, e 
14,300. 

Similar results were obtained with compounds 11, 12, 14, 
and 15 (Table 11) and the cyclized products are listed in 
Table 111. 

Reaction of aryl isothiocyanates with 5-aminopropionic acid. 
Formation of 1,s-diarylthioureas. A mixture of the cor- 
responding isothiocyanate (0.01 mole) and 3-aminopropionic 
acid (0.89 g., 0.01 mole) in ethanol (5 ml.) and water (5 ml.) 
was refluxed about 3 hr. The product, which crystallized 
from the reaction mixture on cooling was recrystallized 
from ethanol. No products obtained depressed the m.p 



when admixed with authentic specimens of diarylthioureas, 
and their infrared spectra were identical. Thus the following 
1,3-diarylthioureas were obtained (aryl and yields are 
given): phenyl- (39%), m-tolyl- (28%), p-tolyl- (56%) 
and p-chlorophenyl- (67%). 

1-( o-Tolyl)S-carboxyethylthiourea f rom S-aminopropionic 
acid. The same procedure as described above for the formation 
of 1,3-diarylthioureas was applied. The acid, obtained in 46% 
yield, was recrystallized from ethanol, m.p. 144'. Mixed 
m.p. with the compound 10 was undepressed and their 
infrared spectra were identical. 

%Phenylimin03,4,6,6-tetrah ydro-1 ,b-thiazin-6-one ( IV. 
R = CsH6). If 1-phenyl-3-carboxyethylthiourea was cyclized 
with acetic anhydride and heated on a water bath at 90' 
the solution turned yellow and after 1 hr. the mixture was 
cooled and poured slowly in water. On standing crystals 
separated (yield, 32%) and upon recrystallization from 
ethanol the yellow crystals melted a t  142'. 

Anal.  Calcd. for CIDHloNzOS: C, 58.25; H, 4.89; N, 13.58. 
Found: C, 58.13; HI 4.98; N, 13.69. 

In ethanol AmBx 2460 AI c 12,160 and 2950 A, e 10,250. 
The same compound was obtained with heating the cor- 

responding 1,3-diazine derivative (111. R = CeH6) (0.1 g.) 
with acetic anhydride (5 ml.) and concd. sulfuric acid (2  
drops) on a water bath a t  about 70' for 2 hr; yield, 8% m.p. 
and mixed m.p. with the above prepared sample was un- 
depressed. 

2-( o-Tolylimino)-3,4,6,6-tetrahydro-l,S-thiazin-6-one ( Iv .  
R = o-CH8-CeH4) was similarly prepared according the 

above procedure from the acid in 27% yield. Yellow crystds 
(from ethanol), m.p. 127'. 

Anal.  Calcd. for C11HleN20S: C, 59.99; HI 5.49; N, 12.72. 
Found: C, 59.70; H, 5.69; N, 12.81. 

Reactions of S-phenyl-8-thio-4-oxo-hexahydro-ll8diazine. 
A. W i t h  6% hydrochloric acid. The compound was heated on 
a water bath with the acid for 20 min. and on cooling color- 
less crystals separated which were identified as l-phenyl-3- 
carboxyethylthiourea (compound 9), m.p. 110'. 

B. W i t h  6% sodium hydroxide. The same reaction condi- 
tions as above were used. On cooling and acidification the 
solution was left overnight. The separated crystals were 
collected and identified as the acid (compound 9), m.p. 
110'. 

C. W i t h  monochloroacetic acid. Equivalent amounts of the 
compound and monochloroacetic acid as 20% aqueous 
solution were heated under reflux for 30 min. and left 
overnight. The separated 8-carboxymethyl compound V 
upon recrystallization from aqueous acetic acid melted at 
126'. 

Anal.  Calcd. for C12Hl2N2OsS: C, 54,54; HI 4,58; N, 10.60. 
Found: C, 54,31; H, 4,69; N, 10.68. 

Acknowledgment. The authors are much in- 
debted to Dr. s. Detoni for recording and inter- 
preting the infrared spectra. 

LJUBLJANA, YUGOSLAVIA 

[CONTRIBUTION FROM THE RESEaRCH AND DEVELOPMENT DIVISION OF SMITH KLINE AND FRENCH LABORATORIES AND THE 
RESEARCH INSTITUTE OF TEMPLE UNIVERSITY] 

The Synthesis of Phenothiazines. VII.' Methyl- and Arylsulfonylation of 
Phenothiazine and Its 10- Substituted Derivatives 

JOHN J. LAFFERTY, ELEANOR GARVEY, EDWARD A. NODIFF,z 
WALTER E. THOMPSON, AND CHARLES L. ZIRKLE 

Received October 6, 1961 

3-Methyl-, 3-phenyl-, and 3-p-tolylsulfonylphenothiazine were obtained from the reactions of phenothiazine or its 10- 
sulfonyl derivatives with the corresponding sulfonyl chlorides in the presence of aluminum chloride. The same products 
also were obtained from the rearrangement of the corresponding 10-sulfonyl derivatives in the presence of aluminum chlo- 
ride. 3-Methylsulfonylphenothiazine also was prepared by a Smiles rearrangement of 2'-formamido-2-nitro-4-methylsul- 
fonyldiphenyl sulfide. 

To provide sulfonylphenothiazines as inter- 
mediates for analogs of the tranquilizing agent, 
chlorpromazine, we studied the Friedel-Crafts 
reaction of phenothiazine and some of its 10- 
substituted derivatives with sulfonyl chlorides. 
No example of the sulfonylation of this ring system 
has been reported previously, although the cor- 
responding acylation reactions have been studied 
by various investigators.8-8 

(1) Paper VI of this series: P. N. Craig, M. Gordon, J. 
J. Lafferty, B. M. Lester, A. J. Saggiomo, and C. L. Zirkle, 
J. Org. Chem., 26,  1138 (1961). 

(2) Research Institute of Temple University. 
(3) S. P. Massie, Chem. Revs., 54, 797 (1954). 
(4) R. Baltzly, M. Harfenist, and F. J. Webb, J. Am. 

(5) G. Cauquil and A. Casadevall, Bull. SOC. chim. France, 

(6) G. Cauquil and A. Casadevall, Compt. rend., 240, 

Chem. SOC., 68, 2673 (1946). 

1061 (1955). 

538 (1955). 

In  acylation reactions of 10-alkylphenothiaxines, 
the entering acyl group orients para (3- position) 
to the phenothiazine nitrogen atom.6 On the other 
hand, acylation of 10-acylphenothiazines occurs in 
the 2-position, para to the sulfur atom, to yield 
2,lO-diacyl  derivative^.^,^^ In  the case of pheno- 
thiazine itself, the position of acylation apparently 
has never been established conclusively.s~4~7 The 
reaction, in this case, is complicated by the fact 
that 10-acylation may occur to a great extent 
prior to C-acylation.4 Thus, according to the 
literature cited, the reactions of phenothiazine 
with sulfonyl chlorides might be expected to lead 
to 3-sulfonyl and/or 2,lO-disulfonyl derivatives, 

(7) S. P. Massie, I. Cooke, and W. A. Hills, J. Org. 

(8) J. Schmitt, J. Boitard, P. Comoy, A. Hallot, and M. 
Chem., 21, 1006 (1956). 

Suquet, Bull. SOC. chim. France, 938 (1957). 


