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NW- Dinlylthio imus m d  Rclc:decl: Compounds of Potentiul Binloyicni 
Interest. 

By KG. PIT. Bvv-HoI, XG. D. XCOSG, and NG. H. NAM. 
[Reprint Order S o .  5978.3 

A large number of new ..YS’-diarylthioureas and similar sulphur com- 
pounds has been sj-nthesised for testing for tuberculostatic activity and 
inhibitorq- properties against influenza virus. The preparation of p-alkosy- 
anilines, aryl isothiocyanates, and a series of aminonaphthaquinones and 
1-arylpyrroles was also investigated. 

THIOUREA and its derivatives are tuberculostatic. Thiourea itself possesses a slight but 
definite activity i ~ t  zlitro, which is enhanced by appropriate substitution, as in allylthiourea 
(Jouin and Buu-Hoi, A~zit. i n s t .  Pas f cur ,  1946, 72, 580), and especially in p-aminobenzene- 
sulphonylthiourea (Maycr, Chent. Abs. ,  1941, 36, 5199 ; Jouin and Buu-Hoi, Zoc. cit .) ,  but 
NN’-diarylthioureas failed to reveal significant activity in  zdro  ; this group was not therefore 
investigated further. Interest in these compounds has recently revived with the discovery 
of outstanding tuberculostatic properties in NN‘-di-(+-butoxyphenyl) thiourea and related 
compounds (Mayer, Eisman, an6 Konopka, PYOC. SOC. ExP. BioZ., 1953, 82, 769; Huebncr 
et al., J .  Amer. Chem. SOC., 1953, 75, 2374), and this activity has been confirmed in a series 
of new NN’-diarylthioureas (Buu-Hoi and Xuong, Conzpt. relid., 1953, 237, 498). Further, 
4 : 4’-dialkosythiocarbanilides have been found active against human leprosy (Buu-Hoi, 
Internat.  J .  Leprosy,  1954, 22, 16), and certain diarylthioureas and related sulphur 
compounds against influenza-virus infections in mice (Buu-Hoi, Glev, Xuong, and 
Bouff anais, Compt. rend., 1054, 238, 2582). 

These findings prompted the preparation of a wide series of new thiourea derivatives for 
biological testing with regard to these various activities. Some features concerning their 
preparation are worth mention. Symmetrical iVN’-diarylthioureas were most con- 
veniently obtained by Hugershof’s method (Bey . ,  1S09, 32, 2246), involving the heating of 
a primary arylamine with carbon disulphide and sulphur in ethanol. Aryl isothiocyanates 
used in the preparation of unsymmetrical NN’-diarylthioureas were found, a t  variance 
with the literature (cf. Guillaumin, “ Trait6 de Chimie organique de Grignard,” 
Masson, Paris, 1939, vol. S I V ,  p. 348), to be readily accessible by an extension of 
the Werner reaction (J . ,  1591, 59, 399) involving a brief heating of symmetrical NX’-di- 
arylthioureas with acetic anhydride. Condensation of the aryl isothiocyanates with a 
variety of primary arylamines was readily effected in high 5-ields, except in the case of 
p-nitroaniline, which gave no condensation product with aryl isothiocyanates or carbo!i 
disulphide under the conditions of the Hugershof reaction. 9-Aminobenzenesulphonamide, 
however, readily gave 4 : 4’-disulphonamidothiocarbanilide, a substance briefly mentioned 
in a patent (Dyson, B.P. 517,682) as being obtained in the reaction of p-sulphonamido- 
phenyl isothiocyanate with p-aminobenzenesulphonamide ; condensation of the last with 
various aq7l isothiocyanates afforded a series of unsymmetrical thioureas bearing the 
P-sulphonamidophenyl radical. An interesting failure of a primary arylamine to condense 
with aryl isothiocyanates was encountered with o-trifluoromethylzniline ; this could clezrly 



be attributed to  steric hindrance (cf . Buu.Hoi. Royer. and Hubert.Habart. Rec . Trav . 
clzim., 1954. 73. 188). as p-trifluoromethylaniline readily underwent the reaction . Hetero- 
cyclic amines such as aminopyridines and 2-aminothiazole showed the same reactivity as 
aromatic amines . 

All the thioureas described possess chelating properties towards heavy metals. and most 
show tuberculostatic activity in  vitro to some extent ; a link between these two properties 
has been suggested (cf . Buu.Hoi. Xuong. Binon. and Nam. Compt . rend., 1952. 235. 329) . 
Results of biological tests will be reported elsewhere; one of the most active compounds 
found was 4.ethyl.4'.isopentyloxythiocarbanilide . 

The preparations of several arylamines were improved in the course of this work; their 
condensation products with 2 : 3-dichloro-1 : 4-naphthaquinone and chloranil (cf . Buu.Hoi. 
Royer. and Eckert. Rec . Trav . chim., 1952. 71. 1059). and the l-aryl-2 : 5-dimethylpyrroles 
obtained with acetonylacetone (cf . Buu.Hoi. J . ,  1949. 2882). were prepared for 
characterisation . 

2-Aminopyrimidine proved unreactive . 

EXPERIMENTAL [with E . LESCOT. JVS.] 

given are already known; all the others are new . 
The numerous prodzrcts are tabulated . Unless otherwise stated. those for which no analysis is 

Preparation and Characterisation of p-A IkyI- and p . 4  Ikn,~~~-nnilin~s.-p-~4lkylanilines were 
Ligroin had b . p . 100-120") . 

Found (7;) 
Thiocarbanilidc sr . 1'. 

4-Bromo-4'-fluoro- .............................. 17id 
4-Bromo-4'-chloro- ........................... - . >()? 
4-Bromo-2'-chloro- ........................... 198 
4-Bromo-4'-isobutoxy- ........................ 198 
4-Bromo-2' : 5'-dimethosy- .................. 137 
4-Bromo-4'-n-heptylox>-- ..................... 153-184 
4-Bromo-4'-dimethylamino- ............... 208 

4-Bromo-4'-hydroxy- ........................ 196 

P-Methyl-4'-n-propoxy- ..................... 142 

4-isoButoxy-4'-methyl- 152 

2-Ethoxy-4'-methyl- ........................... 156 

4-Ethyl-3'-methyl- ........................... 98 

4-Bromo-2'-phenyl- ........................... 1 TS 

4-Ethoxy-4'-methyl- ........................... 143 
4-Methoxy-4'-methyl- ........................ 16 1 

4-Jlethyl-4'-isopentylox~-- .................. 135 

2-3lethoxy-4'-methyl- ........................ 1 49 
3 : 5-Dimethoxy-4'-methyl .................. 12s 

4-n-Butoxy-4'-methyl- ........................ 139 
4-Methyl-4'- (3-phenylpropox y) ............. 139 

3-Ethyl-4'-methyl- ........................... 1 SS 
4 : 2' : 3'-Trimethyl- ........................... 156 
4-Methoxy-2' : 3'-dimethyl- .................. 183 

2-ChIoro-4'-methoxy- ........................ 1'73 
4-Fluoro-4'-methoxy- ........................ 1 72 

4 : 2' : 5'-Trimethoxy- ........................ 149 

P-Hydroxy-4'-methoxy- ..................... 1 98 

4-isoButoxy-4'-methoxy- ..................... 16 1 
I - "  

4-Ethoxy-2' : 5'-dirnethoxy- ............... 149 

4-Ethoxy-4'-(3-phenyIpropoxy)- ............ 147 
4-Ethoxy-4'-hydroxy- ........................ 196 
2-Chloro-4'-ethoxy- ........................... 19 1 
4-Ethoxy-3' : 4'-dimethyl- .................. 123 

..................... 

4-Bromo-4'-methosy- ........................ 202 

2 : 4'-Dimethoxy- .............................. 161 
3-Ethoxy-4'-methoxy- ........................ 157 

4-A4rsono-4'-methyl- ........................... d . co . 363 * 
4-Butoxy-4'-methoxy- ........................ 164 

4-Methoxy-4'-isopentyloxy- .................. d. > 
4-Methoxy-4'- (3-phenylpropox y) - ......... 151 

4-Ethoxy-2'-methoxy- ........................ 129 

1-ormula 
C ,:H ..S. SUrF 
C . .  H ..S. SRrCl 
C.. H ..S. SBrC1 
C..H..OS. SBr 
C.. H 15025 . SBr 
C.. H ..OX. SBr 
C..H..S. SBr 
C .. H ..S. SBr 
C ..... .OS.  SBr 
C .. H . .OS. S 
C..H..OS. S 

C .. H ..OS. S 
C..H..OS. S 
C .. H ..ox. s 
C.. H ..O.S. S 
C..H..OS. S 
C. .H..OS. S 

C . . H . sS2S 

C . H .OS. S 
C.. H ..OS. SBr 
C.. H ..OK. SCI 
C . .  H ..OS. SF 
C..H..O.S. S 

c.. €1 ..o.s. s 
C.. H ..O.S. SAs 
C1.Hl.O.S. S 
c18~2.0. SZS 
C. sH..0.9. S 
C 1.H.40. S.S 
C..H..O.S. S 
C17H2003S2S c .... ..0.9. s 
c 1 .. 1 .O.K;, s 
C..H.. OS.SC1 
c . .H..OS. S 

c. iH200s2s 

C..€I..OS. s 

c. ... .J. s 
C.. H Iss2s 

c16H lSoZsZs 

c 2 . H . . 0 ~ ~ .  S 

c 
47.S 
4.5 ..i 
4.5.5 
58.6 
49.0 
36.8 
51.1 
39.3 
48.1 
67.0 
66.0 
(37.5 
6 9 4  
68.5 
66.0 
63.7 
67-1 
68.6 
73.3 
70.8 
71.0 
70.S 
66.8 
49.7 
57.2 
60-8 
62.2 
63.3 
60.0 
45-4 
61-1 
65.1 
65.6 
66-1 
70.5 
61.3 
63-4 
i0-6 
62.3 
58.4 
65.1 

H 
3.0 
2 .8  
3.0 
5.2 
4.1 
5.8 
4.8 
3.9 
3.7 
6.3 
6.1 
6.5 
7.3 
i .1 
6.0 
5.8 
6.3 
7 . 3  
6.3 
6.8 
6.S 
6-5 
6.0 
3.9 
4.5 
5.0 
5.4 
6.1 
5.8 
3.8 
5.3 
6-6 
6.5 
'i-0 
6.4 
6.2 
6.0 
6.6 
5 .8  
5.0 
6.9 

Reqd 
C 

48.0 
45.6 
43.6 
53.8 
49.0 
5T.O 
5 1 4  
59.5 
48-2 
6T-1 
66.1 
68-0 
69-5 
6s-7 
66.1 
63-5 
67.1 
68.7 
734 
71.1 
71.1 
71.1 
6'7.1 
49-s 
57.4 
60-8 
63-4 
63-5 
60.3 
45.9 
61-3 
65.4 
65.4 
66-2 
70.4 
61-4 
63.5 
70.9 
61-4 
5s-7 
6S.O 

(00) 
H 
3.0 
"9 
-3.9 
5-0 
4.0 
5-9 
4.3 
3-9 
3.4 
6-2 
5 - 8  
6.6 
7.3 
7-0  
5.8 
5-9 
6.2 
5.0 
6.3 
6.6 
6.6 
6.6 
6-3 
3.8 
4.4 
4.7 
5-5 
5.9 
5.6 
4-0 
5-1 
6.6 
6.6 
6.9 
6.1 
6.0 
5.9 
6.4 
5.5 
4-8 
6.8 

* d . = decomp . 
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TABLE 1 . (Continued.) 

Thiocarbanilide 
3-Chloro-4‘-ethoxy- ........................... 
4-Bromo-4’-ethoxy- ........................... 

4-Ethoxy-4’-fluoro- ........................... 
4-C hloro-4’-ethoxy- ........................... 
4-Ethoxy-2‘-phenyl- ........................... 
4 : 3’ : 4‘-Trimethyl- ........................... 
I-Chloro-4‘-methyl- ........................... 
3-Chloro-Q’-methyl- ........................... 

4-Dimethylamino-4’-ethoxy- ............... 

4-n-Heptyloxy-2’ : 4‘-dimethyl- ............ 
4-Dimethylamino-?‘ : 4‘-dimethyl- ......... 
2 : 4-Dimethyl-5‘-(3-phenylpropcxy}- ... 
4-Fluoro-2‘ : 4‘-dimethyl- ..................... 
2-tevL-Butyl- .................................... 
2-lerl.-Butyl-2‘-ethcjxy- ........................ 
4- Bromo . 2- le rt . -bu t y 1 ......................... 
4-Fluoro-Q‘-hydroxy- ........................ 
4-Fluoro-3’-methyl- ........................... 
4-Fluoro-f’-phenyl- ........................... 

2-Chloro-4’-fluoro- .............................. 
4-isoButoxy-4’-fluoro- ........................ 
3-Chloro-4‘-fluoro- .............................. 

4-Chloro-4‘-Auoro- .............................. 
4-Fluoro-2‘ : 5‘-dimethoxy- .................. 
4- Fluoro-4’- H -heptyloxy- ..................... 
4-Fluoro-4’- (3-phenylpropoxy) ............. 
4 -Chloro . 4’- 12 -pro pox y- ........................ 

4-Fluoro-4‘-1~-propoxy- ........................ 

4-Methyl-4‘-sulphonamido- .................. 

4-Dimethylamino-4‘-fluoro- .................. 

4-(3-Phenylpropoxy)-4‘-~~-propnsy- ...... 

4-Dimethylamino-4-n-proposy- ............ 
4- H ydroxy-.-l‘-n-propoxy- ..................... 
4-isoButoxy-4’-n-propoxy- .................. 
4-n-Pentyloxy-4‘-n-propoxy- ............... 
4-n-Hept4.loxq--4’-~z-propoxy- ............... 

4-n-Butoxy-4’- (3-phenylproposy) .......... 
4-n-Butoxy-4’-trifluoromethyI- ............ 
4-Chloro-4‘-isopentyIoxy- ..................... 
4-n-Heptyloxy-4’-isopentyloxy- ............ 
4-Hydroxy-4’-isopentyloxy- .................. 
4-Hydroxy-4’-n-pen tyloxy- .................. 
4-Dimethylamino-4’-i1-pentyloxy- ......... 
4-isoButoxy-4’-n-pentyloxy- ............... 

4-isoButoxy-2’-phenyl- ........................ 
4-Dimethylamino-3‘-phenyl- ................. 

4-n-Hept]iloxv-2’-phenyl- .................. 
2-Phenyl-4’-( 3-pheny1propoxy)- ............ 

4-Bromo-4’-~-butoxy- ........................ 
4-iz-Butosy-4’-fluoro- ........................ 

4-n-Butoxy-4‘-hydroxy- ..................... 

4-Fluoro-4’-isopentylony- .. : .................. 

4-isoPentyloxy-4’-( 3-pheny1proposy)- ... 

4-Chloro-4‘-~t-pentyloxy- ..................... 
4-Fluoro-4’-n-pen tj-loxy- ..................... 

4-Hydroxv-2’-phenyl- ........................ 
4-Chloro-3‘-phenyl- ........................... 

4-Fluoro- .......................................... 
4-Fluoro-4’-methyl- ........................... 
4-Fluoro-2’-methoxy- ........................ 
2-Ethoxy-4’-fluoro- ........................... 
4-Ethyl-4’-methyI- ........................... 
4-Ethyl-4’-methoxy- ........................... 
4-Ethoxy-4’-ethyl- ........................... 
2-Ethoxy-4’-ethyl- .............................. 
4-Ethyl-4’-isopen tyloxy- ..................... 
4-Bromo-4’-ethy-l- .............................. 

4-E thyl-4’-n-propo.u~-- ........................ 

4-Ethyl- .......................................... 

4-Ethyl-?’ : 4’-dimethyl- ..................... 
4-Ethyl-2‘ : 3‘-dimethyl- ..................... 

11 . p . 
133” 
170 
197 
172 
189 
144 
131 
1 S4 
13s 
124 
155 
115 
131 
190 
172 
187 
179 
l“5 
163 
234 
180 
179 
136 

103- 194 
169 
161 
162 
139 
189 
143 
17s 
156 
10s 
173 
167 
162 
180 
168 
149 
186 
1% 
186 
1’71 
121 
13-7 
15s 
1 i 2  
14’ 
1-43 
172 
168 
15.5 
174 
168 
191 
123 
131 
194 
179 
121 
134 
129 
155 
163 
15s 
148 
13s 
19s 
119 
1’73 
154 

Formula 
c151~150x~scl 
C..H..OS. S 
C..H..OS. SBr 

C..H..OS. SF 
C . H .OS. SC1 
C..H..OS. S 

C..H..S. CC1 
16H 1BSZs 

C..H..S. SC1 
C..H..OS. S 
C..H..S. S 
C..H..ON. S 
C.. H ..S. SF 
C. .H..S. S 
C.. H ..OS. S 
C..H..S. SBr 
CI3H.. OS.SF 
C..H..S. SE. 
C . H . X‘. S 1’ 

C..H..1C-. SClF 
C. iH ..OS. SF 
C.. H ..S. SClF 
C H . S . S F 

C .. H .O.S. SF 
C .. H 50S .S  1. 
C..H. .OX. SF 
c 1 6H 1 .os. sc1 
C..H..O.S. S 
c .. .ox. SF 

C.6Hl.O. 2.S 

C .... ..o.s.s. 

C..H..S. SClF 

C..H..OS. S 

c20H2602’ P s  

C23H3202S2S 

C2 . H 2 8 0 2 S 2 S  

C . H ..OX . SBr 
C..H..OS. SF 

CI.H..O.S. S 
C.. H ..OS.SF. 
C..H..OX. SC1 
C..H.. 0s . SF 

C..H..O.S. S 

C..H..OS. S 
C..H..O.K. S 
C..H..OS. SC1 
C . H . O S  . S F 
C..H2.0S. S 
C..H..N. S 
C H 160X2S 
C..H..S. SC1 
C..H..OS. S 
C2.H..0N. S 
C 13H 1;. SF 
C 14H ..S. SF 
CI.H..ON. SF 
C . H .0S. SF 

C26H3002N2S 

C..H..O.x. S 

c ..H..O.~. S 
1 8H2202s2S 

.H 1 6 N Z S  
16” 1 S x Z s  

C16H180?2S 
C..H. .O~Z S 
CI.H..OS. S 

C 5H. .S. SBr 
C1.H..S. S 
C .  .H..N. S 
C..H..ON. S 

C2.H. .OS.S 

c 
58-8 
51-1 
64.4 
62-0 
33.3 
72.3 
71-0  
6G.5 
G C - 5  
71.1 
68.0 
73.6 
65-6 
71.5 
69.6 
56-0 
59.4 
64.5 
70.5 
52.2 
53-3 
64.0 
55.3 
62.4 
55.5 
58-6 
66-3 
60.2 
59.8 
71-3 
63-0 
65-3 
63.8 
Gi-0 
Gi.4 
68-8 
53.5 
64.0 
72.0 
64-2 
5S.J 
62.0 
64-i  
69-8 
72.0 
65-3 
65.1 
67.0 
68.0 
61.7 
64-8 
73-5 
72.3 
70.9 
67-0 
74.7 
76.7 
63-2 
64-5 
61-0 
62.0 
7C-2 
71-3 
67.0 
67.8 
67.8 
i 0 .0  
53.3 
71.5 
71.8 
68.5 

H 
4-8 
4-1 
6.5 
5-4 
5.0 
6.0 
6.5 
4.8 
4.7 
8-2 
7.3 
6.6 
5-5  
7.1 
7.5 
5.5 
4.1 
5-1 
4.6 
4.5 
3.6 
5.0 
3.3 
5.4 
3-8 
5-0 
7 .1  
5.3 
5-4 
6-8 
5-4 
7.1 
5-8 
7.2 
7.4 
8.2 
5.0 
6.0 
6.8 
6-4 
5-1 
6-1 
6 4  
8-3 
7.2 
6.5 
6.5 
7.8 
7.5 
6.3 
6.1 
6:5 
6.1 
5-1 
4.5 
7.4 
6.0 
4.5 
5-0 
5.0 
5.2 
6-5 
6-6 
6.3 
6-9 
6.6 
7-6 
4.3 
7.2 
7-3 
7.1 

Keqd 
C 

38-7 
51-2 
64-7 
62.0 
58-7 
72.4 
71.1 
60.7 
60.7 
71-3 
68.2 
73.8 
65.5 
71.8 
69.5 
56-1 
59-5 
64-6 
70.8 
52.3 
55-6 
64.1 
55.6 
62.2 

58-8 
66-6 
69.4 
60.0 
71.4 
63- 1 
65-6 
63-5 
67-0 
67-7 
69-0 
53-8 
64- 1 
71-8 
64-5 
58.6 
61.9 
65-0 
70-0 
72.3 
65.4 
65.4 
67-2 
68.3 
61-9 
65.0 
73.4 
73-6 
71.3 
67-3 
74.6 
76-7 
63.4 
64.6 
60.8 
62.0 
70.3 
71.1 
67.1 
68-0 
68.0 
70.1 
53.7 
71-8 
71.8 
6S.T 

55.6 

1575 

( Y o )  
H 

4-8 
4.2 
6-6 
5.1 
4-8 
5.7 
6.6 
4.7 
4-7 
8-1 
7.0 
6-6 
5.4 
7-0 
7-3 
5-2  
4-1 
5.0 
4-6 
4.6 
3-5 
5.9 
3-5 
5.5 
3-5 
4.9 
6-9 
5-5 
5-3 
6-6 
5.5 
6.9 
5.9 
7.2 
7.5 
8.0 
5.0 
5.9 
6.9 
6.3 
5.1 
6-0 
6-3 
8-4 
7.1 
6.6 
6.6 
7.5 
7.7 
6.0 
6.3 
6-3 
6.0 
5.0 
4.4 
7.1 
5.9 
4.4 
5.0 
4-7 
5.1 
6.2 
6.6 
6.2 
6-6 
6.6 
7.6 
4.4 
7.0 
7.0 
7-0 



TABLE 1 . (Continued.) 

Thiocarbanilide 
4-F;thyl-4‘-isopropoxy- ........................ 
4-Bromo-3‘-fluoro-6‘-methoxy- ............ 

4-Ethyl-4’-t€uoro- .............................. 
4-n-Propyl- ....................................... 
4-JIethyl-4‘-i.z-propyl- ........................ 
4-Methoxy-4‘-n-propyl- ..................... 
4-hiethoxy-4‘-sulphonamido- ............... 
2-bIethoxy-4’-n-propyl- ..................... 
4-Ethoxy-4’-n-propyl- ........................ 
2-Ethoxy-4‘-n-propyl- ........................ 
4-isoPentyloxy-4’-tt-propyl- .................. 
2 : 4-Dimethyl-4‘-n-propyl- .................. 
2-Phenyl-4‘-n-propyl- ........................ 
4-u-Propoxy-4’-n-propyl- ..................... 
4-isoPropoxy-d‘-n-propyl- .................. 
4-n-Bu toxy-S’-n-propyl- ..................... 
4-isoButoxy-4‘-n-propyl- ..................... 
4-Fluoro-4‘-n-propyl- ........................ 
4-Chloro-4‘-n-propyl- ........................ 

4-lt-Bu tyl-4’-methoxy- ........................ 
4-n-Butyl-2‘-methoxy- ........................ 
4-42-Bu tyl-3’-e thoxy- ........................ 
4-42-B u t  yI-4‘- isopentylosy- .................. 
4-11-Bu tyl-4’- n -propoxy- ..................... 
4-n-Butyl-4’-isopropoxy- ..................... 
P - T Z - B U ~ O X ~ - ~ ’ - H - ~ U ~ ~ ~ -  ........................ 
4- ZSOBU toxy-4’-n-b~tyl- ..................... 
4-n-Butyl-4‘-fluoro- ........................... 
4-n-Butyl-4’-chloro- ........................... 
4-FIuoro-4‘-n-heptyI- ........................ 
4-Chloro-4‘-n-heptyl- ........................ 
4-Bromo-4’-n-heptyl- ........................ 
4-Ethoxy-4‘-sulpho1iamido .................. 
4-)t-Heptyl-4’-methyl ........................ 
4-Ethoxy-4‘-?z-heptyl- ........................ 
4-n-Heptyl-4’-n-propoxy- ..................... 
4-iz-Heptyl-4’-isopropoxy- .................. 
4-n-Bu toxy-4‘-n-heptyl- ..................... 
4-isoBu toxy-4’-n-heptyl- ..................... 
4-n-Heptyl-4’-isopent~-losy- ............... 
4-Ethyl-4’-n-propyl- ........................... 
4-n-Butyl-4‘-n-propy-l- ........................ 
4-n-Heptyl-4’-n-propyl- ..................... 

4-n-Ru tyl-4’-n-heptyl- ........................ 
2-Methylthio- .................................... 
4-Methy1-2‘-methylthio- ..................... 
3-Methyl-S’-methyIthio- ..................... 
2-Methylthio-4’-n-propyl- .................. 
4-n-Butyl-2‘-methylthio- ..................... 
4-Ethoxy-Y-methylthio- ..................... 
2-Methylthio-4’-tz-propoxy- .................. 
2-Methylthio-4’-isopropoxy- ............... 
4-n-Butoxy-2’-methylthio- .................. 
4-isoButoxy-f?’-methylthio- .................. 
2-Methylthio-4’-isopentylox~-- ............... 
4- F1 u oro-2 ’-met h yl t h i o- 
4-Chloro-Y-methylthio- ..................... 
3-Methylseleno- ................................. 

4-11-Bu toxy-4‘-ethyl- ........................... 
4- isoBu toxy.4’.ethyl. ........................... 
4-Chloro-4‘-ethyl- .............................. 

4.Bromo.4’.n.propyl. ........................... 

4-lz-Butyl- ....................................... 
4-~-€3uty1-4’-methyl- ........................... 

4-4z-B~ tyl-4‘-ethoxy- ........................... 

4-Bromo-4’-n-butyl- ........................... 

4-n-Rutyl-4‘-ethyll- ........... .. ............... 

..................... 

4-Bromo-2’-methylthio- ..................... 

nr . p . 
131” 
1.52 
144 
146 
168 
19’7 
126 
131 
161 

232-231 
1‘79 
166 
161 
13s 
1 Y7 
129 
143 
16s 
1.5.5 
1.57 
1 .j !I 
137 
177 
144 
13i 
1 ti!) 
1’1 
159 
138 
132 
167 
138 
161 
131 
162 
174 
181 
15s 
167 
176 
’316 
129 
1.51 
156 
136 
I .5 1 
116 
112 
130 
164 
135 
138 
140 
189 
“04 
174 
183 
179 
203 
204 
144 
194 
297 
1 s9 
317 
223 -- 9.3s 
19G 

Formula 

C .. H ..OS. SBrF 
C..H..OS. S 
C .. H 240S2S  

C..H..OS. S 

C15H ,,S,SI.‘ 
C..H..S. SCI 
c . Er p. s 
C .  .H..S. S 
C. .H..OS. S 

C..H..OS. S 
C..FI..O?Ur. S 

c. lH.aOS. S 

C1.H.. S 2 S  
C..H..S. S 
C..H..OS. S 
C..H..OS. S 

C..H..OS. S 
C ‘ . 6 f I . . s . .  S F  
c 1 6 I-I . i s  . sc 1 
c .ll..S. s 
C 18H..S. S 
C . 8H. .0S.  S 
c 1 .FI..OS. S 
C..H..OS. S 
C..H..OS. S 
C..H..OS. S 
“..FT..OS. S 

C.,,H,,OS,S 
C. . H . S 
C . H .9X. SF 
C .. H ..S. SC1 
Cl.Hl.X. SBr 
C..H..S. SF 
C..H..S. SC1 
C..H..X. SBr 

C. H . S 
C..H..OS. S 
C..H..OS. S 
C..H..OS. S 
c..??..os. s 
C..H..OS. S 
C..H..OS. S 
C..H..X. S 
C..H..S. S 
C. 3H3.X.S 
C..T-T..S. s 
C..H..S. S 
C l d  lJ2SZ 

c. 5H 16s.s. 

Cl. H 1 +S? 
‘1 iH20‘ 2s. 
Cl sH..~.S. 
C.. H 1 .os.s. 
C..H..OS.S. 
C..H..ON.S. 
C1.H.2OS.S. 
C.1,H,jOS$, 

c..l~..o.s.~. 

C1 BH.. 0x2s 

C l . H l . ~ .  SBr 

C2.H. 6OS.S 

c2ofl26oS2s 

C15H 1i03S3S2 

C..H..ON.S. 

C.. H 13S2S2F 
C lPH . .S .S .  C1 
C..H.. S&Er 
C.. H ..S. S S e  

Found ( y “ )  
C 

68.3 
47.0 
69.5 
69-6 
65.4 
61-6 
71.0 
71.6 
67.9 
49.5 
6ti.1 
68.5 
68-4 
iO.8  
34.7 
72-6  
76.3 
69.6 
69.4 
70-0 
70.2 
66.6 
62.8 
71-7 
i2.3 
68-4 
63-5 
69-4 
69.2 
51.3 
7c.2 
’70.2 
73.4 
70.7 
67.4 
64-2 
56.0 
69.5 
66.3 
59.4 

74.0 
71-3 
71-7 
71.6 
72.5 
72 .2  
73.9 
72.3 
73.3 
74.7 
72.9 
75.4 
61-5 
63.6 
62.4 
64-3 
65.1 
60.0 
61.3 
61.2 
63.1 

63.0 
57 ..? 

54.1 
47 .5  
52-1 

- 

6‘7.3 

- 

H 
7-3 
3-1 
7.2  
7-6 
5-4 
5.3 
6-6 
’7.0 
6-6 
4.4 
6.5 
7.1 
7 . 2  
E.0 
5.0 
7 - 5  
6-2 
‘7.6 
7 - 3  
7.3 
7.6 
6.0 
5.5 
7.2 

7.1 
7 . 2  
7.2 
i .1 
8.5 
7.6 
7-8  
7.9 
7 . 8  
6.4 
5-8  
5.0 
7.5 
6.8 
6-1 

8.3 
5.3 
7.9 
8.0 
S.5 
8.6 
8.7 

8.0 
8.8 
7.0 
8.9 
5.0 
5-8 
5-6 
6.2 
6.6 
5.5 
6.2 
6- 1 
6.3 
G.2 
6-9 
4-6 
4.2 
3.8 
4-1 

P -  
I -a 

- 

r -  
I . *? 

C 
68.7 
47.3 
69.5 
09.5 
G5.6 
61.9 
71.1 
71-8 
68-0 
49-8 
6S.O 
68-7 
6S.7 
70.7 
L T . 0  
72.4 
i6.3 
69.3 
69.5 
70.1 
79.1 
GG.6 
63-9 
7 I . d  
72.4 
68.7 
68.7 
69.5 
69.3 
71.3 
70.1 
70.1 
70 .7  
ic.7 
67 ..5 
64.0 
56.1 
60.7 
66-5 
59.2 

i 4 . 1  
71.3 
51.8 
71-8 
72 .3  
72.3 
72.8 
72.4 
73.6 
75.0 
73.0 
75.3 
61-2 
62.5 
63.5 
64.5 
65-4 
60.3 
61.4 
61 -4  
6234 
62.4 
63.3 
57-3  
55.4 
47.5 
52.3 

- 

H 
7.0 
3.3 
7-3 
7.3 
5.4 
5-1 
6.6 
7-0  
6.6 
4.4 
6.6 
7 . 0  
7.0 
7 .8  
4.8 
7.3 
(3.3 
7.3 
7-3 
7-6 
7.6 
5.9 
5.5 
7.0 
7.3 
7.0 

7.3 
7.3 
Y - l  
7.6 
7.6 
7 . 8  
7.8  
6.2 
5-9 
5 - 2  
7.9 
6.9 
6-1 

8.5 
8.1 
8-0 
8-0 
8.5 
8-5 
8.4 
7.3 
7.9 
8.6 
7.6 
8-8 
5-1 
5.5 
5.5 
6.3 
6.6 
5-6 
6-0 
6-0 
6.3 
6.3 
6.6 
4-4 
4.2 
3.6 
4-3 

5.n 

- 

a S o  m . p . available in the literature for this compound (Ganapathi. J . I ~ d i a n  Chein . SOL., 193s. 
15. 2 5 5 ;  Proc . Ind?n?z Acad  . Sci., 1940. 11. A .  293) . 
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TABLE 1 . (Coiztinued.) 

Thiocarbanilide 
4-Methyl-2’-methylseleno- .................. 
3-Methyl-3‘-methylseleno- .................. 
3-Methylseleno-4’-n-propyl- .................. 
4-n-Butyl-2’-methylseleno- .................. 
4-Ethoxy-2’-methylseleno- .................. 
2-Methylseleno-4‘-n-propoxy- ............... 
4-n-Butoxy-2‘-methylseleno- ............... 
4-isoButoxy-2‘-methylseleno- ............... 
2-Methylseleno-4’-isopentylox~-- ............ 
4-Fluoro-2’-methylseleno- .................. 
4-Chloro-2’-methylseleno- .................. 
4-Bromo-2’-methylseleno- .................. 
4-Chloro-4’-fluoro-6-methoxy- ............... 
4-Chloro-4‘-fluoro-5‘-methyl- ............... 
4-Chloro-5‘-fluoro-4’-methoxy- ............... 
3-Fluoro-6-methoxy-4’-methyl- ............ 
4-Ethoxy-3‘-fluoro-6‘-methoxy- ............ 
3-Fluoro-6-methoxy-4’-isopentylox~-- ...... 
4-Phenyl- ....................................... 
4-Fluoro-P’-phenyl- ........................... 
4-Bromo-4’-phenyl- ........................... 
4-n-Heptyl-4‘-phenyl- ........................ 
4-Methosy-4’-phenyl- ........................ 
2-Methoxy-4‘-phenyl- ........................ 
4-Ethoxy-4‘-phenyl- ........................... 
P-Ethoxy-4‘-plienyI- ........................... 
4-isoRu toxy-4’-phenyl- ........................ 
4-isoPentyloxy-4‘-phen)-l- .................. 
P : 4‘-Diphenyl- ................................. 
2 : 5-Dichloro- ................................. 
2 : 5-Dichloro-4‘-fluoro- ..................... 
2 : 5-Dichloro-4‘-chloro- ..................... 
4-Bromo-2‘ : 5’-dichloro- ..................... 
2 : 5-Dichloro-4‘-methyl- ..................... 
2 : 5-Dichloro-3‘-methyl- ..................... 
2 : 5-Dichloro-4‘-methoxy- .................. 
2 : 5-Dichloro-2’-methoxy- .................. 
2 : 5-Dichloro-4’-ethoxy- ..................... 
2 : Ei-Dichlor0-4’-n-propoxy- ............... 
3 : 5-Dichloro-4‘-isopropx~-- ............... 
4-n-Butoxy-3’ : 5‘-dichloro- .................. 
4-isoButoxy-2‘ : 5’-dichloro- .................. 
2-Methoxy-5-methq.l- ........................ 
2-Methoxy-4’-fluoro-5-methyl- ............ 
4-Chloro-2’-methoxy-5’-methyl- ............ 
4-Bromo-2’-methoxy-5’-meth~l- ............ 
3-Methoxy-5 : 4‘-dimethyl- .................. 
3-Methoxy-5 : 3’-dimethyl- .................. 

3-Methylseleno-4’-isoproposy- ............... 

31 . p . 
‘09’ 
1 i 6  
1 ss 
178 
20 7 
203 
151 
1 9.5 
19s 
I S 9  
22 1 
226 
232 
130 
181 
1 i Y  
14s 
163 

93 
208 

-?’3‘3 
219 
21 1 

93 1 .. 
.. 

6 )  -3 3 ., .. .. 
932 
22 .; 
195 
0 -7 6 
177 
1 i .2 
’(3 1 
193 
167 
156 
1 i 7  
154 
l i 3  
15s 
151 
145 
161 
1 Sl 
142 
153 
161 
139 
129 

.. 

Formula 
C..H..I\;. S S e  

C..H..S. SSe  
C..H..S. S S e  
C..H..OS. S S e  
C. .H..OX. SSe  
C . . H ..OS. SSe  
C. .H..OK. S S e  
C..H..OS. SSe 
C..H..OS. SSe  
C.. H ..S. SSeF 
C.. H ..S. SSeC1 
C.. €1 ..S. SSeBr 
C.. H ..OS. SFC1 
C..H..S. SFC1 
C.. H ..OX. SFC1 
C..H..OS. SF 
C 6H . S . S F 
C..H..O. K2SF 

C.. H . .S. SF 
C ..... .S. SBr 
C..H..S. S 

C.. H .. 0 S 2 S  
C. . H .. 0 S 2 S  
C..H.. OS2S 
C .. H ..ON. S 

C..H..N. SSe 

C ..... .s. s 

CZoH 1 .Ox. S 

C.. H 2 . os2s 
“2 g H  20N2S 
C13H loX.SC1. 
C ..H.S.SFCl. 
C..H9S.SCI. 
C..H.X.SCl. Br 

C..H..ON.SCl. 
C..H..ON.SCl. 
Cl5Hl40N2SCl2 

C .. HI .OS.SCl. 
C. . H ..OS.SCI. 
C..H..OS. SC12 
C. .H..OS. S 
C.. H . .OS.  SF 
C..H..OS. SCI 
C . H . .OX S Rr 
C. . H . .OS. S 
C . H .OX. S 

C. .H 1.N. SCl. 
C14H 12NZSC12 

C16H160S~SC1~ 

( b )  S~~iiiiiietriral substi f i t fed thiorarbaiiilides . 
4 : 4’-Dichloro-2 . 3’-dimethosy- ............ 151 -157” C15H ~~02S,SC.lZ 
2 . 3 . 2‘ . 3’-Tetramethyl- .................. 224 C..H..h.. S 
4 . 4‘-Di-n-heptyloxy- ........................ 1.55 C..H..O.S. S 
2 . 2’-Diethoxy- ................................. 136 C17H2. 0.S.S 
4 . 4’-Di-(3-phenylpropyloxy)- ............... 159-160 C..H..O.S. S 
2 : 2’-Diphenyl- ................................. 165-166 C..H..S. S 
4 . 4’-Di-n-propyl- .............................. 154 C..H..~. S 
4 . 4‘-Di-n-butyl- .............................. 1.59 C21H2sh . S 
4 . 4’-Di-n-heptyl- .............................. 1.52 C..H4.S. S 

3 . 2’-Dimethylseleno- ........................ 167 C.. H ..S. Se2 
4 . 4’-Diisopropoxv- ........................... 143 C..H..O.S. S 
3 . 2’-Di-tevt.-butyl- ........................... 183 C2. H..X.S 
4 . 4’-Disulphonamido- ........................ C.,,H,,O,S,S, 
2 . 2’-Dimethoxy-5 . B’-dimethyl- ......... 146 C..H..O.~. S 
4 . 4’-Difluoro- ................................. 308 C..H.. S.SF. 
3 : 3‘ : 4 . 4’-Tetrachloro- ................... C..H.N.SCl. 

. ........................... 2 2‘-Dimethylthio- 159 ‘ISH 16H2SR 

d . rn . 21s * 

lSO-. IS1 

Found (0;) 

* Dyson. George. and Hunter ( J . ,  1926. 3049) gave m . p . 143“ 



prepared free from 0- and m-isomers by Beckmann rearrangement of the appropriate 4-alkyl- 
acetophenone o.ximes, and hydrolysis of the resulting p.alkylacetani1ides . p-n-Propylaniline 
thus obtained had b . p . 229”. n2,3 1.5428; the product prepared by alkylating aniline with 
n-propyl alcohol 2nd zinc chloride (Francksen. Ber., 1884. 17. 1221) must have been impure. as 
the 4 : 4’-di-n-propylthiocarbanilide derived from it  was reported to melt a t  138”. whereas a 
pure sample was now found to melt at 154” . Pure p-n-butylaniline had b . p . 242’. nz  1.5361 ; 
Reilly and Hickinbottom (J . ,  1918. 113. 983) gave b . p . 258-260”/750 mm . p-n-Heptylanzlzne 
was a pale yellow oil. b . p . 286’. ng 1.5205 (Found : C. 51.5; H. 11.3 . C13H31?i requires C. 
81.7; H. 11.Oo;b) ; -4uger (Bull . Soc . chzm . France. 1885. 47. 50) gave b . p . 175”/10 mm . for an 
amine prepared by reduction of a nitro-n-heptylbenzene of unknown constitution 

T-~BLE 2 . S~’-D~.~zt~~stiti{te~ thioi ir~ns,  R*NH.CS.NHR’. 
Found (0,  ) 

R‘ 
R = l.C,,Hi . 

p-Fluorophenyl- ................................. 
p-Chlorophenyl ................................. 
m-Chlorophenyl- .............................. 
2 : 5-Dichlorophenyl- ........................ 
3 : 4-Dichlorophenyl- ........................ 
p-Bromophenyl- .............................. 

: 4-Dimethylphenyl- ........................ 
p-Ethylphenyl- ................................. 
n-l’ropylphenyl- .............................. 
It-Butylphenyl- ................................. 
p-n-Heptylphenyl- ........................... 
p - H  ydroxyphen yl- ........................... 
p-Methoxyphen yl- .............................. 
3-Fluoro-6-methosyphen~-l- .................. 
2 : 5-Dimethosyphenyl- ..................... 
p-Phenetyl- .................................... 
o-Phenetyl- ....................................... 
p-11-Butoxyphenyl- ........................... 
p -  isoBu toxyphen yl- ........................... 
p-isoPentyloxypheny1- ........................ 
p-3-Phenylpropoxyphcnyl- .................. 
o-Methylthiophenyl- ........................... 
o-Methylselenophenyl- ........................ 
p-Dimethylaminophenyl- ..................... 
2-Naphthyl- .................................... 
5-Hydroxy-1-naphthyl- ..................... 
4-Chloro-1-naphthyl- ........................ 

p- F1 uorophen yl- ................................. 
p-Chlorophenyl- ................................. 
2 : 5Dichlorophenyl- ........................ 
p-Bromophen yl- .............................. 

p-Ethylphenyl- ................................. 
p-?z-Propylphen yl- .............................. 
71 -But yl p hen yl- 
o-fevt . -Bu tylphen yl- 
p-$2-Heptylphenyl- ........................... 
p-H ydroxyphenyl- ........................... 
p-Methoxyphen yl- .............................. 
3-Fluoro-6-methoxyphen yl- .................. 
3 : 5-Dimethoxyphenyl- ..................... 
p-Phenetyl- .................................... 

p-n-Butoxyphenyl- ........................... 
p-n-Heptyloxyphenyl- ........................ 
p-3-Phen ylpropox yphen yl- .................. 
o-Methylthiophen yl- ........................... 
o-Methylselenophenyl- ........................ 
p-Dimethylaminophenyl- ..................... 
2-Diphenylyl- .................................... 
4-Chloro . 1 -napht h yl- 

t-Tolyl- .......................................... 

R = 2.ClOH, . 

P-Tolyl- .......................................... 
2 : 4-Dimethylphenyl- ........................ 

................................. 
........................... 

p-isoButoxypheny1- ........................... 

4-Diphen ylyl- .................................... 
........................ 

11 . p . 

18.5’ 
1 I)’ 
156 
2u2 
191 

304 
189 
173 
168 
164 
1-19 
L’i) 8 
1 n t  
137 
153 
‘0 1 
164 
1.57 
166 
163 
1.5,“ 
158 
173 
189 
20 1 
219 
312 

203 
21.5 
179 
‘1 1 2 
171 
168 
183 
179 
179  
200 
176 
224 
192 
137 
166 
190 
179 
1 S.? 
176 
1 7 1  
205 
210 
172  
242 
192 
189 

-1 -> 6 -. 

170 rni u 1 a 

C, ;H 13S2SF 

C. ;H ..S. SC1 
C . ;H ..S. SC12 
CliH ..S.SCl. 
C..H..S. SRr 
C.. H 16S. S 
ClgIi18XzS 

CliH ..N. SCI 

C.gH1.S. S 
C..H..S. s 
C..II..S. s 
c. p .. s . s 
c ...... ox ?S 
C..H..OS. S 

C .H..OS. SF 
C .. H ..O.?;. S 
C .. H . .OS. S 
C.. H .. 0S2S 
C.,,H,,OS,S 
C..H..OS. S 
C..H..OS. S 
C..H..OX. S 

C.. H..h.SSe 
C .. H ..S. S 

C..H..O?;. S 
C..H..S. SC1 

C 1 8 H 1 6 2 ? S 2  

C2.H. 6x2s 

C..H..S. SF 
C..H..S. SC1 
C . ;H ..S. SCI. 
C . H ..S. SBr 
‘1 E H  1 G S Z s  
c..H..s. s 
c 14H 1 8 S Z S  

C.oH.0 *s 
C.1H.J. S 

G.H. 8x2s 

C.. . H .. S 2 S  

C ;H .40S. S 
C..H..OS. S 
C . . H .ON. SF 
C 19H .O.N. S 

C .  . H..ON. S 
C. . H 220N2S 
C..H. .OS. S 
C..H..OS. S 

C. . H ..K2 SSe 

C19H 1.0s. S 

Cl.H.6S.S. 

Cl9H l J 3 S  

G.H. 8% 2s 

C23H 1 8:ZS 

C..H..S. SC1 

c 
68.6 
63.0 
65.1 
58.3 
58-5 
36.3 
74-0 
74.7 
74.3 
74.8 
75.5 
76-3 
69-0 
70.0 
6 6 4  
6i-1 
70.7  
7 0 . 5  
7 2 . 2  
72.0 
73.3 
75.6 
66.3 
<58*8 
50.8 
76.5 
73.0 
69.2 

68-6 
6.5 .0 
58.7 
56.3 
73.6 
74.2 
74.6 
74.9 
i 5 - 5  
7 5 - 1  
76-6 
69-0 
70.0 
66.0 
67.5 
70.7 
71.S 
72.1 
73.3 
75-54 
66.5 
59.0 
70.8 
7 s.0 
77.9 
69.2 

H 

4-1 
4.3 
4.1 
3-4 
3.3 
3.5 
5.5 
6.0 
6-0 
6.1 
6.5 
7.6 
4.8 
6.2 
4.8 
5.2 
6 .5  
3.6 
6.5 
6.1 
6.8 
5.9 
4-9 
4-4 
6.1 
5.0 
4.5 
4.1 

4.2 
4.2 
3.7 
3.6 
5.5 
6.0 
6-1 
6.2 
6.6 
6.4 
7.4 
4.9 
.5 *l  
4.8 

5.4 
6.4 
6.1 
7-3 
6-0 
5.0 
4.1 
6.0 
5.1 
5.3 
4.3 

- _  a.3 

Reqd 
C 

68.9 
65-3 
65.2 
58.7 
5S.7 
56-6 
73.9 
74.5 
74-3 
73.0 
7.7-4 
76-.5 
69.3 
7 0 -  I 
66-2 
67.4 
70.8 
70.8 
72.0 
72.0 
72.2 
76.7 
66-6 
59.1 
71.0 
76.8 
73.2 
69.5 

68-9 
65-2 
38.7 
56.6 
73.9 
74.5 
74*5 
75.0 
73.4 
75.4 
76.5 
69.3 
70.1 
66.2 
67.4 
70.8 
72.0 
72.0 
73.4 
75.7 
66.6 
59.1 
71-0 
77.9 
77.9 
69.5 

(00) 

H 

4-3 
4.1 
4-1  
3-4 
3-4 
3.6 
5.4 
5.8 
6-8 
6.2 
6-5 
7.4 
4.7 
5.1 
4-6 
5.3 
5.5 
5.5 
6.2 
6.2 
6-5 
5.8 
4-9 
4-3 
5.9 
4.8 
4.6 
4.1 

4.3 
4.1 
3.4 
3.6 
5.4 
5 . 8  
6-8 
6.2 
6.5 
6-5 
7.4 
4 . 7  
5-1 
4-6 
5.3 
5-5  
6.3 
6.2 
7.1 
5.8 
4-9 
4.3 
5.9 
5.0 
5.0 
4.1 
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TABLE 2. (Continued.) 
Found (?A) 

R' 
R = 2-pliidyl. 

p-Fluorophenyl- ................................. 
p-Chlorophen \-I- ................................. 
p -  Bromo phen y 1- 

2 : 4-Dimethylplicnyl- ........................ 

p-Methoxyphen y l- .............................. 

p-92-Proposyphenyl- ........................ 

p-isoPen tylosyphenyl- ........................ 
2-Diphen j-1 yl- .................................... 

.............................. 
p-To l~ l -  .......................................... 
~~Z-Tolyl- .......................................... 

p -  ii-E!.i t yl phen y 1- .............................. 

p-I'henetyl- .................................... 

p-tz-Butoxyphenyl- ........................... 

l-Saphthyl- .................................... 
P-Saphth yl- .................................... 

R = 2-thiazolyl. 
p -  Fluorophenyl- ................................. 

p-Bromophenyl- .............................. 
p-Chlorophenyl- ................................. 

5 : 4-Dimethylphenyl- ........................ 
p-)i-Propylphenyl- .............................. 
p-Methosyphen yl- .............................. 

?-Yap11 th yl- .................................... 

.WV'-Di-( 1 : 2-dihydroindan-5-yl)- ......... 
aVN'-Di-(4-cliloro-l-naphthyl) ............. 

phenyl- ....................................... 

p-Tolyl- .......................................... 

p-Phenetyl- .................................... 
l-Saphthyl- .................................... 

T 'nr io !Is f h io it Yeas. 

~V-(4-Cl~loro-l-naplithyl) -.V'-p-fluoro- 

S- (4-Chloro- 1 -naphth yl) --V'-5-diphenylyl- 
S-p-Butoxyphenyl-N'-(J-hydroxy-l- 

naphthy1)- .................................... 
-V-( 6-Methyl-2-pyridyl) -N'-2-naphthyl- ... 
S N  '- D i . 2 . t h i a zol y 1 ............................ 

Y- (6-Methyl-2-pyridyl) -N'- l-naphthpl- ... 

p-Alkyloxyanilines were prepared 

31. p. 

178" 
208 
3 .> 4 
192 
174 
193 
156 
SO 8 
'09 
171 
149 
146 
176 
236 
"4' 

-- 

181 
204 
206 
20 1 
204 
204 
21" 
203 
53.5 
J 3 4 -, - 

127-128 
"5 

199 
19s 

181 
212 
953 
263 

in good 

Formula 

C 12HloS,SF 
C,,H,,S3SC1 
C ,,H loS'3SBr 

C,,H,,X,S 
C lPH ,S,S 
C ,H ,J,S 

13s3s 

c 13H 130x3s 

C,,N,,ON,S 
C15H ,;ON,S 
C,,H,,OS,S 
C,,H,,ON,S 
Cl,H 15K3S 
C 16H , , S 3 S  
C,,H,,S,S 

c ,,I r,,ss 
C?,H 14S2SC14 

C ;H ,,F,SCIF 
C,,H 17S2SC.l 

C 

58.0 
54.3 
46.4 
64.0 
64-2 
6.5.0 
67.3 
60.1 
61.3 
62.8 
63.8 
64.4 
70.5 
68.6 
68-.5 

47.3 
41.3 
38.0 
53.1 
54.6 
,5605 
49-6 
.71-3 
59-0 
5S.G 

74.2 
63.3 

61.5 
70.9 

68.6 
69.8 
69.5 
31.3 

yields (7&906/,) by 

Reqd 
C 

58.3 
54.6 
46-6 
64.1 
64-1 
65.3 
67.3 
60.2 
61.5 
62.7 
63.7 
64.7 
70-8 
68.8 
68.8 

47.4 
44-5 
38-2 
53-0 
34.7 
56-3 
49.5 
51.6 
58.9 
58.9 

74-0 
63.4 

61-8 
71.0 

68-8 
69.6 
69.6 
34.7 

(76'0) 
H 

4.0 
3.7 
3.2 
5.3 
5-3 
5.8 
6.6 
5.0 
5.4 
5-9 
6.3 
6-6 
4.9 
4.6 
4.6 

3.1 
2.9 
9.5 
4.4 
4.9 
5-4 
4.1 
4.6 
3-8 
3.5 

6.4 
3.5 

3.6 
4.3 

6.0 
5.1 
5.1 
3.4 
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refluxing for 4-- 
6 hr. an ethanol solution -of p-formamidophenol (1 mol.) and potassium hydroxide 
(1 mol.) with the appropriate alkyl bromide (1 mol.), and subsequent alkaline hydrolysis 
of the crude p-alkyloxyformanilide. The following amines were thus obtained : p-iso- 
Propoxyaniline, pale yellow oil darkening rapidly on exposure to the air, b. p. 146- 
147"/15 mm., ng 1.5471 (Found : C, 71.4; H, 8.5. C,H1,OS requires C, 71.5; H, 8.6%); 
p-n-propoxyaniline, ng 1-5455 ; p-n-butosyaniline, n2,8 1.5398 ; p-isobutoxyaniline, b. p. 149- 
150'/15 mm. ; p-isopentyloxyaniline, ng 1-5302 ; p-n-pentyloxyaniline, b. p. 175-176"/17 mm., 
n2,6 1-5345 (Found : C, 73-5; H, 9.6. CllH1,ON requires C, 73.7; H, 9.5%) ; p-n-heptyloxy- 
aniline, b. p. 202-204"/16 mm., shiny leaflets, m. p. 46-47' (from ligroin) (Found : C, 75.3; 
H, 10.2. C1,H2,0N requires C, 76.4; H, 10-lyo) ; p-3'-phenylpropoxyaniZine, b. p. 234- 
236"/15 mm., colourless needles, m. p. 58" (from ligroin) (Found : C, 79.1 ; H, 7-4. C,,H,,ON 
requires C, 79.3 ; H, 7.5%). p-Alkyloxyanilines have usually been prepared in low yields by 
reduction of the corresponding nitro-compounds (cf. Spiegel and Sabbath, Ber., 1901, 34, 1938 ; 
Gutekunst and Gray, J .  Amer. Chem. Soc., 1922, M, 1744), or by alkylation of p-benzylidene- 
aminophenol and subsequent hydrolysis (Philipp, Ber., 1892, 25, 3248 ; Hochster Farbwerke, 

Characterisation of the A mines.4ondensation of the amines (1 mol.) with acetonylacetone 
(1-5 mol.) was effected by refluxing the mixture for 30 min., and the l-aryl-2 : 5-dimethylpyrvoles 
formed (Table 3) were distilled in vacuo; the solid products were crystallised from methanol 
(the yields range from 90 to 100%). Table 4 records new 2-arylamino-3-chloro-1 : 4-naphtha- 
pinones, obtained by briefly refluxing an ethanol solution of the arylamine (1 mol.), 2 : 3-di- 
chloro-1 : 4-naphthaquinone ( 1  rnol.), and sodium acetate (1 rnol.) ; the precipitate obtained on 

D.R.-P. 69,006). 



1580 N N'- Diaryithiourens of Potent id  Biological Iderest  . 
TABLE 3 . N-Si4bstiticted 2 : 5.dimetltylp~~rroles . 

N-Substituen t B . p./mm. R.1 . p . 
p-n-Propoxyphenyl- ...... li6"/13 4i" - p-isoPropoxypheny1- ...... 177/25 
p-isoButoxypheny1- ...... 179/14 45 
p-n-Butoxyphenyl- ......... 1S6/13 39 
p-isoPentyloxypheny1- ... 1 S9 / 13 - 

13 - $-s?-Pentyloxyphenyl- ...... 180-192 

p-3-Phenylpropoxyphenyl- 269 / 16 
o-Ethoxyphenyl- ............ 155-160 
p-11-Propylphenyl- ......... 1Gi/23 
p-$1-Butylphenyl- ............ 1 i 8 / %  
p-n-Heptylphenyl- ......... 405/35 

p-12-Heptyloxyphenyl- ... '"22/15 

o-Methylthiophenyl- ......... . 

. 
G8-GO 

13 . 
. 
. 
. 
91 

Formula 
C.. H ISOX 

C16Hz10X 
C. .H.. ON 
C. .H.. OX 
C..H.. OX 
C21H230S 

C1.H.. ON 
cl 6H. .ON 

C..H.. OX 
CI . H 19x 
CI6H.. S 

1.5296 C.I,H,;S 
- Ci3H..  SS 

Found (7;) 
C H  

78-5 8-5 
i8.3 8.1 
78-8 8.9 
79.1 8 a . 5  
i9-0 9-1 
$9.3 9.1 
i9.9 9.3 
s3-3 7-6 
78.0 i - 9  
84.7 S.8 
84 . ;, g . s 
s4-9 10.3 
i l .5  6.9 

TABLE 4 . 2-Szibstitzded 3-chloro-1 : 4-1za~lithaquiirones 
Found 

2-Substituent 11 . p . Formula C 
p-n-Propylanilino- .............................. 141' Cl9HlGO, KCI 69.8 
p-n-But ylanilino- .............................. 1 39 C,, H .O. SC1 $0-3 
p-n-Heptylanilino- ........................... 1 54 C.3H2.O. NCl i 4 . l  
p-n-Propoxyanilino- ........................... 1 62 Cl.H1.O. XC1 66.8 
p-isoPropoxyanilino- ........................... 1 it i  c . 19H 1 . 03sc I 66-5 
p-n-Butoxyanilino- ........................... 1 55 C.,,H 803XCl 6 i - 2  
p-isoButoxyanilino- ........................... 1 Y I i... H .. XC1 67.5 
p-n-Pentyloxyanilino- ........................ i 4 i  C.. H. 0 . S C l  GS.0 

9-92-Heptyloxyanilino- ........................ I 36 (',,M,,O,XC.l 69.6 
p-3-Phenylpropoxyanilino- .................. 1 i( ) C.,5H,,0,SC.L 73.0 
3 . 4-Dichloroanilino- ......................... 316 C..H.O.SCl. 54-1 
2-Methoxy-5-methylanilino- ................. 1 87 C @H 1403?KC1 65-8 

p-isoPentyloxyanilino- ........................ I 45 (.*? H ..c)..i i. 1 63.3 

a 2 : 5-Dichloroaniline did not give a norms1 condensation product . 

TABLE 5 . 2 : 5-Disztbstitzded 3 : 6-dichloro-1 : 4.benzoquinones . 
Found (%) 

2 : 5-Substituents RI . p . Formula C H  
p-n-Propylanilino- .............................. 268" Cz4H..0.S.C1. 64-7 5.8 
p-n-Butylanilino- .............................. 564 C.~H.BO.K.C~. 66.0 8.9 
p-n-Heptylanilino- ........................... 2 12 C..H..O.N.C1. GO.0 7.1 
p-n-Propoxyanilino- ........................... 251 C.4H2.0.N.CI. 60.3 5 3  
p-isoPropoxyanilino- ........................... > 300 C..H..O.X.Cl. 60.5 4-8 
p-n-Butoxyanilino- ........................... 24s Ce6H..0.N.CI. 61.9 5-4 
p-isoButoxyanilino- ........................... 2 58 C2.H.s0.N.C1. 62.2 6.6 
p-n-Pentyloxyanilino- ........................ 241 c..1132@.s.c. 1. 63.1 6.3 
p-isoPen tyloxyanilino- ........................ 362 C..H..O.S.CI. 63-3 5.9 
p-n-Heptyloxyanilino- ........................ 234 C.. I-J~.04X.Cl. 65.1 '7.0 
p -  3- Phen ylpropox yan il ino ................... 3 4 8 C.6H..0.N.Cl. 68.i 5.0 
3 . 4-Dichloroanilino- ......................... > 330 C..H.O.X -.. C1. 43.1 1.9 
3-Methoxy- 5-methylan ilino ................ 26 3 C2._H2,0,3 ?C1. 58.5 4.3 

2 : 5-Dichloroaniline did not give a normal condensation product . 

Keqd . ( % I  
C H  

78.6 8.2 
78.6 8.2 
79-0 8.6 
79-0 8.6 
79.3 8.9 
79-3 s-9 
s0.0 9 4  
82.6 '7.5 
78.1 5.9 
84-5 8.9 
si-5 9-2 
8 4 - i  10.0 
71.8 6.9 

Reqd . (s/o) 
C H  

i0-0 4.9 
70.6 5.3 
52.3 6.2 
66-7 4.6 
66.5 4.6 
67.5 5.0 
Gi-5 5 0  
68.2 5-4 
6s-2 5.5 
69-4 6.0 
71.8 4.7 
54.4 5.3 
6.5.9 4.2 

Reqd . (7;) 
C H  

65.0 5.4 
66.2 5.9 
69.1 i . 2  
60.6 5.0 
60.6 5.0 
62.0 5.5 
62.0 5.8 
63.3 6.0 
63.2 6.0 
65.1 6.8 
68.8 5-1 
43.4 1.6 
59.0 4.4 

cooling was crystallised from ethanol . 2 : 5-Bisarylamino-3 : 6-dichloro- 1 : 4-benzoquinonesI 
similarly prepared from chloranil (1 mol.) and the appropriate arylamine (2 rnol.), were 
recrystallised from ethanol or ethanol-pyridine ; they are listed in Table 5 (yields : 80 to 98%) . 

Preparation of A vyl isoThiocyanates.-A solution of the appropriate thiocarbanilide ( 1 mol.) 
in acetic anhydride (2 mol.) was gently refluxed for 10 min., the resulting mixture slowly 
fractionated in vacito. and the isothiocyanate. obtained in S0-90~0 yield. was redistilled ; the 
new aryl isothiocyanates are listed in Table 6 . 

A solution of equi- 
molecular amounts of the appropriate arylamine and aryl isothiocyanate in a few drops of 
ethanol was heated a t  45-50' for some minutes; in most instances. the thiourea formed 
solidified immediately and was recrystallised from methanol. ethanol. or ethanol-benzene . In 
the case of o-substituted arylamines or aryl isothiocyanate. the thiourea was formed more slowly. 

Preparation of Disubstituted Thioureas.-(a) Unsyntmetvical thioureas . 
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TABLE 6. A ryl isotlzzbcyatzates. 
Found ( : lo) Reqd. (7 ; )  

p-a-Propylphenyl. ......... 150°/15 72p5 1.5012 C,,H,,NS - - - - 
B. p./mm. 1: Formula C H C H  

p-n-Butylphenyl ............ 162 / 18 +j3 1.5880 C,,II,,NS 69.0 6.9 69.1 6.8 
p-n-Heptylphenyl b ......... 305-!?0i/3l - C14H,,XS 78.3 S . 0  72.1 S.1 
p-n-Propoxyphenyl ......... 174 / 15 91% 1-GO73 C1,H,,OlSS 63-1 5.6 62.1 5.6 
p-isoPropoxyphenyl ......... 1 70 /17  PI^ 1.6956 C,,H,,OXS 62.2 5.8 62.1 5-6 
p-n-Butoxyphenyl ............ 190-101/16 ng 1-5942 C,,H,,OSS 63.6 6.5 63.7 6.3 
p-n-Pentyloxyphenyl ...... 262-204j16 1-5726 C,,H,,OSS 65-0 7.0 65.1 6.7 
p-isoPentyloxyphenylc ... 195-196/15 7~9 1.5803 C,,H,,OSS 65-2 6-9 65.1 6-7 

2-Diphenylyl- .................. 3 13/32 71g 1.6162 C1,HsSS 7’3.9 4.5 i3.9 4.8 

2 : 4-Dimethylphenyl8 ...... 114--145/16 I:?: 1.6102 C,H,SS 

p-Fluorophen yl ............... 215 j:g 1.6116 C,H,SSF 54.8 2.6 64.9 2.6 

2 : 3-Dimethylphenyl ...... 146/13 ng 1.6119 C9HsSS - - - -  
- -  - -  

a Francksen (Zoc. c i t . )  ga\-e b. p. 333’. * SdidiScrl a t  room temperature to a fat-like m a s s  
Prepared by a different method by Dyson, 

8 Prepared by \-l’erner (J., 
e Crystallised as long flat prisms, m. p. 43’, from ligroin. 
George, and Hunter (J., 1027, M O ) ,  who gave b. p. 262--263O/760 mm. 
1891, 59, 405). 

and with o-tri.lluoromethylaiiiliiie only the symmetrical thiourea corresponding to the aryl 
isothiocyanate wits isolated. 

(b) Symmetrical thioureas. A mixture of the arylamine (2 mol.), sulphur (0.5 mol.), carbon 
disulphide (2 rnol.), and ethanol was gently refluxed for 24 h., the mixture obtained filtered, 
and the filtrate concentrated. The thiourea formed was recrystallised from methanol, ethanol, 
or ethanol-benzene ; the yields range from 90 to 100%. 

All these thioureas undergo thermal decomposition on prolonged heating below their m. p.s ; 
the m. p.s therefore depend to a great extent cn the sFeed of heating. This accounts for the 
wide discrepancies recorded at  times in the literature. In  the present wcrk m. p.s were taken 
with a Maquenne block, and represent the Foir,t of instantaneous liquefaction. 
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