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NN'-Diarylthioureas arnd Related Compounds of Potential Biological
Interest.

By Nc. Pu. Bru-Hof, NGc. D. Xvoxg, and Nc. H. Nam.
[Reprint Order No. 5978.]

A large number of new N N\'’-diarylthioureas and similar sulphur com-
pounds has been synthesised for testing for tuberculostatic activity and
inhibitory properties against influenza virus. The preparation of p-alkoxy-
anilines, aryl isothiocvanates, and a series of aminonaphthaquinones and
l-arylpyrroles was also investigated.

TrIOUREA and its derivatives are tuberculostatic. Thiourea itself possesses a slight but
definite activity :» zitro, which is enhanced by appropriate substitution, as in allylthiourea
(Jouin and Buu-Hoi, Ann. Inst. Pasteur, 1946, 72, 580), and especially in p-aminobenzene-
sulphonylthiourea (Mayer, Chem. Abs., 1941, 36, 5199; Jouin and Buu-Hoi, loc. cit.), but
NN’-diarylthioureas failed to reveal significant activity ¢» vitro; this group was not therefore
investigated further. Interest in these compounds has recently revived with the discovery
of outstanding tuberculostatic properties in NN’-di-(p-n-butoxyphenyl)thiourea and related
compounds (Mayer, Eisman, and Konopka, Proc. Soc. Exp. Biol., 1953, 82, 769; Huebner
et al., J. Amer. Chem. Soc., 1953, 75, 2274), and this activity has been confirmed in a series
of new NN’-diarylthioureas (Buu-Hoi and Xuong, Compt. rend., 1953, 237, 498). Further,
4 : 4'-dialkoxythiocarbanilides 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, Gley, Xuong, and
Bouffanais, Compt. rend., 1954, 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 NN’-diarylthioureas were most con-
veniently obtained by Hugershof's method (Ber., 1899, 32, 2246), involving the heating of
a primary arylamine with carbon disulphide and sulphur in ethanol. Aryl ¢sothiocyanates
used in the preparation of unsymmetrical NN’-diarylthioureas were found, at variance
with the literature (cf. Guillaumin, ‘‘ Traité de Chimie organique de Grignard,”
Masson, Paris, 1939, vol. XIV, p. 348), to be readily accessible by an extension of
the Werner reaction (., 1891, 59, 399) involving a brief heating of symmetrical NN’-di-
arylthioureas with acetic anhydride. Condensation of the aryl fsothiocyanates with a
variety of primary arylamines was readily effected in high yields, except in the case of
p-nitroaniline, which gave no condensation product with aryl isothiocyanates or carbon
disulphide under the conditions of the Hugershof reaction. p-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 ¢sothiocyanate with p-aminobenzenesulphonamide; condensation of the last with
various aryl zsothiocyanates afforded a series of unsymmetrical thioureas bearing the
p-sulphonamidophenyl radical. An interesting failure of a primary arylamine to condense
with aryl 7sothiocyanates was encountered with o-trifluoromethylaniline ; this could clearly
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be attributed to steric hindrance (cf. Buu-Hoi, Royer, and Hubert-Habart, Rec. Trav.
chim., 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. 2-Aminopyrimidine proved unreactive.

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’-zsopentyloxythiocarbanilide.

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-Hof,
Royer, and Eckert, Rec. Trav. chim., 1952, 71, 1059), and the 1-aryl-2 : 5-dimethylpyrroles
obtained with acetonylacetone (cf. Buu-Hoi, J., 1949, 2882), were prepared for
characterisation.

EXPERIMENTAL {with E. LescoT, jux.]

The numerous products are tabulated. Unless otherwise stated, those for which no analysis is
given are already known; all the others are new. Ligroin had b. p. 100—120°).
Preparation and Characterisation of p-Alkvi- and p-Alkoxy-anilines.—p-Alkylanilines were

TasrE 1.
(a) Unsvinmetrical substituted thiocarbanilides.
TFound (%5)  Reqd. (%)
Thiocarbanilide M. p. I‘'ormula C H C

4-Bromo-4"-fluoro- .............oo el 1777 CsH [y N.SBrl¥ 478 30 48-0 30
4-Bromo-4’-chloro- 202 C,3H4N,SBrCl1 455 28 456 2-9
4-Bromo-2’-chloro- ......... s 198 C,3H,,N,SBrCl 452 3-0 456 2.9
4-Bromo-4’-isobutoxy- ........... 198 C,;H ,ON,SBr 53-6 5-2 53-8 5-0
4-Bromo-2’: 5’-dimethoxy- .... 137 CsH ;0,N,SBr  49-0 4-1 49-0 4-0
4-Bromo-4"-n-heptyloxy- ....... 183—184  C,,H,,ON,SBr 56-8 5-8 37-0 5-9
4-Bromo-4’-dimethylamino- . 208 Cy:H (N;SBr 51-1 48 51-4 45
4-Bromo-2’-phenyl- ... 173 C,oH ,5N,SBr 593 39 595 39
4-Bromo-4’-hydroxy- .....................e. 196 C,3H,,OXN,SBr 48-1 3-7 48-2 34
4-Ethoxy-4"-methyl- ......................... 142 C,6H,sON,S 67-0 6-3 67-1 6-2
4-Methoxy-4’-methyl- . 161 C,sH (ON,S 66-0 6-1 66-1 58
4-Methyl-4’-n-propoxy- 142 C,-H,,ON,S 67-7 65 68-0 6-6
4-Methyl-4’-isopentyloxy- e 135 C,,H,,0N,S 69-4 7-3 69-5 7-3
4-i1soButoxy-4’-methyl-  ........... ... 152 C,sH,0N,S 68-5 7-1 68-7 7-0
2-Methoxy-4-methyl- ............. .. ... 149 C,sH,;sON,S 66-0 6-0 66-1 5-8
2: 5-Dimethoxy-4’-methy1 e e 128 C,6H,50,N,S 637 5-8 63-5 5-9
2-Ethoxy-4’-methyl- .. s 156 C,6H sONS 71 6-3 67-1 6-2
4-n-Butoxy-4 -meth}l- SN 139 C,sH,,0ON,S 68-6 7-3 68-7 7-0
4-Methyl-4’-(3- phenvlpropo*(\) s 130 CzaHHO\ 2S 73-3 6-3 73-4 6-3
4-Ethyl-8-methyl- ~ .........0................ 98 CeH 1sN,S 708 68 711 66
2 Eth}l -4’-methyl- . 182 C1eH NS 710 6-8 71-1 6-6
HR IS Trlmnthyl- BN 156 Ci6H N,S 70-8 6-5 71-1 6-6
4 ’\Iethoxy- 13- dlmethsl- 183 C,6H,sON,S 66-8  6-0 67-1 6-2
4-Bromo-4'- methoxw- cs 202 C,H ,3ONZSBr 49-7 3-9 49-8 3-8
2-Chloro-4’-methoxy-  ....c..cooeooiian... ... 173 C,,H,3,0N,SCI 57-2 4-5 574 44
4-Fluoro-4’-methoxy- .............coeeen... 172 C,sH ;OXN,SF 60-8 5-0 60-8  4-7
2: 4"-Dimethoxy- ......... 161 C5H 40,N,S 62-2 5-4 62-4 55
2-Ethoxy-4'-methoxy- ............. 157 C1sH1sO N,S 63-3 6-1 63-5 59
4:2’:5-Trimethoxy- ............ 149 C ek lﬁ03\'28 60-0 53-8 60-3 5-6
4-Arsono-4’-methyl- ............. ... d.ca. 262* C,H,,O;N,SAs 454 3-8 45-9 4-0
4-Hydroxy-4’-methoXy- ......cc.occoevnn. ... 198 C1iH,,0,N.S 6111 52 613 51
4-Butoxy-4"-methoxy- ..................... ... 164 C,sH,,0,N,S 65-1 6-6 65-4 6-6
4-isoButoxy-4’-methoxy- ..................... 161 C,sH20,N, 65-6 6-5 65-4 6-6
4-Methoxy-4-isopentvIoxy- ..........cc.ccu.e 155 C,oH,3,0,N,S 66-1 7-0 66-2 6-9
4-Methoxy-4’-(3-pheny lpropo‘q) ......... 154 Cy3H,,0,XN,S 70-5 6-4 70-4 6-1
4-Ethoxy-2’: 5’-dimethoxy- ............... 149 C,:H,,03N,S 61-3 6-2 61-4 6-0
4-Ethoxy-2"-methoxy- ... 129 C,sH150,N,S 634 60 635 59
4-Ethoxy-4’-(3- phenvlpropou) 147 CagH1g0,N,S 70-6 6-6 70-9 6-4
4-Ethoxy-4’-hydroxy- . .. 196 C,sH,,O,N,S 62- 53-8 62-4 5-5
2-Chloro-4’-ethoxXy- .......coeivieinniiennnnnns 191 C,;H,;0X,SC1 584 50 58-7 4-8
4-Ethoxy-3’ : 4'- dlmethvl- 122 C,;H.,ON,S 68-1 6-9 68-0 6-6

* d. = decomp.
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TasrLE 1. (Continued.)
Thiocarbanilide M. p. Formula
3-Chloro-4’-ethoxy- 133° C,5H,;0N,SC1
4-Bromo-4’-ethoxy- .... 179 C,sH,;ON,SBr
4-Dimethylamino- 4’-eth0xy- s 197 C,.H,,0XN;S
4-Ethoxy-4’-fluoro- RO 172 C,;H,;ON,SF
4-Chloro-4’-ethoxy- ..... 189 C,5H,;;ON,SCl
4-Ethoxy-2"-phenyl- .... 144 C;,H,,ON,S
4:3":4’-Trimethyl- .... 134 C,eH sN,S
2-Chloro-4"-methyl- 184 CH 3N,SC1
3-Chloro-4’-methyl- .. 138 C,H 3N,SCl
4-n-Heptyloxy-2": 4’-dimethy1- . 124 CpH3,0ON,S
4-Dimethylamino-2’: 4’-dimethyl- ......... 155 1:Ho NgS
2 : 4-Dimethyl-4"-(3- phenylpropoxy)- 115 CpH,(ON,S
4-Fluoro-2’: 4’-dimethyl- .... 131 1sH s NLSF
2-tert.-Butyl- ................ 190 1:HgoN,
2-tert.-Butyl-2"-ethoxy- . 172 C,oH,,0N,S
4-Bromo-2-fert.-butyl- 187 C,;H yN,SBr
4-Fluoro-4’-hydroxy- 179 ,3H“O\ SF
4-Fluoro-3’-methyl- 125 C,,H 13\'251
4-Fluoro-2’-phenyl- ......... 163 Cm 150N,STF
4-Methyl-4’-sulphonamido- 234 C1H 50,N,S,
2-Chloro-4’-fluoro- ............ 189 C3H [, NLSCIF
4-isoButoxy-4’-fluoro- 179 C,.H ,ON,SF
3-Chloro-4"-fluoro- ...... 136 CnHw\zSCIP
4-Dimethylamino-4’- fluoro- 193—194+  C,,H,(N,SF
4-Chloro-4’- ﬂuoro- 169 C;JHIONZSCIF
4-Fluoro-2": -dlmetho‘:y- 161 H,;0,N,SF
4-Fluoro-4'-n-heptyloxy- ....... 162 Con..-O\’ Sr
4-Fluoro-4'-(3- phenxlpropox;) 139 CyH,,ON,SF
4 Chloro-4’-n-propoxy- . s 189 C,¢H,;ON,SCl
4-(3-Phenylpropoxy)- 4 propn\\- ...... 143 CosHagO,N,S
4-Fluoro-4’-n-propoxy- . . 178 CNH”O\ SF
4-Dimethylamino-4-n- propoxx- 156 C;sH,330N;S
4-Hydroxy-4'-n- -propoxy- ... 198 C,¢H140,N,S
4-1soButoxy-4’-n-propoxy- 175 CooH,60,N,S
4-n-Pentyloxy-4’-1#-propoxy- ............... 167 Ca;H,40,N,S
4-n-Heptyloxy-4'-n- propo*(y- . 162 Cy3H,3,0,N,S
4-Bromo-4’-»n-butoxy- 189 C,-H,,ON,SBr
4-n-Butoxy-4’-fluoro- .................. 168 C,,H,,ON,SF
4-n-Butoxy-4’-(3-phenylpropoxy)- ......... 149 Cy,eH 3002‘\4 S
4-n-Butoxy-4’-hydroxy- ..................... 186 C,7Hg,0,N,S
4—n-Butoxy-4’-triﬁuorometh_vl- 186 CsH 19O\ 2SF,
4-Chloro- 4’-zsopentx loxy- .. 186 C,4H,,0N,SC1
4-Fluoro-4"-tsopentyloxy- ............ 171 C,sH,,ON,SF
4-n-Heptyloxy-4”~ zsopentyloxy 121 C,sH;60, \2S
4-isoPentyloxy-4’-(3- phenylpropoxv) 132 Co;H3,0,N,S
4-Hydroxy- 4’-zsopentyloxy- 158 C,sH3,0,N,
4-Hydroxy-4'-n- pent}loxy- 172 C,sH,,0,N,
4-Dimethylamino-4’-n-penty- loxv ......... 142 CyoH,,ON,S
4-isoButoxy-4’-n-pentyloxy- ....... 143 Cs,H;,0,N,S
4-Chloro-4"-n-pentyloxy- .......... 172 C,sH,,0ON,SCl
4-Fluoro-4’-n-pentyloxy- ... 168 C,4H,,0ON,SF
4-isoButoxy-2’-phenyl- ...... 145 Cp3H, 4 ON,S
4-Dimethylamino-?’-phenyl- 174 C,,H, NS
4-Hydroxy-2’-phenyl- 168 C3H,;4ON,S
4-Chloro-2’-phenyl- 191 CH;N,SCl
4-n- Hept\lo-{v-”-phenyl- .......... 123 C,¢H,,0N,S
2-Phenyl-4"-(3- phenylpropoxx) 131 CogH,,ON,S
4-Fluoro- ...... . - 194 Cy H,,N,SF
4-Fluoro- 4’-methy1- 179 C,H 3N, SF
4-Fluoro-2’-methoxy- 121 C,H,;0ON,SF
2-Ethoxy-4’-fluoro- 134 C;;H;ON,SF
4-Ethvl- ... 129 CysH 6N
4-Ethyl-4"-methyl- ....... 155 C,eH 15N,
4-Ethyl-4’-methoxy- ....... 163 C,¢H30N,S
4-Ethoxy-4’-ethyl- .... 158 C,;HON,S
2-Ethoxy-4"-ethyl- ......... 148 C,,H,,0N,S
4-Ethyl-4’-isopentyloxy- ..................... 138 CyH,40ON,S
4-Bromo-4’-ethyl- ................ ... 198 C,sH ;N,SBr
4-Ethyl-2’ : 4’-dimethyl- 119 C”HZOA\T
4-Ethyl-2 : 3’-dimethyl- ..................... 172 C,-HyN,S
4-Ethyl-4’-n-propoxy- 154 C,sH,,0ON,S

TFound (9
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Thiocarbanilide
4-Ethyl-4’-isopropoxy- ..

4-Bromo-3’-fluoro-6" metho‘c)—

4-n-Butoxy-4'-ethyl- ..
4-isoButoxy-4"-ethyl-.......
4-Ethyl-4’-fluoro-

4-Chloro-4’-ethyl- ...
4-n-Propyl- ..
4-Methyl-4"-5- propyl-
4-Methoxy-4’-n-propyl- ...............

4 -Methoxy-4~ sulphonamldo-
2-Methoxy-4’-n-propyl-
4-Ethoxy—4’-n—propyl-

Buwu-Hoi, Xuong, and Nam :

2-Ethoxy-4’"-n-propyl- ........

4-isoPentyloxy-4’-n-propyl-
4-Bromo-4'-n-propyl-...

2 : 4-Dimethyl-4’-n- propyl-
2-Phenyl-4"-n-propyl-
4-n-Propoxy-4’-n-propyl- .....

4-isoPropoxy-4’-n-propyl- ...

4-n-Butoxy-4'-n-propyl-

4-i1soButoxy-4’-n-propyl- ...
4-Fluoro-4"-n-propyl- .... -

4-Chloro-4’-n-propyl-
4-n-Butyl- ......
4-n-Butyl-4" methyl- .......
4-n-Butyl-4-methoxy- ....
4-17-Butyl- ”-metho*u-
4-n-Butyl-4’-ethoxy- ..
4-n-Butyl-2’-ethoxy-
4-n-Butyl-4’-isopentyloxy-
4-n-Butyl-4’-n-propoxy-

4-n-Butyl-4’-isopropoxy- ... i
4-n-Butoxy-4'-n-butyl- ..................
4-isoButoxy-4-n-butyl- .

4-n-Butyl-4’-fluoro- .......
4-n-Butyl-4’-chloro- ....

4-Bromo-4’-n-butyl- ......
4-Fluoro-4’-n-heptyl-
4-Chloro-4"-n-heptyl-
4-Bromo-4’-n-heptyl-

4-Ethoxy-4’ sulphouarniao“j..:mm:::m

4-n-Heptyl-4"-methyl ........
4-Ethoxy-4'-n-heptyl- ....
4-n-Heptyl-4’-n-propoxy- .....
4-n-Heptyl-4’-isopropoxy- ..

4-1-Butoxy-4"-n-heptyl-

4-n-Heptyl-4'-isopentyloxy
4-Ethyl-4’-n-propyl- ......
4-n-Butyl-4’-n-propyl-

4-n-Heptyl-4’-n-propyl-
4-n-Butyl-4’-ethyl-

4-n-Butyl-4’-n-heptyl- ...
2-Methylthio- ........

4-Methyl- "’-methylthlo-
3-Methyl-2’-methylthio-
2-Methylthio-4"-#-propyl-

4-n-Butyl-2-methylthio- .....................
4-Ethoxy-2"-methylthio- ...............
2-Methylthio-4’-n-propoxy- ............

2-Methylthio-4’-isopropoxy-
4-n- Butoxy—"’-methy Ithio- .......
4-isoButoxy-2’-methylthio- .
2-Methylthio-4’- zsopentwlo*n SN
4-Fluoro-2’-methylthio- .
4-Chloro-2’-methylthio-
4-Bromo-2’-methylthio-

O MethyISElenO- .....ooeeeeenosoisoesorons s

@ No m. p. available in the literature for this compound (Ganapathi, J. Indian Chem. Soc.,
1940, 11, 4, 298).

15, 255; Proc. Indian Acad. Sci.,

4-isoButoxy-4’-n-heptyl- ...............

NN'-Dzarylthioureas and

TaBLE 1. (Continued.)
Found (%)
M. p. Formula C H C
134° CIBHHO\' S 685 73 687
152 CH,,ON,SBrF  47-0 31 473
144 C,H 240\25 69-5 72 69-5
146 C,,H,,0X,S 69-6 7-6 69-5
e 168 CysH X,SE 654 54 656
...... 197 C1sH13N,SCl 616 52 619
...... 126 CeH 1o NoS 710 66 711
...... 131 1:H,,N,S 716 70 718
...... 164 Cl,H.,oO\'..S 67-9 6-6 68-0
232234  C,H,;0,N 3a 49-5 42 493
129 C,:H40X,S 681 635 680
166 C,sH,,0N,S 685 71 687
...... 161 ClaHnO\z% 684 72 687
...... 133 cannaox’ 70-8 &0 707
..... 187 C,eH ,-N,SBr 347 50 550
129 ClaHaN.S 726 75 724
143 CaH,,N,S 765 62 763
168 C,sH,ON,S 69-6 7-6 69-5
..... 155 C,H,,0ON,S 69-4 75 69-5
...... 157 CaoHaeON,S 7000 75 701
...... 159 CoHaON,S 702 76 701
...... 157 Cet,-N.SF 666 60  G6-6
177 CyeH 5 N,SC1 62:8 55 630
144 C,-H.N,S 717 72 718
137 CyH,aN,S 723 75 724
169 C,sH,.0N,S 68-4 71 687
121 C4H.ON,LS 63-5 7-2 68-7
159 C,sH.,0N,S 69-4 72 695
138 C,H,,0N,S 692 71 695
...... 132 CapH,;,ON,S 71-3 82 713
167 CooHaeON,S 762 76 70-1
...... 133 CyoH,s0ON,S 702 78 701
...... 161 C.,H,,0N,S 704 79 707
...... 151 C;,H,,ON,S 70-7 78 TCT
162 C,7H 4 N,SF 674 64 675
174 C,.H 4N ,SCl 642 58 640
181 C,,H,,N,SBr 56-0 50  56-1
158 CpoH, s N,SF 69-5 75 697
167 CagH,,N,SCl 66:3 68 665
176 C,oH,sN,SBr 594 61  59-2
...... 246 CysH1:0,N,S, - - =
...... 129 Cp,H,eN,S 740 85 T4l
...... 151 CaaH;3,ON,S 71-3 8-3 71-3
...... 156 C,,H,,0N,S 71-7 7-9 71-8
...... 136 CpH,,0N,S 716 80 718
...... 151 Ca H;,0N,S 725 85 723
...... 116 C,.H,,0N,S 722 86 723
112 C.;H;340ON,S 72-9 87 72-8
139 C,sHy,N,S 723 75 724
164 CyoH,eN,S 735 80 736
138 CayH3oN,S 747 88 750
138 CHagN,S 729 79 730
...... 140 C, H43,N,S 75-4 89 75-3
...... 189 C.sH |, XN,S, 61-5 50 61-2
204 C1sH1eN,S, 62:6 58 625
174 C,sH,6N,S, 62-4 5-6 62-5
183 C,;H,N,S, 64-3 6-2 64-5
179 C,H2sN,S, 651 66 654
202 C,6H,s0XN,S, 60-0 5-5 60-3
204 C,;H,,0N,S, 613 62 614
144 C,.H,,0N,S, 612 61 614
194 C,H,,0N,S, 62-1 6-3 62-4
207 C,sH,,0N,S, 62-2 6-2 62-4
189 CoH,,0N,S, 630 69 633
217 C13H 3N.S,F 572 46 575
225 CiH 14N,S,Cl 541 42 544
228 Cy4H,3N,S,Br 75 38 475
196 C, H N,SSe 521 41 523

Reqd. (9%
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TaBLE 1.
Thiocarbanilide M. p.

4-Methyl-2’-methylseleno- 209°
3-Methyl-2’-methylseleno- e 176
2-Methylseleno-4’-n-propyl- .................. 182
4-n-Butyl-2’-methylseleno- ... 178
4-Ethoxy-2’-methylseleno- e 207
2-Methylseleno-4’-n-propoxy- ....... 203
2-Methylseleno-4’-isopropoxy- ....... 151
4-n-Butoxy-2’-methylseleno- . 195
4-isoButoxy-2’-methylseleno- .... 198
2-Methylseleno-4’-isopentyloxy- ... 189
4-Fluoro-2’-methylseleno- e 221
4-Chloro-2’-methylseleno- .......... 226
4-Bromo-2’-methylseleno- 232
4-Chloro-4’-fluoro-6-methoxy- .. 139
4-Chloro-4’-fluoro-5’-methyl- 151
4-Chloro-5’-fluoro-4’-methoxy-....... 179
3-F1uoro-6-methoxy-4’-methyl- 148
4-Ethoxy-3’-fluoro-6’"-methoxy- 163
3-Fluoro-6- methoxy-4’ 1sopent\10\\- 93
4-Phenyl- . . 208
4- Fluoro 4’- phenyl— 221
4-Bromo-4’-phenyl- ................... 229
4-n-Heptyl-4’-phenyl- ................ 219
4-Methoxy-4"-phenyl- ................ 211
2-Methoxy-4'-phenyl- 223
4-Ethoxy-4’-phenyl- .... 226
2-Ethoxy-4’-phenyl- .... 232
4-1soButoxy-4’-phenyl- ......... 225
4-1soPentyloxy-4'- pllenx - . 195
2 : 4’-Diphenyl- . 226
2: 5-Dichloro- ... 177
2 : 5-Dichloro-4’-fluoro- 174
2 : 5-Dichloro-4’-chloroe- 201
4-Bromo-2’: 5’-dichloro- ..................... 193
2 : 5-Dichloro-4’-methyl- ... 162
2 : 5-Dichloro-3’-methyl- ..... 156
2 : 5-Dichloro-4’-methoxy- 177
2 : 5-Dichloro-2’-methoxy- .......... 154
2 : 5-Dichloro-4’"-ethoxy- 172
2 : 5-Dichloro-4’-n-propoxy- 158
2 : 5-Dichloro-4"-isopropoxy- ....... 151
4- n-Butoxy-Z’ . 5’-dichloro- ......... 145
4-isoButoxy-2’ : 5’-dichloro- 161

2-Methoxy-5- methyl- e 181

2-Methoxy-4"-fluoro-5- methvl- .. 142
4-Chloro-2’-methoxy-5"-methyl- ... 153
4-Bromo-2’-methoxy-5"-methyl- .... 161
2-Methoxy-5 : 4’-dimethyl- .................. 139
2-Methoxv-5 : 3’-dimethyl- .................. 129

(Continued.)

Formula
C,;H,¢N,SSe
C,sHN,SSe
C,-H,,N,SSe
C,sH,3,N,SSe
C,¢H,sON,SSe
C,,H,,0ON,SSe
C;7H,,0ON,SSe
C,sH,,0N,SSe
C,sH,,0N,SSe
C,QHMON2SSe
C,4H ;N ,SSeF
C H 13\ »SSeCl
C,H;N,SSeBr
C,4H,ON,SFCl
C,4H N ,SFCl
C,.H,,ON,SFCl
C,sH,;ON,SF
C,6H;0,N,SEF
C,sH,3;0,N,SF
C1oH 4N,S
C,eH ;N,SF
C,oH ;N,SBr

261 20N e§
CooH 1 sON,S
CyoH 4ON,S
C,;H,,ON,S
C“H..OO-'.S

C.3H,,ON,S
C“H“O\ S

25H 20N,

CsH 10N,SCL
C,3HN,SFCI,
C3HN,SCl,
C,3sHN,SC1,Br
Cy4H ,N,SCl,
C,H,N,SCl,
CNH 12ON,SCl,

C14H,,0N,SClL,

C,;H,,0ON,SCl,
C,¢H,,ON, SCI-.
CIGHISO\ »SCl,
C,-H,,ON,SCl,

C,-H,;,ON 2SCI
ClusO\ S
C,;:H,;ON,SF
C,;H,;;0XN,SCl
C,5H;;0N,SBr
C,6H,sON,S
C16HsONLS

(b) Swynumetrical substituted thiocarbanilides.

:3:2: 3-Tetramethyl-
: 4’-Di-n-heptyloxy- .........
2’-Diethoxy- ....cccoovviniiiiiinni.

: 2’-Diphenyl- .............
: 4’-Di-n-propyl- ..........
: 4-Di-n-butyl- e

: 4’-Di-n-heptyvl- .......

: 2’-Dimethylthio-
2’-Dimethylseleno-

: 4’-Ditsopropoxy-

: 2°-Di-fert.-butyl-
:4 -Disulphonamido- .. .
2’-Dimethoxy-5 : 5" dlmeth\ L

: 4’ Difluoro- .... .
:37: 4: 4"-Tetrachloro-®

L O S S S o U O

% Dyvson, George, and Hunter (/.

: 4’-Dichloro-2 : 2’-dimethoxy- ............

4’-Di-(3-phenylpropyloxy)- ......

151—152¢

224
155

126

159—160
165—166

154
159
152
159
167

180~-181

C,5H,,0,X,SCl,

Cy7HgoN,S
CorHeOuN,S
C1:H30,X,S
CayH390N,S
CasHpoN,S
CoHo N,S
CayHoeN,S
C,-HoN,S
CISHIGH Sy
C,H,eXN,Se,
C1sH3,0.X,S
Ca H,eN,S
C.3H | 40,N,S,
H.0.NLS

O

CoH o N,ST,

C3H,gN,SCl,

Related Compounds of Potential Biological Inievest.
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prepared free from o- and m-isomers by Beckmann rearrangement of the appropriate 4-alkyl-
acetophenone oximes, and hydrolysis of the resulting p-alkylacetanilides. p-n-Propylaniline
thus obtained had b. p. 229°, #% 1-5428; the product prepared by alkylating aniline with
n-propyl alcohol and 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 at 138° whereas a
pure sample was now found to melt at 154°. Pure p-n-butylaniline had b. p. 242°, »% 1-5361;
Reilly and Hickinbottom (., 1918, 113, 983) gave b. p. 258-—260°/750 mm. p-n-Heptylaniline
was a pale yellow oil, b. p. 286°, #% 1-5205 (Found : C, 81-5; H, 11-3. C,3H;,N requires C,
81-7; H, 11-09,); Auger (Bull. Soc. chim. France, 1887, 47, 50) gave b. p. 175°/10 mm. for an
amine prepared by reduction of a nitro-z-heptylbenzene of unknown constitution.

TaBLE 2. NN’-Disubstituted thioureas, R-NH-CS-NHR’.

Found (°;) Reqd. (%)
R’ M. p. Formula C H C
R=1 CIOH-
p-Fluorophenyl- .. 185° C,,H3N,SF 68-6 4-1 68-9 4-3
p-Chlorophenyl ... 192 C,;H3N,SCI 650 43 652 41
m-Chlorophenyl- . 156 C,:H,3N,SC1 65-1 4-1 65-2 4-1
2 : 5-Dichlorophenyl- 202 C,;H . N,S8Cl, 58-3 3-4 58-7 3-4
3 : 4-Dichlorophenyl- 191 C,.H ,N,SCl, 58-5 35 587 3-4
p-Bromophenyl- ... 226 CsH ,N,SBr 56-3 3:5 56-6 3-6
p-Tolyl- ... e 204 C sH 1N,S 740 35 739 54
: 4- Dlmeth\ Iphenvl- 189 C o 4N,S 747 6-0 745 5-8
p Ethxlphen;l- N 17 CsH gN,S 743 6-0 745 58
n-Propylphenyl- 163 CyoHpoN,pS 74-8 6-1 750 6-2
n-Butylphenyl- .......... 164 Ca Hap NS 755 6-5 754 65
p-n-Heptylphenyl- 149 Cy HogN S 76-5 76 76-5 7-4
p-Hydroxyphenyl- 208 C,-H,,ON,S 69-0 4-8 69-3 4-7
p-Methoxyphenyl- .. B 194 C,5H 140N, 70-0 52 70-1 51
3 Fluoro-6- methouphenxl- 137 CsH ;ON,SF 66-0 4-8 66-2 4-6
: 5- DlmethO\\phensl- 153 CoH 50,N,S 67-1 52 67-4 5-3
pPhenetyl- e 201 C1oH sON,S 70-7 55 70-8 55
o-Phenetyl- . 164 CoH,,ON,S 705 56 708 53
p-n- Butox;phen) - 157 C,,H,,0N,S 722 6-5 72:0 6-2
p-isoButoxyphenyl- 166 C,1H,0N,S 72-0 6-1 72-0 6-2
p-isoPentyloxyphenyl- .......... 163 Co.H,,ON,S 72-3 6-8 722 6-5
p-3-Phenylpropoxyphenyl- ............ 152 Cy6H,,ON,S 75-6 59 757 58
o-Methylthiophenyl- ..................... 178 C,gH (NS, 66-3 4-9 66-6 4-9
o-Methylselenophenyl- ............. 174 CsH eN,SSe 58-8 4-4 39-1 4-3
P- Dimethylaminophenyl— 189 CoH 4N S 70-8 6-1 71-0 39
2-Naphthyl- ...... 201 C, H NS 765 50 76-8  4-8
5-Hydroxy-1- naphth'\ 1 219 Cy H [ ON,S 730 15 73-2 4-6
4-Chloro-1-naphthyl- 212 C,,H 5N ,SCl 69-2 4-1 69-5 41
R = 2- CloH
p-Fluorophenyl- .. 203 C,;H3N,SF 68-6 42 689 43
p-Chlorophenyl- . e 215 C,-H 3N,SCl 65-0 42 652 41
2 5-Dichlorophenyl- 179 C,-H ,N,SCl, 58-7 3-7 587 3-4
p-Bromophenyl- ...l 212 C,;H3N,SBr 56-3 3-6 56-6 3-6
p-Tol 4 CHE s 171 CisH NS 736 55 739 54
1 4- Dlmethylphenxl- 163 CoH gN,S 742 6-0 745 58
p Ethylphenyl- P 183 CoH NS 746 6-1 745 58
p-n-Propylphenyl- ...l 179 CyoHyo NS 749 6-2 750 6-2
n-Butylphenyl- .......... 179 C,,H,,N,S 755 6-6 754 6-5
o-tert.-Butylphenyl- .... 200 Gy Hpo NS 751 6-4 75-4 6-5
p-n-Heptylphenyl- .............. 17 C,y3H,6N,S 76-6 74 76-5 7-4
p-Hydroxyphenyl- ... 224 C,;H,OXN,S 69-0 4-9 69-3 47
p-Methoxyphenyl- .. 192 G,sH,,ON,S 70-0 51 70-1 5-1
3-Fluoro-6- methoxyphenvl- ......... 137 C,sH,;0N,SF 66-0 1-8 66-2 4-6
2:5- Dlmethoxyphenxl- 166 C1oH,50,N,S 67-5 35 67-4 5-3
p- Phenetyl— 190 C,sH,0XN,S 70-7 5-4 708 55
p- 1soButoxyphen\l- 179 C,,H,,0ON,S 71-8 6-4 72-0 6-2
p-n-Butoxyphenyl- 185 C,,H,,0N,S 72-1 6-1 72-0 6-2
p-n-Heptyloxyphenyl- ............. 176 C, H,,ON,S 73-3 7-3 73-4 7-1
p-3- Phenylpropoxyphenyl- 171 C,oeH,,ON,S 754 6-0 757 5-8
o-Methylthiophenyl- .......................... 205 CsH 1eN,S, 66-5 50 66-6 4-9
o-Methylselenophenyl- ................... 210 C,H ¢N,SSe 59-0 4-1 59-1 4-3
p- DlmethylammophenvL 172 CeH 1oN,S 70-8 6-0 71-0 59
4-Diphenylyl- .. s 242 Cy3H  4N,S 780 51 779 50
2-Diphenylyl- .. 192 Cy3H | (N,S 779 53 77-9 5-0
4-Chloro- l-naphth;l- 189 Ca;H,5N,SCl 692 43 695 41
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TABLE 2. (Continued.)

Found (%) Reqd. (%)
R’ M. p. Formula C H C H
R = 2-pyridyl.
p-Fluorophenyl- .......cooiviiiieieniniinn s 178° C,H o N,SF 58-0 4-0 58-2 4-0
p-Chlorophenyl- ............ s 208 C1.H o N,SC1 54-3 3-8 54-6 37
p-Bromophenyl-  ......... 224 C.H 1(,‘\;,SBr 46-4 3-2 46-6 3-2
p-Tolyl- ......... 192 C3H 2 3S 64-0 55  64-1 53
m-Tolyl- ... R 174 CsH N, 64-2 53 641 53
2:4- DlmethVIphen\ 193 CaH5N5S 65-0 6-0 65-3 58
p-n-Butylphenvl- ......... 156 CieHsN3S 67-3 6-8 67-3 6-6
p-Methoxyphenyl- ......... 208 C,3H30N,S 60-1 53 602 50
p-Phenetyl- ... e 209 C,,H,;0N,S 61-:3 55 615 54
p-n- PropO\yphenVI— 171 C,;H,;0ON,S 62-8 6-2 62-7 59
p-n-Butoxyphenyl- 149 C,¢H ,ON;S 63-8 65 637 63
p-isoPentyvloxyphenyl- 146 C,;H,,0N,S 64-4 6-7 64-7 6-6
2-Diphenylyvl- ...l 176 CgH NS 70-5 51 70-8 49
1-Naphthyl- 236 CeH 3N,S 686 45 688 46
2-Naphthyl- 242 C,6H 3N;S 685 43 688 46
R = 2-thiazolyvl.
p-Fluorophenyl- ... 181 CoHgN,S, I 47-3 31 47-4 3-1
p-Chlorophenyl- ....... e 204 CoHgN,S,Cl 44-3 31 445 29
p-Bromophenyl- e e 206 C1oHgN,;S,Br 380 28 38:2 2-5
p-To yl- ... . 201 C H IN,S, 53-1 4-7 530 44
1 4- D.methylpheml- 204 C.H 3N,S, 54-6 4-7 547 4-9
p n-Propx lphenyl- ......... 204 C H:N,S, 565 53 563 5-4
p-Methoxyphenyl- ......... 212 C,,H,,0XN,S, 49-6 4-1 49-8 4-1
p-Phenetyl- e 203 C,,H,0XN,S, 51-3 45 516 46
1-Naphthyl- ... 235 Ci H NS, 39-0 35 589 3-8
2-Naphthyl- ... 232 CiH 1 N,S, 586 3% 589 38
Tarious thioureas.
NN’-Di-(1 : 2-dihydroindan-5-yv1}- ......... 127—128  C H, NS 742 6-5 74-0 6-4
NN’-Di-(4- chloro l-naphthyl)- ............ 202 C,,H,,N,SCl, 63-3 3-6 63-4 3-5
N-(4-Chloro-1-naphthyl)- N”-p -fluoro-
phenVl- 199 C,;H ,N,SCIF 61-5 35 61-8 36
N'-(4-Chloro-1- naphthyl) N2 dlphen\ I\I- 198 Cp3H,-N,SC1 709 45 710 4-3
Z\-p Butoxyphenyl-N"-(5-hydroxy-1-
naphthyl)- ........ 181 C,,H,,0,N,S 686 62 688 60
N-(6-Methyl- "-pyrldyl) N1 naphthyl- 212 CH ;NS 69-8 50 696 51
N-(6-Methyl-2-pyridyl)-N"- "-naphthx 1- . 252 C,.H ;NS 695 53 696 51
NN’-Di-2-thiazolyl- ...... 260 C.HN,S, 345 2.7 347 24

p-Alkyloxyanilines were prepared in good vyields (75—909%) by 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., »¥ 1- 5471 (Found: C, 71-4; H, 85. C,H,,ON requires C, 71-5; H, 8-69%,);
p-n- propoxyamhne, ny 1-5455; p-n- butO\yamlme, 7% 1-5398; p-isobutoxyaniline, b. p. 149—
150°/15 mm.; p- zsopentyloxyamlme na 1-5302; p-n pentyloxyamlme, b. p. 175—176°/17 mm.,
n¥ 1-5345 (Found C, 73-5; H, 9-6. C“Hl.,O’_\ requires C, 73-7; H, 9-5%); p-n- heptyloxy-
am'line, b. p. 202—204°/16 mm., shiny leaflets, m. p. 46—47° (from ligroin) (Found: C, 75:3;
H, 10-2. C;H,,ON requires C, 75-4; H, 10-19,); p-3'-phenylpropoxyaniline, 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, 44, 1744), or by alkylation of p-benzylidene-
aminophenol and subsequent hydrolysis (Philipp, Ber., 1892, 25, 3248; Hochster Farbwerke,
D.R.-P. 69,006).

Characterisation of the Amines.—Condensation of the amines (1 mol.) with acetonylacetone
(1-5 mol.) was effected by refluxing the mixture for 30 min., and the 1-aryl-2 : 5-dimethylpyrroles
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-
quinones, obtained by briefly refluxing an ethanol solution of the arylamine (1 mol.), 2: 3-di-
chloro-1 : 4-naphthaquinone (I mol.), and sodium acetate (1 mol.); the precipitate obtained on
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TABLE 3. N-Substituted 2 : 5-dimethylpyrroles.

Found (%)  Reqd. (%)
N-Substituent B. p./mm. M. p. n TFormula C H C H
p-n-Propoxyphenyl- ...... 176°/13 47° — C,sH ,ON 785 8-5 78-6 82
p-isoPropoxyphenyl- 177/25 —  n§ 15485 C,;H, ,ON 783 8-1 786 82
p-isoButoxyphenyl- ...... 179/14 45 — C,¢H,,ON 178-8 89 79-0 8-6
p-n-Butoxyphenyl- ......... 186/13 39 C,6H,,ON  79-1 85 79-0 8-6
p-isoPentyloxyphenyl- 189/13 9514675 CoHLON 790 91 793 89
p-n-Pentyloxyphenyl- ...... 180—192/13 — it 1-4557  C,;H,,ON 79-3 9-1 79-3 89
p-n-Heptyloxyphenyl- 222/15 — nyf 1-4355 C ,H,,ON 79-9 9-3 §0-0 9-4
p-3-Phenylpropoxyphenyl-  260/16 63—69 — Cy,H,,ON  82-3 7-6 82-6 73
o-Ethoxyphenyl- ............ 158—160/13 — n}® 1-5404 C,,H .ON 780 7-9 78-1 79
p-n-Propylphenyl- 164/23 — n$ 1-5479  C H ”_\ 84-7 S-S 84-5 89
p-n-Butylphenyl- ............ 178/23 — n‘f} 5426 C,4H,, N 84-5 95 $4:5 9-2
p-n-Heptylphenyl- ......... 208/25 — nF 1-5296 C H,.N §4-9 10-2 84-7 10-0
o-Methylthiophenyl-......... — 91 — CisH NS 715 69 71-8 69
TABLE 4. 2-Substituted 3-chloro-1 : 4-naphthaquinones.
TFound (%) Reqd. (
2-Substituent M. p. Formula C H C H
p-n-Propylanilino- .... 141° C,,H,O,NCl 69-8 4-6 70-0 4-9
p-n-Butylanilino- 139 CuoH ,s0,NCI 703 51 706 53
p-n-Heptylanilino- e 124 Cy3H,O,NC1 72-1 6-1 72-3 6-2
p-n-Propoxyanilino- ........ 162 C,oH ,40;NC1 66-8 46 667 46
p-isoPropoxyanilino- ... 176 CeH,;O,NCl 66-5 45 66-7 4-6
p-n-Butoxyanilino- 155 C,(,H“O NCl 67-2 52 675 5-0
p-isoButoxyanilino- ...... 15t H,NCl 67-5 a1 67-5 5-0
p-n-Pentyloxyanilino- 147 Lan..oO NCl1 680 56 68-2 54
p-isoPentyloxyanilino- ... 145 ( “21H g0 NC1 68-3 55 682 54
p-n-Heptyloxyanilino- ........................ 136 23H 2,05, NCl1 69-6 61 69-4 6-0
p-3- Phenylpropoxyamlmo- 170 ,5H,003\C1 72-0 4-9 71-8 4-7
3 : 4-Dichloroanilino- ........................ 246 C,sHgO,NCl, 54-1 25 54-4 2.2
2-Methoxy-5- methvlamhno- s 157 C,«H,,O,NCl 658 42 639 42

e 2:5- D:chloroamhne dAd not give a normal condensation product.

TaBLE 5. 2:5-Disubstituted 3 : 6-dichloro-1 : 4-benzoquinones.
Found (%) Reqd. (%)
2 : 5-Substituents M. p. Formula C H C H
p-n-Propylanilino- .................cco 268° CaH,, O, \,CI. 64-7 535 650 54
p-n-Butylanilino- ...... 264 CpreH250,N,Cl, 66-0 59 662 59
p-n-Heptylanilino- 212 Cy,H 4oO,N,Cl, 69-0 7-1 69-1 7-2
p-n-Propoxyanilino- ... 254 CgH,,O,N CI, 60-3 52 606 50
p-isoPropoxyanilino- ... >300 C: H,,0O,N,Clg 60-5 4-8 60-6 5-0
p-n-Butoxyanilino- e 248 CaeH 0, N.Cl, 619 54 620 593
p-isoButoxyanilino- ...l 278 C“HZSO‘A :Cl, 622 55 620 595
p-n-Pentyloxyanilino- . 241 C,gH 3, O NCl, 63-1 6-3 633 6-0
p-isoPentyloxyanilino- .......... 262 CyeH 3,0, N,Cl, 63-3 39 63-2 6-0
p-n-Heptyloxyanilino- .......... 234 C3eI14,O,N,Cl, 65-1 7-0 65-4 6-8
#-3-Phenylpropoxyanilino- .... 228 C;6H,,0,N,Cl, 68-7 50 68-8 51
3 : 4-Dichloroanilino- % ............... > 320 C,sHzO:N,Cly 43-1 1-9 434 16
2-Methoxy-5- methylanlhno- 263 CanHayO,N,Cl, 58-8 4-3 59-0 4-4

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

cooling was crystallised from ethanol.

2 : 5-Bisarylamino-3 : 6-dichloro-1 : 4-benzoquinones,

similarly prepared from chloranil (1 mol.) and the appropriate arylamine (2 mol.), were
recrystallised from ethanol or ethanol-pyridine; they are listed in Table 5 (yields : 80 to 98%).

Preparation of Aryl 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 vacuo, and the isothiocyanate, obtained in 80—909, yield, was redistilled; the
new aryl isothiocyanates are listed in Table 6.

Preparation of Disubstituted Thioureas.—(a) Unsymmetrical thioureas. A solution of equi-
molecular amounts of the appropriate arylamine and aryl isothiocyanate in a few drops of
ethanol was heated at 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,
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TABLE 6. Aryl isothiocyanates.
Found (%)  Reqd. (%
C H H

B. p./mm. 7% Formula
p-n-Propylphenyles ......... 150°/15 n{Fs 1-5942 C,oH ;NS — — — —
p-n-Butylphenyl ............ 162/15 ng 1-5880 C,,H ;NS 690 69 691 68
p-n-Heptylphenyl® ..., 205—207/20 — C, H gNS 72-3 8-0 72-1 8-1
p-n-Propoxyphenyl 174/15 g 1-6072 C,oH,;;ONS 62-1 5-6 62-1 56
p-isoPropoxyphenyl ......... 170/17 #n} 1-:6956 C,H,;ONS 622 58 621 56
p-n-Butoxyphenyl ............ 190—191/16  #n 1-5942 C,,H,,ONS 636 65 637 62
p-n-Pentyloxyphenyl ...... 202—204/16  n§ 1-5726 C,H,;ONS 630 70 651 6-7
p-isoPentyloxyphenyle ... 195—196/15  n§f 1-5802 C,H,;ONS 652 69 651 67
p-Fluorophenyl ............... 215 #3 1-6116 C.H\SF 48 26 349 26
2-Diphenylyl- .................. 312/32 nff 1-6162 C,3HNS 739 45 739 42
2 : 3-Dimethylphenyl? ...... 146/13 ng 1-6119 CoHgXS — — — —
2 : 4-Dimethylphenyl® ...... 1£44—145/16 3} 1-6102 CoHyNS — — — —

e Francksen (loc. cif.) gave b. p. 263°. ¢ Solidified at room temperature to a fat-like mass.
¢ Crystallised as long flat prisms, m. p. 42°, from ligroin. ¢ Prepared by a different method by Dyson,
George, and Hunter (J., 1927, 140), who gave b. p. 262—263°/760 mm. ¢ DIrepared by Werner (/.,
1891, §9, 405).

and with o-trifluoromethylaniline only the symmetrical thiourea corresponding to the aryl
isothiocyanate was isolated.

(b) Symmetrical thioureas. A mixture of the arylamine (2 mol.), sulphur (0-5 mol.), carbon
disulphide (2 mol.), and ethanol was gently refluxed for 24 hr., 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 speed of heating. This accounts for the
wide discrepancies recorded at times in the literature. In the present werk m. p.s were taken
with a Maquenne block, and represent the point of instantareous liquefaction.

DEPARTMENT OF ORGANIC CHEMISTRY,
THE Rapium INsTITUTE, UNIVERSITY OF PARIS. [Received, December 18th, 1954.]




