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573. New NN'-Disubstituted Thioureas and Ureas of Biological
Interest.

By Nc. Pu. Buu-Hof, Nc. D. Xvong, and (Miss) V. T. Suu.

The reactivity of several classes of aromatic and heterocyclic amines
towards aryl isocyanates and isothiocyanates has been investigated, and a
large number of new NN’-diaryl-thioureas and -ureas and their heterocyclic
analogues, most of them bearing halogen groups, have been prepared for
testing as potential antiviral and antibacterial agents.

COoMPOUNDS possessing notable activity 4» vivo against influenza virus have been found
in the group of fluorine-containing thiocarbanilides and analogous sulphur compounds;?
numerous pp’-disubstituted thiocarbanilides possess pronounced antitubercular and
fungistatic activity,? and some are active against human leprosy.® A large number of
new NN’-diarylthioureas and their pyridine analogues, most of them bearing halogen
substituents (particularly fluorine), have therefore been synthesised, by condensation
of primary amines with arylésothiocyanates.# Other substituents included alkyl, alkyloxy-,
and NN-dialkyl groups, whose favourable influence on tuberculostatic activity is known,
and cyclohexyl radicals, which have not previously been investigated but now prove
likewise favourable. Among the pyridine compounds, N-(5-chloro-2-pyridyl)-N’-(p-
fluorophenyl)thiourea is a heterocyclic analogue of 4-chloro-4’-fluorothiocarbanilide, the
most active antiviral compound in the series. Condensations with aryl isocyanates
furnished NN’-diarylureas, also of interest in view of the pronounced activity of certain
polychlorinated carbanilides towards Micrococcus pyogenes var. aureus; 5 N-(5-chloro-2-
pyridyl)-N’-3 : 4-dichlorophenylurea is a heterocyclic analogue of 3:4:4’-trichloro-
carbanilide, the most active staphylostatic compound in the aromatic series.

In these condensations, the greater chemical activity of aryl ¢socyanates than of the
corresponding ¢sothiocyanates was shown by exothermic formation of ureas in the cold,
whereas preparation of most of the thioureas required slight heating; also by the ready
formation of ureas from complex amines such as ketones bearing nuclear amino-groups
(e.g., 4-amino-acetophenone and -benzophenone), methyl homologues of 2-aminopyrimidine,
and 2-amino-5-nitrothiazole, all of which failed to give the corresponding thioureas under
the same conditions. Similarly, sterically hindered arylamines such as o-trifluoromethyl-
aniline reacted instantaneously with aryl ssocyanates, but sluggishly or not at all with
aryl isothiocyanates.® The new symmetrical NN’-diarylthioureas reported were prepared
from the corresponding arylamines and carbon disulphide, by the Hugershoff method.?

The arylamines used in this work were characterised by various other reactions,
including the formation of 2-arylamino-3-chloro-1 : 4-naphthaquinones with 2 : 3-dichloro-
1 : 4-naphthaquinone,® of 2 : 5-diarylamino-p-benzoquinones with chloranil, and of 1-aryl-
2 : 5-dimethylpyrroles by condensation with acetonylacetone.? 2-Amino-5-chloropyridine
behaved like 2-aminopyridine towards w-bromoacetophenones, readily undergoing
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4 Cf. Buu-Hoi and Xuong, Compt. vend., 1953, 287, 498.
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Tschitschibabin cyclisation 1 to give various 2-aryl-6-chloroiminazo[l,2-a]pyridines (I),
which are of interest as potential antipurines. 4-Bromo-3-chloroaniline and 4-bromo-2-
N methylaniline were readily prepared from 3-chloroacetanilide
Z N and 2-methylacetanilide by means of N-bromosuccinimide 1
cil N \%@ R and subsequent hydrolysis; this method was also successfully
M R" applied to 3-fluoroacetanilide for the synthesis of 4-bromo-
3-fluoroaniline. N-Chlorosuccinimide was used in a similar

way for preparing 4-chloro-2-methylaniline from 2-methylacetanilide.
Tests ¢n vitro against Micrococcus pyogenes var. aureus showed several polyhalogenated
carbanilides and thiocarbanilides to be active in a concentration range 1:1075-—10%;
notable activity ¢ wvifro and in wvivo against Mpycobacterium tuberculosis var. hominis

(strain H37 Rv), as well as in vivo against Mycobacterium leprae, was shown by 4-diethyl-
amino-4'-isopentyloxythiocarbanilide.

EXPERIMENTAL

Preparation of 4-Bromo-3-chlovoaniline.—A suspension of 3-chloroacetanilide (34 g.) and
N-bromosuccinimide (36 g.) in dry carbon tetrachloride (300 c.c.) was refluxed for 4 hr.; after
cooling, the solid precipitate was filtered off and treated with hot water to dissolve the succin-
imide, and the remaining 4-bromo-3-chloroacetanilide was heated with hydrochloric acid
(50 c.c.) in 70% aqueous ethanol (100 c.c.) for 1 hr. After cooling and basification with
ammonia, 4-bromo-3-chloroaniline (38 g.), m. p. 68° (from aqueous ethanol), was obtained.
This procedure gave an amine free from isomers and by-products. 4-Bromo-2-methylaniline
(36 g.), m. p. 55°, was similarly prepared from 2-methylacetanilide (30 g.) and N-bromo-
succinimide (36 g.) in carbon tetrachloride.

4-Bromo-3-fluoroaniline.—3-Fluoroacetanilide (30 g.) and N-bromosuccinimide (36 g.) in
carbon tetrachloride (250 c.c.) were treated as above, giving 4-bromo-3-fluoroacetanilide (40 g.),

Substituted carbanilides.

Found (%) Reqd. (%)
. Formula C H C H
2:4-Difluoro .....ociiiiiiiiininininn, C,sH,,ON,F, 62-8 4-1 62-9 40
3:4-Difluoro .............eee C,sH,,ON,F, 62-9 41 62-9 40
4-Chloro-2’ : 4’-difluoro .... C,;H,ON,CIF, 55-1 31 55-2 32
4-Chloro-3’ : 4’-difluoro .... C,sH,ON,CIF, 550 31 55-2 32
4-Bromo-3-fluoro ...........cceeuennnnnn, CysH, 1, ON,BrF 50-3 33 50-5 3:3
4-Bromo-3’ : 5-dichloro-3-fluoro ... 257 CysH ONCLyBrF 41-0 2-0 41-3 21
4-Bromo-4’-chloro-3-fluoro ......... 289 C,3H,ON,CIBrF 45-6 27 455 2-7
3:5:8-Trichloro ............... ... 233 C,sH,ON,Cl, 49-3 32 49-5 2-9
3:5:3: 4-Tetrachloro ......... 265 C,3HgON,Cl, 44-3 2-6 44-6 2-3
3:5:2: 3-Tetrachloro.......... 272 C,sHON,Cl, 44-3 2:5 44-6 2-3
4-Bromo-3 : 3’ ; 5’-trichloro ... 273 C,sH ON,Cl,Br 39-5 2-0 39-6 2-0
3 : 5-Dichloro-2’ ; 4'-difluoro ... 229 Cy1sH {ON,CLF, 492 25 493 25
3 : 5-Dichloro-3’ : 4’-difluoro ......... 232 C,sH ON,C1L,F, 490 2-6 49-3 2-5
2-Trifluoromethyl ............... .o 182 C, H,,ON,F, 60-3 40 60-1 40
4-Acetyl ...ooeiieeennnn. 186 CysH,,0,N, 710 55 709 56
4-Acetyl-4/-fluoro ..... .. 218 CyoH,30,N,F 660 50 662 48
4-Acetyl-4’-chloro ......... e 233 CyH,30,N,Cl 621 43 624 45
4-Acetyl-3’ : 5’-dichloro ............... 236 C,;H,;,0,N,Cl, 558 3-8 55-8 37
4-Acetyl-3’ : 4/-dichloTo ............... 259 C,,H,,0,N,Cl, 556 38 558 37
4-Benzoyl eveevreeereeeeeeeeeneeaennnns 203 CyoH, 40N, 758 54 159 51
4-Benzoyl-4’-chloro...........ccouvnnnn 250 CyoH,;0,N,Cl 68-3 42 68-5 4-3
4-NN-Diethylamino .................. 189 C,,H;,0N, 72-0 7-6 72-1 7-5
4’-Diethylamino-4-flioro ............ 213 C1,H,0ONF 67-5 6-6 67-8 6-7
4-Chloro-4’-diethylamino ............ 227 C,,HoON,Cl 64-2 6-3 64-3 6-4
2 : 4-Dichloro-4’-diethylamino ...... 177 C,.H,,0ONCl, 57-7 55 580 54
3 : 5-Dichloro-4’-diethylamino ...... 180 C,.H,,ON,Cl, 58-2 54 58-0 5-4
4-NN-Dipropylamino .................. 155 C,oH,;ON, 735 8-2 734 81
4-Fluoro-4’-N N-dipropylamino...... 144 C,oH ONF 69-6 7-6 69-4 7-4
4-Chloro-4’-NN-dipropylamino ...... 169 C,oH;,ON,Cl 65-7 7-2 66-0 6-9

10 Tschitschibabin ef al., Ber., 1925, 58, 1704; 1926, 59, 2048; 1931, 64, 2842; Buu-Hoi, Jacquignon,
Xuong, and Lavit, J. Orvg. Chem., 1954, 19, 1370.
11 Buu-Hoi, Rev. Trav. chim., 1954, 78, 197.
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Ureas derived from nitrogen heterocycles.
Found (%) Reqd. (%)
M. p. Formula C H C H
(a) N-(5-Chloro-2-pyridyl)ureas.
N’-Phenyl .....cccovvveveveeeirnnnnn. 214° Cy3H,,ON,Cl 579 40 582 41
N’-p-Chlorophenyl e 236 C,,H,ON,Cl, 510 33 51-1 32
N’-p-Fluorophenyl ....... .. 216 C,.H,ON,FCl 540 32 54-3 34
N’-(3 : 4-Dichlorophenyl) ............ 277 C,,H ON,Cl, 45'5 2-8 455 2-6
N’-(3 : 5-Dichlorophenyl) ............ 284 C,,H ON,Cly 455 2-7 455 2-6
(b) N-(5-Nitro-2-pyridyl)ureas.
N’-Phenyl ....coovviiveniniiininennnnnns 238 C,,H,,0,N, 56-0 4-2 559 39
N’-p-Chlorophenyl .........ccoeeuvunns 285 C,.H,0O,N,C1 49-0 3-0 49-3 3-1
N’-p-Fluorophenyl ............cceennnns 283 C,,H,O;N,F 52:0 35 52-2 3-3
N’-(3 : 4-Dichlorophenyl) 291 C,.HgO,N,Cl, 44-0 2-5 44-1 25
N’-(3 : 5-Dichlorophenyl) 268 C,,H O,N,Cl, 43-8 2-7 44-1 2-5
(c) N-(5-Nitro-2-thiazolyl)ureas
N’-Phenyl ...ovivievininiiiininininen, 259 C,oHsO;3N,S 45-2 3-0 456 31
N’-p-Chlorophenyl .......ccccevvvennnns 284 C,0H,0,N,CIS 40-0 2-6 40-2 2-4
N’-p-Fluorophenyl ............... w254 C,oH,O3N,FS 42-5 2-5 42-6 2-5
N’-(3 : 4-Dichlorophenyl) 296 C,oHgO3N,CL,S 35-8 19 36-1 1-8
(d) N-2-Pyrimidylureas.
N’-p-Chlorophenyl .......cccoevevnnenne 238 C,;H,ON,Cl 53-0 39 53-2 37
N’-p-Fluorophenyl ............ v 234 C,,H,ON,F 56-6 40 56-9 39
N’-(3 : 4-Dichlorophenyl) ... . 253 C,;HgON,Cl, 46-4 30 46-7 2-8
N’-(3 : 5-Dichlorophenyl) 275 C,;HgON,Cl, 46-5 2-8 467 2-8
(e) N-(4: 6-Dimethyl-2-pyrimidyl)ureas.
N’-p-Fluorophenyl ..........cceeeenn... 212 C,sH,;ON,F 598 49 601 50
N’-p-Chlorophenyl ..........cceeeeeens 216 Cy;H,,0N,Cl 563 49 565 47
N’-(3 : 4-Dichlorophenyl) ............ 232 C,3H,,0N,Cl, 50-1 39 50-2 39
N’-(3 : 5-Dichlorophenyl) ............ 236 C,3H,3,ON,Cl, 50-0 41 50-2 39
(f) N-(2: 4-Dimethyl-6-pyrimidyl)ureas.
N’-p-Chlorophenyl .........ccoouvenenns 249 C,sH,,0N,Cl 56-2 45 56-5 4.7
N’-(3 : 4-Dichlorophenyl) ............ 251 C,sH,3,0N,Cl, 50-0 4-0 50-2 39
N’-(3 : 5-Dichlorophenyl) ............ 267 C,3H,3,ON,Cl, 49-9 40 50-2 39
N-Aryl-N'-pyridylthioureas.
Found Reqd.
M. p. Formula N (%) N (%)
N-p-Fluorophenyl-N’-3-pyridyl ...........ccouenine. 190° C,.H, NgFS 16-9 17-0
N-p-Chlorophenyl-N’-3-pyridyl ...........ccoeeneee. 198 C2H,oN;CIS 156 15-9
N-p-Bromophenyl-N’-3-pyridyl ..................... 220 CaH,;(N3BrS 13-6 13-6
N-p-Tolyl-N’-3-pyridyl ......... e e————— 175 C,sH NS 17-2 17-3
N-(2 : 4-Xylyl)-N"-3-pyridyl ...covrrrrrereeeereerrennn. 172 CpH NS 16-0 16-3
N-p-Methoxyphenyl-N’-3-pyridyl .................. 201 C,sH 3ONgS 16-0 16-2
N-p-Ethoxyphenyl-N’-3-pyridyl .......ccccovvnnennn 178 C, H,;ON,S 15-3 15-4
N-p-isoPentyloxyphenyl-N’-3-pyridyl............... 136 C;,Hy,ON,S 13-3 13-3
N-p-Fluorophenyl-N’-(4-methyl-2-pyridyl) ...... 182 C,sH, NGFS 16-0 16-1
N-p-Chlorophenyl-N’-(4-methyl-2-pyridyl) ...... 216 C,3H,,NCIS 14-9 151
N-p-Bromophenyl-N’-(4-methyl-2-pyridyl) ...... 222 Cy3H,,N;BrS 12:9 13-0
N-p-Fluorophenyl-N’-(5-methyl-2-pyridyl) ...... 202 CysH N FS 15-8 16-1
N-p-Chlorophenyl-N’-(5-methyl-2-pyridyl) ...... 212 C,3H,,NCIS 15:0 151
N-p-Bromophenyl-N’-(5-methyl-2-pyridyl) ...... 219 CysH3NBrS 12-9 13-0
N-p-Tolyl-N’-(5-methyl-2-pyridyl) .......c.cooeennen 182 Cy H, ;NS 16-5 16-3
N-(2 : 4-Xylyl)-N"-(5-methyl-2-pyridyl) ............ 200 CysH, ;NS 15-2 155
N-p-Methoxyphenyl-N’-(5-methyl-2-pyridyl) ... 214 C,H,;0N;S 15-2 15-4
N-p-Ethoxyphenyl-N’-(5-methyl-2-pyridyl) ...... 190 C,sH,,0N,S 14-5 14-6
N-p-isoPentyloxyphenyl-N’-(5-methyl-2-pyridyl) 132 C,H30N,S 12-8 12-8
N-p-Fluorophenyl-N’-(5-chloro-2-pyridyl) ......... 198 CoH N CIFS 14-6 14-9
N-p-Chlorophenyl-N’-(5-chloro-2-pyridyl) ......... 230 C,.HN;CLS 14-0 141
N-p-Bromophenyl-N’-(5-chloro-2-pyridyl) ......... 238 C,3H(N,CIBrS 12-0 12-3
N-Phenyl-N’-(5-chloro-2-pyridyl) .......c....ce..tt 195 C,.H, (N3CIS 16-0 15-9
N-p-Tolyl-N’-(5-chloro-2-pyridyl) ........c......... 194 C,sH,,N,CIS 14-9 15-1
N-p-Ethylphenyl-N’-(5-chloro-2-pyridyl) ......... 173 C,H,,N,;C1S 14-3 14-4
N-p-Methoxyphenyl-N’-(5-chloro-2-pyridyl) ...... 226 C,sH,,;ON,CIS 14-0 14-3
N-p-Ethoxyphenyl-N’-(5-chloro-2-pyridyl) ...... 181 C,H,,ON,CIS 13-6 13-7
N-p-isoPentyloxyphenyl-N’-(5-chloro-2-pyridyl) 151 C,,H,;,ONCIS 119 12-0
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Thiocarbanilides.

Found Reqd.

M. p. Formula N (%) N (%)

4-Bromo-3 : 4’-difluoro 185° CysHN,BrF,S 8-1 8:2
4 : 4’-Dibromo-3-fluoro 213 C,sH N,Br,FS 7-1 6-9
3 : 4-Dichloro-4’-fluoro 135 C,sHN,CL,FS 8:6 8-9
3 : 5-Dichloro-4’-fluoro 176 Cy3HN3CL,FS 8-8 8-9
3:4:4'-TrichloTo ....cocvvviiiiieiiiniinn, 160 CsHN,Cl,S 8-2 8-4
4-Bromo-3’ : 4’-dichloro 172 C,sH(N,Cl,BrS 7-3 7-4
2 : 3-Dichloro-4’-fluoro 161 C;HN,CLFS 9-1 8-9
2:3:4-Trichloro ...cccooviivinniieinninn., 199 CysHN,C13S 81 8-4
4-Bromo-2’ : 3’-dichloro 201 C,;H,N,CL,BrS 7-6 7-4
2-Bromo-4'-fluoro ..... 188 CysH, oN,BrFS 8-6 8:6
2-Bromo-4'-chloro 198 C,3H, ,N,CIBrS 8-0 82
2 : 4’-Dibromo ............. 202 Cy3H, N,Br,S 7-0 7-3
2-Bromo-4’-methoxy .... 181 C,,H,;ON,BrS 8-1 8:3
2-Bromo-4’-ethoxy ....... 190 C,sH,;0ON,BrS 82 8-0
2-Bromo-4-ethyl........ 185 Cy;H, N, BrS 81 84
2-Bromo-4’-methyl ............ 193 Cy H N, BrS 8-8 8:7
2-Bromo-2’ : 4’-dimethyl ... 170 CysHy N, BrS 8:5 8-4
3-Bromo-4’-luoro  .......ociiviiiiiiiiiiii 128 Cy3H, N,BrFS 86 8-6
3-Bromo-4’-chloro .....ccoeveviviiiviiiiinnnininennnn., 133 C,3H, (N,CIBrS 84 8-2
31 4/-Dibromo ......eiveviiniiiiiiiiiiire e 162 C,sH,(N,Br,S 7-0 7-3
3-Bromo-4’-methyl .........cooo 135 C,4H,N,BrS 8-5 87
3-Bromo-2’ : 4’-dimethyl ........c.coiiiiiiiiininn., 133 CysH,;N,BrS 8-2 8-4
3-Bromo-4’-ethoXy ....cccoveiiiiiiiiiiiiniiiiininnn, 129 C,sH,;ON,BrS 7-8 8-0
3-Bromo-4'-isopentyloxy ........ccceciiiiiiiiiii, 119 C,¢H,,ON,BrS 7-0 7-1
4-FIUOTO-4"-10A0 1ervvveserrersruveesrserisssesesseeennnns 167  CyoH, N,FIS 7.2 75
4-ChIOT0-4"-10d0 «ervvveerueerirarrereensenrerseransaenss 213 C, H,,N,CIIS 7.2 7-2
4-Bromo-4-i0d0 ......eieieiiiiiiiii 224 CysH, N,BrIS 6-6 6-5
4-Bromo-4’-ethOXy ......coovviiiiiiiiiiiiiiniiiinininn, 197 C,sH,;0ON,BrS 8-1 8-0
4-Bromo-4’-isopentyloxXy .........c.ceiiiiiiiiinenn. 192 C,sH,,ON,BrS 71 7-1
3:4-DiflUOTO  .evviriiiiiiiiiii e 148 1:H1 o NLF,S 10-6 10-6
3:4: 4-Trifluoro  .cocvvviviniiiiiiii 162 CsHoN,F3S 10-0 9-9
4-Chloro-3’ : 4’-difluoro ........ccovvveviiiniiiiieniinns 164 C,sH,N,CIF,S 9-1 9-4
4-Bromo-3’ : 4’-difluoro ........ccoovviiiiiiiiiiiin, 178 C;HN,BrF,S 8-2 8-2
4-Ethyl-3’: 4’-difluoro .........ccoeviiiiiiniiniin, 136 C,sH, N, F,S 9-5 9-6
3 : 4-Difluoro-2’ : 4’-dimethyl........coooveveiniinininn, 151 C,sH N F,S 9-5 9-6
4-Ethoxy-3’: 4’-difluoro........cccocvvviviiiiiininiiinn, 163 C,sH,,ON,F.S 9-0 9-1
3 : 4-Difluoro-4’-isopentyloxXy .......cocevriviininnnns 146 C,sHzoON,F,S 7-8 8-0
21 4-Difluoro  ...ooviiviiiiii 136 CysH, (N F,S 10-3 10-6
2:4:4-TrifluoTo  .coooviviiiiiiiiiinian 176 C;HN,F S 9-7 9-9
4-Bromo-2’ : 4’-difluoro ..........coviviiiiiiiinini, 190 C,;H,N,BrF,S 8-0 82
4-Ethyl-2’ : 4-difluoro  .....covvvnvininiininiiininnn., 155 C,sH,,N,F,S 9-3 9-6
2 : 4-Difluoro-2’ : 4’-dimethyl ..............ooeeniiin 149 Cy;H,, N, F,S 9-8 9-6
4-Ethoxy-2’: 4’-difluoro  .......ooeviiiniiil, 148 C,sH,,ON,F,S 9-0 9-1
2 : 4-Difluoro-4’-isopentyloxy .........ccovveninnnis 132 C,sH,,ON,F,S 7-9 8-0
4-Bromo-3-chloro-4’-fluoro ..............coin 178 C,sH N,CIBrFS 75 7-8
4-Bromo-3’ : 4’-dichloro ...........ccoovviiiiiiii 187 C,sH,N,CLBrS 7-5 74
4 : 4’-Dibromo-3-chloro .............coveiviiiiininnn. 191 C,3H,(N,CIBr,S 6-4 6-7
4 : 4’-Dibromo-3 : 3’-dichloro ® .............c..oveuens 216 CsHgN,CL,Br,S 6-0 6-2
4-Chloro-4’-Alucro-2-methyl ........c.cecceeeveeeenns 117 C, H,,N,CIFS 9-2 9.5
4 : 4’-Dichloro-2-methyl .............ccoinenil. 150 C H,,N,CL,S 8-8 9:0
4-Bromo-4’-chloro-2’-methyl ............... 167 C4H,,N,CIBrS 7-6 7-9
4 : 4-Dibromo-2-methyl .................. 185 C,4H,,N,Br,S 6-9 7-0
4-Bromo-4’-chloro-2-methyl ............... 172 C, H,,N,CIBrS 7-7 7-9
4-NN-Diethylamino-4’-fluoro ....... 148 C,.H,,N,FS 13-4 13-2
4-Chloro-4’-NN-diethylamino 173 C,.Hy N CIS 12:5 12-6
4-Bromo-4’-NN-diethylamino 199 C,,H,,NBrS 11-0 11-1
4-NN-Dipropylamino-4’-fluoro ....... 141 C,pHp N FS 12:0 12-2
4-NN-Dipropylamino-4’-chloro 167 C,oH,p N5CIS 11-3 11-6
4-Bromo-4’-NN-dipropylamino ........... 172 C,oHyN,BrS 101 10-3
4-Chloro-4’-N N-diethylamino-2’-methyl .. 190 C,sH,,NCIS 12-0 121
2-Ethyl-4’-fluoro .........ocoovvviivininainiennnnn, 120 C,;H,;N,FS 10-0 10-2
4-Chloro-2’-ethyl ............... 139 C,sH,;N,CIS 9-3 9-6
2: 4-Diethyl ....ccceervernnns 125 C;,HyN,S 95 9-8
4-Ethoxy-2’-ethyl ............ 160 C,,H,,ON,S 92 9-3
4-Chloro-4’-cyclohexyl ................ 229 C,,H,,N,CIS 80 8-2
4-cycloHexyl .....coviiievininiiiininen, 185 19H 25N 8-9 9-0
4-cycloHexyl-2’-methoxy ............. 176 C,oH,,ON,S 8-3 8:2
4-cycloHexyl-4’-methyl ................ .. 176 CyoHyy NS 83 8:6
4-Ethyl-4’-cyclohexyl .....ccovvviviienieenniiennnennnnnns 151 Cy HpgN,S 85 83
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Thiocarbanilides (contd.).

Found Reqd.

M. p. Formula N (%) N (%)
4-Ethoxy-4’-cyclohexyl ........ccovviiiiiiiiinnnninnn, 170° C,H,60ON,S 7-8
4-cycloHexyl-4’-isopentyloxy .. 155 Cy4H;,ON,S
4-Fluoro-4’-cyclohexyl ...... .. 163 CyoHpy NLFS
4-Fluoro-3’ : 4’-dimethyl ......ccccoiiiviviiiiiinn, 164 C,sH,;N,FS 1 1
4-Chloro-3’ : 4’-dimethyl ......ccccoviniivininniinne. 168 C,sH,;N,CIS
4-Bromo-3’ : 4’-dimethyl .......cccooiiiiiiiiniin 172 C,sH,;N,BrS
3:4: 4-Trimethyl ....ccovviiiiniiiiiiiiieennnee, 108 C,6H,sN,S 1 1
2:4:3:4-Tetramethyl .........cccooiiiiiiinin, 128 C,,H,;oN,S 1
4-Methoxy-3’ : 4’-dimethyl ............ocoeiniiiinen. 120 C,6H;s0ON,S
3 : 4-Dimethyl-4’-isopentyloXy ..........coeeevnnnnne. 105 C,0H34ON,S
4-Fluoro-2’ : 5’-dimethyl ...........ccooviiiiniiins 147 C,;H,;N,FS 1 1
4-Chloro-2’ : 5’-dimethyl ......ccccvviiiininnnnininn., 160 CysH, s N,CIS
4-Bromo-2’: 5’-dimethyl .........cciiiiiii 178 C,;H,;N,BrS
2:4:2:5-Tetramethyl ........ocovviiiiiinnianninnn, 133 C;,HpoN,S
4-Methoxy-2’ : 5’-dimethyl ..........cooeiiiiinie, 126 C,6H;sON,S
4-Ethoxy-2’: 5’-dimethyl ...........cocoiviiii, 119 C,,H,,0N,S
4-Fluoro-2’: 4’ : 5’-trimethyl .............oiil 156 C,6H;,N,FS
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4-Chloro-2’ : 4’ : 5’-trimethyl.......ccocovvvnneniinins 175 C,¢H,,N,CIS
4-Ethyl-2’-methyl-5’-propyl .........ccvevinineninnn, 116 C,,HyN,S
4-Ethoxy-2’-methyl-5’-propyl ........cccocvvvninnnn. 93 C,,H,,0ON,S
4-Methoxy-2’-methyl-5-propyl .........c.covinvnninnns 113 C,sH,,0N,S
5-Butyl-2-ethyl-4-luoro .....ccoceeviiiiiiiiiiin, 95 C, H3 N, FS
5-Butyl-4’-ethoxy-2-ethyl .....ocoovviiiiiiiiniinn, 122 C,H,sON,S
5-Butyl-2-ethyl-4’-methoxy ........ccccovvvvvnininnn 110 C,oH,,ON,S

4-Acetamido  .....ocoiiiiiiiii 198 C,sH, ;0N S 1 1
4-Acetamido-4"-methyl ............ 224 C,6H,;,0N,S 1 1
4-Acetamido-2’ : 4’-dimethyl.........c.coiiiinnnl, 184 C,,H,,ONS 1 1
4-Acetamido-4’-ethyl .......ocoiiiiiiiiiiiiiiiiiinnnn 199 C,,H,,ON,S 1 1
4-Acetamido-4"-fluoro .......coeeiiiiiiiiiiiniiin 220 C,;H,,ONFS 1 1
4-Acetamido-4'-bromo 229 C,;H,,ON,BrS 1 11
4-Acetamido-4'-methoxy .. 216 C;6H;,0,N;3S 1 13-3
4-Acetamido-4’-ethoXy ....ceooeviiiiveiniiiiiiinnnenns 215 C,,H,;40,N,3S 1 12-8
4-Acetamido-4'-isopentyloXy .......ceeiiiiiinininns 188 CyoHy50,N,3S 1 11-3
4 : 4/-Bis-(NN-diethylamino) ..........ccceereeennen. 173 CpHgoN,S 1 15-1
4-NN-Diethylamino-4"-ethyl ............ccceerrrrren... 147 CyoH,5NS 1 12-8
4-NN-Diethylamino-2’ : 4-dimethyl ............... 146  C, H, NS 1 12-8
4-NN-Diethylamino-4-ethoxy .........cccccovvvennne. 153 C;pH,;ON,S 1 12-2
4-NN-Diethylamino-4’-isopentyloxy ............... 132 C,,H3,ONgS 1 10-9
4-NN-Dipropylamino-4’-ethyl ........................ 148 CgH, NS 11-8 11-8
4-NN-Diethylamino-2 : 4’-dimethyl .................. 171 C,sH,y:N,S 131 12-9
4-NN-Diethylamino-2 : 3’-dimethyl.................. 136 C,sH,:N,3S 130 12-9
4-N N-Diethylamino-4’-methoxy-2-methyl ......... 165 C, H,;ON,S 12-1 12:3
4-NN-Diethylamino-2’-methoxy-2-methyl ......... 151 C, H,;0ON,S 12-0 123
4-NN-Diethylamino-2 : 2’ : 4’-trimethyl ............ 168 CyoH,, NS 12:5 12-3

¢ Prepared from 4-bromo-3-chloroaniline (2 mol.), carbon disulphide (1 mol.), and sulphur in boiling
ethanol; recrystallisation from ethanol-benzene.

forming needles, m. p. 152°, from methanol (Found: C, 41-4; H, 3:-1. C,H,ONBrF requires
C, 41-4; H, 3:0%). Deacetylation with hydrochloric acid yielded 4-bromo-3-fluoroaniline,
crystallising as leaflets, m. p. 72—73°, from water (Found: C, 37-6; H, 2:8. C,H,NBrF
requires C, 37-9; H, 2:7%). This amine (2 mol.) was characterised by condensation with
chloranil (1 mol.) in boiling ethanol, to give 3 : 6-di-(4-bromo-3-fluoroanilino)-2 : 5-dichloro-
1: 4-benzoquinone, brown-violet needles, m. p. >320° from xylene (Found: C, 38-9; H, 1-7.
C,sH;O,N,Cl,Br,F, requires C, 39-1; H, 1-5%).

Chlovination of 2-Methylacetanilide.—A suspension of 2-methylacetanilide (45 g.) and
N-chlorosuccinimide (35 g.) in carbon tetrachloride (300 c.c.) was refluxed for 4 hr., and the
resulting 4-chloro-2-methylacetanilide was deacetylated in the usual way, giving 4-chloro-2-
methylaniline (28 g.), b. p. 189—192°/40 mm., m. p. 30°.

Preparation of NN’-Disubstituted Ureas (see Table)—These compounds were obtained,
mostly in almost theoretical yield, by adding a benzene solution of the aryl isocyanate (1 mol.)
to the amine (1 mol.) in an appropriate solvent (benzene, xylene, or anhydrous dioxan) at
room temperature; the product was recrystallised from an anhydrous solvent. Sterically
hindered amines reacted anomalously: with o-trifluoromethylaniline, phenyl isocyanate gave
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the expected unsymmetrical urea, but p-chlorophenyl isocyanate gave 4 : 4’-dichlorocarbanilide,
needles, m. p. 318°, from ethanol (Found: N, 9-9. Calc. for C,;H,;,ON,Cl,: N, 10-0%). With
the exception of ureas derived from 2-amino-5-nitrothiazole, which were yellow to orange-
yellow, all the ureas were colourless.

N-Phenyl-N’-(5: 6 : 7: 8-tetrahydro-1-naphthyl)urea had m. p. 205° (Found: C, 76-8;
H, 6-8. C,;H,,ON, requires C, 76-7; H, 6-8%), and the 4-chlovo-5:6: 7 : 8-tetrahydro-1-
naphthyl analogue has m. p. 258° (Found: C, 67-8; H, 5-8. C,,H,,ON,Cl requires C, 68-0;
H, 5-7%).

Preparation of NN’-Disubstituted Thioureas.—These were obtained, in lower yields than for
the ureas, by treating the appropriate amine (1 mol.) in warm ethanol with the aryl isothio-
cyanate (1 mol.); in most cases, the product solidified and recrystallised from ethanol, benzene,
or toluene. Reaction was much slower and required slight heating at 60° when the amine
and/or the isothiocyanate was ortho-substituted. N-p-Fluoro-, m. p. 139° (Found: N, 9-1.
C,.H,,N,FS requires N, 9-3%), N-p-ckloro-, m. p. 192° (Found: N, 8-6. C,,H,,N,CIS requires
LN, 7-8%), and N-p-bromo-phenyl-N’-(5: 6 : 7 : 8-tetrahydro-1-naphthyl)thiourea, m. p. 196°
(Found: N, 7-5. C;;H;,N,BrS requires N, 7-89,), were prepared.

Miscellaneous Unsymmetvical Ureas (cf. Table).—N-(1-Acetyl-T-naphthyl)-N’'-p-chlovophenyl-
urea, prepared from 7-amino-l-acetonaphthone,!? formed needles, m. p. 242°, from benzene
(Found: C, 67-3; H, 4-6. C,;H,;0,N,Cl requires C, 67-4; H, 4-5%,); N-p-chlovophenyl-N’-
(2-phenanthridinyl)uvea, obtained from 2-aminophenanthridine, formed needles, m. p. 280°,
from benzene (Found: N, 11-8. C,;,H,,ON,Cl requires N, 12-1%); N-(3: 4-dichlorophenyl)-
N’-6-quinolylurea, prepared from 6-aminoquinoline, crystallised as needles, m. p. 288° from
ethanol-benzene (Found: N, 12-5. C,4H,;ON;Cl, requires N, 12-7%,).

Substituted 2-Chlovo-1: 4-naphthaquinones.—These (see Table) were prepared by refluxing
for 2 hr. an ethanolic solution of equimolar amounts of 2 : 3-dichloro-1 : 4-naphthaquinone and
the appropriate arylamine in the presence of sodium acetate; the precipitate obtained on cooling
was collected, washed with water, and recrystallised from ethanol or ethanol-benzene.

3-Substituted 2-chloro-1 : 4&-naphthaquinones.

Found (%) Reqd. (%)

3-Substituent ¢ M. p. Formula C H C H
4-Bromo-3-chloroanilino ............ 255° C,sHO,NCl,Br  48-1 2-2 484 20
4-Chloro-2-methylanilino ............ 213 C,,H,,0,NCly 61-2 35 61-4 33
4-Bromo-2-methylanilino ............ 218 C,,H,,0,NC1Br 54-2 2-6 54-2 2-9
3 : 5-Dichloroanilino .................. 269 C,¢HzO,NCl, 54-3 2-3 54-5 2-3
2 : 4-Difluoroanilino .................. 198 C,HO,NCIF, 60-0 2.7 60-1 2-5
3 : 4-Difluoroaniino .................. 199 C,¢HzO,NC1F, 59-8 27 60-1 2-5
p-NN-Diethylaminoanilino ......... 159 C,oH,,0,N,Cl1 68-0 57 67-8 54
p-NN-Dipropylaminoanilino ...... 118 C,.H,30,N,C1 69-1 6-2 69-0 6-1

¢ Except for the last two compounds which were deep brown-violet, these quinones were deep red
leaflets or prisms.

1-Aryl-2 : 5-dimethylpyrvoles—These compounds (see Table), synthesised for characterisation
of some arylamines, were prepared by refluxing for a few hours the appropriate amine with
acetonylacetone in slight excess, the product being distilled in vacuo and recrystallised from
ligroin (b. p. 100—130°).

1-Substituted 2 : 5-dimethylpyrroles.
Found (%) Reqd. (%)

1-Substituent B.p./mm. M.p. Formula N N
p-Diethylaminophenyl ............... 181°/17 85° C,6HzNg 11-5 11-6
p-Dipropylaminophenyl ............ 208°/18 57 C,eHyeN, 10-1 10-4
3 : 4-Difluorophenyl .................. 155°/30 57 C,,H,,NF, 70 6-8
4-Bromo-3-chlorophenyl ............ 181°/18 58 C,,H,;NBrCl 5-0 49

6-Chlovo-2-p-chlovophenyliminazo[1,2-alpyridine (I; R = Cl, R’ = H).—A solution of
w-bromo-4-chloroacetophenone (2-3 g.) and 2-amino-5-chloropyridine (1-3 g.) in ethanol (20 c.c.)
was refluxed for 6 hr.; the precipitate obtained on cooling recrystallised from ethanol as
needles (1-5 g.), m. p. 209° (Found: N, 10-9. C,;H N,Cl, requires N, 10-6%,). Similarly
were prepared the 2-p-bromophenyl-6-chloro-, needles, m. p. 221° (from ethanol) (Found:
12 Leonard and Hyson, J. Amer. Chem. Soc., 1949, 71, 1392.
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N, 9-3. C,gHyN,CIBr requires N, 9:1%), 6-chlovo-2-p-fluorophenyl-, m. p. 199° (from ethanol)
(Found: N, 11-7. C,3;HgN,CIF requires N, 11-4%,), and 2-(3-bromo-4-methoxyphenyl)-6-chloro-
compound, yellowish needles, m. p. 194° (from ethanol) (Found: N, 8-5. C,,H,,ON,CIBr
requires N, 8-:3%,).
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