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LXV.-The Inhibitory Egect of Substituents in 
Chemical Reactions. Part I .  The Reactivity of 
the Amino-group in Substituted Arylamines. 

By GEORGE MALCOLM DYSON, HERBERT JOHN GEORGE, and 
ROBERT FERGUS HUNTER. 

IN a study of the effect of substituents of different polar and steric 
character in certain organic chemical reactions, the first problem 
which it appeared desirable to investigate was the effect on the 
reactivity of the amino-group in substituted anilines ; for this 
purpose, the reaction by which we have synthesised numerous 
thiocarbimides and thiocarbamides (J., 1924, 125, 1702 ; J .  Xoc. 
Chem. Ind., 1926, 45, 8 3 ~ ;  Rec. trav. chim., 1926, 45, 421) appeared 
well suited. 

A primary amine can react with thiocarbonyl chloride to give 
two substances. The primary product is a thiocarbamyl chloride 
(equation A).  This, in the presence of water, normally loses 
hydrogen chloride, yielding the corresponding thiocarbimide (equa- 
tion B). When, however, inhibitory groups are present, the thio- 
carbamyl chloride loses hydrogen chloride with considerable reluct - 
ance and reacts with a second molecule of the amine to give the 
s-diarylthiocarbamide (equation c )  . 

NH,R + CSC1, = NHR*CSCl + HC1 . . (A) 

NHR*CSClH'$RNCS +HCl . . . (B) 

NHR*CSCl + NH,R = CS(NHR), + HC1 . . . ( c )  
The ability of the thiocarbamyl chloride to eliminate hydrogen 
chloride is therefore a measure of the influence of the substituent 
on the reactivity of the original amine. When several inhibitory 
groups are present, as, for instance, in s-tribromoaniline and 2 : 4 : 6- 
trinitroaniline, inhibition of the reaction (A) may take place. 
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The various arylamines were treated with excess of thiocarbonyl 
chloride in the presence of water under standard conditions. When 
the amine was reactive, as in the nuclear methyl-substitution 
derivatives of aniline, the reaction was usually complete in 10 
minutes and the thiocarbimide was isolated in 80-90% yield. 
When slight inhibition was present, as in the monochloroanilines 
(Dyson, George, and Hunter, J., 1926,3041), thiocarbimide formation 
took place to the extent of about 60-70%, but the reaction was 
much slower, requiring about 30 minutes. When the reactivity 
of the amino-group was considerably depressed, as in anthranilic 
acid, the reaction with thiocarbonyl chloride was exceedingly slow 
and the only isolable product was the s-diarylthiocarbamide. With 
substances such as 2 : 6-dichloroaniline, no reaction whatever took 
place under these conditions; such amines were also recovered 
unchanged after being heated a t  180" with thiocarbonyl chloride 
under pressure. 

The experiments described in this paper are not a crucial test of 
the reactivity of arylamines, but are merely preliminary experiments 
carried out in connexion with a comprehensive study of the inhibition 
of organic reactions ; the quantitative results will be published 
later. 

The experiments of Dyson and Hunter (J. SOC. Chem. Id., 1926, 
4 5 , 8 3 ~ )  have shown that no possible combination of nuclear methyl 
groups appreciably affects the reactivity of the amino-group towards 
thiocarbonyl chloride, the three toluidines, 0-4-, m-4-, and p-xyl- 
idines, $-cumidine, mesidine, and aminopentamethylbenzene all 
giving nearly quantitative yields of the corresponding thiocarb- 
imides. We have since found that 0-3- and m-2-xylidines also 
behave normally in this respect. 

The effect of a hydroxyl group in the ortho-position to the amino- 
group cannot be directly determined, since it reacts with the 
chlorine atom of the intermediate thiocarbamyl chloride with the 
formation of a 1-thiobenzoxazole. Its effect on the amino-group 
appears, however, to be slight, since 2 : 6-dihydroxyaniline reacts 
readily with thiocarbonyl chloride, giving 3-hydroxy-1-thiobenz- 
oxazole (I). 

v 
OH 

The methoxy- and the ethoxy-group also have only a slight 
inhibitory effect on the amino-group, since the three anisidines, 
3 : 4-, 2 : 5-,  and 2 : 6-dimethoxyanilines, and the three phenetidines 
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all react normally with thiocarbonyl chloride, giving the correspond- 
ing thiocarbimides. 

The effect of the cyano-group appears to lie between those of 
the akyloxy-groups and the halogens, since m- and p-cyanoanilines 
and 2 : 5-dicyanoaniline react fairly readily, giving the correspond- 
ing cyano-su bst itu t ion derivatives of p henylt hiocarbimide . 

Chlorine atoms considerably depress the reactivity of the amino- 
group in the chloroanilines ; two o-chlorine atoms are necessary, 
however, for complete inhibition (Dyson, George, and Hunter, loc. 
cit.). Since the reaction becomes progressively easier with o-chloro- 
aniline, o-bromoaniline, and o-iodoaniline, the effect of a halogen 
aubstituent is clearly due to a combination of both steric and polar 
effects. Indeed, the reaction between thiocarbonyl chloride and 
o-iodoaniline is very vigorous and is accompanied by a considerable 
evolution of heat (almost sufficient in our experiments to cause the 
supernatant water to boil). The hindering effect of an o-halogen 
atom does not appear to be affected by replacement of the second 
o-hydrogen atom by a methyl group, since 3 : 5-dibromo-o-toluidine 
reacted normally with thiocarbonyl chloride, giving 3 : 5-dibromo-o- 
tolylthiocarbimide, under conditions in which the isomeric 2 : 4 : 6- 
tribromo-m- and 3 : 5-dibromo-p-toluidines were recovered un- 
changed. 

The effect of the nitro-group is very similar to that of the chlorine 
atom : o-, m-,  and p-nitrophenylthiocarbimides were obtained from 
the corresponding nitroanilines with some difficulty, and complete 
inhibition was observed in the cases of 2 : 4- and 2 : 6-dinitroanilines 
and 2 : 4 : 6-trinitroaniline. On the other hand, 3 : 5-dinitroaniline 
reacted with thiocarbonyl chloride with difficulty, giving s-bis-3 : 5- 
dinitrophenylthiocrbamide. So far as we are aware, this is the 
first recorded instance of a 2 : 4-disubstituted benzene derivative 
being less reactive than the 3 : 5-isomeride. Further confirmation 
of the marked inhibitory effect of o-halogeno- and of nitro-substitu- 
ents was obtained by an examination of 3-nitro-o-toluidine and 
2-nitro-p-phenetidineY which reacted sluggishly with thiocarbonyl 
chloride, giving the corresponding thiocarbimides, and of 2 : 6- 
dichloro-, 2 : 6-dibromo-, and 2 : 6-di-iodo-p-nitroaniline~~ 4 : 6- 
dibromo-o-nitroaniline, and 2 : 4 : 6-tribromo-m-nitroanilineY with 
all of which complete inhibition was observed. 

These results throw grave doubt on the theory of st,eric 
hindrance which attributes inhibition to the decrease of free space 
caused by the substituent (Henry, Ber., 1877,10,2041; Wegscheider, 
Monatsh., 1895, 16, 137 ; Angeli, Atti R. Accad. Lincei, 1896,1, 84), 
particularly since the molecular volumes of the methoxy- (37.1) 
and the methyl (25.5) group (Le Bas, " The Molecular Volumes of 
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Liquid Chemical Compounds ") are considerably greater than the 
atomic volume (22.1) of chlorine. 

Finally the effects of acidic and basic groups were studied. The 
sulpho- and the carboxyl group both exert strong inhibitory actions, 
the former being the more powerful, since sulphanilic acid could not 
be induced to react with thiocarbonyl chloride, whereas anthranilic 
acid was very slowly converted into s-di-o-carboxyphenylthwmrb- 
amide. 

The experiments of Billeter and Steiner (Ber., 1887, 20, 228) 
indicate that there is no appreciable steric hindrance due to the 
amino-groups in the phenylenediamines. Acylation of one amino- 
group, however, depresses the reactivity of the other, since s-di-p- 
acetamidophenylthiocrbamide is the only product isolable from 
p-aminoacetanilide and thiocarbonyl chloride and is only formed 
very slowly in the presence of water a t  100". Alkylation has little 
effect on the amino-group, since as-dimethyl-p-phenylenediamine 
readily passes into p-dimethylaminophenylthiocurbimide under the 
usual conditions. This would appear to be explicable on the 
'' electron sink " properties of the carbonyl group (Allan, Oxford, 
Robinson, and Smith, J., 1926, 401), in which case the effect would 
be expected to be still more strikingly manifested in p-aminoaceto- 
phenone as shown in the formulae (11) and (111). 

p-Aminoacetophenone, however, reacts with thiocarbonyl chloride 
under the usual conditions with the greatest ease, giving a 70% 
yield of the corresponding thiocarbimide. 

A point of interest in connexion with the organoleptic properties 
of thiocarbimides is that the o-substituted derivatives usually have 
an unpleasant pungent odour, whereas the p-substituted derivatives 
are invariably associated with the pleasant odour of aniseed. 

E x P E R I M  E N T A L. 

Rapid Thiocrbimide Formation. 
The thiocarbimides described below were usually obtained as 

follows : Thiocarbonyl chloride (1-3 mols.) was completely suspended 
in water (10 vols.) a t  15" by vigorous stirring during the addition of a 
solution of the arylamine (1 mol.) in chloroform (5 vols.). After 
15 minutes' stirring, the chloroform layer was removed and dried 
with calcium chloride, and the solvent and the excess of thiocarbonyl 
chloride were distilled off on a steam-bath. The thiocarbimide was 
obtained either by fractionating (under reduced or atmospheric 
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pressure according to the nature of the compound) or by steam- 
distilling the residue. 

The arylthiocarbamides, NHAr*CS*NH,, were prepared from the 
respective thiocarbimides and warm alcoholic ammonia, and the 
s-diarylthiocarbamides , CS (NHAr),, by condensing the t hiocarb- 
imides (1 mol.) with the corresponding arylamines (1 mol.) in alcohol. 

m-Xylyl-2 - thiocarbimide was obtained from m-2 -x ylidine by 
fractionation of the residue after removal of the solvent and the 
excess of thiocarbonyl chloride, and distilled as a colourless oil, 
b. p. 247"/760 mm. (Found : S, 19.8. C,H,NS requires S, 19.6%). 
m-Xylyl-2-thiocarbamide crystallised from alcohol in minute, square 
prisms, m. p. 190" (Found : S, 19.0. C,H,,N,S requires S, 18-8yo). 
s-Di-m-xylyl-2-thiocarbamide crystallised in glistening, flat plates, 
m. p. 208" (Found : S, 11-4. 

o-Xylyl-3-thiocarbimide was obtained from o-3-xylidine (0.75 8.) 
and isolated by microdistillation as a colourless oil of pungent odour, 
b. p. 262-263"/760 mm. (yield, 0.8 g;.). o-XyZyZ-3-thiocarbamide 
crystallised from alcohol in brilliant, white needles, m. p. 182" 
(Found : S, 18.5%). 

o-Anisylthiocarbimide was obtained from o-anisidine, and distilled 
as a pale yellow oil of unpleasant odour, b. p. 266-267"/760 mm. 
(Found : S, 19.2. C,H,ONS requires 8, 19.4%). o-Anisylthio- 
carbamide crystallised in white needles, m. p. 148-149" (Found : 
8, 17.2. C8Hl,0N2S requires S, 17.6%). s-Di-o-anisylthiocarbamide 
formed glistening prisms, m. p. 134" (Found : S, 11.0. C,,HI,02N2S 
requires S, 11.1 yo). 

m-Anisylthiocarbimide was prepared from m-anisidine and dis- 
tilled as a colourless oil of pungent odour, b. p. 267"/760 mm. 
(Found : S, 19.3 yo). m-Anisylthiocarbamide crystallised in glisten- 
ing prisms, m. p. 160" (Found : s, 17.0~0) .  s-Di-m-anisyZthioca;rb- 
amide separated from alcohol in clear, crystalline plates, m. p. 126" 
(Found : S, 13.2%). 

p-Anisylthiocarbimide is a pale yellow oil having a pleasant odour 
of aniseed, b. p. 280-281"/760 mm. p-Anisylthiocarbamide forms 
small prisms, m. p. 21 lo, and s-di-p-anisylthiocarbamide, small, 
glistening plates, m. p. 187". 

2 : 5-Dimethoxyaniline was most conveniently prepared as 
follows : A solution of quinol (20 g.) in 35% potassium hydroxide 
was treated with 50 C.C. of methyl sulphate, giving 24 g. of p-di- 
methoxybenzene, m. p. 56' ; this was converted into 2 : 5-dimethoxy- 
nitrobenzene by nitration with nitric acid (d 1.2) in glacial acetic 
acid, and the nitro-derivative reduced with tin and hydrochloric 
acid. The dimethoxyaniline, isolated by means of ether, separated 
from dilute alcohol in small crystals, m. p. 84" (Magatti, Ber., 1581, 

C,,H,,N,S requires S, 11.3%). 
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14, 71;  Baessler, Ber., 1884, 17, 2119). The compound rapidly 
turned red on exposure to the atmosphere. 

2 : 5-Dimethoxyphenylthiocarbimide.--The dark-coloured mixture 
obtained on addition of the dimethoxyaniline (8 g.) to thiocarbonyl 
chloride in water was steam-distilled, and the distillate extracted 
with chloroform, yielding the thiocarbimide in large crystals, m. p. 
32" (to an oil of pungent odour). 2 : 5-Dimethoxyphenylthiomrb- 
amide forms small crystals, m. p. 161", from alcohol (Found : S, 
15-3. C,H1202N2S requires S, 15-1 yo). s-Bis-2 : 5-dimethoxy- 
phenylthiocarbamide forms small crystals, m. p. 127" (Found : S, 
9.3. C,,H200,N,S requires S, 9.2%). 

3 : 4-Dimethoxyphenylthiomrbimide was obtained from 3 : 4-di- 
methoxyaniline (prepared from 4-nitroveratrole) as an oil of pungent 
odour similar to that of phenylthiocarbimide; it could not be 
crystallised (Found : S, 17.0. C,HS02NS requires S, 16.4%). 
3 : 4-Dimethoxyphenylthiocarbamide separated from alcohol as a 
microcrystalline powder, m. p. 234" (Found : S, 15.0y0). s-Bis-3 : 4- 
dimethoxyphenylthiocarbamide formed white prisms, m. p. 140". 
o-Ethoxyphenylthiomrbimide was obtained from o-phenetidine, as a 

pale yellow oil, b. p. 273-275"/760 mm. (Found : S, 18.0. C,H,ONS 
requires S, 17.9 yo). o-Ethoxyphenylthiocarbamide crystallised from 
dilute alcohol in small crystals, m. p. 126" (Found: S, 16.5. 
C,H,,ON,S requires S, 16.3%). s-Di-o-ethoxyphenylthiomrbamide, 
after three recrystallisations from dilute alcohol, formed large prisms, 
m. p. 125" (Found : S, 10.0. 
m-Ethoxyphenylthiomrbimide was obtained from m-phenetidine as 

a clear, colourless oil of pungent odour, b. p. 278"/758 mm. (Found : 
S, 17.8 yo). m-Ethoxyphenylthiocarbamide formed short, white 
prisms, m. p. 167" (Found : S, 16.6%). s-Di-m-ethoxyphenyl- 
thiocarbamide separated froin alcohol in aggregates of coarse needles, 
m. p. 115" (Found : S, 10.O~o). 
p-Ethoxyphenylthiocarbimide forms large, glistening plates having 

the odour of aniseed, m. p. 76". p-Ethoxyphenylthiocarbamide 
forms small crystals, m. p. 176", and s-di-p-ethoxyphenylthiocarb- 
amide, plates, m. p. 171". 
0- Carbethoxyphenylthiomrbimide .-The rate of addit ion of ethyl 

anthranilate solution in chloroform to the thiocarbonyl chloride 
suspension was adjusted so that the temperature did not rise above 
30". The thiocarbimide distilled under reduced pressure as a pale, 
thick oil of nauseating odour, b. p. 150-151"/1 mm. (Found: 
S, 15.0. Calc. for Cl,H,02NS : S, 15.4%). o-Carbethoxyphenyl- 
thiocarbamide separated from 50% alcohol in needles, m. p. 300- 
305" (Found : S, 14.2. Calc. for C,,H,,O,N,S : S, 14.3%). 
s-Di-o-carbethoxyphenylt hiocarbamide cryst allised slowly from 

C1,H,,02N2S requires S, 10.2y0). 

Q 
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its solutions in colourless prisms which decomposed without melting 
(Found : S, 8.0. Calc. for CI9H,OpN2S : S, 8.6%). 
m-Carbethoxyphenylthiocarbimide distilled as a pale yellow oil, 

b. p. 152"/10 mm. (Found : S, 15.2y0). m-Carbethoxypknylthio- 
carbamide formed long, glistening prisms, m. p. 294-295" (Found : 
S, 14-2 yo). s-Di-m-carbethoxyphenylthwcarbamide separated from 
alcohol in white prisms which decomposed without melting (Found : 
S, 8*Oy0). 
p-Carbethoxyphenylthiocarbimide crystallised from dilute alcohol in 

glistening plates having an odour of aniseed, m. p. 58" (Found : S, 
15.3 yo). p-Carbethoxyphenylthiocarbamide formed glistening needles, 
m. p. 159" (Found : S, 14.0y0). s-Di-p-carbethoxyphenylthiomrbamide 
crystallised in small prisms, m. p. 165" (Found : S, 9.0%). 
p-Dimethy7aminophmylthiocurbimide was prepared from as-di- 

methyl-p-phenylenediamine and thiocarbonyl chloride in the usual 
way; after removal of the chloroform on a steam-bath, the residue 
was steam-distilled for 8-10 hours, the thiocarbimide slowly passing 
over as an oil which solidified in pale yellow prisms, m. p. 67" 
(Found : S, 18-2. C,H,,N,S requires S, 17.9%). p-Dimethyl- 
uminophenylthiocarbamide formed pale yellow prisms, m. p. 190" 
(Found : S, 16.0. C,H,,N,S requires S, 16.4%). 

p-Acetylphnylthiocurbimide was prepared from p-aminoacetophen- 
one in the same way as the dimethylaminophenyl compound, and 
distilled slowly in steam as a solid of pronounced aniseed odour. It 
crystallised in broad plates (yield, 70y0), m. p. 76" (Found : S, 18.0. 
C,H,ONS requires S, 18.1 yo). p-Acetylphenylthiocurbamide formed 
small, yellow prisms, m. p. 215" (decomp.) (Found: S, 16.8. 
C9H,,0N2S requires S, 1605%). s-Di-p-acetylphenylthiocurbamide 
crystallised in sparingly soluble, microscopic crystals, m. p. 198" 
(Found : S, 10.0. C,,H1,02N2S requires S, 10*8y0). 

This compound was sometimes difficult to  crystallise. 

Retarded Thwcurbimide Formation. 
In the preparation of the thiocarbimides described below, the 

mixture was stirred for 30 minutes after the addition of the solution 
of the amine. 

m-Nitrobenzonitrile (m. p. 116'; prepared by the nitration of 
benzonitrile) (14 g.) was warmed with tin (40 g.) and concentrated 
hydrochloric acid (100 c.c.), the reaction mixture treated with 
excess of 20 yo sodium hydroxide, and m-cyanoaniline extracted with 
ether; after recrystallisation from alcohol, this had m. p. 52". 
m-Cyanophenylthiocarbimide was obtained as an oil of pungent 

odour which decomposed on heating to 250". m-Cyanophenylthio- 
curbamide crystallised in long needles, m. p. 137" (Found : S, 18.0. 
C,H,N,S requires S, 18-0 yo). s-Di-m-cyanophnylthiocarbamide 
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separated from alcohol in small, cream-coloured crystals, m. p. 144" 
(Found : S, 11.0. C15HloN4S requires S, 116y0). 
p-Cyamphenylthiocarbimide was obtained by steam-distilling the 

residue obtained after removal of the chloroform and the excess of 
thiocarbonyl chloride ; on recrystallisation from dilute alcohol i t  
formed glistening, fibrous needles having a strong odour of aniseed, 
rn. p. 45" (Found : S, 19.6. 

p-Cyamphenylthiocurbamide separated from dilute alcohol in 
prisms, m. p. 169" (Found : S, 18.2%). s-Di-p-cyanophenylthk- 
carbamide formed white crystals, m. p. 171" (Found : S, 1106%). 

2 : 5-Dicyanoaniline was prepared as follows : p-Dicyanobenzene 
(prepared from p-cyanoaniline by the Sandmeyer reaction) (25 g.) 
was nitrated with nitric acid (d 1.5) a t  SO" for 20 minutes; a con- 
siderable portion of the material was oxidised to benzoquinone. 
On pouring the nitration product into cold water and extracting the 
product with ligroin (in which benzoquinone is almost insoluble), 
5 g. of the required 2 : 5-dicyanonitrobenzene were obtained, which, 
on reduction with tin and hydrochloric acid, yielded the dicyano- 
aniline. On recrystallisation, the amine formed small, brown 
crystals, m. p. 62". 

2 : 5-DicyanophenyEthiocarbimide, after recrystallisation from 
alcohol, retained a strong almond-like odour ; it decomposed without 
melting (Found: S, 17.4. C,H3N3S requires S, 17.3%). 2 : 5- 
Dicyanophenylthiocarbamide separated from alcohol in needles, 
m. p. 228". 
o-Bromophenylthiocarbimide distilled as a colourless oil of pungent 

odour, b. p. 257'1770 mm. o-Bromophenylthiocurbamide separated 
from alcohol in rosettes of glistening, rhombic prisms, m. p. 125" 
(Found : S, 14.0. C,H,N,BrS requires S, 13.9%). s-Di-0-bromo- 
phenylthiocarbamide formed long needles, m. p. 157" (Found: S, 
9.0. C1,HloN2Br,S requires S, 8.3 %). 

2 : 5-Dibr~phenylthkcarbimide was obtained from 2 : 5-dibromo- 
aniline as a clear oil, b. p. 240", which formed a glacial mass of needles 
on cooling ; m. p. 17-18" (Found : S, 11.2. C7H3NBr2S requires S, 
10-9 %). 2 : 5-Dibromophenylthiocarbamide formed long needles, 
m. p. 130" (Found: S, 10.5. C7H,N2Br2S requires S, 10-3y0). 
s-Di-2 : 5-dibromophenylthiocarbamide, after two recrystallisations 
from dilute alcohol, had m. p. 154" (Found : S, 6.0. C13H8N,Br,S 
requires S, 5.9%). 

o-Iodophenylthiocarbimide formed long, slender needles having a 
pungent odour, m. p. 39". o-Iodophnylthiocurbamide separated 
from alcohol in broad plates, m. p. 157" (Found : S, 11.0. C,H,N,IS 
requires S, 11.5 Yo). s-Di-o-iodophenylthiocarbamide separated from 
dilute alcohol in small, ill-defined crystals, m. p. 164" (decomp.). 

C,H4N2S requires S, 20.070). 

The yield was 1.5 g. 
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m-lodophenylthiocarbimide formed glistening needles, m. p. 46" 
(Found : S, 12.4. C,H,NIS requires S, 12.2%). m-l&phenyZ- 
thiocurbumide crystallised in white needles, m. p. 160" (decomp.) 
(Found: S, 11.8%). 

3 : 5-Dibromo-o-tolyZthiocarbimide.-The dibromotoluidine (10 g.) 
was shaken with water and thiocarbonyl chloride, and the mixture 
steam-distilled ; the thiocarbimide was then obtained as a white 
solid of pungent odour. On recrystallisation from dilute alcohol, i t  
formed a pasty mass of crystals, m. p. about 25", b. p. 280" (Found : 
S, 10.0. 
3-Nitro-o-toZyZthiocurbimide.-3-Nitro-o-toluidine (10 g.) was 

refluxed with thiocarbonyl chloride (10 g.) for 10 minutes, and the 
excess of thiocarbonyl chloride removed in steam. The residue, on 
recrystallisation from glacial acetic acid, yielded the thiocarbimide 
in lemon-yellow plates, m. p. 69" (Found : S, 16.1. C8H,02N2S 
requires S, 16-5%1. 

2-Nitro-4-ethoxyphenyZthiocarbimide.-Ten g. of 2-nitro-p-phenet- 
idine were gradually added to a suspension of thiocarbonyl chloride 
(10 9.) in water (300 c.c.). The thiocarbimide, isolated in the same 
way as the nitrotolyl compound, crystallised from glacial acetic acid 
in flat, orange plates, m. p. 78" (Found: S, 14.4. C,H,O,N,S 
requires S, 14.3%). 2-Nitro-4-ethoxyphenylthiocarbamide separated 
from alcohol in glistening, orange-brown crystals, m. p. 177" (Found : 
S, 13.0. 

C8H,NBr,S requires S, 10-5y0). 

C,Hl10,N3S requires S, 13.3%). 

Thiocurbamide Formation. 
s-Bis-3 : 5-dinitrophenyZthiocarbamide.-3 : 5-Dinitroaniline (10 g.) 

was shaken with thiocarbonyl chloride (11 g.) in water (150 c.c.) 
for Q hour and the excess of thiocarbonyl chloride was then removed 
in steam. The residue, after several recrystallisations from light 
petroleum-acetic acid, gave the thiocarbamide in minute, yellow 
prisms, m. p. 160" (Found : S, 7.5. C,,H,O,N,S requires S, 7.8y0). 

s- Di-o-carboxyphenylthiocarbamide .-Ant hranilic acid (50 g . ) was 
refluxed with thiocarbonyl chloride (50 g.) and water (300 c.c.) 
for 42 hours, and the excess of chloride removed by steam distillation. 
The residue was extracted with a large volume of alcohol; the 
thiocarbamide was then obtained as a granular powder. After 
several recrystallisations from alcohol (animal charcoal) it was 
obtained in small crystals, m. p. 300" (decomp.) (Found : S, 10.0. 
C15H1204N2S requires S, 10.1 %). 

s - Di-p -acetumidophen ylthiocurbamide was obtained from p-amino - 
acetanilide (20 g.) in the same way as the dicarboxyphenylthio- 
carbamide, and crystallised in small prisms, m. p. 220" (decomp.) 
(Found : S, 8-8. Cl,Hl,O,N,S requires S, 9.3%). 
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Inhibition. 
2 : 6-Dichloro-, -dibromo-, -di-iodo-p-nitroanilines, 4 : 6-dibromo- 

o-nitroaniline, and 2 : 4 : 6-tribromo-m-nitroaniline were all prepared 
by the methods given in the literature; they were recovered 
unchanged after treatment with thiocarbonyl chloride and water 
and identified by m. p. and mixed m. p. determinations. Sulph- 
anilic acid was recovered unchanged after being refluxed with excess 
of thiocarbonyl chloride and water for 3 hours and identified by 
its properties, analysis (Found : S, 18.6%), and by the formation 
of Orange I1 on diazotisatlion and coupling with p-naphthol. 

In conclusion, we wish to express our gratitude to Professors 
J. F. Thorpe, F.R.S., and C. K. Ingold, F.R.S., for the interest they 
have taken in this work and to the Ramsay Memorial Fellowship 
Trust for a Fellowship awarded to one of us (R. F. H.). Part of the 
expense has been defrayed by grants from the Research Fund of 
the Chemical Society and the Dixon Fund of the University of 
London. 

JESUS COLLEGE, OXFORD. 
THE IMPERIAL COLLEGE, LONDON, S.W.7. 

[Received, October 22nd, 1926.1 


