
T H E  PREPARATION O F  SUBSTITUTED THIONOCARBAMATESl 

ABSTRACT 
The preparations and properties of a number of substituted thionocarbamates are described. 

The thionocarbamate derivatives in Tables I-IV were prepared by one of the following 
three methods: 

-HC1 -HC1 
ROH + CSC12 - - ROC(S)CI + R'NH2 - RINHC(S)OR, 1 

(C?Hs),Z\J 
ROH + R'NCS - R'NHC @)OR, [2l 

NaH 
ROH + R'NCS - R1NHC(S)OR. P I  

Route 1 was used to prepare both the aryl aryltl~ionocarbai~lates and the aryl aralkyl- 
thionocarbamates. Procedure 2 gave good results with arall~yl isothiocyanates but 
triethylamine did not catalyze the addition of aryl isothiocyanates to phenols under the 
conditions employed in this study. All of the benzyl K-substituted thionocarbamates were 
prepared by procedure 3. 

Harris and Fischback (1) reported the preparation of thionocarbanlates by the reaction 
of amines with methyl xanthates. An attempt to prepare phenyl 3,4-dichlorobenzyl- 
thionocarbamate from S-methyl phenylxanthate by this procedure gave methyl 3,4- 
dichlorobenzylditl~iocarbainate. Thus the phenoxy group was replaced more readily by 
3,4-dicI1lorobei1zylai11i11e than the methylmercapto group. However, if 3,4-dichloro- 
benzylamine is addecl to S-methyl ethylxanthate the methylmercapto group is replaced 
and et11)-1 3,4-dicl~lorobenzylthionocarbamate is formecl. These reactions are represented 
by equations 4 and 5. 

The thiolcarbamates in Table V were prepared by treating the corresponcling phenyl 
cl~lorothiolforn~ates with the appropriate amines. The phenyl chlorotl~iolfor~nates were 
obtained by treating the lead salts of the thiophenols nrith phosgene by the method of 
Rivier (2). 

A11 attempt to prepare phenyl 3,4-dicl1lorobenzyltI1ioi1ocarbamate by heating a metha- 
nolic solution of methyl 3,4-dichlorobenzylclithiocarbamate in the presence of Amberlite 
IRA-400 resin saturated with phenol gave methyl 3,4-dichlorobenzylthioi1o~arba111ate 
in 48% yield. 

The aryl c l~lorothionofor~~~ates ,  which were isolatecl during these stuclies, are described 
in Table VI. 

1 9 l a ~ z u c r i j t  receit'ed J u l y  8, 1960. 
Cocztribzttion No.  28 froriz the L. G. Ryarz Research Laboralorics of ildoizsa~zlo Canada Limited,  LaSalle, Qzle. 
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McIi.\\- ET XL.: SUBSTITUTED THIOSOCARBAMATES 2043 

EXPERIMENTAL? 

Di-3,d-dichlorobenzylanzine 
A mixture of 3,4-clichlorobenzyl chloricle (9.75 g, 0.05 i~iole) and 3,4-dichlorobenzy- 

lainine (35.2 g, 0.20 mole) was heated on the steam bath for 2 hours. Ether (200 ml) ancl 
1Oy0 sodi~1111 hj-droxicle solution (50 1111) were added, ancl the ether layer was washed with 
water and dried over anhydrous sodium sulphate. Fractio~latioil of the ether extract 
yielded 15 g (85.2%) of unchai~ged 3,4-dichlorobei~zylal77ii~e (b.p. 93-10O0/1 mm) and 
cli-3,4-dicl1lorobe1~zy1ai~iii1e (b.11. 175-180°/1 111111, ng5 1.60665, D:' 1.3690), yield 10 g 
(59.7y0). Anal. Calc. for C14HllC14iX: C,  50.20; I-I, 3.31; C1, 42.34; N, 4.18. Found: 
C,  50.68; H ,  3.44; C1, 42.00; IK, 4.13. 
X solution of the amine (0.61 g, 0.0018 mole) in absolute ethanol (30 ml) was acidified 

\\it11 115-drogen chloride. Di-3,4-clicl~lorobei~zyli1i~1ii~e hydrochloride (m.p. 228-229') was 
recovered by filtration, yield 0.21 g (33%). Anal. Cnlc. for C141-I12Cl6N: C,  45.26; H ,  
3.26; C1, 47.72; N, 3.77. F O L I ~ I ~ :  C, 45.17; H ,  3.09; C1, 47.80; N, 3.98. N-4-Chlorobenzyl- 
a~liline (3) (b.p. 155"/0.5 mnl) and cli-4-chlorobenzylamine (111.p. 30-32") were prepared 
in the same \\ray in 62.8% and GOY0 yield respcctively, A melting point of 31" has beell 
reported (4) for di-4-chlorobenzylamine. 

8-(3,d-Dichloropheny1)-acetolzitr~le 
rl solutioll of 3,4-dicl~lorobenz~-1 chloride (48.87 g, 0.25 illole) in ethanol (50 1111) WAS 

added during 30 minutes to a stirred solution of potassium cyanide (19.50 g, 0.30 mole) 
in water (1 5 ml) a t  60'. Tlie nlixture as refluxed for -1 hours, ancl then cooled and filtered. 
The filtrate was concentrated in oacllo and the residue \\ as extracted with ether (100 ml). 
The ether solution \\ras dried and evaporated, and the residue was distilled to give the 
I ~ r o d ~ ~ t  (b.p. 106-1OS0/O.l 111111; 111.12. 35.5-:<8.5"), j ield 37.6 g (81%). Recrystallizatio~l 
from ether -petroleum ether raised the melting point to 30.5-40.5'. rlnal. Calc. for 
C8H5CI2S: C,  51.65; I-I, 2.71; C1, 38.12; S, 7.53. Found: C,  51.81; H ,  2 92; C1, 38.14; 
S, 7.56. 

9-(3,d -DiclzLorofihe~yl)-elhylanzzi7ie 
rlluminum chloride (6.66 g,  0.05 nlole) in ether (150 1111) \\as added to a suspension of 

lithium aluininu111 115~clricle (1.09 g, 0.05 mole) in ether (100 1x1) maintained in a nitrogen 
at11~0sphe1-e. .A solution of 2-(3,4-dicl~loi-op1~ei1yl)-acetoniti-ile (9.3 g, 0.05 mole) in ether 
(200 ml) was acldetl drop\\~ise to the stirrecl mixture, and the stirring was continued for 
30 minutes. \\later \\:as addecl cautiously to destroy the excess lithium aluminum hydride 
and after further addition of water (total 140 ~ n l )  and 6 LV sulphuric acid (140 ml), the 
;lqueous la)-er \\-as separated ancl washecl with ether (100 1111). Tlle aqueous layer was basi- 
fiecl with -JOYo socIi~1111 hyclroxicle solution a t  0°, ancl the free base \vas extracted ~vit11 
ether (3x150 1111). FI-actionatio~l of the clried ether extract yielded the product (b.p. 
100-102"/0.12 inm), yield 6.75 g (71%). Anal. Calc. for C8HgCISS: C,  50.56; I-I, 4.78; 
CI, 37.32; N, 7.37. Founcl: C ,  50.25; H ,  4.92; C1, 37.16; N, 7.22. 

The amine in aqueous eth:~nol \\;as converted into its picrate (117.11. 199-200°, clecomp.) 
in the usual manner, !.ield (i7.5y0. X11al. Calc. for C1.,H12C1?N.107: C, 40.12; 1-1, 2.89; 
C1, 16.02; X ,  13.37. 1~0~1i~cl :  C, 40.15; H ,  3.14; C1, 1'7.06; N, 13.50. 
3-(3,4-Dicklorophe7zyl)-Fopionic .-l cid 

;3,4-Dichlorol~enzalclel1~~de~~:asconvertecl to 3,4-dicl1lorocin1~ai~~ic acid (1n.p. 214-217' C) 
in G9.2(,;; !-ield b!- the 1~~ethoc1 of \\:nlling and M'olfstirn (5). 

?dllL iireZti?~g poiilts are ziizcor~c~ted. ~1I~croai lalgses  were perfornzed by  I l i ~ r o - T e ' l ~  Laboratories, Skok ie ,  
Illitrois. 
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3,4-Dichlorocinnan~ic acid (58.5 g, 0.27 mole) in glacial acetic acid (1500 1111) was 
hydrogenated a t  at~nospheric pressure in the presence of 5y0 palladium on charcoal 
(5.8 g). The absorption of hydrogen ceased after 10.5 hours (6 liters). The solutioll was 
filtered and evaporated, and the residue was crystallized from water to give the product 
(1n.p. 90-93"), yield 53.0 g (90%). Recrystallization from ethanol raised the ~nelting point 
to 96-97O. Anal. Calc. for CgHBCl?O?: C,  49.34; H ,  3.68; Cl, 32.37. F O L I I I ~ :  C,  49.07; 
H ,  3.G8; C1, 32.41. 

3-(3,4-Dichloropheny1)-propionamide 
A solution of 3-(3,4-dichlorophe1~y1)-propionic acid (53.0 g, 0.24 mole) and thion~.l 

chloride (119 g, 1.0 mole) in benzene (100 1111) was allowed to stand overnight, and was 
then evaporated to dryness. The oily residue \vas added in portions to 28y0 aqueous 
a ~ n ~ n o n i a  (270 ~ n l )  with stirring a t  20-23O and the mixture was stirred for 4 hours. Tlie 
product (ii1.p. 76-80") was recoverecl by filtration, yield 43.3 g (86.3%). Recr)~stallizatio~~ 
from benzene- petroleum ether raised the melting point to 80-81". Anal. Calc. for 
C9HgCl2NO: C ,  49.36; 14, 4.1G; C1, 32.51; N,  6.12. Fo~~nc l :  C ,  4'3.78; H,  4.22; C1, 32.G:; 
N,  6.42. 

3-(3,/t-Dichloropheny1)-propionitrzle 
X solution of the anlide (37.9 g, 0.174 mole) and tllio~i).l chloride (119 g, 1.0 mole) in 

benzene (200 ml) was refluxed for 5 hours, and tlie solution was then evaporated. Distilla- 
tion of the residue yielded crude 3-(3,4-dich1orophe11yl)-propionitrile (b.p. 140-138°,' 
1 mm), yield 30.8 g (88%). Redistillatioil gave the pure product (b.p. 121°/0.4 mm, n$ 
1.53403; d20 1.2742). Anal. Calc. for CgH7C12N: C, 34.02: H ,  3.53; C1, 33.14; N ,  7.01. 
Fou~id:  C, 54.24; H ,  3.66; C1, 35.38; N ,  7.03. 

3-(3,d-Dichlorop1ze~zyl)-propylamine 
3-(3,1-Dichloropheny1)-propionitrile (18.0 g, 0.09 mole) was reduced by lithium 

aluminum hydride -aluminum chloride in ether exactly as described above for 2-(3,4- 
dichloropheny1)-acetonitrile. The product (b.p. 120-125"/1 m ~ n )  was obtained in 17.3 g 
(95%) yield. A redistilled sample (b.p. 104"/0.4 mm, 72: 1.55187, d20 1.2082) was sub- 
mitted for analysis. Anal. Calc. for CgH11Cl?X: C, 32.96; H ,  5.43; C1, 34.75; K, 6.87. 
Found: C,  53.08; H, 5.45; Cl, 34.73; N, 7.09. 

The picrate of the amine, \\~hich was prepared in quantitative yield fro111 water, melted 
a t  150-151" after recrystallization from hot water. Anal. Calc. for CljH11C1&\;.07: 
C, 41.59; H ,  3.26; C1, 16.37; N, 12.93. Found: C, 41.69; H ,  3.21; C1, 1653;  S, 12.84. 

Preparation of 4-n-Alkylphenols 
A series of 4-n-alkylphenols, three of which are nelv, was prepared by the general 

method of Sandulesco and Girard (6). 
4-n-Hexylphenol 
4-n-Hexylphenol (b.p. 135-13G0/0.4 mm) was prepared in '72.6% 5-ield fro111 p- 

caproylphenol. The reported (6) boiling point a t  10 Inm is 146-147". 
4-n-Decylphenol 
Decanoyl chloride (G9 g, 0.35 mole) was heated with phenol (32.9 g, 0.35 mole) a t  120" 

for 1 hour. The  crude pl~enyl decanoate was added during a 30-minute period to a sus- 
pension of anhydrous aluminum chloride (56 g, 0.42 mole) in carbon disulphide (100 ml). 
The reaction was exothermic and the solvent began to reflux during the addition. Refluxing 
was continued for 2 hours. The  solution was then evaporated to dryness, and the residue 
was heated a t  150" for 2 hours. Hydrochloric acid (200 ml of 18% HC1) was added cautiously 
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and the mixture was diluted with water (150 1111). The oily product was extracted with 
cl~loroforin (200 1111) and the chloroforin solution was dried and evaporated. Fractionatioil 
of the residue yielded 2-decanoylphenol (b.p. 130-133"/0.23 inin), yield 42.8 g (49.4y0), 
and 4-decanoylphenol (b.p. 194-105"/0.4 mm), yield 15 g (17.3y0). The p-isomer (n1.p. 
59-60") crystallizecl in the receiver. Anal. Calc. for C16H2402: C, 77.38; H,  9.74. Found: 
C, 77.26; H ,  9.79. 

4-Decanoylphenol (10 g, 0.04 mole) in ethanol (50 ml) was added to a vigorously stirred 
suspension of ainalgainatecl zinc (70 g) in 18y0 hydrochloric acid (140 1111) and the reaction 
mixture was refluxecl for 2 hours. The inixture was extracted with tolueiie (100 inl) and 
the toluene solutioil was dried aiid evaporated. Fractionatioil of the residue gave 7.8 g 
(83y0) of 4-n-decj-lphenol (b.p. 146-148"/0.75 inm). The product crystallized (1n.p. 
54-56') on standing. Anal. Calc. for ClGHcGO: C,  82.00; H ,  11.10. Found: C,  81.83; 
H ,  11.01. 

4-12-Dodecylplzenol 
Phenol was heated 11 ith clodecanoyl chloride under similar conditions to form phenyl 

dodecanoate, \\;liich was rearranged to yield Sly0 of 2-dodecanoylphenol (b.p. 140-163"/ 
0.73 mm), aiid 29.5% of 4-dodecanoylplienol (b.p. 198"/0.23 111111). Iieduction of 
4-clodecano~~lpheiio1 with amalgamated zinc and hydrochloric acid gave 4-12-dodecyl- 
phenol (b.p. 134"/3 mni, n1.p. 65-67'), yield 81%. Anal. Calc. for C18H300: C, 82.38; 
13, 11.53. Found: C, 82.48; H ,  11.58. 

4-n-Octadecylphenol 
rl inixture of stearic acid (113 g, 0.4 mole) aiid thionyl chloride (143 g, 1.2 mole) was 

refluxed for 1 hour. The inixture was distilled to give octadecanoyl chloride (b.p. 
139-162"/0.1 inin), yield 87.9 g (72.570). The acid chloride was converted to phenyl 
12-octadecaiioate, which was rearranged to 3 1 .6yo of 2-n-octadecanoylphenol (b.p. 
164-182"/0.15 min) and 28y0 of 4-n-octadecanoylplienol (b.p. 209-212"/0.15 mm). 
Iieduction of the para-isomer gave 4-n-octadecylphenol (b.p. 182-187"/0.15 111111, 111.p. 
65-67') in 83y0 yield. Anal. Calc. for C24H420: C, 83.18; H ,  12.22. Found: C, 83.10; 
H ,  12.00. 

--I ryl Tl~ionocarbamates 
Xetlzod A: 4-n-Propylphenyl 5,4-Dichloro~henylthionocarbamate 
4-n-Propylplienol (20.43 g, 0.15 mole) in 370 sodium hydroxide solution (200 ml) was 

adcled to a stirred solution of tliiopliosgene (17.23 g, 0.15 mole) in chlorofor~n (200 1111) 
a t  0-10" during a period of 30 minutes. The stirring was continued for 30 minutes and tlie 
cliloroform layer was separated, dried, and evaporated. Distillation of the residue gave 
4-n-propylphenyl chlorothionoforiiiate (b.p. 101-102"/0.8 nun), yield 24 g (74.7%). 

3,4-Dichloroaniline (16.2 g, 0.1 mole) in chloroforlii (150 in]) was adcled to a stirred 
solution of 4-72-propylphenyl chlorotl~ionoformate (10.73 g, 0.05 mole) in chlorofornl 
(200 1111) a t  25" during a period of 30 minutes. The  stirring was continued for I hour, 
aiid the precipitated 3,4-dicliloroaniline hydrochloride (9.6 g, 07y0) was removed by 
filtration. The filtrate was concentrated to a voIume of 200 in1 aiid petroleum ether 
(300 1111) uTas added to give tlie product (lll.p. 130-151°), yielcl 12.6 g (74%). Iiecrystalliza- 
tion from the same solvents clid not raise the melting point. When the phenol was insoluble 
i l l  dilute sodium hydroxide, tlie dried sodium pheiioxide was reacted with thiophosgene 
in chloroform suspension. 

Tlie compounds listed in Tables I ancl 111, and those conlpounds in Table I1 for which 
no other method is noted, were prepared by this general procedure. 
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TABLE 1 

Aryl arylthionocarbamates, RNHC(S)OR1 o 
P 
z 

C H Cl N S 
Yicld, 

s -- M 

K R ' % h~I.p.,°C Formula Calc. Found Calc. Found Calc. Found Calc. Found Calc. Found $ 
+ 

3,4-Dichlorophenyl Phenyl 44 156-157" C13HgC1~NOS 52.36 52.37 3.04 3.12 23.78 24.19 4.70 4.73 10.75 10.82 
3,4-Dichlorophenyl 4-Methylphenyl 53 173-174~ClaI-I l ,C12NOS 53.86 53.63 3.55 3.84 22.71 22.8'3 4.49 4.62 10.27 10.18 P 
3,4-Dichlorophenyl 4-Ethylphenyl 5'2 1 5 8 - 1 5 9 ~ 1 5 M l a C 1 2 X O S  55.3,12 55.37 4.02 4.13 21.74 21.76 4.29 4.34 9.8'3 10.02 2 
3,4-Dichlorophenyl 4-TI-Propylphenyl 74 159-161' Cl~I-IljC1,NOS 56.48 56.73 4.44 4.50 20.84 21.07 4.12 4.24 9.42 6 r 
3,4-Dichlorophenyl 4-TZ-Butylpl~enyl 48 125-12GC C I I H ~ ~ C I ~ N O S  57.M 57.39 4.84 4.84 20.01 20.13 3.95 4.17 9.05 9 .18  0 
3,CDichlorophenyl 2,G-di-t-Butyl-4- 24 139-140' C22Mz7C12NOS 62.26 62.67 6.41 6.40 16.71 16.00 3.30 3.29 7.55 7.22 

rnethylphe~lyl Z 
3,4-Dichlorophenyl 4-Methoxyphenyl 57 167-168" ClnI-IIICI2NO?S 51.24 50.97 3.38 3.43 21.61 21.61 4.27 4.42 9.76 9.62 m 
3,4-Dichlorophenyl 4-Ethoxyphenyl 64 173-175" ClsI-I13C12N02S 52.64 52.46 3.84 3.92 20.72 20.73 4.09 4.45 9.37 9 .48  5 
3,4-Dichlorophenyl 3,4-Dichlorophenyl 91 142-1430 C13H7ClrNOS 42.54 42.16 1.92 2.0'2 38.65 37.68 3.82 4.2'3 8.74 8.38 % 
3,4-Dichlorophenyl 3-Nitrophenyl 85 135-136' C I ~ I - ~ ~ C ~ ~ N ~ O ~ S  45.50 45.70 2.35 2.64 20.66 20.74 8.17 8.24 9.34 9.38 P 
2,4-Dichlorophenyl 2,4-Uichlorophenyl 68 142-143e Cl3H7CI4XOS 42.54 42.77 1.92 2.10 38.65 38.85 3.82 4.23 8.74 8.38 
4-Methoxyphenyl 4-Methosyphenyl 87 1 7 5 - 1 7 6 ~ 1 5 H ~ ; N ~ ~ O a S  6'2.26 62.44 5.23 5.34 - - 4.84 4.85 11.08 11.05 
4-Ethoxyphenyl 4-Ethylphenyl 61 l l S - l l 9 ~ ~ 1 I - I ~ ~ X 0 ~ S  67.75 67.43 6.35 G.41 - - 4.65 4.64 10.63 10.56 
3-Nitrophenyl 4-Ethylphenyl 58 10.1-105' ClsH14T\r2o3S 59.58 59.66 4.67 44.2 - - 9.27 9.13 10.60 10.49 % 
3-Nitrophenyl 3-Nitrophenyl 67 157-158.' C1311gNa05S 48.90 49.24 2.84 3.09 - - 13.16 13.06 10.04 10.13 - 
3-Phenyl-6- 4-i\/Iethoxyphenyl 57 130-14OU C ~ O I - I , ~ N O ~ S  08.36 68.28 4.88 5.12 - - 3.90 4.18 9.12 9.41 

hydroxyphenyl o 

aCrystallized Irom chlo~~oIorm. 'Chlorolorn~ - petroleun~ ether. C13etroleur~~ etl~er.  d13enze~~e - pctroleurn ether. Cl<tl~er - ~ ~ e t r o l c u r r ~  ether. /13cnzerle. 
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MCKAY ET AL.: SUBSTITUTED THIONOC.&RBAMATES 2049 

Ilfetlzod B: 4-~lfetlzylplze~zyl S,4-Diclzlorobenzyltlzionocarbarnate 
-4 mixture of 3,4-clichlorobenzyl isothiocyanate (4.36 g, 0.02 mole), p-cresol (2.16 g, 

0.02 mole), and triethylamine (0.04 g, 0.0004 mole) was heated in a sealed tube a t  80" 
for 4 hours. The reaction mixture was dissolved in ether (100 ml) and the ether solutio~l 
was nrashed with 2y0 sodium hydroxide solution and with water. The residue obtained on 
evaporatio~l of the ether solution (5.8 g, 111.p. 92-96") \vas recrystallized fro111 petroleun~ 
ether (40 ml) to give the product nlelting a t  115-117", yield 4.4 g (67.5%). One crl-stalliza- 
tion from ether - petroleum ether solvent raised the melting point to  118-119". This 
reaction a-as fou~ld to be generally applicable to the addition of phenols to aralkyl 
isothiocyanates. Compounds prepared by this method are included in Table II .  

-4 ralkyl Tlzionocarbamates 
S,4-Diclzlorobenzyl S,4-Diclzlorobenzylthiolzocarbnllaate 
Sodium hydride (0.48 g of a joyo dispersion, 0.01 mole) was added to 3,4-dicl~lorobe11zj~l 

alcohol (1.77 g, 0.01 mole) in benzene (30 1111). The mixture was stirred a t  roo111 tempera- 
ture until the evolution of hydrogen ceased, after which it was briefly heated to  boiling. 
The coolecl suspension of sodium 3,4-dichlorobe~lzyloxide was treated with 3,4-dichloro- 
benz~-1 isothiocya~late (2.18 g, 0.01 mole) in benzene (10 ml) and the mixture xvas stirred 
overnight. The precipitated sodio derivative (4.18 g) was dissolved in acetone and the 
solutio~l was filtered clear of insoluble impurities (0.34 g). Acidification of the filtrate with 
aqueous acetic acid precipitated the product (m.p. 103-104"), yield 2.86 g (72.1%). 
Recrystallizatio~~ fro111 aqueous acetone raised the melting point to 104-105". 

All of the co~l~pounds listed in Table IV were prepared by this procedure. 
l,4-Phenylene Di-(5,4-dichlorobe~zzyltlzionocarbamate) 
-4 nlixture of 3,4-dic11lorobenz~i1 isotl~iocyanate (2.18 g, 0.01 mole), hydroq~~inone 

(1.10 g, 0.01 mole), and triethylamine (0.01 g, 0.0001 mole) was heated in a sealed tube 
a t  144" for 3 hours. The crude product \vas t r i t~~ra t ed  in ether (100 1111) to give 1.79 g 
(65.6y0) of product (m.p. 165-170"). Recrystallization fro111 aqueous acetone raised the 
melting point to 170-17l0, yield 1.25 g (45.8%). Anal. Calc. for C?HlcCI.IN?O?S2: 
C, 48.38; H ,  2.95; C1, 25.96; N, 5.13; S ,  11.74. Found: C, 48.49; H, 3.13; C1, 23.98; 
N,  5.27; S, 11.73. 

1,4-Pl~enylene Di-(be7zzyltlzionocarbarnate) 
A mixture of benzj.1 isothiocyanate (3.83 g, 0.026 mole), hydroqui~lone (1.41 g, 0.013 

mole), and triethylamine (0.023 g, 0.0023 mole) was heated in a sealed tube a t  144" for 
3 hours. The crude product was extracted with ether, and the residue was recrystallized 
from aqueous acetone to give crystals melting a t  171-173°, yield 0.24 g (4.6%). Re- 
crystallization from acetone raised the melting point to 178-179". Anal. Calc. for 
C2?HroNoO2S?: C, 64.67; H ,  4.94; N, 6.86; S,  15.70. Found: C, 64.93; H, 5.07; Y, 6.67; 
S, 15.79. 

A ryl Tlziolcarbamntes 
Phenyl chlorothiolfor~l~ate (b.p. 90-9s0/13 mm) was prepared in 18% yield by the 

method of Rivier (2). 
The chlorotl~iolformate (3.40 g, 0.02 mole) in ~11101-oform (30 1111) was added dropwise 

to a stirred solution of 3,4-dichlorobenzylamine (4.30 g, 0.04 mole) in chlorofor~n (10 1111) 
a t  25". The reaction mixture was allo\ved to stand overnight, and the precipitatecl 3,4-di- 
chlorobenzylamine hydrochloride (2.87 g, 10070) was recovered by filtration. The residue 
obtained on evaporation of the filtrate was crystallized fro111 berlzene - petroleum ether 
to give crystals melting a t  101-102°, yield 2.65 g (55%). 
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TAB1,E V 
Aryl N-s~~bstituted thiolcarbamates, RNHC(0)SR1 

C H C1 N S 
Yield, n 

R R ' % h/l.p., OC Formula Calc. Fo~und Calc. Found Calc. Found Calc. Found Calc. 1;ound $ 
P u 

4-Chlorobenzyl 4-Chlorophenyl 82 192-103" Cl,,Hl~CI~NOS 53.85 53.98 3.55 3.68 22.71 22.73 4.49 4.54 10.27 10.02 2 
3,4-Dichlorobenzyl Phenyl 55 101-102VlrII11CleNOS 53.85 53.68 3.55 3.60 22.71 Z3.07 4.49 4.70 10.27 10.01 ' 
3,4-Dichlorobenzyl 4-Chlorophenyl 57 1-19-150C CiaI-lioC13NOS 48.59 48.49 2.91 2.88 30.68 30.92 4.04 4.13 9.25 9.06 2 
3,4-Dichlorophenyl 4-Chlorophenyl 70 209-210d C13H8C131\TOS 46.94 47.20 2.42 2.45 31.98 32.23 4.21 4.43 9.64 9.58 2 5 

"Crystallized from ethanol-\\rater. b ~ e n r e ~ ~ e  - petroleum ether. 'Diosane - petroleum ether. dDiosane-water. F 
0 
?I 
0 
3: 

TABLE VI 

Aryl chlorothio~~oformates, ROC(S)CI 
z 
G 
H 
w 

C H CI S j 

Yield, 
R % B.p., "C/mm Ilg For~uula 

2 
Calc. Found Calc. Found Calc. Fou~lcl Calc. 1;ound r 

W 

4-Ethoxyphenyl 90.5 100-104/0.2 C,I-I,CIO?S 49.89 49.67 4.19 4.01 16.36 16.27 14.80 14.48 -m 
4-Methylphenyl 92.0 62-65/0.25 CJI7CIOS 51.93 51.93 3.78 4.03 19.00 18.45 17.18 16.39 
4-n-Propylphenyl 74.7 101-105/0.1 C,eI-I,iCIOS 55.94 56.07 5.16 5.00 16.52 16.62 14.93 14.70 
4-Methoxyphenyl 84.8 96/0.4 CsH7ClOzS 47.40 47.46 3.48 3.5G 17.50 17.40 15.8'2 15.67 
3-Nitrophenyl 54.0 128/0.11L C71H4CINOsSC 38.63 39.36 1.85 2.16 16.29 15.00 14.73 14.18 
4-Kitrophenyl 44.6 - b  C7114ClKOsSd 38.63 38.83 1.85 1.91 16.29 16.22 14.71 14.60 

"M.p. 6-1-GS0. * M . ~ .  59-GO0. CCalc.: N, 6.44. Found: N, G.39. d~alc . :  N, G.44. Found: N, 6.W. 
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McKAY ET AL.: SUBSTITUTED THIONOCARBAMATES 2051 

4-Chlorophenyl chlorothiolfor~nate (b.p. 145-155"/30 mm) was prepared in 67.5y0 
yield from lead 4-chlorophenylmercaptide and phosgene, according to Rivier's method (2). 
Condensation with the appropriate amine as described above yielded the other thiolcar- 
balnates listed in Table V. 

S-!lletlzyL PhejzyLxa~zthate 
The reaction between carbon disulphicle and potassium phenolate in ethanol (7) mas 

found to yield only potassium ethylxanthate. Replacement of the ethanol by dimethyl- 
for~na~nide yielded the desired potassiuln phenylsanthate. 

Carbon disulphide (6.09 g, 0.08 mole) \xias added during a 30-~ninute period to potassiunl 
phenolate (10.58 g, 0.08 mole) in dimethylforma~nide (80 ml) a t  20'. Methyl chloride 
was bubbled through the reaction mixture for 30 minutes a t  30". Water (1500 ml) was 
added, and the lnixture was extracted with ether (3x100 ml). The ether extracts were 
combined and washed with 570 sodiun~ hydroxide solution, 5y0 hyclrochloric acid, and 
water. Fractionation of the dried ether solution yielded S-methyl phen1,lsanthate (b.p. 
82-84"/0.11 mm,  n: 1.62189), jrielcl 6.0 g (41.8y0). Anal. Calc. for CsH50S2:  C,  52.15; 
H ,  4.38; S ,  34.80. Found: C,  52.13; H,  4.45; S ,  34.19. 

iMetlzyL S,/t-DichlorobenzyLdifhiocarbnmate 
Method '~1.-3,4-Dichlorobenzylamine (2.58 g, 0.146 mole) was adcled to S-methyl 

phenylxanthate (2.7 g, 0.0146 mole) a t  room temperature. The temperature rose to 42", 
and the mixture gradually solidified. Crystallization from chloroform - petroleum ether 
yielded 111ethyl 3,4-dichlorobenzyldithiocarbamate (m.p. 98-100°), yield 3.37 g (74.1%). 
Recrystallization fro111 chloroform - petroleuln ether gave the analytical sample melting 
a t  100-101". Anal. Calc. for C,I-I,ClsNS,: C ,  40.61; H, 3.41; Cl, 26.64; N, 5.26; S ,  24.08. 
Foullcl: C,  41.11; H ,  3.44; C1, 26.07; N, 5.42; S,  24.11. 

illetl~od B.-Carbon disulphicle (16.75 g, 0.22 mole) was aclded to a stirred mixture of 
socliunl hydroxide (8.8 g, 0.22 mole) in water (14 ml) and 3,4-clichlorobenz~~lamine (X1.21 
g, 0.20 mole) in ether (100 ml) a t  0-5". The mixture ~ v a s  stirred for 1 hour a t  room tem- 
perature, and the sodiunl 3,4-dichlorobenzylditl~iocarbamate (40.7 g, 73y0) was recoverecl 
by filtration. The soclium salt (13.71 g, 0.05 mole) was added to a solution of methyl 
iodide (7.10 g, 0.05 mole) in methanol (150 1111) and the mixture was allowed to stand for 
1 hour. The solution was concentrated and cliluted with water, giving 1nethyl3,4-dichloro- 
benzyldithiocarbamate (1n.p. 95-100"). Recrystallization from benzene yielded the pure 
product (9.0 g, 71%), melting point and mixed melting point with the product described 
above in A was 100-101". 

illethyl 3,/t-DichlorobenzyLt~~io~zo~a1'bu~zate 
A solution of ~nethyl  3,4-dichlorobenz~-lditI1iocarbarnate (1.33 g, 0.005 mole) in 

methanol (50 1111) was refluxed for 1 hour in the presence of Amberlite IRA-400 resin 
(25 ml) xvhich had been satul-atecl with phenol. 'The solutiorl was filtered ancl evaporated. 
Crystallization of the I-esiclue from chloroform - petroleunl ether yielded methj-l 3,4- 
dichlorobenzylthio~~ocarba~nate (111.p. 75-76'), yield 0.60 g (48y0). -Anal. Calc. for 
C,H9Cl2NOS: C, 42.23; H ,  3.63; CI, 28.35; N,  5.60; S,  12.82. Found: C, 42.23; H ,  3.90; 
C1, 28.60; N,  5.39; S ,  12.50. 

Ethyl S,/t-Dichlorobe~zzylthionocarbamate 
The procedure is essentially that  of Harris and Fischbacl; ( I) .  Methyl chloride was 

passed through a solution of potassiunl ethylxanthate (0.20 mole) in ethanol (200 1111) 
for 1 hour a t  25-30'. 3,4-Dicl1lorobe1~zylamine (35.2 g, 0.20 mole) was added and the 
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2052 C.-\N;\DI.4S JOURSAL OF CHEMISTR\'. VOL. 38, 1960 

so lu t io~~ was maintained a t  40' for 30 ~ninutes. The solution was evaporated, and the 
residue was dissolved in cl~loroforn~ (200 inl). The chloroform solution was extracted with 
3yo sodium hydroxide solution, 5% l~ydrochloric acid, and water. The chlorofornl solution 
was dried and evaporated to  give ethyl 3,4-dichlorobenzyltl~ionocarbamate (m.p. 55-58'), 
yield 16 g (30.3%). A\nal. Calc. for CloH1lCl&JOS: C,  45.46; H, 4.19; C1, 26.84; N,  5.30; 
S ,  12.14. Foulicl: C ,  43.39; H, 4.30; Cl, 27.00; N,  5.70; S, 12.10. 
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