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Alkyl, alkenyl, and aryl Grignard reagents react with tetramethylthiuram disulfide to produce the corresponding 
dimethyldithiocarbamate esters. The spectral properties of the esters are discussed. 

The object of this research was to find an alterna- 
tive synthesis of dithiocarbamate esters. Since tetra- 
methylthiuram disulfide (TMTD) suffers a displace- 
ment reaction a t  sulfur when it is treated with nucleo- 
philes, such as cyanide ion2 or  amine^,^ the reaction 
between TMTD and Grignard reagent,s was investi- 
gated. 

A general, preparatively useful reaction was dis- 
covered. Primary, secondary, and tertiary alkyl, al- 
kenyl, and aryl Grignard reagents react with TMTD 
to form the corresponding dithiocarbamate esters 1 
(eq 1). The synthetic advantages of this reaction are 

x 

1. Et,O. yoom temu 

2 NH,CI. H.0 

S S 
II II 

(CHJ~NCSR + (CHJ~NCSM~X (1) 

1 2 

x I Br Br C1 Br Br 
R CH CJH, i-C H- t-C ,H , C, H tmrts-C, H,CH=CH 

Yield, 
% I  33 38 75 '71 26 51 

clear. It represents the most convenient and least 
hazardous procedure for preparing t-alkyl, alkenyl, 
and aryl esters. For example, phenyl dimethyldi- 
thiocarbamate was previously prepared by the reaction 
between phenyldiazonium ion and dimethyldithiocar- 
bamate while vinyl diethyldithiocarbamate was 
synthesized by the high-pressure reaction of diethyl- 
amine, carbon disulfide, and acety1ene.j 

Reaction 1 is carried out by adding solid TMTD to 
an ethereal solution of the Grignard reagent. The 
mechanism of this exothermic reaction probably in- 
volves a displacement reaction at  sulfur, and apparently 
the driving force is the formation and precipitation of 
the magnesium dithiocarbamate salt 2. 

The esters mere identified by their spectral properties. 
The infrared spectra showed a strong 1500-cm-' 
band, which is consistent with the N-C=S group 
frequencyS6 The mass spectra reveal the esters as 
having intense molecular ions and a base peak a t  
nz/e 88, which corresponds to  the structure (CH3)&+= 
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C=S.' The nuclear magnetic resonance spectra are 
consistent with all proposed structures. The assign- 
ment of trans isomerism for styryl dimethyldithio- 
carbamate rests on the coupling constant ( J  = 16 
He) for the vinyl hydrogens. The methyl groups 
substituted on nitrogen are equivalent for each ester. 
However, the spectrum of dimethylthiobenzamide dis- 
plays nonequivalent methyl groups at the same tem- 
perature. Evidently the electron-donating ability of 
the thiol sulfur atom of dithiocarbamates serves to 
decrease the amount of double-bond character of the 
carbon-nitrogen bond relative to that of the thio- 
amide and thus decreases the rotational barrier about 
the bond. This behavior is consistent with that ob- 
served for dialkylcarbamates and amides.* 

'Experimental Sectiong 
Methyl Dimethyldithiocarbamate.ln--Methylmagnesium io- 

dide (0.20 mol) was prepared from 4.92 g (0.20 g-atom) of mag- 
nesium metal and 30.14 g (0.21 mol) of iodomethane in 250 ml of 
dry ether. By means of Gooch tubing 24.06 g (0.10 mol) of 
TMTD was added slowly. The reaction mixture was stirred for 
1 hr and then was poured into 500 ml of a cold aqueous saturated 
solution of NH4Cl. The ether was separated, dried (MgS04), 
and evaporated. The crude white crystals were chromato- 
graphed on 200 g of Merck acid-washed aluminum oxide and 
eluted with hexane and then with benzene. This gave 4.5 g 
(33%) of the dithiocarbamate, mp 45-47" (lit.'" mp 45-46'). 
An analytical sample was prepared by sublimation a t  25" (0.02 
mm): uv max (95% EtOH) 221 m r  (e 10,800), 247 (9240), 273 
(11,780), and 318 (584); ir (CHC18)2980, 2925,1500,1380,1260, 
1150, 1060, 1010, 990, 965, and 570 cm-1; nmr (CDCla) 6 2.72 
(s, 3)  and 3.58 (s, 6); mass spectrum (80 eV), m/e (relative in- 
tensity), 120 @), 91 (IS),  88 (loo),  73 (22), 47 ( 7 ) ,  45 (18), 44 
(as), and 42 (27). Anal. Calcd for C4HBNSt: C, 35.52; H, 
6.71; N, 10.35; S, 47.42. Found: C, 35.38; €1, 6.68; N ,  
10.39; S, 47.21. 

Ethyl Dimethyldithiocarbamate ."--E thylmagnesium bromide 
(0.25 mol) was treat,ed with 24.11 g (0.10 mol) of tetramethyl- 
thiuram disulfide as described above. After addition of aqueous 

solution, the mixt,ure was filtered and the precipitate was 
washed with ether. The ether was evaporated giving a crude 
brown oil, which was distilled giving 5.7 g (38y0) of the dithio- 
carbamate: bp 3.5-.57" (0.05 mm); mp +2.0" (lit." mp +2.0"); 
uv max (95yo EtOH) 222 mp (e 9920), 248 (9010), and 277 
(10,450); ir (CHCL) 2980, 2940, 3880, 1500, 1390, 1280, 1260, 
1150, 1060, 990, 880, and 570 cm-'; nmr (CDCl,) 6 1.38 (t,  
3, J = 7.5 Hz), 3.48 (9, 2, J = 7.5 He), and 3.55 (s, 6); mass 
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spectrum (80 ev), m/e (relative intensity) 149 (33), 134 (3), 
121 (16), 120 (15), 106 (30), 105 (35), 91 (56), 88 (loo), 77 (22), 
73 (18), 57 (52), 55 (36), 44 (27), 43 (74), 42 (45), 41 (76), and 
39 (60). 

Isopropyl Dimethyldithiocarbamate.l*-Isopropylmagnesium 
bromide (0.20 mol) was treated with 24.14 g (0.10 mol) of tetra- 
methylthiuram disulfide. After addition of aqueous 
the ether solution was filtered, dried (MgSO1), and evaporated to 
give 12.3 g (757,) of a light brown oil, which distilled to give the 
colorless dithiocarbamate: bp 67-69" (0.08 mm) (lit.1a 126' 
(12 mm)); uv rnax (95y0 EtOH) 223 mp ( E  12,830), 248 (11,620), 
and 277 (13,220); ir (CHC13) 2975,2940,2880, 1500, 1380, 1265, 
1153, 1065, 990, 880, 753, and 580 cm-1; nmr (CDCls) S 1.45 
(d, 6, J = 7.5 Hz), 4.05 (septet, 1, J = 7.5 Hz) and 3.57 (9, 6); 
massspectrum (80 eV), m/e (relative intensity) 163 (52), 121 
(31), 120 (111, 88 (loo), 73 (13), 44 (15), 43 (lX), and41 (22). 

t-Butyl Dimethyldithiocarbamate.-t-Butylmagnesium chlo- 
ride (0.21 mol) was treated with 17.11 g (0.07 mol) of tetramethyl- 
thiuram disulfidle. After hydrolysis the mass was filtered and the 
precipitate was washed with ether. The ether was dried (Mg- 
SOa) and evaporated giving 13.5 g of a crude black oil, which was 
distilled giving 8.2 g (717,) of the yellow dithiocarbamate, bp 
60-64' (0.08 mm). When the product was cooled in a Dry Ice- 
acetone bath, colorless crystals formed. I t  slowly decomposed to 
tetramethylthiuram disulfide at  room temperature. Therefore 
a good analysis could not be obtained: uv max (957, EtOH) 222 
mp ( E  8600), 250 (8450), and 280 (9550); ir (CHClz) 2975, 2930, 
2865, 1500, 1460, 1375, 1260, 1160, 1140, 1060, 995, 870, 595, 
and 570 cm-l; nmr (CDCla) 6 1.65 (s, 9), and 3.40 ( s ,  6); mass 
spectrum (80 eV), m/e (relative intensity) 166 (12), 121 (27), 
88 (95), 73 (18j, 57 (56), 44 (31), 42 ( S O ) ,  41 (loo), and 39 (58). 
Anal. Calcd for C ~ H I ~ N S ~ :  C, 47.35; H ,  8.53; N, 7.96; S, 
36.16. Found: C,48.13; H, 8.64; N,8.09; S,35.28. 
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Phenyl Dimethyldithiocarbamate.4-Phenylmagnesium bro- 
mide (0.20 mol) w~ treated with 0.10 mol of tetramethylthiuram 
disulfide. After hydrolysis the ether was separated, washed, 
dried (TvIgSO4), and evaporated to give a semisolid red oil. 
Crystallization from cyclohexane gave 5.2 g (26Oj) of the dithio- 
carbamate: mp 94-95'; uv max (95% EtOH) 215 mp ( E  19,600), 
243 (12,700), 248 (12,400), and 270 (9200); ir (CHCla) 2990, 
2940, 1510, 1480, 1450, 1390, 1260, 1150, 990, 870, 690, 570, 
and 510 cm-'; nmr (CDCla) S 3.45 (9, 6) and 7.41 ( s ,  5); mass 
spectrum (80 eV), m/e (relative intensity) 197 (49), 109 ( 7 ) ,  88 
(loo), 77 (lo), 73 (lX), and42 (11). Anal. Calcdfor CQHllNSZ: 
C, 54.78; H,  5.57; N, 7.10; S, 32.51. Found: C, 54.77; H, 
5.69; N, 7.06, S, 32.61. 

trans-Styryl Dimethyldithiocarbamate.-To trans-styrylmag- 
nesium bromide from 0.30 mol of trans-0-bromostyrene was 
added 0.10 mol of tetramethylthiuram disulfide. After the usual 
work-up the ether solution was evaporated to a semisolid, which 
was crystallized from benzene-hexane to give 11.0 g (51%) of the 
dithiocarbamate. An analytical sample was obtained from 
further recrystallization: mp 93-94'; uv max (9570 EtOH) 
217 mp ( E  18,950), 275 (25,100), and 302 (17,420); ir (CHCla) 
2990, 2940, 2860, 1610, 1550, 1450, 1390, 1260, 1155, 990, 950, 
880, 690, 590, and 570 cm-l; nmr (CDC13) 6 3.45 ( s ,  6), 6.75 
(d, 1, J = 16 Ha), 7.37 (m, 5), and 7.50 (d, 1, J 5 16 Hz); 
mass spectrum (80 eV), m/e (relative intensity), 223 (20), 88 
(loo), 73 (4), and 42 (3). Anal. Calcd for CllHlaNSa: C, 
59.15; H ,  5.86; N, 6.27; S, 28.72. Found: C, 59.26; H, 
6.00; N, 6.36; S, 28.15. 

Registry No.-Methyl dimethyldithiocarbamate, 
3735-92-0; ethyl dimethyldithiocarbamate, 617-38-9; 
isopropyl dimethyldithiocarbamate, 23885-26-9; t- 
butyl dimethyldithiocarbamate, 23885-27-0; phenyl 
dime t hy ldithioc arbamate, 16906-70-0; trans-styryl di- 
methyldithiocarbamate, 23846-99-3; TMTD, 137-26-8. 
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The reaction of tetramethyl-3-thio-l,3-cyclobutanedione (1) with diazomethane gave 4,4,6,6-tetramethyl-l- 
thiaspiro[2.3] hexan-5-one (9). An unstable intermediate isolated from this reaction was tentatively assigned the 
structure of 3,4-diaza-6,6,8,8-tetramethyl-7-oxo-l-thiaspiro[4.3] oct-3-ene (8a) on the basis of infrared and nmr 
spectra. The thiirane ring of 9 was found to be surprisingly unreactive toward nucleophilic and electrophilic 
reagents, although it could be desulfurized with triphenylphosphine to give 2,2,4,4-tetramethyl-3-methylenecyclo- 
butanone (17) or with Raney nickel to yield 2,2,3,4,4-pentamethylcyclobutanone as the major product. Reduc- 
tion of 9 with lithium aluminum hydride or sodium borohydride gave a mixture of isomeric alcohols 12, leaving 
the thiirane ring unattacked. 

The synthesis of tetramethy1-3-thio-l,&cyclobutane- 
dione (1) was recently reported.'S2 This compound is 

(cH3)2€r;HA)2 0 
1 

one of the few stable aliphatic thio ketones known. 
It has no tendency to polymerize or dimerize, in con- 
trast to most aliphatic thio ket0nes.3.~ The ready 
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availability of 1 allowed studies of the chemistry of an 
aliphatic thione group without the complications of 
dimerization, enolization, etc. This account will be 
limited primarily to a discussion of the reaction of the 
thione group with diazomethane and to a discussion 
of the chemistry of the resulting products. 

The first report of the reaction between a diazoalkane 
and a thio ketone was that of Staudinger and Siegwart,6 
who investigated the reaction between diphenyldiazo- 
methane and various diary1 thio ketones (Scheme I). 
The reaction resulted in the formation of tetrasubsti- 
tuted thiiranes, which lost sulfur upon heating to give 
the corresponding ethylenes. Staudinger and Siegwart 
postulated the formation of an unstable A2-1,2,3- 

(5 )  H. Staudinger and  J. Siegwart, Helv .  Chim. Acta, 3, 833 (1920). 


