
344 Russian Chemical Bulletin, VoL 49, No. 2, February, 2000 

Thiocarbamoylation of amine-containing compounds 
6.* Reactions of tetramethylthiuram disulfide with hydrazones of aromatic aldehydes 
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Thiocarbamoylation of hydrazones of aromatic aldehydes with tetramethylthiuram disul- 
fide (TMTD) afforded diars'laldazines, 4.4-dimethyithiosemicarbazide. and 5-dimethylamino- 
1.3.4-thiadiazole-2-thiol. In addition, the reaction of TMTD with salicylaldehyde hydrazone 
yielded symmetrical thiocarbonyldihydrazonc of salicytaldehyde, whereas the reactions with 
p-bromobenzaldehyde and m-nitrobenzaldehyde hydrazones afforded p-bromo-N,N-dimethyl- 
and N.N-dimethyl-m-nitrothiobenzamides, respectively. Possible pathways of formation of 
the resulting products are discussed. 
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N,N-dimethyittfiosemicarbazones. 4,4-dimethyithiosemicarbazide, 5-dimethytamino-l,3.4- 
thiadiazole-2-thiot. N, N-dimethylthiobenzamides. thiocarbonyidihydrazone of salicylatdehyde. 

Previously, 1-7 we have demonstrated that the reac- 
tions of alkyl-, aryt-, and hetarylamines with tetramethyl- 
thioram disulfide (TMTD)  afforded N'-a~t(heta~4)-  
N, N-dimethylthioureas (Scheme I ). 
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These reactions can serve as a good preparative proce- 
dure for the insertion of a thiocarbonyl group into amine- 

contaiuing compounds. This procedure is characterized bv 
simplicity and high yields of the products. Thiocarbonyl 
compounds prepared according to this procedure serve as 
readily available .starting material in organic synthesis. The 
use of a~'lthioureas in the synthesis of other classes of 
compouncks, in particular, tbr the preparation of dit~cuItly 
accessible aD'l isothiocyanates, has been considered previ- 
ously. 8,9 In the present work, we attempted to caro; out 
direct thiocarbamoylation of hydrazones of aromatic alde- 
hydes ( la--c)  with TMTD with the aim of performing the 
one-stage synthesis of N.N-dimethyhhiosemicarbazones of 
aromatic aldehydes (2a--c). The process would be ex- 
pected to occur according to the general mechanism 
suggested by us previously !"2 for the reactions of amines 
with TMTD (Scheme 2). 
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= XC6HaCH~--- N NHCN Me2 

23--6 X = 2-OH (a), 4-Br (b), 3-NO 2 (c) 

" For Part 5, see Ref. I. 
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According to the suggested scheme, the reactions of 
hydrazones l a - - c  with TMTD should afford ,V'-(N,N- 
d imethyl th iocarbamoyhhio)hydrazones  (3a--ci  and 
dimethyldithiocarbamic acid (4). The latter readily de- 
composes to produce dimethylamine and CS,, which 
can convert hydrazones 3a--c into N-aminothiuram 
disulfides (Sa--c)  as a result of the insertion reaction. 
Due to the presence of the H atom at the N atom bound 
to the disulfide group, N-benzylideneaminothiuram di- 
sulfides 5a--e can be readily converted into thiocarbo- 
hydrazones (7a- -e l .  The reactions of the latter with 
dimethylamine should yield the final products (2a--r 9 

Coutraw to our expectations, the reactions of la - - r  
with TMTD taken m a ratio of 1 : 1 aflorded azines 
(8a--c). 4,4-dimethylthiosemicarbazide (9), and 5-di- 
methylamino-1,3,4-thiadiazole-2-thio[ (10) as the final 
products. In the case of hydrazone la, thiocarbonyldi- 
hydrazone of salicyJaldehyde (l  l) was formed along 
with the above-mentioned products. The reactions with 
hydrazones ib,c gave p-bromo-N,N-dimethyithiobenz- 
amide and N, N-dimethyl-m-nitrothiobenzamide (12b and 
12e, respectively). Note that when the reagents were 
taken in an equimolar  ratio, small amounts of carbon 
disulfide and d i m e t h y l a m m o n i u m  dimethyldi thio-  
carbamate were additionally obtained. 

S 
I 

XCaHT- C H-.~--N~N~CH~Ce HaX MepN~NHNH 2 
8 a - - c  9 

N N 

Me~N~S/J~-SH 
10  S 

(2-HOC6H~--C H-~-NNH)tC~S XC6H4~NMe ? 

1 1 12b,c 

TLC control demonstrated that the desired thiosemi- 
carbazones 2 a - - c  were also fo rmed  The absence of 
these compounds in the mixture of the products is 
attributable to the fact that they entered into the nu- 
cleophilic addition reactions with hydrazones la - -c  to 
give intermediates (A). Under the reaction conditions, 
the latter decomposed to give azines 8a--c and thiosemi- 
carbazide 9. Analogous reactions were described in the 
literature I~ (Scheme 3). 

It is not inconceivable that intermediates A were also 
formed as a result of thiocarbamoylation of condensa- 
tion products of two molecules of hydrazones l a - - c  10 
with TMTD, which was present in the mixture. 

According to Scheme 3, the amount  of the resulting 
compounds 8a - - c  and 9 should correspond to the stoi- 
chiometric ratio (1 : l). However, the yield of 4,4-di- 
methylthiosemicarbazide 9 (-4%) does not correlate 
with the yields of azines 8a--c  (75%). Apparently, com- 
pound 9 undergoes further conversion in the reaction 
with TMTD or carbon disulfide, which is a decomposi- 
tion product of dithiocarbamic acid 4 (see Scheme 2). 
This conversion affords 5-dimethylamino-1,3,4- thiadi-  
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l a - - c  
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azole-2-thiol I0. The reaction of thiosemicarbazide 9 
with carbon distdfide is known as one of the classical 
procedures It for the preparat ion of derivatives of 
thiadiazole 10. We confirmed the formation of the latter 
in the reaction of compound 9 with TMTD by indepen- 
dent synthesis (Scheme 4). 

Scheme 4 
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When the reagents were taken in equimolar ratio, 
TMTD was ~irtually completely consumed. On this basis, 
the yield of sulfur should correlate with the yields of 
azines 8a--c (-75%). However, the amount of sulfur 
eliminated was only ~60% of the theoretical value. Con- 
sequently, azines 8a--c were also formed m other pro- 
cesses without elimination of .sulfur. One such process 
may involve the reaction of two molecules of hydrazones 
l a - - c  in the presence of carbon disulfide and 
dimethylamine, This suggestion was confirmed by inde- 
pendent synthesis, vi,_,., by mixing of the latter com- 
pounds with hydmzone ia  in a molar ratio of I �9 I - 1. 
Heating in anhydrous dioxane aflbrded compounds 8a 
and 10 in 78 and 31% yields, respectively (Scheme 5). 
Apparently, the reaction of hydrazone la with CS 2 and 
dimethylamine, like the reactions with primary amines, 
initially afforded an intermediate (B), which was decom- 
posed upon heating to produce azine 8a and a salt {C). 
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Table  I. Reaction products of TMTD with hydrazones la---e and their physicochemical characteristics 

Molecular IH N M R Hydro- Ratio T t Prod- Yield M.p. Found (%~ 
zone T M T D I  /":C /h uct (%) /~ Calculated formula (DMSO-d6).  

C H N S (J /Hz)  

la  1 

lb  1 

l c  

| a  

lb 

lc 

1 t 

1 80  

I 80 

8a 75 214--215 
(213--214) 18 

10 30 176--177 
l l a  24 204--206 

8b 22 209--210 
(209.5--210) 19 

10 25 176--I77 
12b 21 123--124 

13 191--193 
(193) 17 

10 19 176--177 
12c 57 131--132 

SO 8c  

1 2 60--95 3 8a 
10 

l l a  
I 2 60--95 3 8b 

10 
12b 

I 2 60--95 3 8c 
10 

12c 

40 214--215 
I0 176--177 
1S 204--206 
23 2{/95--210 
12 176--t78 
13 123--124 
7 191--193 
3 176--177 

36 131--132 

57.48 4.56 17 93 CIsHj4N402S 
57.31 4.49 17.82 

6.95 (m.  Ar);  7 .45  (m, At);  
7.75 (s, CH) 

7.05 (m, AJ); 7.90 (s, =CH):  
8.55 (br.s, NH);  11.85 (br.s, OH) 
7.40 (d, Ar, J = I 1_2); 8.00 (d, 
Ar, J = 11.2); 8.55 (s, =CH) 

45.07 4.27 5.43 CgH~0BrNS 3.17(s, 3 H. Me); 3.51 (s. 3 H, Me): 
44.28 4.13 5.74 7.46 (d. 2 H, At, J =  11.5): 8.05 (d. 

2 tl. At, J = 11.5) 
7.,q0 (m, Ar); 8.30 (m, At); 
8.75 (s, At); 8.89 (s, =Cl t )  

-~ , q~ l'l 67 ~:.14 . . . . . .  4 = ._._~ C,~HIoN?O2S, 3.19(s, 3 H, Me); 3.56(s, 3H ,  Me): 
51.41 4.79 13.32 7 .94(m 4 H, Ar) 

3.06* (s, 6 H, Me2N): 
113" (s, I H, = N - - S H )  

* In CDCI3. 

Scheme 5 

A r C H ~ N N H  2 * CS 2 ~- Me2NH 
l a  
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= Me2/q H) S~NHNHCHAr 
I 

ArCH-----NNH 
B 

S 

H2NHN(~S H21~IMe 2 + A rCH=NNCHAr  

C 8a 

The convers ion  o f  ~ l t  C into th iosemicarbaz ide  9 and 
then into 10 p r o c e e d e d  analogously  to Schemes  3 and 4. 

The  sugges t ions  as to the  pa thways  of  format ion  o f  
azines 8 a - - c  are a lso c o n f i r m e d  by the  fact that  hydra-  
zone l c  possesses  low basicity,  as result  of  which  it 
reacts  d i f f i cu l t ly  w i t h  c a r b o n  d i su l f ide ,  its r eac t ion  
wi th  t h i o s e m i c a r b a z i d e  2c  is h i n d e r e d ,  and  the  yield 
o f  3 , 3 " - d i n i t r o b e n z a l d a z i n e  8c is no  h igher  than  12%. 

Apparen t ly ,  t h i o c a r b o n y l h y d r a z o n e  11 was fo rmed  
as a resul t  of  condensa t i on  of  h y d r a z o n e  l a  with inter-  
med i a t e  i so th iocyanate  7a. 

Evident ly ,  th ioamides  12b,c  were  fo rmed  as a result  
of  the  react ions  of  h y d r ~ o n e s  l b , e  or  th iosemica rbaz ides  
2b,c  wi th  the available sul fur  a n d  d i m e t h y l a m i n e  ac-  
co rd ing  to a react ion of  the  W i l l g e r o d t - - K i n d l e r  type.12 
This  sugges t ion  was c o n f i r m e d  by  the  results  of  inde-  
p e n d e n t  synthesis .  Thus  h e a t i n g  o f  e q u i m o l a r  a m o u n t s  
of  hyd razone  lb  (or  t h i o s e m i c a r b a z o n e  2b),  sulfur,  and  
d i m e t h y l a m i n e  in d ioxane  a f fo rded  t h i o a m i d e s  12b in 
16% (30%) yield ( S c h e m e  6) (see the  Exper imen ta l  

sec t ion) .  

E x p e r i m e n t a l  

The I H NMR spectra were recorded on a Brnker AM-250 
instrument. The chemical shifts were measured relative to 
Me4Si. TLC was carried out on Silufol UV-254 plates: the 

4-BrC6H4CH=N- -NH 2 

l b  

S 
II 

4- BrC 6 H aC H ~.-~-- N N HCN Me 2 

S c h e m e  6 

+ Me2NH 4- 

+ Me2NH + S 

15% 

F 4- BrC6H~---~ m N M e  2 

30% 12b  

2b  
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spots  were visualized with UV light. The mass spectra were 
obtained on an [NCOS-50  ins t rumen t  !El. 70 eV). 

A s amp le  o f  T M T D  was recrys ta l l ized  from C HC I  3. 
m.p.  154--156 ~ {of the l i terature datal3: m.p, 156 "C). 

We t,sed freshly prepared  hydrazoncs"  l a - - c ,  which were 
syn thes ized  from the c o r r e s p o n d i n g  aromat ic  aldeh.~des ac -  
c o r d i n g  to p r o c e d u r e s  r e p o r t e d  previous ly ,  is.16 The i r  pu -  
rity was checked  by c h r o m a t o g r a p h y  on Silufol plates, l a ,  
m.p.  95 - -96  ~ 0~". the  l i te ra ture  datatS: m.p. 96 ':C); lb ,  
m.p .  7 1 - 7 2  ~ le,  m.p .  107- -108  ~ (el the literature 
datal6:  m.p. 107 ~ 

Reactions of T,MTD with hydrazones la - - c ,  d. A so lu -  
t ion o f  hyd razone  l a  (1.36 g, 10 mmol )  and T M T D  (2.40 g, 
10 retool) in anhydrous  d ioxane  (4 mL) was heated at 80 ~ for 
1 h. The solvent was distilled off  1carbon disulfide was distilled 
off  together  with the solvent)  and  the residue was washed with 
water, dried, and ch roma tograpbed  on a cohtmtr with silica gel. 
Salicylaldazine 8a was eluted with a 1 : 2 benzenc- -hexane  
mixture in a .yield o f  0.90 g (75%)  Traces o f  "I'MTi) were 
eluted with benzene.  Thiocarbonyld ihydrazone  11 and thiadi-  
azole 10 were eluted with 9 : 1 and I : I benzene- -ace tone  
mixtures  in yields o f  0.37 g (23.6%) and 0.48 g (29.S%), 
respectively. 

Sal icyialdehyde A: ,N-dimethyl th iosemic~,rbazone 2a was 
s y n t h e s i z e d  f rom s a l i c y l a l d e h y d e  and  N . N - d i m e t h y l -  
t h i o s c m i c a r b a z i d e ,  m.p. 1 9 8 - - 1 9 9  ~'C (c'f. the  l i te ra ture  
da ta t7 :  m . p  199--200~ 

The  reactions with hydrazones  lb,c were carried out analo-  
gously. 

B. A sohuion  of hydrazone  l a  (I.36 g, 10 retool) and  
T M T D  (I.20 g. 5 retool) ira anhyd rous  dioxane (,1 mL) was 
heated at 60 "C for l h and  t h e n  on  a boiling water bath tk~r 
2 h. After removal of  the solvent ,  the residue was worked up as 
described m procedure A. 

The yields and selected phys icochemica l  characteristics o f  
the synthesized c o m p o u n d s  are given in Table 1. 

5-Dimethylamino- l ,3 ,4 - th iadiazo le -2- th io l  (10).  A so -  
lu t ion  o f  4 . 4 - d i m e t h y t t h i o s e m i c a r b a z i d e  hydrochlor ide  9 
(0.62 g. 4 mmol) ,  T M T D  (0.96 g. 4 mmol) ,  and KOH (0.23 g) 
in EtOH (4 mL) was heated at 90 "C for 2 It. After removal o f  
the solvent,  tile residue was shaken  with an aqueous solution o f  
KOH 10.22 g, 4 mL). The  precipitate was filtered off  The  
filtrate was acidified with A c O H  and the precipitate that formed 
was filtered off. Thiadiazole 10 was obtained in a yield o f0 .54  g 
(85%) ,  R r 0.31 ( b e n z e n e - - e t h y l  ace ta te  mix ture .  4 : I) ,  
m.p. 176--177 "C. 

Reaction of hydrazone la  ~ith CS 2 and Me2Nit. A solut ion 
o f  hydrazone la (1.36 g. 10 m m o l ) ,  CS 2 1083 g. I I mmotL and  
M e , N H  ((I.5 g. II retool) in anhydrous  dioxane (4 mL) was 
heated at 80 ~ for 3 h. Alter  cooling, tile precipitate that  
formed was filtered off. Az ine  8a was obtained in a yield o f  
0.93 g (78%). m.p. 2 1 4 - - 2 t 5  ~ 

. . . . . . .  After-evaporation of  the so tven t ,  thiadi:lzole 10 was isolated 
from the filtrate in a yield o f  0.5 g (31%). rap .  176--177 ~ 

Reaction of hydrazone lb with S and MezNH. A m i x -  
ture of  hyd ra !one  Ib 110 retool) .  S (I 0 mg-at . ) ,  and MeaN H 
(15 retool) in anhydrous  d ioxane  (6 mL) was heated in a sealed 
tube on a boiling water bath for 1.5 h. Unconsumed  sulfur was 
filtered off  and the filtrate was cooled. The precipitate that  

* Recently, 14 a convenien t  procedure  for the preparation o f  
hydrazones  of  aromatic ke tones  and  aldehydes was described. 

tbrmed was worked up as described above. C o m p o u n d  125 was 
obtained in a yield o f  0.39 g 1-16%). 

The reaction with thiosemicarbazone 2b was per formed 
analogously. C o m p o u n d  126 was obtained in a yield o f  0.73 g 
(~30%). 

We  t h a n k  N.  N.  M a k h o v a  a n d  O. V. L e b e d e v  for 

a s s i s t a n c e  in s t u d i e s  and  helpfl t l  d i s c u s s i o n .  
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