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SYNTHESIS OF HETEROCYCLIC COMPOUNDS 
AND NEW ROUTES FOR THE PREPARATION 

OF CERTAIN DITHIOCARBONATES AND 
SULFIDES FROM POTASSIUM 

CYANODITHIOIMIDOCARBONATE~, 

PETER G. RUMINSKI, LYDIA A. SUBA and JOHN J. D'AMICO* 

Monsanto Agricultural Products Company, Research Department, 800 N. 
Lindbergh Boulevard, St. Louis, Missouri 631 66 

( ReceivedJanwy 13, 1984) 

The reaction of potassium cyanodithioimidocarbonate with 3-chloro-2,4-pentane- 
dione, ethyl a-chloroacetoacetate, chloroacetone, or 2,3-dichloro 1,4-napthoquinone 
afforded novel heterocyclic compounds (2), (3), and (4) and (6). The reaction of the 
potassium salt with p-chlorophenyl chlorothioformate, 4-chloro-3-nitro or 33-  
dinitrobenzotrifluoride or dimethylthiocarbamoyl chloride furnished new routes for 
the synthesis of S, S'-bis-p-chlorophenyl dithiocarbonate ('7) and the sulfides (8), (9) 
and (10). Possible mechanisms and supporting NMR and mass spectra are discussed. 

Potassium cyanodithioimidocarbonate, (KS) ,C=N-CrN, was first prepared by 
Fleisher3 in 1875 as an intermediate. Its structure was later established by Hantzsch 
and Wolvekamp4 in 1904 by means of a convenient synthesis from cyanamide, 
carbon disulfide and potassium hydroxide. 

H2NCN + CS2 + 2KOH-) (KS)*C=N-CIN + H20 (1) 

In 1967, we5 reported the synthesis of the potassium salt by modifying the procedure 
described by Hantzsch and W~lvekamp.~ The dimethy14 and dibenzy16 derivatives 
were prepared from the silver and potassium salts, respectively. However, since 1907 

(MS) ZC=N-CEN + RI ->(RS) 2C=N-CEN 
(2) . M = Ag; R = -CH3;M = K; R = -CH C H 2 6 5  

the chemistry of the salt has received comparatively little attention until 1966 when 
several publications appeared concerning akyl,5~7 a ~ y l , ~  ally1 and propynyl,8 
organotin' derivatives and metal complexes.'o~'' The use of the potassium salt as an 
intermediate in the synthesis of nitrogen and sulfur containing heterocycles has 
recently received moderate a t t e n t i ~ n . ~ * ' * ~ ~ - ' ~  

In this paper we wish to report the synthesis of novel heterocyclic compounds and 
new routes for the preparation of certain S,  S'-dithiocarbonates and sulfides from 
potassium cyanodithioimidocarbonate. 

It was anticipated that the reaction of the potassium salt with 3-bromo-1-propyne 
would have furnished the monoalkylation product followed by cyclization to give the 
heterocycle A. However, this was not the case for the product obtained in 90% yield 
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336 P. G. RUMMSKI, L. A. SUBAAND J. J. DAMICO 

was S,  S’-Zpropynyl cyanodithioimidocarbonate (I).* 

(KS) 2C=N-CZN + B r C H 2 C I C H  
2 5 - 3 0  O C  i 

1 

CH 2-S\ 
I C=N-CZN 
c-s’ 
II 
CH 2 

(3) 

A H 

Analysis, NMR and mass spectra were in agreement for the proposed structure 1. 
The reaction of the potassium salt with 3-chloro-2,4-pentanedione, ethyl a-chloro- 

acetoacetate and chloroacetone afforded [6-acetyl-4-(l-hydroxyethylidene)-5-methyl- 
4&1,3-dithiin-2-ylidene]urea (2), ethyl 2-[(aminocarbonyl)ino]-4-(ethoxyhydroxy- 
methylene)-5-methyl-4_H-1,3-dithiin-6-carboxylate (3) and (6-acetyl-5-methyl-4€J- 
1,3-dithiin-2-ylidene)urea (4), respectively (reactions (4) and (5)). 

\ ,c-s 

0 

2 ,  R = -CH3 

3 ,  R = -OCH2CH3 

3 NMR (CDC13)  F. = -CH 

” ppm 
2 . 4 3 ;  CH3C /L 

-C-CH 
* 

II -3 
2 . 5 8 ;  -COCF, and C 

6 . 8 8 ;  -CONK2 

1 7 . 6 0 ;  - HO-C- 

~ = N - ~ - N H ~  

-s 
I (4) 
F=O 
R 

2 NMR (CDC13)  R = -OCH2CH3 3 

ppm 
1 . 1 6  and 1 . 2 1 ;  - O C H 2 E 3  

\ 
2 . 2 8 ;  g 3 c  

4 . 1 4  and 4 . 2 0 ;  - O E 2 C H 3  

5 . 8 4 ;  -CONK2 

1 4 . 0 1 ;  HO-C- - 
4 . 0 5  ppm 

2O 
(KS) 2C=N-CSN + 2 CH3CCH2C1 It 

( 5 )  
2 . 2 0  I 
ppm c=o 

0 
2 5 - 3 0  “C 

I 
CH 

2 . 2 9  ppm 
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POTASSIUM CYANODITHIOIMIDOCARBONATJZ 3 3 1  

(KS) 2C=N-C3N + 2 CH3C-CH-CR 
li I li 
0 c1 0 

>c-s 

RS 

II 

\ CH C 4 H - S  37 ,C=N-CZN 
Tv H-C-S 

R V-L 
I 

R-C-OH 
H < r R  I1 
/-\ 2O 

-c-s 
C=NCNH 

/C=N-cEN 0 
CH3C 

I c =o 
I 
R 

I c=o 
I 
R 

3 2 ,  R = -CH 

3 ,  R = -OCH2CH3 

SCHEME I 

Proof of structure for 2, 3 and 4 was based on analysis, NMR and mass spectra. 
Evidence for the enol structure of 2 and 3 instead of the keto structure was based on 
the NMR spectra data. The OH proton for 2 and 3 appeared at 17.60 and 14.01 8 ,  
respectively. This large downfield shift in 2 and 3 is due to presence of enol form 
and the deshielding effect of the sulfur atom in the ring. Moreover, the hydration of 
the cyan0 (C=N) to the amido (CONH,) group was also based on the NMR data. 
The CONH, protons for 2, 3 and 4 appeared at 6.88, 5.84 and 6.57 6, respectively. 
The proposed mechanisms for reactions 4 and 5 are depicted in Schemes 1 and 2, 
respectively. 

The reaction of the potassium salt with N-(chloromethy1)phthalimide and 2,3-di- 
chloro 1,Cnapthoquinone furnished S, S'-phthalimidomethyl cyanodithioimidocar- 
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ilfl 
\ (KS) C=N-C-N + 2 C l C H  ___j_ CH3CCH2-S 5 ,C=N-CZN 

F 
/ \  

H-C-S 

H C=O 

2 

<z. 

H C=O 
I c=o 
I I 

CH 3 CH 3 

4 
SCHEME 2 

bonate (5) and (3a,4,9,9a-tetrahydro-4,9-dioxonaphtho[2,3-d]-l,3-dithiol-2-ylidene) 
cyanamide (6), respectively. 

H O/acetone 
( K S )  2 C=N-CSN + ( a 5 C H  22 C=N-C=N 

2 5 - 3 0  OC 

( 6 )  *O 

5 

The analysis and NMR confirmed the proposed structures 5 and 6. 
The reaction of the potassium salt with p-chlorophenyl chlorothioformate did not 

afford the expected product B but instead furnished S, S’-bis-p-chlorophenyl dithio- 
carbonate (7) in 79% yield (Method I). 
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POTASSIUM CYANODITHIOIMIDOCARBONATE 339 

H 2 O/acetone > (0 c1- 1 i -s- )I c=o + cos 

(8) 
0-10 OC 

(KS)2C=N-CEN + 2 CiCS- 
I1 
0 * 7 

B 

Proof of structure for 7 was established by the following conventional reaction: 
(Method 11) 

H O/acetone 
> 7  (9) 

cl-Q-sK + ClPS- Q-ci 2 
t 
0 

7 was first prepared by H. G. Heine and W. Metzner18 by the photofragmentation of 
S, S'-bis-p-chlorophenyl dithiooxalate. 

The proposed mechanism for reaction 8 is depicted in Scheme 3. 
The reaction of the potassium salt with 4-chloro-3-nitrobenzotrifluoride and 

4-chloro-3,5-dinitrobenzotrifluoride afforded bis(2-nitro-4-trifluoromethylphenyl) 
sulfide (8) and bis(2,6-dinitro-4-trifluoromethylphenyl)sulfide (9), respectively 
(Method I). 

(KS) C=N-CEN 2 

X X 

8 ;  X = H 

2 9 ;  x = -NO 

Proof of structure for 8 and 9 was established by the following conventional 
reaction: (Method 11). 

Na2S-9H20 + 2 U 3 - q  1 -c1 --> 8 ;  X = H (12) 
9 ;  X = -NO2 

x 
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\ 
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?,C=N-CZN 
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- 

ClCSR 

L 

R = C 1 0 -  

0 
II 

0 C=N-CZN + RS RSCS\ 

\L 
C a n  a c t  as Nuto 
release more RS C S  R 
RS @ II 

0 

7 

II 
0 

-cos 
t 

0 

SCHEME 3 

The reaction of the potassium salt with dimethylthiocarbamoyl chloride did not 
afford the expected product C but instead furnished bis(dimethylthiocarbamoy1) 
sulfide (10) (Method I). 

H - 0  

C 

Proof of structure for 10 was obtained by the following conventional reaction: 
(Method 11) 

F H 3 l 2 N i S g  + . KCN -> 10 (14) 
2 

The proposed mechanisms for reactions 11 and 13 are depicted in Scheme 4. 
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POTASSIUM CYANODITHIOIMIDOCARBONATE 341 

8 ;  

9 ;  

(KS) C=N-CZN + 2 
R C 1  

R / - C F 3 :  p 

RS R 
C a n  a c t  a s  NU t o  
release more RS- 

SCHEME 4 

EXPERIMENTAL SECTION 

NMR spectra were obtained with a Varian T-60 NMR spectrometer. The chemical shifts are reported in 
8 ,  using tetramethylsilane as reference. All melting points were taken upon a Fisher-Johns block and are 
uncorrected. The electron impact mass spectra were determined with a Varian-MAT CH-7A mass 
spectrometer operating at an ionizing potential of 70 eV using the direct insertion probe technique with a 
source temperature of 250°C. 

S,S'-2-Propynyl Cyanodithioimidocarbonate' (l]., To a stirred solution (pH = 9.6) comprising 78.8 g (0.4 
mol) of potassium cyanodithioimidocarbonate in 800 mL of water was added in one portion 95.2 g (0.8 
mol) of 3-bromo-1-propyne. The reaction mixture was stirred at 25-30°C for 1 day (pH = 7.4). After 
cooling to O"C, the precipitate was collected by filtration, washed with water until the washings were 
neutral to litmus and air-dried at 2530°C. 1, mp 89-91"C, was obtained in 90% yield. After recrystalliza- 
tion from ethyl acetate 1 melted at 9495°C; NMR (Me2SO-do) S 3.41 (rn, 2, C€?zC=CJ3J, 4.28 (s, 4, 
CH,C=CH); mass spectrum m/e (rel. intensity), 193 (5 .5 )  ( M  - l), 155 (35) (M. -CH,C=CH), 123 

Anal. Calcd. for C,H,N2$: C, 49.46; H, 3.11; N, 14.42; S, 33.01. Found: C, 49.39; H, 3.11; N, 14.39; 
S ,  32.99. 

[ 6-Acetyl-4-(1 -hydroxyethylidene)-5-methyl-4_H-I, 3-dithiin-2-ylidene) urea (2), Ethyl 2-[( aminocarbonyl) im- 
ino]-4-( ethoxyhydroxymethylene)-5-methyl-4~-l, 3-dithiin-6-carboxylaie (3), and ( 6-Acetyl-S-methyl-4_H- 
1,3-dithiin-2-yIidene)urea (4). To a stirred solution at 5°C (pH = 9.6) containing 38.9 g (0.2 mol) of 
potassium cyan~dithioimidocarbonate~ in 200 mL of water and 200 mL of ethyl alcohol, 0.4 mol of 
3-chloro-2,4-pentanedione, ethyl a-chloroacetoacetate or chloroacetone was added in one portion. The 
reaction mixture was stirred at 2530°C for 2 days (pH = 5-6). The solid was collected by filtration, 
washed with water until neutral to litmus and air-dried at 25-30°C. The data are summarized in Table I. 

0 (M'-SCH~C=CH). 
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POTASSIUM CYANODITHIOIMIDOCARBONATE 343 

S,S'-Phthalimidomethyl cyanodithioimidocarbonate (5) and ( 3a, 4,9,9a-Tetrahydro-4, Pdioxonaptho[ 2,3- 
d]-113-dithiol-2-ylidene) cyanamide (6). To a stirred solution @H = 9.5) comprising 38.9 g (0.2 mol) of 
potassium cyanodithioimid~arbonate~ in 400 mL of water and 400 mL of acetone, 78.4 g (0.4 mol) of 
N-(chloromethy1)phthalimide or 47.4 g (0.2 mol) of 2.3-dichloro 1,Cnapthoquinone was added in one 
portion. An exothermic reaction set in causing a temperature rise of 25°C to about 36°C. The reaction 
mixture was stirred at 2530°C for 1 day. After the addition of 1 1 of water, stimng was continued at 
25-30°C for 30 min. (pH = 7.3 and 7.5 for 5 and 6, respectively). The precipitate was collected by 
filtration, washed with water until neutral to litmus and air-dried at 25-30°C. The crude product (9, mp 
163-166"C, was obtained in 80% yield. After recrystallization from methyl ethyl ketone 5 melted at 
177-178°C. NMR (Me,SO-d,) 6 5.43 (s, 4, NCH,S), 7.91 (s, 8, 2ArH); isobutane chemical ionization 
mass spectrum m/e 437 (M + l).'. 

Anal. Calcd. for C2,HI2N4O4S2: C, 55.04; H, 2.77; N, 12.84; S, 14.69. Found: C, 54.99; H, 2.80; N, 
12.80; S, 14.64. 

The crude product (6), mp 228-231°C, was obtained in 90% yield. After recrystallization from DMF, 6 
melted at 233-234°C. The NMR of 6 could not be obtained since it was insoluble in most solvents 
including DMSO. 

Anal. Calcd. for C12H14N202S2: C, 52.93; H, 1.48; N, 10.29. S, 23.55. Found: C, 53.00; H, 1.70; N, 
10.02; S, 23.36. 

S,S'-Bis-p-chlorophenyl dithiocarbonate (7)--Method I .  To a stirred solution at 5°C (pH = 8.5) contain- 
ing 19.5 g (0.1 mol) of potassium cyanodithioimido~arbonate~ in 150 mL of acetone and 50 mL of water, 
41.5 g (0.2 mol) of p-chlorophenyl chlorothioformate was added dropwise at 0-10°C in 30 min. The 
reaction mixture was stirred at 0-10°C for 5 h and 25-30°C for 1 h. After cooling to 5"C, 700 g of ice 
water was added and stimng continued at 0-10°C for 30 min (pH = 4). The solid was collected by 
filtration, washed with water until neutral to litmus and air-dried at 25-30°C. The crude product (7), mp 
119-12loC, was obtained in 79% yield. After recrystallization from heptane 7 melted at 126-127°C. 
(Lit.'* mp 125-127°C). NMR (CDCI,) 6 7.51 (s, 8, ArH); mass spectrum m/e (rel. intensity) 315 

(0.52)(M'), 143 (100) (M,+- CS " -(--Jcl), 

22.44; S, 20.34. 

(7)--Method I I .  Conuentional. To a stirred solution at 5°C comprising 28.9 g (0.2 mol) of p-chloro- 
thiophenol, 13.2 g (0.2 mol) of 85% potassium hydroxide, 200 mL of acetone and 10 mL of water, 41.5 g 
(0.2 mol) of p-chlorophenyl chlorothioformate was added dropwise at 0-10°C. The reaction mixture was 
stirred at 25-30°C for 1 day. After the addition of 700 mL of water stirring was continued at 25-30°C for 
30 min. The precipitate was collected by filtration, washed with water until neutral to litmus and air-dried 
at 25-30°C. Crude 7, mp 125-126"C, was obtained in 97% yield. After recrystallization from heptane 7 
melted at 126-127°C. A mixture melting point with the product obtained from Method I was not 
depressed and the NMR spectra of the two were identical. 

0 

- 

Anal. Calcd. for Ci,H,C120S2: C, 49.53; H, 2.56; C1, 22.49; S, 20.34. Found: C, 49.53; H, 2.58; C1, 

Anal. Calcd. for C13H,CI,0S2: C1, 22.49; S, 20.34. Found: C1, 22.15; S, 20.10. 

Bis(2-nitro-4-trifluoromethylphenyl)sulfide (8);Method I .  To a stirred slurry containing 19.4 g (0.1 mol) 
of potassium cyanodithioimidocarbonate in 200 mL of dimethylformamide, 45.2 g (0.2 mol) of 
4-chloro-3-nitrobenzotrifluoride was added in one portion. An exothermic reaction set in causing 
a temperature rise from 20°C to 39°C over a 5 min period. The stirred reaction mixture was heated 
at 80-90°C for 1 day. After cooling to 5"C, 800 g of ice water was added and stirring continued at 
0-10°C for 30 min. The solid was collected by filtration, washed with water until neutral to litmus and 
air-dried at 50°C. Crude 8,  mp 142-145"C, was obtained in 99% yield. After recrystalkation from 
ethyl acetate 8 melted at 146147°C. NMR (Me2SO-d,) 6 7.70 (d, 2, Hl); 8.00 (d, 2, H2); 8.65 (s, 2, H,) 

S @!F$2mass spectrum m/e (rel. intensity) 412 (74.2)(M'). 

Anal. Calcd. for Cl4H,F,N2O4S: C, 40.79; H, 1.47; F, 27.65; N, 6.79; S, 7.78. Found: C, 40.75; H, 
1.64; F, 27.52; N, 6.80; S, 7.86. 

(8)--Method IZ. 8 was prepared as described by Roe and co-~orkers '~ and DAmico et a1.20 A mixture 
melting point with the product obtained by Method I was not depressed and the NMR and mass spectra 
of the two were identical. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



344 P. G. RUMINSKI, L. A. SUBA AND J. J. DAMICO 

Bis( 2,6-dinitro-4-trifluoromethy$henyl)sulfide (9)-Merhod I .  To a stirred solution containing 19.4 g (0.1 
mol) of potassium cyanodithioimidocarbonate’ in 200 mL of water a solution comprising of 54 g (0.2 
mol) of 4-chloro-3,5-dinitrobenzotrifluoride in 200 mL of ethyl alcohol was added in one portion. An 
exothermic reaction set in causing a temperature rise from 20 to 35°C over a 8 min period. The reaction 
mixture was stirred at 25-30°C for 3 days. After the addition of 800 mL of water stirring was continued 
at 25-30°C for 30 min. The product was collected by filtration, washed with water until neutral to litmus 
and air-dried at 25-30°C. The crude product (9), mp 190-196”C, was obtained in 96% yield. After 
recrystallization from heptane-ethyl acetate 9 melted at 203-204°C. NMR (Me,SO-d,) 6 8.85 (s, 4, HI) 

(%~FJ~ ; mass spectrum m/e (rel. intensity) 502 (6.1) (M?. 

NO2 H 1  

Anal. Calcd. for Cl,H4F6N40,S: C, 33.48; H, 0.80; F, 22.70; N, 11.15; S, 6.38. Found: C, 33.42; H, 
0.87; F, 22.79; N, 11.13; S, 6.33. 

(9f-Method If. 9 was prepared as described by us.” A mixture melting point with 9 obtained by 
Method I was not depressed and the NMR and mass spectra of the two were identical. 

Bis(dimethylrhiocarbamoyI)sulfde (10). To a stirred solution containing 38.8 g (0.2 mol) of potassium 
cyanodithioimidocarbonate’ in 400 mL of water, 49.4 g (0.4 mol) of dimethylthiocarbamoyl chloride was 
added in one portion. An exothermic reaction set in causing a temperature rise from 25°C to 40°C over a 
6 min period. The reaction mixture was stirred at 25-30°C for 1 day. The oily precipitate was collected by 
filtration, washed with water until neutral to litmus and air-dried at 25-30°C. Crude 10, mp 76-80°C was 
obtained in 88% yield. After two recrystallizations from ethyl alcohol 10, mp 105-106”C, was obtained in 
36% yield. A mixture melting point with an authentic samplez1 was not depressed and NMR and mass 
spectra of the two were identical. NMR (Me,SO-d,) S 3.42 (s, 12, N(CH,),); mass spectrum m/e (rel. 
intensity) 208 (22.2) (M.+). 

Anal. Calcd. for C6H,,N2S,: C, 34.59; H, 5.81; N, 13.44; S ,  46.16. Found: C, 34.53; H, 5.81; N, 13.39; 
S, 46.09. 
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