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A characteristic compound, 4,6-diamino-3,5-dicyano- 
2H-1-thiopyran-2-thione (l) ,  was easily obtained in 
good yield from malononitrile and carbon disulfide in 
aqueous alkali. Compound 1 also was obtained by the 
reaction of the dimer (2) of malononitrile with carbon 
disulfide in an aqueous alkaline medium. The struc- 
ture of 1 was proposed on the basis of ir and nmr spectra 
together with the course of the reaction. The ir 
spectrum showed two separate absorptions at  2200 cm-l 
(conjugated CN stretching) and 2210 cm-I (noncon- 
jugated CN stretching). The nmr spectrum showed 
only one peak, which had a characteristic broad shape 
of an amino group (6 8-50, NH2). Thus the formation 
of 1 was believed to proceed through intermediate 3, 
that is, to involve attack of carbon disulfide on the ac- 
tive methylene of 2. 

Along with 1, a small amount of the trimer of malono- 
nitrile and di (ammoniomercap to) methylenecyano thio- 
acetamide (4) were isolated from the reaction product. 
The structures of the latter two compounds were 
assigned on the basis of ir and nmr spectra and the 
courses of syntheses. The trimer was believed to be 
4,6-diamino-3,5-dicyano-2-cyanomethylpyridine (5 ) ,  
which is different from the one obtained by Pleuger 
and PapeS2 

The reaction of malononitrile and carbon disulfide in 
liquid ammonia gave di(ammoniomercapto)methylene- 
malononitrile (6) .  This type of compound is generally 
prepared by the action of alkoxide.a Compound 1 could 
not be synthesized by the reaction of 6 and malono- 
nitrile. 

When ethyl cyanoacetate was treated with carbon 
disulfide in the presence of aqueous ammonia, it gave 
di(ammoniomercapto)methylenecyanoacetamide (7). 
In  addition, a small amount of a compound (CgH17N5- 
O&), which is possibly a molecular compound of cyano- 
acetamide and ethyl di(ammoniomercapto)methylene- 
cyanoacetate, was isolated. This compound, on oxida- 
tion with hydrogen peroxide, gave colorless needles, 
mp 223-224". The uv spectrum resembled that of 
3,5-di (methylacetylmethylene)-1,2,4-trithiole, and 
thus the structure was tentatively designated 3,5-di- 
(cyanocarbethoxymethylene)-1,2,4-trithiole (8) .  

Further, 7 was treated with acetic acid to give 
5-amino-4-carbamoyl-1,2-dithiole-3-thione (9).5 Com- 
pound 6, unlike 7, did not afford the corresponding 
dithiole on the same treatment, but 4, which was 
prepared from 6 by addition of hydrogen sulfide, gave 

( 1 )  (a) Chiba University; (b) The Institute of Physical and Chemical 

(2) F. Pleuger and K. Pape, Justua Liebigs Ann. Chem., 412,273 (1928). 
(3) E. Soderbdok, Acta Chem. Scand., 17, 362 (1963). 
(4) A. J. Kirby, Tetrahedron, 22, 3001 (1966). 
(5) R. Mayer, P. Rosmus, and J. Fabian, J .  Chromatogr., 16, 153 (1964). 

Research. 

5-amino-4-cyano- 1,2-dithiole-3-thione (10) .6 Com- 
pound 6 on treatment with acetic acid was converted 
into a trimer of dimercaptomethylenemalononitrile. 

Compounds 4, 6, and 7 were converted to the respec- 
tive dimethyl derivatives for the purpose of confirma- 
tion of structure. 

The structures of 9 and 10 are mainly based on the 
characteristic uv spectra. These two compounds have 
been synthesized by Soderbiick from the corresponding 
dimercaptoethylene and sulfur6 (Scheme I). 

Experimental Section 

Preparation of 4,6-Diarnino-3,5-dicyano-ZH-l-thiopyran-2- 
thione (1). Method A.-A mixture of malononitrile (bp 104- 
106' (7 mm), 50 g, 0.76 mol), carbon disulfide (114 g, 1.5 mol), 
and 280 ml of aqueous ammonia (28%) was stirred at  room tem- 
perature for 6 hr. The yellow solid product was collected, 
washed with water and ether, recrystallized from pyridine, and 
dried a t  130' for 6 hr to give yelIow needles (1): yield 51 g (62%). 
This compound turned brownish near 300'. Anal.  Calcd 
for C?H4N4Sz: C, 40.39; H ,  1.94; N, 26.92; S, 30.75; mol 
wt, 208.13. Found: C, 40.41; H,  2.05; N, 27.08; S, 30.32; 
mol wt (mass spectroscopy), 208. Uv max (99yo EtOH) 253 
mp (br, log E 4.10), 276 (4.09), 331 (3.93), 391 (4.16); ir (KBr) 
3400 (w), 3310 (s), 3280 (sh), 3220 (s), 3140 (s, WE*), 2210, 
2200 (s, Y O N ) ,  1650, 1630 (vs, ~ N H ~ ) ,  1545 cm-l (os. voonj  c-c); nmr 
(DMSO-&) 6 8.50 (br, 4, "2). 

When the crude product of the above anhydrous sample was 
recrystallized from pyridine-water, 1 had 1 mol of water of 
crystallization. This compound turned brownish near 300'. 
Anal. Calcd for C?HBN40S~: C, 37.17; H, 2.67; N, 24.78; 
S, 28.80; mol wt,  226.0. Found: C, 37.28; H,  2.93; N,  
25.04; S, 28.35; mol wt, 225.4 (vapor-pressure osmometer, in 
acetone). 

Method B.-A mixture of malononitrile (25 g, 0.38 mol), carbon 
disulfide (57 g, 0.75 mol), and 10 g of sodium hydroxide in 100 ml 
of water was shaken for 24 hr, yield 5 g (12.5%). The ir spec- 
trum was identical with that of 1 prepared by method A.  

Method C.-Malononitrile dimer (2) was prepared according 
to Carboni's tetrahydrofuran method.' Compound 1 was pre- 
pared, in the same way as in method A, from malononitrile dimer 
(20 g, 0.15 mol), carbon disulfide (15 g, 0.2 mol), and 150 ml of 
aqueous ammonia (28'%), yield 29 g (9370). The structure 
determination was based on the ir spectrum. 

Isolation of Malononitrile Trimer and Di(ammoniomercapto)- 
methylenecyanothioacetamide (4).-The reaction mixture in the 
case of method A, freed from 1, was kept overnight in an icebox. 
About 10 g of a yellow material precipitated. Recrystallization 
from pyridine-water yielded 0.5 g of a light yellow powder. 

Anal .  Calcd for CsH6N6: C, 54.24; H, 2.82; N, 41.98; 
mol wt, 198.2. Found: C, 54.24; H ,  2.64; N, 41.77; mol wt 
(mass spectroscopy), 198. I r  (KBr) 3430, 3340 (s), 3240 (m, 
WE$), 2960 (m, YCH~) ,  2218 (m, YCN), 2200 cm-l (VS, Yoon, CN). 
nmr (DMSO-&) 6 7.45 (s,4,  N g ) ,  3.95 (s, 2, CHZ). From the 
above analytical results, the compound was believed to be 4,6- 
diamino-3,5-dicyano-2-cyanomethylpyridine ( 5 ) .  

The filtrate from which 1 and the above trimer (5) were re- 
moved was concentrated to about one-half volume under reduced 
pressure a t  40-45' and kept overnight in an icebox. The yellow 
precipitates obtained were recrystallized from water, washed 
with ethanol, and dried: yellow plates (4), yield 6.1 g (3.9yo), 
mp 136-137' dec (slow heating), 153-156' dec (rapid heating). 
Anal. Calcd for C4H1~N&: C, 22.86; H, 4.86; N, 26.66; 
S, 45.68; mol wt, 210.15. Found: C, 23.23; H, 4.83; N, 
26.56; S, 45.36; mol wt, 214.7 (vapor-pressure osmometer, in 
acetone). Uv max (99yo EtOH) 288 mp (sh, log E 2.88), 310 
(2.97), 370 (3.07); ir (KBr) 3310 (s, Y"), 3080, 2960 (s, br, 

cm-' (s, br, ~ N H ~ + ) .  The compound produced a violet coloration 
on bodium nitroprusside test. 

Methylation of 4.-TO a solution of 4 (1.8 g) and sodium hy- 
droxide (0.8 g) in 100 ml of water was added dropwise 5 g of di- 

v N E 4 + ) ,  2180 ( 6 ,  YCN), 1590 (s, Y C , N ) ,  1505 (m, Yoon, C-c), 1415 

(6) E. Soderback, Acta Chem. &and., 19, 549 (1965). 
(7) R. A. Carboni, D. D. Coffman, and E. G. Howard, J .  Amer. Chem. 

Soc., 80, 2838 (1958). 
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5 The structure of the dimer of malononitrile was considered to assume enamine form on the basis of the ir spectrum which showed 
two separate absorptions (2210 and 2200 cm-1) of the two cyano groups and the nmr spectrum of NHz (6 8.50 in DMSO-&). 

methyl sulfate under stirring. The yellow material was col- 
lected and recrystallized from pyridine-water: yellow needles, 
yield 1.5 g (86%), mp 219-220'. And .  Calcd for CsHsNsSs: 
C, 35.30; H,  3.95; N, 13.72; S, 47.03; molwt, 204.14. Found: 
C, 35.52; H, 4.14; N,  14.00; S, 46.97; mol wt', 213.5 (vapor- 
pressure osmometer, in acetone). Uv max (99% EtOH) 245.5 
mp (log e 4.05), 315 (3.94), 367.5 (4.27); ir (KBr) 3320 (5, 

Y"), 2990 2910 (w, V C H ~ ) ,  2192 (9, VCN) ,  1605 (VS, VC-N), 1480 
(m, V C - C ) ,  1380 cm-' (vs, ~ c H ~ ) ;  nmr (DMSO-&) 6 2.60 (8, 3, 
CHa), 2.50 (s, 3, CH3). The compound was di(methy1thio)- 
methylenecyanothioacetamide. It produced a violet coloraton 
on sodium nitroprusside test. 

Treatment of 4 with Acetic Acid.-To 4 (2 g)  in 100 ml of water 
was added acetic acid (4.5 ml). The reaction mixture was 
allowed to stand for 1 hr a t  room temperature. The crude 
product was collected and recrystallized from pyridine-water to 
give yellow prisms, yield 1.2 g (72%). Anal. Calcd for CIHZ- 
N&: C, 27.60; H, 1.15; N, 16.10; S, 55.50; mol wt, 174. 
Found: C, 27.97; H, 0.85; N, 16.35; S, 55.25; molwt, 180.0 
(vapor-pressure osmometer, in acetone). Uv max (99% EtOH) 
233.5 mp (log e 4.06), 283 (sh, 3.87), 311 (4.09), 369 (3.68); 
ir (KBr) 3350, 3250, 3160 (s, Y N H ~ ) ,  2200 (9, vcOn, ON), 1620 (VS, 
~ N H ~ ) ,  1510 cm-l (vs, vring); nmr (DMSO-&) 6 9.58 (9, br, 2, 
"2). The compound was 5-amino-4-cyano-l,2-dithiol-3-thi- 
one (10). The uv spectrum agreed with that reported by Mayer, 
et a1.6 The ir spectrum also agreed with that measured by 
Soderback's method.6 

Preparation of Di(ammoniomercapto)methylenemalononitrile 
(6).--A mixture of malononitrile (25 g, 0.38 mol), carbon di- 
sulfide (57 g, 0.75 mol), and ca. 200 ml of liquid ammonia was 
stirred for 30 min under cooling by Dry Ice-methanol. The 
reaction mixture then was allowed to stand at  room temperature. 
A yellow solid material was recrystallized from methanol-chloro- 
form to give light yellow plates: yield 65.5 g (98%); mp 141- 
142" dec (slow heating), 156-158' dec (rapid heating). Anal. 
Calcd for C~HSNISZ: C, 27.12; H, 4.59; N ,  30.90; S, 36.41; 
mol wt, 176.14. Found: C, 27.00; H, '4.81; N, 30.83; S, 
36.30; mol wt, 160.0 (vapor-pressure osmometer, in acetone). 

The compound was methylated with dimethyl sulfate by the 
same method as above (see methylation of 4). Recrystalliza- 
tion from methanol yielded 1.5 g of colorless needles [(CHsS)z- 
Cz(CN)z] : yield 86%, mp 83-84' (lit.amp SO-Sl'), undepressed 
by the addition of an authentic specimen.a 

Treatment of 6 with Acetic Acid.-Compound 4 (3.3 g, 0.02 
mol) and acetic acid (2.2 ml, 0.04 mol) in 100 ml of water was 

kept overnight a t  room temperature. A yellow solid material 
was collected and recrystallized from DMSO to give a yellow 
powder, yield 2 g (74%). The compound had formula (C4H2- 
N2Sa)a. Anal. Calcd for CIZHBN~S~: C, 33.81; H, 1.41; 
N ,  19.70; S, 45.10; mol wt, 426.6. Found: C, 33.90; II, 
1.41; N,  19.82; S, 45.05; mol wt, 420 (vapor-pressure osmom- 
eter, in acetone). 

Conversion of 6 into 4.-Compound 6 (8 g)  was dissolved in 100 
ml of ethanol, and hydrogen sulfide was passed through for 30 
min. The reaction mixture was shaken for an additional 3 hr; 
0.5 g of 4 was obtained. The compound was identified as 4 by 
a mixture melting point test. Compound 4 was converted into 
10 on treatment with acetic acid as mentioned above. 

Preparation of Di(ammoniomercapto)methylenecyanoacet- 
amide (7).-A mixture of ethyl cyanoacetate (120 g, 1.1 
mol), carbon disulfide (161 g, 2.1 mol), and 360 ml of aqueous 
ammonia (28%) was stirred a t  room temperature for 8 hr. The 
crude product was collected and recrystallized from water-ace- 
tone to give light yellow prisms: yield 83 g (40%), mp 147-148' 
dec (slow heating), ca. 170' dec (rapid heating). Anal. Calcd 
for C4HloOSz: C, 24.74, H, 5.19; N, 28.86; S, 32.99; mol wt, 
194.15. Found: C, 25.05; H ,  5.11; N, 28.65; S, 32.83; mol 
wt, 181.9 (vapor-pressure osmometer, in HzO). Uv max (HzO) 
312 mp (sh, log E 3.75), 340 (3.76); ir (KBr) 3280, 3225, 3110 
(m, Y N H ~ ) ,  3000 (m, br, V N H ~ + ) ,  2185 (s, VCN),  1663 (m, V C O ) ,  1625 
(6,  1500 (s, Vconj c-c), 1415 cm-l (s, br, ~ N H * + ) ;  nmr'(DaO) 
64.85 ( 9 . 8 ,  "if). 

Compound 7 also was prepared from cyanoacetamide. A mix- 
ture of cyanoacetamide (17 g, 0.2 mol), carbon disulfide (30 g, 
0.4 mol), and 140 ml of aqueous ammonia (28%) was refluxed a t  
70-80') for 8 hr. Compound 7 which was obtained weighed 18 g 
(yield 45%). 

Compound 7 was methylated using dimethyl sulfate as men- 
tioned above. The methylated compound was recrystallized 
from methanol to give colorless needles, yield 77%, mp 84'. 
Anal. Calcd for C~H~NZOSZ:  C, 38.30; H ,  4.29; N, 14.89; 
S, 34.05; mol wt, 188.14. Found: C, 38.25; H, 4.29; N, 
14.70; S, 33.85; mol wt, 186.5 (vapor-pressure osmometer, in 
acetone). Uv max (99yo EtOH) 324 mp (log e 4.13); ir (KBr) 
3400, 3290, 3220, 3185 (s, Y N H ~ ) ,  2930 (w, V C H ~ ) ,  2200 (9, YCN), 
1650 (VS, V C O ) ,  1610 (s, ~ N H ~ ) ,  1490 (s, vcanj c-c), 1385 cm-l 
(8, ha); nmr (DMSO-&) 6 7.05 (br, 2, NH,), 2.70 (s ,3 ,  CHa), 
2.55 (s, 3, CHa). 

Isolation of CgH1?N6OaSz.-The filtrate from which 7 was 
The yellow material removed was kept overnight in an icebox. 
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obtained was recrystallized from water: yellow prisms, mp 129- 
130' dec, yield 6 g (9%). 

Anal. Calcd for CgH17NbO3S2: C, 35.19; H, 5.54; N, 22.80; 
S, 20.85; molwt, 307. Found: C, 35.13; H, 5.62; N, 22.51; 
S, 21.28; mol wt, 285 (vapor-pressure osmometer, in H20). 
Uv max (H2O) 281.5 mp (br, log E 3.59), 343 (4.26); nmr (DzO) 
6 4.85 (s, 8, "if), 4.13 (9, 2, CH2, J = 7 CPS), 1.28 (t, 3, 
CHa, J = 7 CPS). 

The compound was methylated with dimethyl sulfate. Color- 
less needles of ethyl di(methy1thio)methylenecyanoacetate were 
obtained. Recrystallization from methanol yielded 1.3 g (92%), 
mp 55-56 O ,  undepressed by the addition of an authentic speci- 
men. a 

When the compound was treated with hydrogen peroxide (l%), 
colorless needles (8) of mp 223-224' were obtained. The prod- 
uct was recrystallized from pyridine-water. 

Anal. Calcd for C12HI0N2O4S3: C, 42.15; H, 2.93; N, 
8.19; S, 28.05; mol wt, 342. Found: C, 42.22; H, 3.00; 
N, 8.29; S, 27.99; mol wt, 326.7 (vapor-pressure osmometer, 
in acetone). Uv max (99% EtOH) 230 mp (log e 4.37), 335 
(4.35); ir (KBr) 2992, 2977 (m, Y C H ) ,  2220 (s, Y C N ) ,  1689 (sh, 
Y C O ) ,  1669, 1658 cm-l (vs, Y C - c ) ;  ir (CHC13) 2985 (m, Y C H ) ,  
2200 (s, Y C N ) ,  1690 (sh, Y C O ) ,  1683 em-' (s, v c , ~ ) ;  nmr (DMSO-&) 

The structure was tentatively designated 3,5-di(cyanocarbeth- 
oxymethylene)-l,2,4-trithiole (8). This trithiole was also 
obtained by treating ethyl di(sodiomercapto)methylenecyano- 
acetate with hydrogen peroxide (570). 

Preparation of 5-Amino-4-carbamoyl-l,2-dithiole-3-thione (9). 
-Compound 7 (18 g, 0.09 mol) was dissolved in 100 ml of water. 
To this solution was added acetic acid (10 ml) and the solution 
was stirred a t  room temperature for 1 hr. The crude product 
was recrystallized from pyridine-water: yellow prisms, mp 247- 
248" dec (slow heating), ca. 258" dec (rapid heating), yield 8 g 
(45'3). Anal. Calcd for C4HaNzOSa: C, 25.01; H,  2.10; 
N, 14.58; S, 49.95; mol wt, 192.09. Found: C, 25.31; H, 
2.16; N, 14.47; S, 49.95; mol wt, 173.1 (vapor-pressure 
osmometer, in acetone). Uv max (99yc EtOH) 240.5 mp (log E 
3.96), 286 (sh, 3.90), 314.5 (4.54), 364.5 (3.93); ir (KBr) 3220 
( E ) ,  3140 (w), 3020 (w, Y N H ~ ) ,  1650 (sh, Y C O ) ,  1640 (VS, 6 ~ ~ 2 ) ~  

1550 cm-' (vs, uDOnJ c=c); nmr (DMSO-&) 6 10.35 (br, 2, 
CONH2), 8.70 (br, 2, "2). The uv spectrum of 9 agreed 
with that reported by Mayer, et al.5 

When 9 was treated with dimethyl sulfate, methyl carbamoyl- 
cyanodithioacetate (light yellow prisms, mp 233-234°)a and a 
small amount of sulfur were obtained. 

Registry No.-LIalononitrile, 109-77-3 ; carbon disul- 
fide, 75-15-0; 1,24571-55-9; 4,24571-56-0; 4 (methyl- 
ated), 24571-57-1; 6 ,  24571-58-2; 7, 24571-59-3; 
7 (methylated), 17823-69-7; 8,2631-93-8; 9,5147-79-5; 
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During work on a program aimed at  the synthesis of 
various 2(1H)-quinazolinones,' the need arose for 
monoalkylated 2-aminobenzophenones as interme- 

(1) H. Ot t  and M. Denier, J .  Org. Chem., 88,4263 (1968). 

diates. Although many monoalkyl derivatives can be 
prepared by standard procedures, attempts to extend 
these to the introduction of the t-butyl group led to 
very limited or no success. We now wish to report a 
novel route to these compounds which has been realized 
in excelIent overall yield. 

Whereas 3-phenyl-2,1-benzisoxazoles (1) are reduced 
completely by lithium aluminum hydride to 2-amino- 
benzhydrols,2 less powerful reagents such as metal-acid 
corn bin at ion^^^^ or catalytic hydrogenation6t6 give 2- 
aminobenzophenones. No intermediates retaining the 
heterocyclic ring were detected in these cases. Pos- 
sibly then, formation of the quaternary salt from the 
benzisoxazole and subsequent reduction might yield 
alkylated aminobenzophenones, but the required salts 
had not previously been isolated.' The SN1 alkylation 
of substituted isoxazoles had been described,* however, 
and not only was the reaction particularly efficient with 
t-butyl alcohol but the perchlorate salts were readily 
isolable. 

Application of this procedure to several 2,l-benz- 
isoxazoles (1) gave the desired salts (2) in good yield. 
Addition of sodium borohydride to a suspension of the 
salt (e.g., 2a) in ethanol led to rapid soIution, and 
work-up yielded a colorless crystalline product identi- 
fied from its spectral properties as the intermediate l-t- 
butylbenzisoxazoline (3a). This compound proved to 
be surprisingly stable but i t  was noticed while deter- 
mining the melting point that on continued heating the 
melt became an intense yellow which did not disappear 
on subsequent cooling. Spectral analysis of a sample 
of the yellow product isolated by chromatography 
showed that a thermal isomerization had occurred, the 
desired 2-t-butylaminobenzophenone (4a) having been 
cleanly formed. It was then found that this isomeriza- 
tion occurred in the three cases examined, heating the 
neat material a t  160' for 4 hr being sufficient to effect 
better than 90% conversion. 

CH3 CH3 
CHI+CHJ CH3+CH3 

a Ph CH3 C1 C104 
b Ph H H BFd 

%-Co c H H H BFI 
I d Ph CHB H 
R1 

4 

The use of this sequence to prepare 2-t-butylamino- 
benzaldehyde (4c) in good yield is particularly inter- 
esting since 2-aminobenzaldehydes in general poly- 
merize on contact with acidlg the presence of which is 

(2) A. Hetiheim, H. Haack, and H. Reyer, Z .  Chem., 6 (e), 218 (1866). 
(3) T. Zincke and K. Siebert, Be?., 89, 1930 (1906). 
(4) J. C. E. Simpson and 0. Stephenson, J. Chem. Soc., 353 (1942). 
(5) G. N. Walker, J. Org. Chem., 27, 1929 (lg62). 
(6) F. Hoffmann-LaRoche & Co., A.-G., Netherlands Appl. 6,407,011; 

(7) K.-H. Wiinsch and A. J. Boulton, Advan. Heterocgcl.  Chem., 8, 321 

( 8 )  D. J. Woodman, J .  O w .  Chem., 83,2387 (1968). 
(9) A. Albert and H. Yamamoto, J. Chem. Soc. B, 966 (1906). 

Chem. Abstr.,  63, 583 (1965). 

(1967). 


