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which gradually darkened to brown when the addition was 
complete. The mixture was heated at reflux for an addi
tional 15 minutes and then cooled. Removal of the solvent 
and recrystallization of the residue from benzene gave 0.2 

Introduction.—In 1955, Bahr and Schleitzer1 

reported the synthesis of stable salts of the pre
viously unknown cyanodithioformic acid (NCCS2H) 
by reaction of alkali cyanides with carbon disulfide 
in dimethylformamide solution. Under certain 
conditions these salts dimerized spontaneously with 
loss of elemental sulfur to give the dianion of di-
mercaptomaleonitrile.2 

2NC-CS2
- —* T + 2S 

The cis configuration was indicated by the large 
dipole moment (4.65 ± 0.08 D.) of the product of 
methylation, which was presumed to be bis-(methyl-
mercapto)-maleonitrile.3 

The highly unfavorable alignment of poles and 
dipoles proposed by Bahr for the dimerization prod
uct of the cyanodithioformate ion appeared un
usual, and the present studies were undertaken in 
order to investigate the physical and chemical 
nature of "Bahr's salt." This paper discusses 
first some aspects of the chemistry of cyanodithio
formic acid necessary as a preliminary to the follow
ing study of the chemistry of disodium dimercapto
maleonitrile. 

The structure assignment of Bahr and Schleitzer 
has been confirmed and extended by the synthesis 
and isolation of the trans isomer, disodium dimer-
captofumaronitrile. Selected methylation studies 
showed that each isomer yields a distinct dimethyl 
derivative in high yield, and dipole moment, in
frared and ultraviolet spectral characterizations of 
these derivatives, given in the last section, are in 
accord with the stereochemical assignments that 
are employed throughout the text. The most con
vincing evidence for the assignments is based on the 
dipole moments of the methylation products, bis-
(methylmercapto)-maleonitrile {n = 5.08 D.) and 
bis-(methylmercapto)-fumaronitrile (ft = 1.57 D.). 
The latter isomer was reported by Bahr and 

(1) G. BShr and G. Schleitzer, Ber., 88, 1771 (1955). 
(2) G. Bahr, Angew. Chem., 68, 525 (1956); G. Bahr, G. Schleitzer 

and H. Bieling, Chem. Tech., 8, 596 (1956). 
(3) G. Bahr and G. Schleitzer, Ber., 90, 438 (1957). 

g. (9%) of recovered 4, m.p. 210-213°, and 1.22 g. (55%) 
of 6, m.p. 175-180°. Both products were characterized 
by their infrared spectra and no tetracyanothiophene was 
detected. 

Schleitzer3 by another synthesis, but repetition of 
this synthesis showed that their product contained 
less than 10% of bis-(methylmercapto)-fumaro-
nitrile (see discussion in footnote 5). 

From thermodynamic studies it is concluded that 
the unusual stability of the cis isomers in this series 
of salts and methyl derivatives is a result of in
creased derealization derived from contributing 
structures in which bonding between the sulfur 
atoms is significant. 

Salts of Cyanodithioformic Acid.—Monomeric 
cyanodithioformic acid is unstable; however, 
sodium, potassium, a few heavy metal and tetra-
alkylammonium salts have been isolated.1 These 
salts have been prepared from the sodium salt 
which was obtained by the addition of sodium cya
nide to carbon disulfide in dimethylformamide 
(DMF) solution. The sodium salt 1, when pre
pared in dimethylformamide, crystallized as a 
solvate containing three molecules of the solvent, 
and was stable to further chemical change in this 
medium.1 The unsolvated tetraethylammonium 
salt 2 was obtained by treatment of the sodium 
salt with tetraethylammonium hydroxide in meth
anol, and heavy metal salts were prepared by simi
lar metathetical reactions.1 

In our work, the reaction of alkali cyanides with 
carbon disulfide was attempted in several of the 
usual organic solvents and in water. Only in 
amides (dimethylformamide, dimethylacetamide, 
N-methylpyrrolidone, etc.) was there evidence of 
reaction to give cyanodithioformate ion in signif
icant yields. The effect of the cation was notable; 
sodium cyanide reacted quantitatively and ex-
othermically, but potassium cyanide gave only 
low yields of cyanodithioformate ion with no heat 
evolution in dimethylformamide solution. When 
tetraethylammonium cyanide was employed in 
non-polar solvents, especially methylene chloride, 
the reaction with carbon disulfide was rapid and 
unsolvated tetraethylammonium cyanodithiofor
mate was isolated directly in high yield. Cation 
type and solvent effects play a significant role in de
termining the rate of reaction of cyanide ion with 
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Sodium cyanodithioformate (I)1 and disodium dimercaptomaleonitrile (3)' have proved to be valuable entries into the 
field of thiacyanocarbons, i.e., cyanocarbons containing sulfur atoms. A study of the chemistry and stereochemistry of cis-3 
and the new isomer, disodium dimercaptofumaronitrile, trans-16, was carried out. Physical and spectral studies of 3 
and 16 and their derivatives are reported, and, remarkably, cis-3 is configurationally stable with respect to trans-16 and 
appears to be the isomer of greater thermodynamic stability. Weak bonding interaction of the cis-mercaptide groups in 3 
is postulated to account for these findings. The equilibrium constant for the reaction bis-(methylmercapto)-fumaronitrile ;=* 
bis-(methylmercapto)-maleonitrile was determined to be 3.23 at 25° (AH"7 = -1 .1 ± 0.1 kcal./mole, A5«7 = -0 .2 ± 0.1 
e.u.). In the photochemical steady-state only the cis isomer of the pair exists. The photochemical steady-state ratio of 
the salts cis-3 /trans-16 is 0.37. 
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carbon disulfide, and these considerations are also 
important in the chemistry of the dianion of dimer-
captomaleonitrile. 

The salts of cyanodithioformic acid were investi
gated briefly. Tetraethylammonium cyanodithio
formate (2) was stable in aprotic and amphiprotic 
media and showed no tendency to dimerize. The 
DMF-solvated sodium salt 1, however, dimerized 
with elimination of elemental sulfur in chloroform, 
carbon tetrachloride, methylene chloride and in 
water, the apparent rate being higher in the latter 
solvent. The product of the dimerization is di-
sodium dimercaptomaleonitrile (3), a stable, crys
talline solid.2'4 

The thermal stabilities of 1 and 2 are very dif
ferent. Heating the DMF-solvate of the sodium 
salt 1 under vacuum at 130° produced sulfur and 
disodium salt 3 in quantitative yield. None of the 
corresponding trans isomer was detected. On the 
other hand, the tetraethylammonium salt was 
stable in the molten state at 140-150° for 2 hours 
and was recovered unchanged. 

Methylation of tetraethylammonium salt 2 with 
methyl iodide in acetonitrile gave in 65% yield 
methyl cyanodithioformate (4), a stable, deep pur
ple liquid. The reaction of sodium salt 1 with 
methyl iodide was difficult to control, since both 
dimethylformamide and iodide ion released in the 
reaction rapidly catalyzed the conversion 4 -*• S in 
this system (see below); however, in some runs low 
yields (ca. 25%) of the ester 4 could be isolated, 
which supports the view that cyanodithioformate 
anion is present in both the DMF complex 1 and 
the tetraethylammonium salt 2. 

Ester 4 was converted to bis-(methylmercapto)-
maleonitrile (5), m.p. 99°, with loss of elemental 
sulfur by treatment with catalytic amounts of 
anions (especially iodide and cyanide ion), by heat
ing, and by ultraviolet irradiation. In the thermal 
experiments the trans isomer, bis-(methylmercapto)-
fumaronitrile (13), m.p. 118-119°, was isolated in 
yields of less than 5%, and in the anion and light-
catalyzed reactions none of the trans isomer was 
detected.36 

NaCN 

CS2 

i ^ - * NCCS" Na -3DMF-NCCS - N(C2H5V 
1 I 2 

NCx 

N C 

. S - N a * N C v ^ S C H 3 f 
Jl —* I *— NCCSCH3 

S~ Na* N C ^ S C H 3 4 
3 S 

The cyanodithioformate ion in salt 2 (lustrous, 
brown crystals) shows weak absorptions at 470 (« 
130) and 550 my. (e 16). The methyl ester 4 has a 
similar weak absorption at 530 myu (« 22). The 

(4) No evidence for the formation of disodium dimercaptofumaro-
nitrile could be obtained. The synthesis and characterization of the 
trans isomer are given below. 

(5) Bahr and Schleitzer' treated salt 1 with methyl iodide in meth
anol and postulated the intermediate formation of 4 (not isolated) 
which they claimed dimerized spontaneously to bis-(methylmercapto)-
fumaronitrile, m.p. 78°, /t — 3.86 ± 0.08 D. We repeated this 
experiment and found the product was largely cis-t, m.p. 99°, con
taminated with a small amount « 1 0 % ) of trant-U, m.p. 118-119°. 
Presumably the high dipole moment found1 was due to use of a sample 
rich in the cis isomer. 

nitrile stretching absorptions in 4, 1 and 2 occur at 
4.52, 4.55 and 4.58 /x, respectively, and the carbonyl 
absorption in the DMF complex 1 is split into a 
doublet, 6.00 and 6.06 /i (pure DMF, 6.00 n). This 
suggests that strong complexing of the cyano
dithioformate ion with dimethylformamide occurs 
and promotes dimerization by reducing the nega
tive charge on the anion. This seems reasonable 
since the covalent ester 4 is readily dimerized, while 
the free cyanodithioformate ion in 2 is stable in all 
solvents investigated. 

The dimerizations (1 -*• 3) and (4 -— 5) were not 
studied in detail but can be interpreted in the fol
lowing manner, e.g., 4 with iodide ion. Recently it 

S S - I 

N C - C - S C H 3 + I" 
4 

N C - C - S C H 3 

(ii) + 4 

NC ,CN 

CH3S SCH3 

5 

NC-

S - I 
4-SCH3 

SCH3 CN 

was found6 that electronegatively substituted thio-
carbonyl compounds often undergo addition of 
nucleophiles (other than carbanions) in the inverse 
manner (i). The resulting stabilized carbanion 
attacks another molecule of ester at carbon (ii) to 
give an intermediate which corresponds to that ex
pected in the oxidation of a 1,2-dimercaptide with 
iodine. Eventual sulfur loss to give the conjugated 
olefin (iii) would be the expected outcome of this 
sequence.7 

The dimerization reaction is strongly influenced 
by the nature of the cation. When tetraethylam
monium cyanodithioformate was treated with 
three moles of dimethylformamide and allowed to 
stand in chloroform, water, ethanol or acetonitrile, 
the solutions were stable and no dimerization oc
curred. These systems differed from that in which 

(8) W. J. Middleton, E. G. Howard and W. H. Sharkey, J. Am. 
Chem. Soc., 83, 2589 (1961). 

(7) That maleonitrile 8 is the predominantly formed isomer in 1-iii 
can be rationalized if it is assumed that the product of reaction ii is 
the threo isomer. This assumption seems reasonable since addition of 
the bulky carbanion to the thiocarbonyl carbon should occur to mini
mize conformations which involve unfavorable steric and electrical re
pulsions. If in addition sulfur-sulfur bonding of the type proposed 
later in this paper is important in the transition state for the addition 
reaction, overlap of the (C-S") and (C-SI) groups will also operate 
to favor formation of the threo isomer. Backside displacement of SI ~ 
to give a thioepoxide followed by nucleophilic desulfurizatlon is one 
reasonable path to the olefin. Nucleophilic desulfurization of thio-
epoxides by triphenylphosphine and anions, such as iodide ion, are 
known to be stereospedfic, in that the configuration of the substituents 
remains unchanged in going from the thioepoxide to the olefin (see 

NC. SCH3 

K SI 

NC SCH3 

NC CN 
- s r 

CH.3ib SCH3 
• * 

NC CN 

X 
CH3S SCH3 

D. B. Denny and M. J. Boskin, J. Am. Chem. Soc., 82, 473S (I960)). 
It is further known that the maleonitrile 8 and fumaronitrile IS are 
each configurationally stable in solution in the presence of iodide loo 
and iodine under the reaction conditions. 
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C H A R T I 

C H E M I S T R Y O F D I S O D I U M DiMERCAPTOMALBomTRiLE ( 3 ) A N D D I S O D I U M D I M B R C A F T O F U M A R O N I T R I L E (16) 
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CH3 CH3 
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1» 
NC SNa 

I 
CH3S CN 

14 

NC SCOC8H5 

Ii 

C6H5COS CN 

( q ) , 

'k) 

(In)1 

( V ) / 

. vO 

15 

h 
N C . SNa 

A 
NaS CN 

16 

J,)\. 
NC SCH3 

X 
CH3S CN 

13 

^X 
NC SCOC6H5 

I 
CH3S CN 

17 

(t) 

t he sodium salt 1 readily lost sulfur solely by the 
replacement of sodium by tetraethylammonium 
ion. 

Chemistry of Disodium Bimercaptomaleonitrile 
(3) and Disodium Dimercaptofumaronitrile (16).— 
The chemistry of disodium dirnercaptomaleonitrile 
(3) is summarized in Char t I and will be discussed 
in the next four sections. 

Disodium cis-3 was methylated (a) in high yield 
with methyl iodide in water, methanol or 1,2-di-
methoxyethane (DME) under various conditions to 
give pure cis-5, m.p. 99°, even when the methyla-
tion was carried out slowly in amphiprotic solvents. 
Similarly, dibenzoylation (b) with benzoyl chloride 
in D M E gave a high yield of the pure cw-dibenzoyl 
derivative 6, m.p. 121-123°. When salt 3 was 
treated successively with one mole of benzoyl chlo
ride and one mole of methyl iodide (c), a homogene
ous methyl benzoyl derivative 7, m.p. 107.0-108.5°, 
was formed, which could be smoothly cleaved (d) 
a t —20° with one mole of sodium methoxide in 
methanol to give the crystalline m-monomethy l 
sodium salt 8. Cleavage of the thioester was facile 
under these conditions and the methyl benzoate and 
solvent could be evaporated a t — 20°. Methylat ion 
of salt 8 with methyl iodide in methanol and in ace-
tonitrile (e) gave high yields of pure cis-5. 

cis-3 is readily oxidized'under mild conditions, 
and a more detailed s tudy of the oxidation is given 
in a subsequent publication.8 With one-half 
equivalent of oxidants such as bromine, iodine, 
thionyl chloride and tetracyanoethylene, salt 3 was 
converted (f) to disodium cw-CM-bis-(2-mercapto-
1,2-dicyanovinyl) disulfide (O). The assigned 
structure of 9 will become evident in the following 

(8) Paper III in this series: H. E. Simmons, D. C. Blomstrom &cd 
K. IX Vest, / . Am. Chcm, SOS, M, 4778 (1062). 

discussion. cis-cis-9 is formed initially, bu t in 
certain polar solvents it is readily converted (g) to 
trans-trans-10, which is the only crystalline product 
usually isolated.9 Although 3 undergoes simple dis
placement reactions with alkyl halides,10 many 
polyhalogen compounds oxidize the salt. 1,2-Di-
bromoethane and 3 gave high yields of the meta-
thetical product, 2,3-dicyano-5,6-dihyi?ro-l,4-
dithiin, bu t 3 underwent a clean oxidation reac
tion with 1,1,2,2-tetrabromoethane. When the 
lat ter reaction was carried out a t 25° in D M E solu-

3 -I- BrCH2CH2Br 13": 
NC S 

2NaBr 

2 3 + Br5CHCHBr2 

NC S — S - ^ X N ' I I 
NC S S CN 

Na Na 
9 

+ BrCH=CHBr + 2NaBr 
tion, pure cis-cis-9 was isolated in 3 1 % yield after 3 
minutes along with cis- and trans-1,2-dihroma-
ethylene (49%) and sodium bromide. Yields in
creased with longer reaction times but contamination 
of the product by trans-trans-10 became evident. 
After 2 hours, only trans-trans-10 was isolated. 
When purified 9 was dissolved in D M E , complete 
isomerization to 10 occurred in 2 hours. I t is interest-

(9) G. Bahr, Angew. Chem., 70, 606 (1958), correctly inferred the 
gross structure of salt 9 obtained from the oxidation of 3 with iodine in 
water. The salt is depicted as having cis-cis geometry; however, 
repetition of this experiment has shown that the isolated salt is largely 
trans-tran.t 10 when the oxidation is carried out in methanol. 

(10) German Patents 1,060,655 (1957) and 1,077,915 (1958), as
signed to E. Merck. Otbar examples will be found in the present series 
of papers 
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ing and significant t ha t salt 9 is stable to further 
oxidation by 1,1,2,2-tetrabromoethane which thus 
far is the only selective oxidant found t ha t cleanly 
oxidizes salt 3 bu t is inert to salts 9 and 10. The 
mechanism of this oxidation will be discussed in a 
later publication. 

The structures of salts 9 and 10 were determined 
by reductive cleavage to two moles of the salts 3 
and 16. Disodium cis-cis-9 was cleaved with potas
sium borohydride in methanol- tetrahydrofuran and 
the fragments were methylated in 5 8 % yield. The 
product was pure cis-5 and no trans-13 could be 
detected spectrally. Similarly, trans-trans-10 was 
cleaved in D M E and subsequent methylation gave 

% yield of a mixture of trans-13 and cis-5 in 
the ratio 1.91:1. I t will be shown below tha t 
isomerization to give «5-5 in the lat ter reduction is 
to be expected on the basis of the studies in Table I . 

Salts 9 and 10 gave the corresponding dimethyl 
derivatives as crystalline solids, 11, m.p. 102-104°, 
and 12, m.p. 123-126°, respectively (h, i), when the 
methylations were carried out with dimethyl sulfate 
a t 25° on freshly prepared solutions. 

The configurational s tabihty of salts 3, 8, 9, 10, 
14 and 16 will be seen to be a function of the reac
tion Variables. Alkylation and acylation of these 
salts and certain reductive cleavage reactions of 9, 
10, 11 and 12 are dependent on these factors and 
throw light on the equilibria involved with the 
various mono- and dianions. The synthetic aspects 
of Char t I will be completed without proof before 
considering the questions of stereochemistry which 
have allowed the assignments in Char t I to be made. 

The trans isomer 16 corresponding to salt 3 was 
synthesized by the following route. Salt 10 was 
reduced smoothly with potassium borohydride (q) 
and the crude reduction product was t reated 

NC S S^ CN 

S CN N C A S 
Na Na 

10 

NC SK 

N a S ^ C N 

C6H5COCl . 

NC SCOC6H5 T 
C6H6COS CN 

15 

CH3ONa 
CH3OH 
-20" 

2C6H5CO2CH3 

NC SNa 
+ X 

NaS CN 
16 

rapidly with benzoyl chloride a t low temperature 
(r) . Purified <ra«5-dibenzoyl derivative 15, m.p. 
144-150°, was cleaved with sodium methoxide in 
methanol a t —20° and crystalline disodium di-
mercaptofumaronitrile (16) was isolated. Methyla
tion of salt 16 with methyl iodide (s) in aqueous 
acetone gave a high yield of trans-13, m.p. 118-
119°, which was of > 9 5 % puri ty. 

trans-16, as the bis-(tetramethylammonium) 
salt, was also converted to trans-methyl benzoyl 
derivative 17, m.p. 74.5-75.5°, and to trans-mono-
methyl sodium salt 14 by a sequence of reactions 
(t, u) similar to those employed in the cis series (c, 
d) . T h a t the configuration of salt 14 is correct was 
shown by its conversion under certain conditions 
(v) to trans-13. Other reactions in the trans series 
t ha t are complementary to those discussed above 
for the cis series are recorded in the Experimental 
Section bu t are not discussed in detail here. 

Stereochemistry of Salts 3 and 16.—The con
figurational s tabihty of certain mono- and dianions 
presented in Char t I has been found to be dependent 
on the nature of the associated cation (metal or 
tetraalkylammonium) and of the solvent. Methyl
ation of salts 9, 14 and 16 for example, gave results 
which were highly dependent on these factors. 
Similarly, reductive cleavage of disulfides 9, 10, 11 
and 12 followed b y methylation gave results t h a t a t 
first sight appeared conflicting. The influence of 
solvent and cation on the geometrical integrity and 
stability to chemical change of the various anions is 
outlined in Table I . These observations will not 
be discussed in detail, bu t some general conclusions 
are evident. 

INFLTT 

Anion 
of* 

3 

16 

8 

14 

9 

10 

TABLE I 

ENCE O F S O L V E N T A N D C A T I O N O N T H I A C Y A N O C A R B O N 

Cation 

Na + 

(CHi)4N + 

Na + 

(CHt)1N
 + 

Na + 

Na + 

(CHt)1N
 + 

Na + 

Na + 

ANION STABILITY 

Solvent and conditions 

HiO, 17 hr., 100° 
CiH1OH, 3 hr., 70° 
CHiCN, 42 hr., 25° 
HiO, 63 hr., 110° 
CHiOH, 48 hr., 25° 
CHiCN, 42 hr., 25° 
HtO, 17 hr., 100° 
CtHtOH, 2 hr., 25° 
CiHtOH, 3 hr., 70° 
CiHtOH, 4 hr., 70°« 
CHiCN, 42 hr., 25° 
DME, 48 hr., 25° 
HiO, 19 hr., 75° 
HiO, 63 hr., 110°« 
CHiOH, 72 hr., 25°' 
CHtCN, 42 hr., 25° 
HiO/CHtOH, 15 min., 25° 
CiHtOH, 2 hr., 78° 
CiHtOH + KI, 2 hr., 78° 
CHiCN, 2 hr., 82° 
CiHtOH, 0.5 hr., 25° 
CiHtOH, 1 hr., 78° 
HiO, 48 hr., 25° 
CiHtOH, 6 hr., 25° 
CiHtOH, 24 hr., 25° 
HiO, 24 hr., 25° 
CiHtOH, 24 hr., 25° 
DME, 2 hr., 25° 
HiO, 24 hr., 25° 
CiHiOH, 24 hr., 25° 
DME, 24 hr., 25° 

Recov
ery, %° 

100 
100 
63 
11 
55 
22 

100 
100 
65 
65 
32 
d 

100 
74 

100 
d 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

d j ; 

trans* 

100:0 
100:0 
100:0 
100:0 
100:0 
75:25 
0:100 
0:100 
0:100 

50:50 
0:100 

d 

0:100 
26:74 

0:100 
d 

100:0 
100:0 
100:0 
100:0 
70:30 

100:0 
0:100 
5:95 

10:90 
t 
S 

95% 10 
100% 10 
100% 10 
100% 10 

« Solutions were dilute (ca. 0.01 M) and, in general, oxy
gen-free. In several cases the presence of oxygen was shown 
to have no effect on the results. Stabilities were studied by 
following changes in the ultraviolet spectrum and then ana
lyzing spectrally the methylation products. No attempt was 
made to determine optimum conditions of stability or precise 
equilibrium constants. The details are given in the Experi
mental Section. * Both isomers were determined as in a. 
c Run in presence of KBH1 to suppress air oxidation. d Ex
tensive decomposition, recovered no 3 or 16. • In some runs 
decomposition occurred accompanied by formation in 50% 
yield of trans-trans-10. > Largely isomerized to trans-trans-
10, but not accurately determined. ' Run in the dark. * See 
Chart I for formulas. 

The configurational s tabihty of cis-3 or cis-8 
was largely independent of solvent and cation. 
Disodium trans-16 was stable in polar, amphiprotic 
solvents, such as water, bu t isomerization to cis-3 
accompanied by extensive decomposition occurred 
in less polar solvents, such as ethanol and especially 
aprotic solvents like acetonitrile and D M E . With 
non-coordinating cations, e.g., [(CHa)4N+] , trans-16 
slowly isomerized to the cis isomer in water and 
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underwent complete decomposition in less polar 
solvents. Bis-(tetramethylammonium) cis-3 was 
configurationally and chemically stable in water, 
and it is important to note that, although this salt 
slowly decomposed in acetonitrile, it could be par
tially recovered (22%) after 2 days as a mixture 
of cis and trans salts in the ratio 3:1. Tetra-
methylammonium trans-14 was configurationally 
stable with respect to cis-8 in polar solvents, but 
even weakly coordinating cations (Na+) were ef
fective in bringing about isomerization in ethanol. 

The results of methylation and reductive cleavage 
studies of the various salts can now be understood 
in terms of the observations in Table I. The 
methylations described below were usually high-
yield reactions (>85%). cis-3 (Na + and (CH3)4-
N+) gave only cis-S when methylated with methyl 
iodide in water, methanol, ethanol, acetonitrile 
and DME, regardless of the order or rate of addi
tion of the reagents. Methylation of disodium 
trans-16 in methanol with methyl iodide, when the 
reagents were mixed in one operation, gave «5-5 
and trans-13 in the ratio 1:4, When the methyl 
iodide was added over 30 minutes the ratio was 
7:3. When an aqueous solution of the salt was 
added to an aqueous acetone or methanol solution of 
methyl iodide over 30 seconds the ratio was 1:19. 
Presumably isomerization in these reactions oc
curred at the stage of half methylation, since ac
cording to Table I /rans-14 is much more rapidly 
isomerized than trans-16 under the conditions cited. 

Sodium trans-14 and methyl iodide gave approxi
mately 40% trans-13 and 60% cis-5 when the rea
gents were mixed in one operation in methanol. 
Under the same conditions tetramethylammonium 
trans-H gave pure trans-13. It is evident that the 
sodium ion facilitated isomerization from the trans 
to the cis isomer in the monoanion series. This 
conclusion was further supported by allowing a 
methanol solution of tetramethylammonium trans
it to stand for 6 hours at 25°. Methylation of one-
half of the solution gave 5 and 13 in the ratio 1:19, 
and after 24 hours methylation of the other half of 
the solution showed only a modest increase of the 
5:13 ratio to 1:9. A similar reaction with the 
corresponding sodium salt gave largely the cis iso
mer 5. 

Stereochemistry of Disulfides 9, 10, 11 and 12.— 
As mentioned above, cis-cis-9 and trans-trans-10 
gave homogeneous dimethyl derivatives when 
treated with methyl sulfate in ice-water (h, i). 
The crystalline derivatives 11 and 12 were also 
synthesized by oxidative coupling of the mono-
methyl salts 8 and 14, and these reactions clearly 
establish the presence of a disulfide bond. 

When sodium cis-8 was oxidized with potassium 
ferricyanide in water pure cis-cis-11 was obtained 
in 76% yield (n). Under similar conditions trans
it gave almost pure trans-trans-12 in good 
yield (o). Other oxidation systems gave less clear-
cut results and mixtures were obtained. Sodium 
cis-8 and thionyl chloride in DME gave a good yield 
of a mixture of cis-cis-11 and trans-trans-12 in the 
ratio 55:45. Nothing is known concerning the 
mechanism of any of these reactions and the high 
degree of stereospecificity in the former oxidation 

and of isomerization in the latter is not fully under
stood. It may be that oxidation in aqueous solution 
gave cis-cis-11 stereospecifically, and in the aqueous 
system the insoluble disulfide precipitated immedi
ately. The «-5-/ra»5-disulfide corresponding to 11 
and 12 was not detected with certainty in these reac
tions, and its preparation and characterization are 
described below. 

Although methylation of cis-cis-9 and trans-
trans-10 gave the expected metathetical products 
with methyl sulfate (h, i), methylation of disodium 
9 and 10 with methyl iodide in various solvents 
gave good yields of the cleavage products 5 and 13 
(j, k). Thus, trans-trans-10 in DME gave an 86% 
yield of a mixture of trans-13 (>93%) and cis-5 (< 
7%), based on infrared spectral analysis; cis-cis-9 
gave 90% «5-5 and 10% trans-13. The unexpected 
difference in methylations with methyl sulfate (h, i) 
and methyl iodide (j, k) is readily explained by 
reductive cleavage of the initially formed methy! 
derivatives 11 and 12 by iodide ion liberated in the 
latter methylations. 

The above conclusion was confirmed by treating 
cis-cis-11 and trans-trans-12 with two moles of 
sodium iodide in DME solution. Iodine was 
liberated almost quantitatively, and subsequent 
methylation with methyl iodide gave mixtures of 
cis-5 and trans-13 in good yields (1, m). In reac
tions 1 and m, the ratios of 5:13 were 5.7:1 and 
3.4:1, respectively. Based on the observations in 
Table I, it would be expected that methylation 
following reductive cleavage of cis-cis-11, which 
forms m-8, and of trans-trans-12, which forms 
trans-H, would result in exclusive formation of 
«5-5 in the former case and a mixture of «5-5 and 
trans-13 (predominating) in the latter. Since mix
tures of 5 and 13 were formed in both reactions, a 
further factor leading to configurational instability 
must be sought in the iodide ion cleavages. 

Since 11 and 12 were readily cleaved by stoichio
metric amounts of iodide ion, it was not surprising 
to find that catalytic amounts of iodide ion caused 
the interconversion of «5-«5-ll and trans-trans-12. 
In 45 minutes at 25°, solutions of both 11 and 12 in 
DME were converted to the equilibrium mixture 
which contained approximately 60% «5-«5-ll and 
40% trans-trans-12 (p) .u The isomerization which 
occurred during the cleavage reactions employing 
molar quantities of potassium iodide may thus only 
reflect the instability of the pure isomers to iodide 
ion before cleavage. 

The familiar equilibrium involved in the oxida
tion of rnercaptide ion by iodine to give disulfides 
lies far to the left with these electronegatively sub
stituted disulfides, and 11 and 12 resemble peroxides 
rather than disulfides. The isomerization observed 
in the fragments from the cleavage reactions em
ploying a full equivalent of iodide ion (and similarly 
the catalyzed interconversion of 11 and 12) can be 
formulated in the following manner in the case of 

(11) The preparation and characterization of the third possible iso
mer, cis-trans-his-(2-methyltn<!TCSTito-L ,i^-dicyanovmyj) di = ul6de, is 
described in the nex: section. Tap dificulty of detecting with cer> 
tainty the cis~trans isomer in mixtures causes the above rati.: Ir. j>e 
accepted with reserve It is r>resur,;td that the ci$-l.rans Corner wa< 
present on mechanistic grounds in th - products of tiie iodide k-n 
catalyzed isomerization of c*.s-^'-li and sr.in.f-lia»i»-l2 and in certain 
oxidations of 8 and 14 rksertbeil '-,h-ve a;"<d be'ir 
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NC S - S ^ C N N C x ^ S 9 1 - S x ^ C N 

X X +1&^ A + X 
N C N s S ^ C N N C ^ S C H 3 CH 3 S"^CN CH3 CH3 

11 

N C V N ^ S - I 

8 

N C ^ / S ' I—S^^CN 

" I + L~ 1 
NC^ ^SCH3 NCT^SCH 3 N C ^ S C H 3 

N C w S " 
8 + Jf + I 2 

C H 3 S ^ C N 
14 

CW-CM-I 1. Direct displacement by iodide ion at 
disulfide sulfur12 in 11 gives 8 (stable ) and an un
stable sulfenyl iodide, which can undergo reaction 
with iodide ion to give iodine and a second molecule 
of 8. It is postulated that the sulfenyl iodide is 
dissociated in the configurationally unstable radical 
-S(CN)C=C(CN)SCH3, so that reduction ulti
mately gives a mixture of 8 and 14.u 

Evidence that the monoradical may be unstable 
was provided by the oxidation of disodium cis-8 
with tetracyanoethylene, a known one-electron 
oxidant. In tetrahydrof uran there was obtained an 
8 1 % yield of a mixture of cis-cis-11 and trans-trans-
12 in the ratio 2 : 1 . " Sodium tetracyanoethylenide 
was also formed in high yield, and the reaction is 
thought to proceed as shown. A similar oxidation 
of disodium CM-3 with tetracyanoethylene to give 
cis-cis-9 is reported in paper III.8 

N C ^ / S e N a ® 

N C ^ ^ S C H s 

+ (NC)2C=C(CN)2 — > | " j ( C N ) 2 

N C ^ S C(CN)2 
H3C © 

[(CN)2C=C(CN)2]Na* + 

Na1 © 

' 1 1 + 1 2 

NC-^ ^SCH3 

The reductive cleavage of trans-trans-12 was also 
studied using potassium borohydride and sodium 
dithionite. The reductions were very rapid and in 
each case methyl iodide was added approximately 5 
minutes after reduction; the product mixtures of 5 
and 13 were then analyzed by their infrared spectra. 
The products depended strongly on both the re
ducing agent and the polarity of the reaction media. 
The following results were observed: potassium 
borohydride in DME gave 5 and 13 in the ratio 
1:1.9; potassium borohydride in tetrahydrofuran-
methanol, 1:0.6; sodium dithionite in aqueous 
methanol, 1:7.6. The reductive cleavage of cis-cis-
11 by potassium borohydride in DME and by so
dium dithionite in aqueous methanol gave 85 and 
78% yields, respectively, of essentially pure cis-5 
after methylation. 

Thermal Isomerization of cis-cis-11 and trans-
trans-12.—In the isomerizations of 11 and 12 and in 
the oxidation reactions of 8 and 14, the third possi-

(12) See O. Foss in "Organic Sulfur Compounds," Vol. I, N. Khar. 
asch, Ed., Pergamon Press, New York, N. Y., 1961, p. 83, for ex
amples of nucleophSic attack at disulfide bonds. 

ble isomer, CM-/ra»s-bis-(2-methylmercapto-l,2-di-
cyanovinyl) disulfide, could not be detected with 
certainty (see below), although in some reactions, 
especially the oxidations of 8 and 14 by tetracyano
ethylene and thionyl chloride, this isomer probably 
was formed. 

The synthesis of the cis-trans isomer 20 was ac
complished by the following route. Dicyano-1,2,3-
trithiole-2-oxide (18)13 has been shown in paper III8 

N C - ^ S . 

JO 
" S ^ C N 

+ X 
18 16 

N C - ^ ^ S — S . . C N 

X X 
N C - " ^ S" N C ^ S -

19 

X X 
CH3 CH3 

20 

of this series to react with cis-3 to give cis-cis-9 in a 
stereospecific ring-opening reaction. Similarly, 
trans-16 was treated with the trithiole oxide 18 and 
immediate methylation of the reaction mixture 
gave the desired cM-<ra«s-dimethyl derivative 20 in 
good yield as an oil which could not be caused to 
crystallize. The reaction presumably proceeded 
via cis-trans-19. It was further determined that 
synthetic mixtures of cis-cis-11 and trans-trans-12 
were oils that could be readily seeded with the pure 
isomers to give good recovery of the components. 
cis-trans-20 synthesized above could not be induced 
to deposit either 11 or 12 on repeated attempts at 
seeding. All three isomers were unstable to at
tempted chromatographic separation. 

The ultraviolet spectra of the cis-cis, trans-trans 
and cis-trans isomers were very similar so that syn
thetic mixtures could not be analyzed by this 
method, CM-CM-11 showed a single, well resolved 
band at 340 rm*, the extinction coefficient di
minishing rapidly toward longer wave lengths. 
trans-trans-12 showed two bands in this region at 
342 and 368 tm<. cis-trans-20 had a single absorp
tion (see Table II) at 350 m ĉ. A synthetic 1:1 
mixture of CM-CM-11 and trans-trans-12 had a spec
trum similar to, but distinguishable from, that of 
cis-trans-20. All spectra were recorded in methyl
ene chloride. 

cis-cis-11 and trans-trans-12 are most clearly dis
tinguished in the infrared spectrum by bands at 
8.56 and 11.82 ,x (11) and 8.72 and 12.28 n (12); 
otherwise the spectra were very similar. The 
spectrum of cis-trans-20 showed essentially all of 
t i e bands present in both 11 and 12, and the three 
isomers could only be distinguished on the basis of 
intensity relationships. The spectrum of the cis-
trans isomer was very similar to that of a 1:1 mix
ture of 11 and 12; however, the synthetic 1:1 mix
ture could be separated by fractional crystalliza
tion. 

I t was found that although both 11 and 12 could 
be recrystallized without change at low tempera
tures (<25°), brief heating of either isomer in car
bon tetrachloride caused their interconversion, as 

(18) H. B. Simmons, D. C. Blomstrom, R. D. Vest, J. R. Roland 
and T. L. Cairns, J. Am. Chtm. Soc., M, 4748 (1982); also see O. 
Bahr, Antn. Cktm., TO, 808 (1858). 
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did prolonged heating in the melt. The infrared 
spectra of the mixtures obtained from the solution 
and melt equilibrations were identical and indicated 
a ratio of 11 to 12 of approximately 2:1 . trans-
trans-12 could be separated readily by fractional 
crystallization from the products of these experi
ments. The spectra of the initially formed mixture 
did not indicate the presence of cis-trans-20. 

It was further found that after heating cis-trans-
20 under conditions that gave equilibration of 11 
and 12, the spectrum was completely unchanged; 
i.e., the intensity relationships in cis-trans-20 after 
thermal treatment were unchanged but were dif
ferent from those of the equilibrium mixture derived 
from either 11 or 12. Thus, the cis-cis and trans-
trans isomers are thermally interconvertible but the 
cis-trans isomer is stable under the same conditions. 

Such a conclusion places stringent requirements 
on the mechanism of isomerization. The possi
bility of thermal dissociation of 11, 12 and 20 into 
configurationally unstable free radicals (see above) 
must be ruled out, and the interconversion of 11 
and 12 must proceed via a path which forbids the 
formation of the unsymmetrical isomer. Although 
this process has not been studied in detail, an in
triguing possibility exists to account for these obser
vations. The following outline presents the salient 
points for the interconversion cis-cis-11 <=̂  trans-
trans-12, which can be interpreted conceptually 

CH3S 

as a Cope rearrangement. Scale molecular models 
show that the /3- and ^'-carbons in the vinyl 
groups can lie over each other in the direction of 
maximum ir-overlap (dotted line) in a configura
tion of minimum non-bonded repulsions only 
when the disulfide linkage assumes its usual14 

conformation and when the methylmercapto and 
cyano groups are staggered (for steric reasons) 
as shown in i. Synchronous bond-making and 
opening of the disulfide linkage (i) gives a bis-
(thiocarbonyl) intermediate whose cyano and 
methylmercapto groups are fixed in a trans con
figuration (ii). The key consideration is that 
reformation of the disulfide bond is a specific 
process in geometrical terms. The thiocarbonyl 
sulfur atoms have their maximum electron density 
only above and below the plane of the bond, so that 

(14) See J. Donohue in "Organic Sulfur Compounds," Vol. I, N. 
Ktaarucs, Bd., Pergamoo Press, New York, N. V., 1061, p. 1. 

recombination ii -*• i must be highly directional 
(unlike the approach of two atoms whose charge 
densities are spherical). However, single bond 
rotation as shown in ii can lead to the mirror image 
structure iii, and this is presumably the only other 
conformer which meets the geometrical require
ment of maximum overlap for reforming the disul
fide bond. The result of iii -»• iv is the reforma
tion of 7r-bonds about which the cyano groups are 
oriented trans. Furthermore, this process requires 
the simultaneous shifting of the configuration 
about both double bonds so that cis-cis-ll can give 
only trans-trans-12, and vice versa. 

When this mechanism is applied to the cis-
trans isomer 20, it is seen that since both vinyl 
groups are required to invert their configurations 
simultaneously, the cis-trans isomer can only be 
converted into itself, which is in accord with the 
experimental observations. 

Electronic Structure of Salts 3 and 16.—The 
chemistry of disodium dimercaptomaleonitrile (3) 
and its derivatives discussed in the previous sections 
has clearly pointed out the unexpected stereo
chemical stability of several molecules containing 
the dimercaptomaleonitrile group. In this section, 
some considerations which bear on the electronic 
structure of these molecules are summarized. 
Initially, two possibilities were considered to 
account for the stereochemical stability of cis-3. 

(1) Salts 3 and 16 are be:;t represented by the 
classical (resonance-stabilized) mercaptide struc
tures. The unfavorable electrical consequences 
of the alignment of poles and dipoles in the cis 
isomer are largely overcome by the high coodination 
energy of the c?'s-l,2-dimercaptide structure even 
with alkali metal cations.1B Strong hydrogen bond
ing in amphiprotic solvents may even be sufficient 
to lower the energy of cis-3 relative to that of trans-
It. 

(2) Salt 3 is best represented by a cyclic struc
ture 21. Stability is attributed to increased de-

NC 

N C 

© 

21 

localization resulting from covalent bonding be
tween the sulfur atoms. The reason for the intro
duction of this apparently complicating suggestion 
and the precise formulation of 21 will be discussed 
below. 

The cis, trans assignments of 5 and 13, the re
spective methylation products of salts 3 and 16, 
are based on their dipole moments in benzene. 
The value calculated for cis-5 is 4.97 D., employing 

NC SCH3 NC .̂ ^SCH3 

,X N C 
5, 

^SCH3 

= 5.08 D. 
CH3S 

1 3 , »•• 

CN 
1,57 O. 

group moments for the aromatic series.16 If bond-
(15) Strong complexes of the cis dianlon 8 with heavy metal ions, 

such as palladium, copper and nickel, have been reported in ref. 2 
and 13. 

(16) L. E. Sutton in "Determination of Organic Structures hy 
Physical Methods," E. A. Braude and F. C. Nachod, Eds., Academic 
Press, Inc., New York, N. Y., 1955, p . 373. 
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ing interaction between the sulfur atoms is signifi
cant in cis-5, presumably rotation of the methyl-
mercapto groups would be restricted, bu t ob
served dipole moments give no information con
cerning this point.17 Such a structure would also 
possess a dipole moment of the order of 5 D., and 
the conclusion t ha t the isomer m.p. 99° is the cis 
isomer is not altered. The measured moment of 
pure trans-13 is 1.57 D., which is in disagreement 
with the high value reported by Bahr . 3 5 Of the 
three possible planar conformers of trans-13, 
two have zero dipole moment and one a value of 
1.80 D. Appreciable moments for symmetrical 
trans isomers18 and 1,4-disubstituted benzenes17 

are well known and may arise from restricted ro
tation. These results can accommodate the as
signed structures within the limits of our knowl
edge of the degree of free rotation in these systems. 

trans-13 shows no absorption in the double bond 
stretching region in the infrared spectrum, as 
expected, and cis-5 has a strong band a t 6.70 p 
which has been assigned to this vibration. 2,3-
Dicyano-5,6-dihydro-l,4-dithiin absorbs a t 6.65 n, 
and all simple alkylated derivatives of cis-3 have 
a strong band in the range 6.60-6.70 p. The large 
shift to long wave length of the ( C = C ) stretching 
vibration is not unexpected in an ethylene sym
metrically substituted simultaneously with strongly 
conjugated electron-withdrawing and -attracting 
groups. The absorptions in the 6-7 p region of 
3, 5, 8, 9, 10, 11, 12, 13, 14, 16 and 20 are given 
in Table I I . 

The single absorption a t 6.70 n in the ( C = C ) 
stretching region of the covalent derivative 5 is 
displaced to 6.95 (Na + ) and 7.17 n [(CHs)4N+] in 
the cis dianion 3. The 6-7 u region is expectedly 
blank in the sodium and tetramethylammonium 
salts of the corresponding trans-16. The double 
bond absorptions appear a t 6.83-7.04 y. in the 
various salts of the dianions 9 and 10, none of which 
possess symmetrically substi tuted double bonds. 
In trans-trans-10, there is no opportunity for 
sulfur-sulfur interaction of the type considered 
above, although such interaction in cis-cis-9 is 
still conceivable. The fact tha t trans-trans-10 
and cis-3 absorb a t virtually the same wave length, 
6.97 and 6.95 ;i, respectively, indicates tha t their 
bond orders are similar, and this would imply t ha t 
the carbon-carbon double bond in cis-3 approxi
mates closely to t ha t expected of the open dimer-
captide structure for 3. The shift of the ( C = C ) 
stretching vibration to longer wave length in cis-3 
when sodium ion is replaced by tetramethylam
monium ion is probably associated with the strong 
coordinating ability of the cis dianion with even 
weakly chelating cations such as sodium ion. This 
effect is not evident in the rnonoanion series. 

The ultraviolet spectra of the various deriva
tives are also recorded in Table I I . I t is seen t h a t 
the trans isomers in the covalent and dianion salt 
series absorb a t longer wave length than the cor-

(17) Cf. hydroquinone dimethyl ether, discussed in G. Wheland, 
"Resonance in Organic Chemistry," John Wiley and Sons, Inc., 
New York, N. Y., 1955, p. 239. 

(18) A. J. Williams and R. J. W. Le Fevre, J. Chem. Soc, 2425 
(1957), found the dipole moments of diphenylmaleonitrile and di-
phenylfumaronitrile were 5.7 and 1.1 D., respectively. 

SPECTRAL 

Compound 

8 

13 

TABLE II 

DATA FOR THIACYANOCARBON DERIVATIVES 

Cation (C=C)StT., /I 

6.70° 

a,d 

3 

16 

8 

14 

9 

10 

Na* 
(CHj)(N + 

Na + 

(CHi)1N * 

N a * 

Na + 

(CHi)1N + 

Na* 
(CHi)1N + 

Na + 

(CHi)1N + 

6.95° 
7.17» 

o.d 
. M 

6.80° 

7.06» 
7.00» 

6.S5,° 
6.83« 

6.98,« 
7.04» 

6.87» 

6.97» 

11 

12 

SO 

6.68" 

6.67« 

6.65 

Xnuz> rap («) 
272 (4,420), CiHiOH 
340 (12,900) 
364 (10,300), CtHiOH 
368 (11,400), CiHiOH 
372 (12,000), CHiOH 
366,« HiO 
412 (10.100), CiHiOH 
402 (10,200), HiO 
409 (12,900), CHiOH 
270 (4,950), CiHiOH 
370 (13,900) 
369,' CHiOH 
373 (11,800), CiHiOH 
392 (16,000), CiHiOH 
250 (12,900), CiHiOH 
382 (19,400) 

432 (16,700), CtHiOH 
374 (16,400), CiHtOH 
433 (19,100) 
345 (17,680), CiHiOH 
340," CHtCh 
340 (13.700), CiHiOH 
368 (16,950) 
342,« CHiCh 
368« 
350,« CHiCh 
345 (17,700). CiHiOH 

" Run in 
determined. 
• See Chart 

KBr pellets. » Run in Nujol. c Intensity not 
d Bands in this region absent from spectrum. 

I for formulas. 

responding cis isomers. Disodium trans-16 ab
sorbs a t 44 mfi longer wave length than disodium 
cis-3. Significantly, disodium trans-trans-10 ab
sorbs a t 40 mfi longer wave length than disodium 
cis-cis-9. If any special stabilization exists in 
cis-3 because of sulfur-sulfur interaction, it does 
not seem to be reflected in the spectra, unless i t is 
assumed t ha t the electronic environment in each 
half of cis-cis-9 is very similar to tha t in cis-3. 
This effect is absent in the monoanions. Sodium 
cis-8 absorbs a t 370 m/i (ethanol), while sodium 
and tetramethylammonium trans-14 absorb a t 
369 m/i (methanol) and 373 mji (ethanol), re
spectively. I t is interesting to note t ha t diphenyl-
fumaronitrile and diphenylmaleonitrile show Amax 
339 mtt (log « 4.37) and 399.5 m/i (log € 2.94), 
respectively.17 An inverse effect is noted in the 
thiacyanocarbon series in both Xma* and log «. 
Bis-(methylmercapto)-fumaronitrile (13) has Xmax 
364 mn (log e 4.01) and bis-(methylmercapto)-
maleonitrile (5), Xmai 340 imt (log « 4.11). The 
shift of the high intensity, long wave length band 
to higher energy on going to the maleonitrile, in 
which coulombic repulsions would have been ex
pected to lower the energy of transition to the 
first excited state, suggests some new electronic 
factor is operative in the cis isomer. I t will be 
seen below tha t the ground s ta te (thermodynamic) 
energy of the maleonitrile is lower than tha t of the 
fumaronitrile. 

The polarographic half-peak potentials for oxi
dation of disodium cis-3, trans-16 and trans-trans-
10 were determined as described in the Experi
mental Section. Both cis-3 and trans-16 showed 
two well-defined waves in aqueous solutions con
taining various added electrolytes. The half-
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peak potentials were almost indistinguishable 
for both isomers: cis-3, £p / t = +0.08 and +0.40 
v.; trans-It, £p/2 = 0.00 and +0.43 v. trans-
trans-10 showed only a single peak at all concen
trations studied (£p /2 = 0.40 v.), which corresponds 
well with the second wave of 3 and 16, both of 
which are known to give the disulfide salt on one-
electron oxidation. The fact that the first waves 
of 3 and 16 occur at almost equal potentials sug
gests that the first ionization potentials of the cis 
and trans isomers are also similar. It might be 
expected that the close proximity of the two 
formal negative charges in the open dimercaptide 
structure for cis-3 would lower the first ionization 
potential with respect to /ra«5-16. The fact that 
the energy of the electron which is removed from 
cis-3 on oxidation appears to be lower than ex
pected may indicate that some special electronic 
stabilization exists in the cis isomer, or it may only 
mean that charge dispersal by classical derealiza
tion effects is large in both isomers. The polaro-
graphic data are discussed further in paper IV of 
this series. 

I t was hoped that a study of equilibria such as 3 
<=i 16 and 5 ?=* 13 would shed some light on the 
question of the ground state energies of the cis and 
trans isomers. Little information is available on 
the stabilities of substituted maleo- and fumaro-
nitriles; however, the status of the diphenyl 
derivatives has recently been clarified. Diphenyl-
maleonitrile, m.p. 243°, and diphenylfumaronitrile, 
m.p. 161°, have received unequivocal assignments 
as a result of X-ray studies on the trans isomer by 
Timmons and Wallwork.19 These assignments 
are in agreement with the dipole moment studies 
of Williams and Le Fevre18 and represent an ex
ample of a cis isomer having a higher melting 
point than the corresponding trans isomer.20 These 
authors18 also found that diphenylfumaronitrile 
is rapidly isomerized by sunlight and ultraviolet 
light to diphenylmaleonitrile, which is stable to 
dark storage. It is not known which isomer has 
the lower energy in the thermodynamic sense, 
but the literature reveals an interesting observa
tion that bears on this point. Knoevenagel and 
Bergdolt21 observed that diphenylsuccinonitrile 
was dehydrogenated over a palladium catalyst at 
250° to give approximately 20% diphenylfumaro
nitrile, m.p. 158°, along with cleavage products 
such as phenylacetonitrile. None of the high 
melting cis isomer was detected. Since it is well 
known that noble metal catalysts accelerate the 
attainment of thermodynamic equilibrium between 
cis and trans isomers, it can be inferred that di
phenylfumaronitrile is of lower energy than di
phenylmaleonitrile, as expected on steric and 
electrical grounds. 

I t is also known that dichloromaleonitrile is 
converted to dichlorofumaronitrile22 by heat and 
probably by anions.2'-24 

(19) C. J. Timmons and S. C. Wallwork, Chemistry &• Industry, 62 
(1955). 

(20) Phenylmaleonitrile, m.p. 86-87°, and phenylfumaronitrile, 
m.p. 42-13°, have recently been shown to have dipole moments of 
7.98 and 2.71 D., respectively, by W. C. Schneider, J. Am. Chem. Soc., 
77, 2796 (1955); also see W. F. Beech and H. A. Piggott, / . Chem. Soc, 
423 (1955). 

(21) B. Knoevenagel and B. Bergdolt, BT., It, 2861 (1803). 

Bis-(methylmercapto)-maleonitrile (5) and bis-
(methylmercapto)-fumaronitrile (13) were equi
librated thermally in the melt. The equilibrations 
were carried out in the presence of a catalytic 
quantity of iodine in Pyrex tubes in the dark under 
a nitrogen atmosphere. Each isomer gave the 
identical mixture in the times indicated, and the 
results were unchanged in one run when the experi
ment was repeated in the absence of iodine. 
The equilibrium constant, K = [cis-5]/ [trans-13], 

NC SCH3 v NC SCH3 

X ^ X 
CH3S CN NC SCH5 

13 5 
Temp., *C. Time, hr. K 

157 43 2.39 
191 9 2.08 
250 2.5 1.90 

was determined spectrophotometrically on the 
reaction mixtures. It can be estimated that K 
= 3.23 at 25°, corresponding to AF298 = -0 .70 
kcal./mole. Although the entropy difference be
tween cis- and /raws-olefins in the hydrocarbon 
series is generally small,26 it cannot be inferred 
that AS for the above process is similarly small. 
The data allow a limited analysis by the method 
of Allinger and Coke26 whereby the associated 
enthalpy and entropy can be determined by a 
plot of In K vs. 1/T; in this manner, it was found 
that AiI177 = - 1 . 1 ± 0 . 1 kcal./mole and AS477 = 
— 0.2 ± 0 . 1 e.u. I t can be concluded that cis-5 
is stabilized over trans-13 by electronic factors 
that overcome the large repulsive steric and dipole 
effects in the cis isomer. This appears to be the 
first example of a fumaronitrile-maleonitrile pair 
in which the maleonitrile is the isomer of lower 
energy. It is also interesting to note that the 
thermal and anion catalyzed (but see footnote 7) 
dimerization of methyl cyanodithioformate (4) 
gave largely cis-5. These results may, however, 
only reflect the kinetic outcome of these transfor
mations. 

Unfortunately, it was not possible because of 
side reactions to determine accurate equilibrium 
constants in the salt series: cis-3 +3. trans-16 and 
cis-8 <=* trans-14. I t is clear from the data of 
Table I, however, that both 3 and 8 are stable 
relative to the corresponding trans isomers. 

Bis-(tetramethylammonium)<raw,y-16 was isomer
ized very slowly to the cis isomer to the extent of 
26% in 63 hours in aqueous solution at 110° 
under conditions where the corresponding cis-
salt was unchanged. In less polar solvents, such 
as acetonitrile, bis-(tetramethylammonium) cis-3 

(22) See N. R. Elred and D. M. Young, J. Am. Chem. Soc., 76, 4338 
(1953); O. W. Cass, U. S. Patent 2,443,494. 

(23) Unpublished observations of Dr. E. L. Martin of these labora
tories. 

(24) Other substituted fumaro- and maleonitrile pairs (not contain
ing sulfur atoms) have been synthesized recently in this Laboratory and 
will be reported on in the future. In all cases, the thermodynamlcally 
stable isomer was the fumaronitrile. 

(25) Sec tables in G. Jans, "Estimation of Thermodynamic Proper
ties of Organic Compounds,1' Academic Press, Inc., New York, N. Y., 
1958, pp. 169, 171. 

(26) N. L. Allinger and J. L. Coke, J. Am. Chem. Soc., 81, 4080 
(1959). 
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isomerized to the trans isomer only to the extent 
of 25%, although most of the salt decomposed 
to tars in this solvent. The corresponding trans 
isomer decomposed completely under these condi
tions and no 3 or 16 could be recovered. I t can 
be concluded that cis-3 is chemically and con-
figurationally stable relative to trans-It in both 
amphiprotic and aprotic solvents. Weakly co
ordinating cations (Na+) are effective in accelerat
ing the isomerizations 16 -+• 3 and 14-»-8. I t is 
probable that both 3 and 16 are strongly solvated 
in aqueous solution and charge dispersal may not 
be large. The central carbon-carbon bond must 
possess a high bond order, so that a large activation 
energy is encountered in geometrical isomerization. 

Some brief studies were also made of the in
fluence of ultraviolet light on the configurational 
stability of the various isomers. I t was found that 
trans-13 is isomerized quantitatively in 12 hours in 
methanol solution to cis-S under broad spectrum 
ultraviolet irradiation. This may be compared 
with the essentially complete photoisomerization 
of diphenylfumaronitrile to diphenylmaleonitrile.ir 

The value of the cis/trans ratio in the photo
chemical steady-state is somewhat dependent on 
the wave length of the light used and on the tem
perature27; however, it is usually observed that 
irradiation with ultraviolet light brings about 
isomerization of the more stable (thermodynamic) 
isomer to the less stable isomer or to a mixture 
in which the latter predominates.27-M This is 
borne out in the case of the diphenylfumaro- and 
-maleonitriles. This generalization does not hold 
for cis-5 and trans-13. 

It is tempting to relate the long wave length 
absorption of 5 and 13 with the transition causing 
isomerization. I t was seen above that the ground 
state of cis-S lies approximately +0.05 e.v. below 
that of trans-13. This is in the correct direction 
for having the first excited states of 5 and 13 
correspond to the state responsible for geometrical 
interconversion.27 The long wave length absorp
tions of cis-5 and trans-13 involve energy changes 
of 3.64 and 3.41 e.v., respectively. 

Although aqueous solutions of the pure sodium 
salts cis-3 and trans-16 were completely stable in 
the dark for several days, brief ultraviolet irradia
tion (broad spectrum) of oxygen-free, aqueous 
solutions of either isomer led to nearly identical 
solutions of their mixture. The ratio of isomers 
in the photochemical steady-state is cis/trans = 
0.38 at 55° (beginning with 3) and 0.36 (beginning 
with 16), average value 0.37, and identical results 
(within experimental error) were obtained when 
the corresponding bis-(tetramethylammonium) salt 
of 16 was irradiated in aqueous solution. A curious 
anomaly was found in bis-(tetramethylammonium) 
dimercaptomaleonitrile, which under identical ir
radiation conditions underwent extensive decom
position. When the bis-(tetramethylammonium) 
and sodium salts of 3 and 16 were irradiated in 
ethanol solution, essentially the same results were 
obtained (see Experimental Section) as in water. 

(27) O. Wheland, "Advanced Organic Chemistry," John Wiley and 
Sons, Inc., New York, N. V., 3rd Edition, 1980, p. S6S. 

(28) G. Reid, Chtm. Rat., IS, 2OS (1SS8). 

In summary, cis-3, as the disodium or bis-(tetra-
methylammonium) salt, emerges as a structure of 
configurational stability comparable to that of the 
trans isomer 16, a structure which incorporates 
a much more favorable alignment of the strongly 
repulsive mercaptide poles and cyano dipoles. 
Unfortunately, none of the criteria applied above 
give an unequivocal answer as to which isomer is of 
lower energy. The spectral and polarographic 
studies revealed nothing that necessarily supports 
a cyclic formulation for the cis isomer, while the 
thermal and irradiation studies tend to support the 
view that some special stabilization exists. 

One explanation of the unusual configurational 
stability of the dianion present in cis-3 invokes 
consideration of structures involving sulfur-sulfur 
bonding as significant contributors to the ground 
state of 3, as suggested above. In a later publica
tion8 evidence is presented for the intermediacy 
of the highly reactive dicyano-l,2-dithiete (22) 
in oxidations of 3 and 16. Electronegatively 
substituted dithietes, e.g., bis-(trifiuoromethyl)-

N C ^ CF3 

1,2-dithiete (23), have previously been synthesized 
in these laboratories.29 The addition of two 
electrons to 22 can give rise to several electronic 
formulations, the lowest energy of which should 
represent salt 3. This can be accomplished by: 
(a) ring-opening to give the resonance-stabilized 
dimercaptide 3; (b) addition to the ?r-system re
sulting in a cyclic dianion with twelve ^-electrons 
distributed over the four-membered ring and the 
cyano groups; (c) addition to a vacant d,-molecular 
orbital extending over the two sulfur atoms, the 
repulsions of the formally localized negative 
charges on the sulfur atoms being offset by delocali-
zation of the pr-electrons into the cyano groups. 
d-Orbitals on the two sulfur atoms are oriented in 
the four-membered ring for maximum d, overlap. 

LCAO-MO calculations neglecting overlap were 
carried out for cases a, b and c employing coulomb 
and resonance parameters that in part were de
rived from studies in these laboratories on cyano-
carbon anions and in part from the literature.80'31 

The results are not very sensitive to the param
eter values, and the calculated resonance energies 
for cases a, b and c are 1.72 /30, 3.30 /30 and 1.96 
/So + «dr, respectively, where «dx is the energy 
of the new dT sulfur-sulfur bond. The resonance 
energy of the uncharged dithiete 22 is 1.96 /S0. 
These calculations neglect repulsion energies in the 
charged and uncharged structures and can only 
be considered valid in the light of usual LCAO-MO 
theory. The formal neglect of interelectronic re
pulsion energy in small rings is an especially drastic 

(29) C. G. Krespan, B. C. McKusiclc and T. L. Cairns, J. Am. 
Chtm. SM., H 1 1515 (I960); C. G. Krespan, ibid., 83, 3434 (1961). 

(30) M. J. Janssen, RtC trap. Mm., 79, 464, 464, 1006 (1960). 
(31) In paper IV of this series a more detailed account of these 

calculations will be given. The parameter values chosen for the 
present study were: ac " <*, «N — o» + 1.50o, a, - <n + 0.2ft, 0CO 
- A, 0on - i.»A, Acs - O.ttfc. fee - 0.3ft. 
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approximation, and the resonance energy in case 
b must be much reduced since twelve pT electrons 
are forced into an eight-atom system. There are 
further difficulties in selecting model structures on 
which to base resonance energy calculations. How
ever, it can be seen that transfer of two electrons 
to dithiete 22 in a manner to preserve the ring 
(cases b and c) leads to energetically more favorable 
structures than the opened classical structure (case 
a). Estimates of the repulsions involved in case 
b indicate that the resonance energy may be 
negligible. We can thus conclude that if the inter-
electronic repulsion energy of case c is less than 0.24 
tfo + t&r, the cyclic structure containing a d,-
bond, which can be written as 24, will be favored 
over the classical formulation in case a. The dotted 
lines refer to the usual 6 7r-electron system and the 
d,-bond is shown as a full line. 

NC 

NC 

— S 
: • ! ! 

— S 

24 

If d-orbital overlap between adjacent sulfur 
atoms is a factor to be considered in explaining 
the stability of the various dicyanodimercapto-
ethylene derivatives, it might be expected to play 
a role even in the covalent methyl derivative S. 
The d- and p-orbitals are presumed to be partially 
mixed so that the overlapping hybrids are at least 
weakly populated. For instance, we might con
ceive pd2-hybrids whose directional properties are 
correct to meet our requirements. This effect 
can become very significant if energy is to be gained 
since the 2p-3d separation is not prohibitively 
large in sulfur. Alternatively, the bonding could 
simply involve a non-hybridized representation 
such as 25 in which the ring contains four p-
electrons. The solid lines here represent pT-bonds. 

The final decision on whether salt 3 exists as a 
resonance-stabilized dimercaptide of conventional 
structure 3 or as a dianion 24 possessing some de
gree of sulfur-sulfur bonding probably will be 
resolved only by X-ray studies. 

Acknowledgments.—The authors are pleased to 
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for carrying out and interpreting the polarographic 
studies. 

Experimental32 

Materials.—The D M F complex of sodium cyanodithio-
formate (I)1 and disodium dimercaptomaleonitrile (3) s were 
prepared and purified as described in the literature. Salt 3 
was recrystallized from absolute ethanol to constant ultra
violet extinction coefficient and was used in the form of a 
pale yellow, crystalline solid. The ultraviolet spectrum of 
salt 3 showed maxima in water at 272 (e 7210) and 375 myu 
(« 16,200), in ethanol a t 262 (« 6290) and 376 rm» (« 14,240), 
and in D M E at 375 mM (e 2790). The extinction coefficient 
in D M E was low and subject to a large error because of the 
very low solubility of 3 in this solvent. The procedure for 
the preparation of I1 could be modified to include acetamide, 
dimethylacetamide and N-methylpyrrolidone as solvents. 
The interaction of alkali metal cyanides with carbon di
sulfide was negligible in all solvents studied except those 
containing amide groups. 

(32) All boiling points are uncorrected and melting points are cor
rected. 

The D M F solvate of salt 1 showed nitrile absorption a t 
4.55 n and the carbonyl band of the DMF-solvated complex 
was split into a sharp doublet a t 6.00 and 6.06 /i. The nor
mal carbonyl absorption of D M F occurs at 6.00 /J. 

Infrared spectra were determined on a Perkin-Elmer 
model 21 double beam infrared spectrometer equipped with 
NaCl optics (2-15 /»). Spectra were obtained in potassium 
bromide wafers and in Nujol mulls. The visible and ultra
violet spectra were determined by means of a Cary model 11 
recording spectrophotometer. The polarographic oxidation 
measurements were carried out conventionally, and each salt 
was studied under several electrolyte and pH conditions in 
aqueous solution. The concentration range was 1 to 10 X 
1O-4Af. Electrolytes included lithium perchlorate, sodium 
acetate and sodium sulfate, the latter in conjunction with 
Britton-Robinson buffers a t pH 4 -8 . The results are re
corded in the body of the paper. 

Tetraethylammonium Cyanodithioformate (2). A. From 
Salt 1.—A solution of sodium cyanodithioformate D M F 
complex (1 , 38.6 g., 0.100 mole) in boiling ethanol (100 ml.) 
was stirred while tetraethylammonium bromide (23.1 g., 
0.110 mole) in boiling ethanol (50 ml.) was added over sev
eral minutes. The dark solid (23.5 g., 100%), which crystal
lized on cooling the mixture to 0° , was removed by filtration 
and recrystallized from ethanol. Salt 2 was obtained as 
lustrous brown crystals, m.p. 133-135°. No melting point 
is given in the literature.1 The infrared spectrum showed, in 
addition to absorptions assigned to the tetraethylammonium 
ion, bands a t 4.58 /i (CN) and 9.5-9.6 p. ( C = S ) . The ultra
violet spectrum snowed maxima at 380 (e 11,100), 470 (e 
130) and 550 m/» (t 16). 

B. From Tetraethylammonium Cyanide33 and Carbon 
Disulfide.—A solution of tetraethylammonium cyanide (4.8 
g., 0.045 mole) in methylene chloride (85 ml.) was added 
with stirring over 1 hour to a solution of carbon disulfide 
(6.85 g., 0.090 mole, 100% excess) in methylene chloride 
(100 ml.). The brown color of the cyanodithioformate ion 
developed rapidly. The solution was then heated under re
flux for 3 hours, cooled, and the solvent was removed under 
reduced pressure. The residue was a brown crystalline mass 
of 2, the crude yield of which was nearly quantitative. 
Recrvstallization from hot ethanol gave pure 2, m.p. 133-
135°. 

Thermal Conversion of Salt 1 to Salt 3.—A sample of salt 
i (1.0 g., 0.0029 mole) was heated in vacuo a t 130° for 2 
hours. The initial brown melt turned to a yellow solid and 
sulfur sublimed onto cooler parts of the flask. The crystal
line residue (0.5 g., ca. 100%) was characterized as pure 
disodium cis-3 by its infrared spectrum. 

Methyl Cyanodithioformate (4).—A mixture of sait 2 
(2.32 g., 0.010 mole) and methyl iodide (10 ml., excess) 
in acetonitrile (30 ml.) was stirred at room temperature for 1 
minute followed by dilution with petroleum ether (50 ml.) 
and water (40 ml.). The three layers were separated and 
the aqueous layer containing tetraethylammonium iodide 
was discarded. The acetonitrile layer was extracted with 
several 20-ml. portions of petroleum ether and the extracts 
were combined. Petroleum ether was removed under a 
stream of dry nitrogen to leave 0.77 g. (65%) of a purple 
liquid. The ester is not very stable to fractionation; how
ever, small samples were distilled through a short path still 
at 50-60° (1.0 mm.) to give a deep purple liquid, »8r> 
1.625. The infrared spectrum of 4 showed absorptions at 
3.43, 4.52, 7.11, 7.62, 8.76, 8.90, 9.85 and 10.17 u. The 
ultraviolet spectrum showed maxima at 226 (« 5100), 342 (e 
8750), and 530 mM(e 22). 

Anal. Calcd. for C3H1NS2: C, 30.74; H, 2.58; N, 11.95. 
Found: C, 31.61; H, 2.60; N, 11.53. 

Conversion of Ester 4 to Bis-(methylmercapto)-maleo-
nitrile. A. By Lithium Iodide.—A mixture of ester 4 
(0.416 g., 0.00178 mole) and lithium iodide (5 mg.) in 
methylene chloride (2.0 ml.) was allowed to stand several 
days at room temperature. When the purple color was no 
longer visible, the sample was analyzed by quantitative in
frared analysis. Only bis-(methylmercapto)-maleonitrile 
(5) was detected, along with absorptions assignable to 4. 
The conversion was 13% and none of the trans isomer 13 was 

(.33) The preparations of tetraethylammonium cyanide in the older 
literature are not reproducible, and the material used in this work was 
prepared by a reliable new synthesis which will be published by Dr. 
O. W. Webster of these laboratories. 
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detected. The physical and spectral constants of 5 and 13 
are given below. 

B . By Tetraethylammonium Cyanide.—A solution of 
tetraethylammonium cyanide" (1.56 g., 0.01 mole) in 
methylene chloride (50 ml.) was cooled in an ice-bath and 
stirred while a solution of ester 4 (1.17 g., 0.01 mole) in 
methylene chloride (10 ml.) was added dropwise over 30 
minutes. The purple color of the methyl ester vanished 
immediately upon addition and the final color of the reaction 
mixture was yellow. The solution was stirred for 1 hour and 
evaporated in vacuo to afford a semi-solid mass. Crystal
lization of the residue from methyl ethyl ketone-ethyl ace
tate a t - 8 0 ° gave 1.31 g. (84% recovery) of tetraethylam
monium cyanide. Chromatography of the nitrate on acid-
washed alumina gave 0.27 g. (32%) of 5. In another experi
ment employing 10 mole per cent of tetraethylammonium 
cyanide, the results were essentially unchanged. Infrared 
analysis in both cases showed only the presence of cis-5. 

C. Thermally.—A sample of ester 4 (0.416 g., 0.00178 
mole) was heated in a test-tube to ca. 120° a t which point 
the liquid began to boil and the temperature rose spontane
ously to 165° during which time the purple color faded. 
The tube was allowed to cool and the contents crystallized. 
Quantitative infrared analysis indicated a 47 -53% conver
sion to cis-5 and 1-5% to trans-13. 

D. By Irradiation.—A solution of ester 4 (1.17 g., 0.01 
mole) in methylene chloride (10 ml.) in a quartz tube was 
irradiated with a mercury vapor lamp for 3 days. The pur
ple color had disappeared a t the end of this period. The 
sample was evaporated to dryness under reduced pressure 
and the residue was chromatographed on acid-washed alu
mina. There was obtained 0.20 g. (23.5%) of cis-S, and 
0.23 g. (19.5%) of ester 4 was recovered. 

Bi^terramemylammonium)-dimercaptomaleonitrile.—A 
solution of disodium cis-3 (0.50 g., 0.0027 mole) in methanol 
(2 ml.) was added to a solution of tetramethylammonium 
chloride (0.62 g., 0.0057 mole) in methanol (1 ml.) . Sodium 
chloride was removed by filtration and the filtrate was evap
orated to half-volume under reduced pressure. Isopropyl 
alcohol was added dropwise and a yellow micro-crystalline 
solid separated, 0.60 g. (78%). The salt was very hygro
scopic and was difficult to purify further. Further purifica
tion was effected by dissolving the product in absolute 
ethanol (2 ml.) a t room temperature, adding a few drops of 
isopropyl alcohol, and chilling the solution in Dry Ice. The 
fine yellow solid was collected and dried under reduced pres
sure at 100° for 2 hours. The infrared spectrum showed 
strong bands a t 4.62, 6.78, 7.17, 9.07, 10.52 and 11.67 M. 
Satisfactory analyses could not be obtained and contamina
tion by sodium chloride and tetramethylammonium chloride 
was evident fromelemental analysis. 

Anal. Calcd. for Ci2H24N4S2: C, 49.97; H, 8.39. 
Found: C, 46.72; H , 8.13; Na, 0.92. 

Methylation of Disodium cis-3.—A mixture of salt 3 
(1.86 g., 0.010 mole) and methyl iodide (3.12 g., 0.022 mole) 
in methanol (20 ml.) was stirred for 2 hours, and water (20 
ml.) was added. Crude cis-5 (1.63 g., 97%) was separated 
and recrystallized from ethanol as pale yellow needles, m.p. 
99°. Similar methylations were carried out in water, 
ethanol and D M E , and high yields of pure cis-S were ob
tained. When the methylation was carried out by dropwise 
addition of methyl iodide over several hours to an alcoholic 
solution of salt 3 , the same result was obtained. Similarly, 
methylation of the bis-(tetramethylammonium) salt of cis-3 
in various solvents gave high yields of only cis-5. 

The infrared spectrum of S showed characteristic bands a t 
6.60 ( C = C , str.) and 8.52 /i. The spectrum of the crude 
product obtained in all of the methylation reactions showed 
the absence of any of traits isomer 13 which absorbs strongly 
a t 12.33/x (see below). 

Bis-(benzoylmercapto)-maleonitrile (6).—Benzoyl chlo
ride (4.51 g., 0.032 mole) in D M E (5 ml.) was added over 40 
minutes to a suspension of salt 3 (3.0 g., 0.016 mole) in D M E 
(30 ml.) a t 0° . The mixture was stirred for an additional 
1.5 hours and was filtered. The filtrate was diluted with an 
equal volume of petroleum ether and chilled in Dry Ice. 
The dibenzoyl derivative (4.0 g., 71%) separated as tan 
needles, m.p . 118-122°. Recrystallization from benzene 
raised the melting point of pure bis-(benzoylmercapto)-
maleonitrile (6) to 118-123°. 

Anal. Calcd. for C18Hi0N2O2S2: C, 61.69; H, 2.88; N, 
8.00. Found: C, 61.76; H , 3.09; N , 8.01. 

l-Methylmercapto-2-benzoylmercaptomaleonitrile (7).— 
A solution of methyl iodide (7.65 g., 0.054 mole) in D M E 
(20 ml.) was added over 30 minutes to a stirred suspension of 
salt 3 (10 g., 0.054 mole) in D M E (50 ml.) a t 0° . When the 
addition was complete, a solution of benzoyl chloride (7.60 
g., 0.054 mole) in D M E (15 ml.) was added over 15 minutes. 
The mixture was filtered and the filtrate evaporated to dry
ness in vacuo. The crude product was recrystallized from 
benzene-cyclohexane and then from carbon tetrachloride to 
give 8.80 g. (63%) of l-methylmercapto-2-benzoylmercapto-
maleonitrile (7) as tan crystals, m.p . 107-108.5°. 

Anal. Calcd. for C12H8N2OS2: C, 55.43; H, 3.10; N, 
10.78. Found: C, 55.76; H, 3.30; N , 10.97. 

l-Sodiomercapto-2-methylmercaptomaleonitrile (8).— 
A suspension of 7 (1.00 g., 0.0039 mole) in methanol (10 ml.) 
was stirred and cooled to —20°. Addition of sodium meth-
oxide (0.21 g., 0.0039 mole) gave a homogeneous orange solu
tion. The solvent and methyl benzoate were lyophilized 
leaving a yellow solid, which was washed repeatedly with 
cyclohexane and ether. The crude salt 8 was purified by 
precipitation from acetonitrile solution with methylene chlo
ride. After the solid was dried at 80° in vacuo, a nearly 
quantitative yield of l-sodiomercapto-2-methylmercapto-
maleonitrile (8) was obtained. Characteristic bands oc
curred at 6.80, 8.61 and 11.65 n. 

Anal. Calcd. for C6H8N2S2Na: C, 33.70; H , 1.69; S, 
36.00. Found: C, 33.72; H , 2.01; S, 36.27. 

Methylation of Salt 8.—To a solution of salt 8 (0.200 g., 
0.0011 mole) in methanol (4 ml.) was added over 3 minutes a 
solution of methyl iodide (0.340 g., 0.0024 mole) in methanol 
(5 ml.) . The solution was evaporated to dryness under re
duced pressure and the residue was extracted with methylene 
chloride. The solvent was removed and there was obtained 
0.173 g. (91%) of cis-S. Quantitative infrared analysis of a 
15% methylene chloride solution showed it to contain 9 3 % 
cis-S. The trans isomer 13 could not be detected. This 
technique has been shown capable of detecting ca. 2% of 
trans-13. A similar methylation in acetonitrile gave pure 
cis-5 in 87% yield. When the rate of addition of methyl 
iodide was decreased and when the methylation was carried 
out in other solvents, only cis-5 was isolated or detected. 

Disodium <ra«s-/ra«s-Bis(2-mercapto-l ,2-dicyanovinyl) 
Disulfide (10).—A suspension of salt 3 (10.0 g., 0.0538mole) 
in dry D M E (80 ml.) was stirred and cooled to 0° . Over 15 
minutes, bromine (4.40 g., 0.0275 mole) was added, and 
after 1 hour the mixture was evaporated in vacuo to a sirup. 
Water (2 ml.) followed by methylene chloride (140 ml.) was 
added dropwise with stirring. Subsequently, ether (600 ml.) 
was added slowly and the precipitated orange solid was re
moved by filtration and dried. The crude product was re
crystallized from tetrahydrofuran (65 ml.) to give a first 
crop of 4.40 g. (50%) of trans-trans-10. The filtrate was 
reduced to one-half volume and was chilled a t 0° for 2 days. 
In this manner a second crop of 1.90 g. (22%) of 10 was ob
tained. The infrared spectra of the two crops (total yield 
72%) were identical. 

In a similar manner thionyl chloride was employed as 
oxidizing agent. A suspension of salt 3 (35.0 g., 0.188 mole) 
in D M E (200 ml.) was stirred and cooled to 0° . Over 30 
minutes thionyl chloride (11.2 g., 0.094 mole) in D M E (35 
ml.) was added. The red suspension was filtered and the 
filtrate was evaporated to a sirup, which was stirred with 
methylene chloride (1 1.). The red-brown solid was filtered, 
washed with methylene chloride and dried. The crude prod
uct was recrystallized twice from acetonitrile at —20°. 
There was obtained only 1.7 g. of trans-trans-10 by this proce
dure. The salt was dried a t 56° in vacuo, but satisfactory 
analyses could not be obtained. 

Anal. Calcd. for C8N4S4Na2: C, 29.47; N , 17.19; S, 
39.34; Na, 14.10. Found: C, 28.42; N, 16.99; S, 42.09; 
Na, 12.50. 

The main absorption bands occurred at 4.47, 4.52, 6.98, 
8.75, 9.78 and 11.87 M- The ultraviolet spectrum of trans-
trans-10 showed maxima in water at 365 (« 19,400) and 408 
mn (« 9450), in ethanol at 379 (e 18,450) and 408 mn (e 
14,870), and in D M E in 389 (« 12,320) and 420 nu< (e 11,210). 

Other studies showed that when the addition of thionyl 
chloride was complete, the ultraviolet spectrum was char
acteristic of cis-cis-9, which rapidly isomerized to trans-
trans-10. 

The disodium salt was converted to the bis-(tetramethyl
ammonium) salt by treating a concentrated solution of 
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disodium trans-tran s-10 with tetramethylammonium chloride 
in methanol. The product was recrystallized from methanol 
to give bright orange leaflets, m.p. 196-197° dec. The in
frared spectrum showed strong bands at 4.49,4.53 (doublet), 
6.70, 7.04, 8.80, 9.80, 10.48 and 11.78 /i. 

Anal. Calcd. for CiJH24N6S4: C, 44.83; H, 5.64. Found: 
C, 44.93; H, 5.63. 

Oxidation of Salt 3 with Iodine.—A solution of disodium 
cis-3 (5 g., 0.027 mole) in ethanol (25 ml.) and methanol (25 
ml.) was stirred a t 0° while a solution of iodine (3.41 g., 
0.014 mole) in ethanol (40 ml.) was added over 30 minutes. 
The mixture was evaporated to dryness under reduced pres
sure to give a red-orange solid. Attempts to remove the co-
precipitated sodium iodide from the product were only par
tially successful. The crude yield was about 50% arid the in
frared spectrum was virtually identical to that of the product 
obtained in the thionyl chloride oxidation. 

2,3-Dicyano-5,6-dihydro-l,4-dithiin.—A suspension of 
salt 3 (3.0 g., 0.016 mole) and ethylene dibromide (3.0 g., 
0.016 mole) in D M E (30 ml.) was stirred for 2 hours at room 
temperature and was then poured into water (200 ml.) . 
The precipitate was collected by suction filtration and was 
washed with water and dried. The yield of cream colored 
solid melting a t 130-132° was 2.22 g. (82%). After re-
crystallization from methylene chloride-methylcyclohexane, 
pure 2,3-dicyano-5,6-dihydro-l,4-dithiin melted at 133-135°. 
The infrared spectrum showed a strong nitrile doublet at 
4.46-4.49 M and ( C = C ) stretching at 6.65 ju. Other char
acteristic bands occurred a t 7.03, 8.57, 8.85 and 11.90 n. 
The ultraviolet spectrum in 50% aqueous acetic acid showed 
maxima at 262 (« 5800), 340 (« 9000) and 353 mn (« 10,800). 

Anal. Calcd. for C8H4N8S2: C, 42.89; H, 2.40; S, 
38.17. Found: C, 42.98; H , 2.45; S, 38.08. 

Disodium cis-«s-Bis-(2-mercapto-l,2-dicyanovinyl) Di
sulfide (9).—To a stirred suspension of salt 3 (1.00 g., 
0.0054 mole) in D M E (10 ml.) was added in one portion 1,1, 
2,2-tetrabromoethane (0.94 g., 0.0029 mole) in D M E (4 
ml.) . The mixture was stirred for 3 minutes and then filtered 
rapidly. The filtrate was quickly evaporated to dryness in 
vacuo. Methylene chloride (60 ml.) was added to the residue 
and the mixture deposited a yellow-orange solid which was 
filtered and washed with methylene chloride. The yield of 9 
was 0.27 g. (31%). The insoluble solid from the reaction 
mixture was suspended in fresh D M E (10 ml.) and treated 
again for 3 minutes with 1,1,2,2-tetrabromoethane (0.94 g.). 
Repetition of the procedure afforded an additional 0.28 g. 
(32%) of salt 9. A sample (0.20 g.) of the crude salt was 
dissolved in D M E (1.5 ml.), the solution was filtered, and 
the salt was precipitated by the addition of methylene chlo
ride (20 ml.) and dried a t 80° in vacuo. An essentially 
quantitative recovery of disodium «'s-«s-bis-(2-mercapto-
1,2-dicyanovinyl) disulfide (9) was obtained. The salt 
could not be recrystallized because of isomerization to 10. 
The infrared spectrum of cis-cis-9 had characteristic bands 
at 4.58 ( C = N ) , 6.87 ( C = C ) and 8.68 p. Medium absorp
tions appeared a t 9.03, 9.41, 9.56 and 11.84 ju. Medium ab
sorptions appeared a t 9.03, 9.41, 9.56 and 11.84 ju. trans-
trans-10 had strong absorptions at 4.47-4.52, 6.97 and 8.75 
M, and medium bands at 9.78 and 11.87 n. Analysis was 
obtained on the crude material. 

Anal. Calcd. for CN4S4Na2: C, 29.44; H, 0.00; N , 
17.18; S, 39.30. Found: C, 29.04; H, 2.23; N, 15.54; S, 
37.51. 

In a similar experiment, 1,1,2,2-tetrabromoethane (55.0 
g., 0.159 mole) was added over 30 minutes to a suspension 
of salt 3 (30.0 g., 0.161 mole) in D M E (200 ml.). After 1.5 
hours the reaction mixture was filtered, and the filtrate was 
distilled to dryness in vacuo. The distillate was dried and 
redistilled to obtain 7.28 g. (49%) of 1,2-dibromoethylene. 
Infrared spectral analysis showed the product was approx
imately a 1:1 mixture of cis- and trans- 1,2-dibromoethylene. 
Bands at 6.35, 8.02 and 13.40 in characterized the cis isomer, 
and the strong bands at 11.1-11.2 n, the trans isomer. 

The oxidation of salt 3 with tetrabromoethane was very 
slow in tetrahydrofuran and in methanol and only low con
versions of salt 9 were isolated. Both cis-cis-9 and trans-
trans-10 could be isolated unchanged from D M E solutions 
containing the tetrabromoethane. 

The bis-(tetramethylammonium) salt of cis-cis-9 was 
prepared from the disodium salt with tetramethylammonium 
chloride in methanol solution. The yellow crystalline solid 
melted at 190-195° dec. The infrared spectrum showed ab

sorptions a t 4.51, 4.57, 6.72, 6.83, 8.72, 9.00, 9.57, 10.52 
and 11.81 it. 

Isomerization of cis-cis-9 to trans-trans-10.—A solution of 
cis-cis-9 (0.2 g.) in D M E (5 ml.) was allowed to stand a t 25° 
for 2 hours. The solvent was removed under reduced pres
sure a t room temperature to give a red sirup which solidified 
when triturated with methylene chloride. There was ob
tained 0.18 g. of an orange solid whose infrared spectrum 
showed it to be nearly pure trans-trans-10. A few of the 
stronger absorption bands of cis-cis-9 were still evident, and 
it was estimated that conversion to 10 was approximately 
9 5 % complete. 

Methylation of trans-trans-10. A. Methyl Sulfate.— 
Recrystallized trans-trans-10 (0.50 g., 0.00153 mole) in 5 ml. 
of water was stirred at room temperature while dimethyl sul
fate (0.38 g., 0.00301 mole) was added. A yellow precipitate 
formed rapidly and after 5 minutes the solid was collected by 
filtration and washed with water. The crude product (0.29 
g., 61%) melting at 107-123° was recrystallized from methyl
ene chloride-methylcyclohexane to give a high recovery of 
pure /rans-ira»s-bis-(2-methylmercapto-l,2-dicyanovinyl) di
sulfide (12) as golden yellow leaflets, m.p. 123-126°. The 
infrared spectrum of 12 showed a double bond stretching 
absorption at 6.67 n, and a strong band a t 8.72 n was useful 
in characterizing this isomer in mixtures. 

Anal. Calcd. for C10H11N4S4: C, 38.69; H , 1.95; N , 
18.05. Found: C, 38.89; H, 2.20; N , 17.99. 

B. Methyl Iodide.—A mixture of methyl iodide (0.38 g., 
0.0027 mole) and recrystallized trans-trans-10 (0.19 g., 
0.00058 mole) in D M E (4 ml.) was stirred for 30 minutes a t 
room temperature. The mixture was diluted with methyl
ene chloride and the resulting solution was washed with 
dilute aqueous sodium bisulfite solution to destroy the 
liberated iodine. The infrared spectrum of the yellow solid 
(0.17 g., 86%), m.p. 120°, remaining after evaporation of 
the solvent, indicated a mixture of cis-S ( < 7 % ) and trans-13 
( > 93%). The characterization of trans-13, m.p. 118-119° 
is given below under Methylation of Disodium trans-16. 

Methylation of cis-cis-9. A. Methyl Sulfate.—Over a 
30-second period solid cis-cis-9 (0.10 g., 0.00031 mole) was 
added to a stirred solution of dimethyl sulfate (0.058 ml., 
0.00061 mole) in tetrahydrofuran (3 ml.). After 20 minutes 
the reaction mixture was filtered and the filtrate was evap
orated to dryness. Evaporation of a methylene chloride 
extract gave a semi-solid yellow product whose infrared 
spectrum showed it to be a mixture of os-«'s-ll and trans-
trans-12 in a ratio of about 2 : 1 . The sample of cis-cis-9 used 
in the experiment was free from trans-trans-10, and the mix
ture of isomers resulted from the rapid isomerization of 9 to 
10 before methylation. The synthesis and characterization 
of pure eis-cts-11 are reported below. 

B. Methyl Iodide.—A mixture of methyl iodide (0.057 
g., 0.00040 mole) and disodium cis-cis-9 (0.030 g., 0.000092 
mole) in dry DME (0.5 ml.) liberated iodine at once, and 
after 30 minutes methylene chloride (20 ml.) was added. 
The solution was washed with dilute aqueous sodium bi
sulfite solution and water and was dried. Evaporation of the 
solvent gave 0.025 g. (76%) of a yellow crystalline mass 
whose infrared spectrum showed it to consist of 90% cis-5 
and 10% trans-13. 

«'s-/ra»s-Bis-(2-methylmercapto-l ,2-dicyanovinyl) Di
sulfide.—A freshly prepared solution of dicyano-l,2,3-tri-
thiole-2-oxideu (0.10 g., 0.00053 mole) in tetrahydrofuran 
(2 ml.) was added over 10 seconds to a suspension of disodium 
trans-16 (0.10 g., 0.00053 mole) in tetrahydrofuran (2 ml.) . 
After 1 minute dimethyl sulfate (0.14 g., 0.00111 mole) was 
added to the deep red solution. The mixture was filtered 
after 15 minutes and the filtrate was evaporated in vacuo. 
Cold storage and scratching did not induce crystallization. 
A solution of the product was passed rapidly through a short 
column of acid-washed alumina using ether as eluent to give 
a clear amber oil. 

Anal. Calcd. for Ci0H6N4S4: C, 38.69; H , 1.95. Found: 
C, 38.91; H, 2.13. 

The infrared spectrum was virtually superimposable on 
that of a 1:1 mixture of cis-ets-11 and trans-lrans-12. The 
ultraviolet spectrum of the cis-trans isomer showed a single 
maximum at 345 ran (« 17,680) in ethanol. 

An ether solution of the cis-trans isomer deposited no solid 
when it was chilled in a Dry Ice-acetone-bath and seeded 
with both as-cis-11 and trans-trans-12. In another experi
ment a 1:1 mixture of cis-cis-11 and trans-trans-12 could be 
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separated to the extent of a t least 8 5 % by simple fractional 
crystallization from ether. 

Potassium Iodide-catalyzed Interconversion of cis-cis-ll 
and trans-trans-12.—A solution of cis-cis-ll (0.03 g., 
0.00010 mole) in D M E (2 ml.) containing powdered potas
sium iodide (0.001 g., 0.00006 mole) was stirred a t 25° for 
45 minutes. The solvent was removed a t 25°, and the resi
due was triturated with ether. The infrared spectrum of the 
totally recovered product indicated a mixture of cis-cis-ll 
and trans-trans-12, in a ratio of ca. 2 :1 and was superimpos-
able on tha t of a synthetic 2:1 mixture of 11 and 12. Rep
etition of this experiment employing the higher melting 
isomer trans-trans-12 gave a product whose infrared spec
trum was indistinguishable from that obtained by starting 
with the lower melting isomer cis-cis-ll. In both cases the 
mixture of 11 and 12 could be separated to the extent of ca. 
8 5 % by fractional crystallization or, better, by seeding with 
either pure isomer. 

Thermal Isomerization of cis-cis-ll, trans-trans-12 and the 
cis-trans Isomer.—Small samples of pure cis-cis-ll and 
trans-trans-12 were heated at reflux in carbon tetrachloride 
solution for periods of about 2 hours. In each case the 
equilibrium mixture of 11 and 12 was obtained, the ratio of 
11:12 being 2 : 1 , as determined by infrared spectral analysis 
and by low temperature fractional crystallization from ether. 

When a sample of the corresponding cis-trans isomer was 
heated under the same conditions, no change was noted in 
the spectrum, which was superimposable on that of a 1:1 
mixture of 11 and 12. The recovered material was presum
ably pure cis-trans isomer as discussed in the text. 

The ultraviolet spectrum of the product of thermal isom
erization was very similar to that of a synthetic mixture of 
11 and 12 and appeared different from that of the corre
sponding cis-trans isomer. The differences were very diffi
cult to translate into quantitative terms by this technique. 

Similar results were observed when the thre* isomers were 
held in the melt for 2 hours. 

Oxidation of Salt 8. A. Potassium Ferricyanide.—A 
solution of potassium ferricyanide (0.34 g., 0.0010 mole) in 
water (5 ml.) was added to a solution of sodium salt S (0.18 
g., 0.0010 mole) in water (2 ml.) at 0° . A yellow solid began 
to separate immediately. After 10 minutes the reaction 
mixture was filtered, and the product was washed with water. 
The yield of yellow solid melting a t 96-99° was 0.18 g. 
(76%). A solution of the crude product in methylene chlo
ride was treated with Darco, filtered, diluted with an equal 
volume of ether and chilled to —80°. An excellent recovery 
of pure cis-a's-bis-(2-methylmercapto-l,2-dicyanovinyl) di
sulfide (11) was obtained. The melting point of the yellow 
crystals was very dependent on the rate of heating. When 
placed on a block a t 99°, the solid melted at 102-104°. 

Anal. Calcd. for C10H6N4S4: C, 38.69; H, 1.95; N, 
18.05. Found: C, 39.04; H, 2.20; N, 18.04. 

The principal bands of the infrared spectrum of 11 are at 
4.52, 6.68 ( C = C ) stretching, 7.02, 7.56, 8.56 and 11.82 M-
The spectrum of cis-cis-ll is expectedly very close to that of 
trans-trans-12. The two isomers are most clearly distin
guishable by the bands a t 8.56 and 11.82 n (11) and those at 
8.72 and 12.28 (12). 

B. Thionyl Chloride.—A suspension of sodium salt 8 
(0.30 g., 0.0017 mole) in D M E (10 ml.) was stirred and 
cooled in an ice-bath, and thionyl chloride (0.12 g., 0.0010 
mole) in DME (2 ml.) was added over 3 minutes. The mix
ture was stirred for 30 minutes and then evaporated to dry
ness under reduced pressure. The residue was extracted 
with methylene chloride to give an oil whose infrared spec
trum indicated a mixture of cis-cis-ll and trans-trans-12 in a 
ratio of 55:45. 

C. Tetracyanoethylene.—Tetracyanoethylene (0.21 g., 
0.0016 mole) in tetrahydrofuran (3 ml.) was added over 5 
minutes to a stirred suspension of sodium salt 8 (0.30 g., 
0.0017 mole) in tetrahydrofuran (3 ml.) . After 5 minutes a 
maroon solid (shown to be sodium tetracyanoethylene anion-
radical) was removed by filtration, and the filtrate was evap
orated in vacuo. From a methylene chloride extract there 
was obtained 0.21 g. (81%) of a viscous orange sirup, whose 
infrared spectrum showed a ratio of cis-cis-l 1 to irans-trans-
12 of 2 : 1 . 

D . Bromine.—A solution of salt 8 (0.18 g., 0.0010 mole) 
in D M E (3 ml.) was stirred at 0° and a solution of bromine 
(0.08 g., 0.00050 mole) in D M E (1 ml.) was added rapidly. 
After 10 minutes the mixture was filtered and the filtrate 
was evaporated under reduced pressure. Recrystallization 

of the brown oil from methylene chloride-methylcyclohexane 
gave 0.109 g. (70%) of 11, m.p . 95-98°. A mixed melting 
point with the product obtained in the potassium ferricya
nide oxidation showed no depression. 

Oxidation of Salt 14. A. Sodium Salt.—A solution of 
potassium ferricyanide (0.09 g., 0.0002? mole) in water (1 
ml.) was added to a freshly prepared solution of salt 14 (0.05 
g., 0.00024 mole) in 3 ml. of water. The preparation of salt 
14 is given below. A yellow cloudiness developed instantly 
and after a few minutes, the solid which coagulated was 
collected by filtration and washed with water and dried. 
The yield of the mixture of 11 and 12 was 0.04 g. (92%). 
The infrared spectrum showed the solid to be a mixture of 
cis-cis-ll and trans-trans-12 in the ratio of 1:3. The sample 
of salt 14, which is very difficult to obtain stereochemically 
pure, probably contained sufficient cis-S to account for the 
appearance of 2 5 % of cis-cis-ll in the product. 

B. Tetramethylammonium Salt.—A solution of the tetra-
methylammonium salt 14 (0.030 g., 0.00013 mole) in water 
(1 ml.) was added over 30 seconds to a cold, stirred solution 
of potassium ferricyanide (0.050 g., 0.00015 mole) in water 
(2 ml.) . A yellow precipitate which formed immediately 
was collected, washed, and dried (0.020 g. (99%)). Analysis 
by infrared showed the product to be essentially pure trans-
trans-12. The maximum contamination by cis-cis-ll was 
< 5 % . 

Bis-(benzoylmercapto)-fumaronitrile (15).—A solution of 
trans-trans-10 (6.0 g., 0.018 mole) in dry tetrahydrofuran 
(40 ml.) was stirred and cooled at 0° while a suspension of 
potassium borohydride (1.95 g., 0.037 mole) in cold methanol 
(60 ml.) was added over 30 seconds. After 10 minutes, a 
solution of benzoyl chloride (12.9 g., 0.092 mole) in tetra
hydrofuran (30 ml.) was added in one portion. The mixture 
was stirred for 15 minutes at 25° and was then evaporated to 
dryness in vacuo. The solid residue from an extraction with 
methylene chloride (100 ml.) was diluted with IbO ml. of 
ether and 50 ml. of methylcvclohexane. The solution was 
chilled for 1 hour at - 8 0 ° and deposited 8.95 g. (70%) of tan 
crystals, m.p. 141-148°. Two similar recrystallizations 
gave bis-(benzoylmercapto)-fumaronitrile (15), m.p. 127-
157°. When placed on a block at 140° (2°/min.) a sample 
melted at 144-150°. The wide melting point range is prob
ably due to isomerization on the melting point block. The 
infrared spectrum of trans-15 is similar to that of cis-6 but 
there are bands at 9.28, 9.55 and 12.38 n which are absent 
in 6. In addition, there are slight frequency shifts of com
mon bands. On the basis of the infrared spectrum, the prod
uct appeared to contain none of the cis isomer. 

Anal. Calcd. for Ci8Hi0N2O2Si: C, 61.69; H, 2.88; N, 
8.00. Found: C, 61.76; H, 3.22; N, 8.17. 

Disodium Dimercaptofumaronitrile (16).—A suspension of 
bis-(benzoylmercapto)-fumaronitrile (15) (2.50 g., 0.0071 
mole) in methanol (50 ml.) was stirred and cooled to —25 to 
- 2 0 ° . A solution containing sodium (0.33 g., 0.0143 mole) 
in methanol (5 ml.) was added, and after 45 minutes most of 
the solid had dissolved. The reaction mixture was evapo
rated to dryness in vacuo at —20 to — 15°. The residue was 
washed thoroughly with ether and with methylene chloride 
to remove methyl benzoate. The resulting solid was dis
solved in the minimum amount of methanol, decolorized, 
filtered and precipitated by the slow addition of ether. After 
two similar purifications there was obtained 0.77 g. (50%) of 
disodium dimercaptofumaronitrile (16). 

Anal. Calcd. for C1N2S2Na2: C, 25.80; N, 15.05. 
Found: C, 25.72; N, 15.03. 

The infrared spectrum of trans-16 is extremely simple 
having strong bands a t 4.51 ( C = N ) , 9.88 and 12.11 fi and 
several very weak bands, possibly due to impurities, in the 
6-7 n region. 

Bis-(tetramethylammonium)-Dimercaptofumaronitrile.— 
A solution of disodium trans-16 (1.88 g., 0.0101 mole) in 
methanol (15 ml.) was added to a solution of tetramethyl
ammonium chloride (2.32 g., 0.0212 mole) in methanod (8 
ml.) at 25°. The solution was chilled in an ice-bath and 0.73 
g. of sodium chloride was removed by filtration. The fil
t rate was diluted with isopropyl alcohol (25 ml.) , and 2.Og. 
(69%) of tan crystals which separated were removed by 
filtration. The product was dissolved in the smallest 
quantity of methanol and caused to crystallize by the addi
tion of isopropyl alcohol. There was obtained 1.48 g. (51%), 
of bis-(tetramethylammonium)-dimercaptofumaronitrile 
m.p. 154-156° dec. Satisfactory analyses could not be ob-
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tained and contamination by tetramethylammonium chlo
ride was evident from elemental analysis. The infrared 
spectrum had strong bands at 4.60, 6.77, 10.14, 10.50 and 
12.35 M-

Anal. Calcd. for Ci2Hs4N4Ss: C, 49.97; H, 8.39. Found: 
C, 48.84; H, 8.27. 

Methylation of Disodium trans-16 with Methyl Iodide. 
A.—Methyl iodide (1.14 g., 0.0080 mole) was added in one 
portion to a solution of disodium trans-16 (0.10 g., 0.00054 
mole) in methanol (3 ml.), and after 15 minutes the solvent 
was removed in vacuo. The residue obtained from extrac
tion with methylene chloride was evaporated to give 0.08 g. 
(88%) of a yellow solid, whose infrared spectrum showed its 
composition to be 85:15 of trans-13:cis-5. trans-13 was 
obtained free of the cis isomer by fractional recrystallization 
from ethanol. Pure bis-(methylmercapto)-fumaronitrile 
(13) was obtained as yellow crystals, m.p. 118-119°. 

Anal. Calcd. for C6H6N2S2: C, 42.32; H, 3.55; N, 
16.46; S, 37.6'-. Found: C, 42.43; H, 3.79; N , 16.66; 
S, 37.93. 

B.—A solution of methyl iodide (0.080 g., 0.00056 mole) 
in methanol (4 ml.) was added dropwise at 25° over 30 
minutes to a stirred solution of disodium trans-16 (0.00027 
mole) in methanol (4 ml.) . After 10 minutes the reaction 
mixture was worked up as in A. Infrared analysis of the 
crude product showed trans-13: cis-5 (30:70). 

C.—A freshly prepared solution of disodium trans-16 
(0.020 g., 0.00011 mole) in water (1 ml.) was added over 30 
seconds to a stirred mixture of methyl iodide (1.15 g., 0.0081 
mole), acetone (3 ml.) and water (3 ml.) . After 10 minutes 
the product was worked up as described in A. The infrared 
spectrum of the crude product showed trans-13 :cis-5 to be > 
9 5 : < 5 . 

D.—Procedure A was repeated except that disodium 
trans-16 was added to methanolic methyl iodide. The ratio 
of lrans-13: cis-5 was approximately 95:5. Thus when 
trans-16 is in solution for the shortest possible time before 
methylation, high yields of almost pure irons-dimethyl de
rivative can be obtained. 

1 -Benzoylmercapto-2-methylmercaptofumaronitrile (17). 
—A solution of disodium trans-trans-12 (1.02 g., 0.0033 mole) 
and benzoyl chloride (1.31 g., 0.0094 mole) in tetrahydro-
furan (50 ml.) was stirred and cooled to —20°. A solution 
of potassium borohydride (0.40 g., 0.0074 mole) in methanol 
(90 ml.) was precooled to —20° and added over 5 seconds. 
The mixture was allowed to warm to 25° and stand 15 
minutes. The volatile components were removed under re
duced pressure and the residue was extracted thoroughly with 
methylene chloride. The residue (1.05 g., 61%) recovered 
from the extract was recrystallized from ether at —80°. 
Pure 1 - benzoylmercapto - 2 - methylmercaptofumaronitrile 
(17), m.p. 74.5-75.5°, was obtained as hard yellow needles 
after two recrystallizations. The infrared spectrum of 
trans-17 was very similar to that of cis-7. Characteristic 
new absorptions in 17 occurred at 8.72, 10.18, 10.30 and 
12.21 M-

Anal. Calcd. for C12H8N2OS2: C, 55.36; H, 3.10; N, 
10.76. Found: C, 55.51; H, 3.34; N, 10.42. 

1 -Sodiomercapto-2-methylmercaptofumaronitrile (14). 
—To a stirred suspension of l-benzoylmercapto-2-methyl-
mercaptofumaronitrile (17) (0.30 g., 0.0012 mole) in meth
anol (5 ml.) at 0° was added 0.40 ml. of a solution of sodium 
methoxide prepared from sodium (3.29 g., 0.143 mole) in 
dry methanol (50 ml.). The solid dissolved within a few 
seconds and the solvent was removed in vacuo at 0°. The 
resulting sirup was stirred with ether-methylene chloride to 
remove methyl benzoate. The yellow solid which remained 
was washed well with ether and dried. No suitable solvent 
was found for recrystallization of 14 and satisfactory analy
ses of the sodium salt could not be obtained. The infrared 
spectrum of 14 was very similar to that of the cis isomer 8, 
but the two were distinguishable in the 12 y. region, trans-14 
has a strong band at 12.12 ^, (absent in 8), and cis-S absorbs 
similarly at 11.65 /z (present weaklv in 14). Other absorp
tions occur at 4.53, 4.58, 7.06, 8.58", 8.76, 9.84 and 10.26 M-
trans-14 was obtained pure as the tetramethylammonium 
salt. 

Tetramethylammonium l-Mercapto-2-methylmercapto-
fumaronitrile.—A solution of methyl iodide (0.42 ml., 0.0068 
mole) in methanol (45 ml.) was added over 20 minutes to a 
solution of bis-( tetramethylammonium )-dimercaptofumaro

nitrile (1.82 g., 0.00658 mole) in methanol (16 ml.) . The 
mixture was allowed to stand for 1 hour at 25°, was filtered, 
and the filtrate was evaporated to a semi-solid mass. The 
residue was extracted thoroughly with methylene chloride, 
and the extracts were evaporated. The residue was dis
solved in the minimum amount of methanol, and ether was 
added dropwise. The sirup which separated crystallized 
rapidly. This purification was repeated to give 0.55 g. 
(38%) of orange, crystalline tetramethylammonium 1-
mercapto-2-methylmercaptofumaronitrile, m.p. 78-80°. 

Anal. Calcd. for C8Hi5N8S2: C, 47.13; H, 6.59; N , 
18.32. Found: C, 47.49; H, 7.00; N, 18.63. The infrared 
spectrum showed strong absorptions at 4.52, 4.60, 6.78, 
7.00, 7.68, 8.84, 9.92, 10.40, 10.57 and 1 1 . 9 8 M. 

Methylation of Salts of l-Mercapto-2-methylmercapto-
fumaronitrile. A. Sodium Salt.—When sodium trans-14 
was treated with an excess of methyl iodide in methanol at 
25°, a good yield of a mixture of cis-S and trans-13 was ob
tained. Infrared analysis indicated the trans/cis ratio was 
approximately 0.4. 

B. Tetramethylammonium Salt.—The tetramethylam
monium salt corresponding to trans-14 (0.040 g., 0.00017 
mole) was dissolved in methanol (2 ml.) and the solution was 
allowed to stand a t 25° for 6 hours. One-half of the solution 
was subsequently methylated with excess methyl iodide and 
work-up in the usual manner gave a high yield of a mixture of 
trans-13 (95%) and cis-S (5%). The second half of the origi
nal solution was allowed to stand an additional 24 hours 
before treatment with excess methyl iodide. Analysis indi
cated the ratio of 13 to S was 90:10. 

Benzoylation of Tetramethylammonium l-Mercapto-2-
methylmercaptofumaronitrile.—A solution of benzoyl chlo
ride (0.032 g., 0.00023 mole) and the tetramethylammonium 
salt of trans-14 (0.050 g., 0.00022 mole) in tetrahydrofuran 
(0.5 ml.) and methanol (3 ml.) was allowed to stand for 3 
hours and was then evaporated in vacuo. From an ether 
extract of the residue there was obtained a semi-solid which 
was recrystallized from methylcyclohexane-ether at —40°. 
The infrared spectrum of the crystalline product (0.04 g., 
70%), m.p. 71-73°, was identical with that of previously 
prepared trans-17. 

Cleavage of Disodium cis-cis-9 with Potassium Borohy
dride.—To a stirred suspension of potassium borohydride 
(0.040 g., 0.00073 mole) in tetrahydrofuran (3 ml.) and 
methanol (2 ml.) there was added in one portion disodium 
cis-cis-9 (0.10 g., 0.00031 mole). After 3 minutes methyl 
iodide (0.5 g.) was added and the mixture was evaporated 
in vacuo. From a methylene chloride extract of the residue 
there was obtained on concentration 0.06 g. (58%) of a 
yellow crystalline solid whose infrared spectrum was identi
cal to that of pure cis-5. No trace of trans-13 was detected. 

Cleavage of Disodium trans-trans-10 with Potassium Boro
hydride.—A suspension of potassium borohydride (0.O77 
g., 0.00145 mole) in methanol (8 ml.) was added over 15 
seconds to a solution of disodium trans-trans-10 (0.190 g., 
0.000590 mole) in tetrahydrofuran (4 ml.) . After 5 minutes 
methyl iodide (0.5 ml.) was added, and 10 minutes later the 
solution was evaporated in vacuo to a dry residue which was 
extracted with methylene chloride. Evaporation of the ex
tract in vacuo gave 0.173 g. (87%) of a yellow crystalline 
solid. Quantitative infrared analysis of a methylene chlo
ride solution of the product employing the 6.60 and 12.25 ju 
bands indicated that the ratio of trans-13 to cis-5 was 6 .7 :1 . 

The same experiment was repeated employing DME as 
solvent. The yield of mixed isomers was 78% and the 
trans: cis ratio was 4 .4 :1 . 

Reductive Cleavage of cis-cis-11.—In the studies of re
ductive cleavage reactions of cis-cis-11 and trans-trans-12 
various reducing agents were employed and the stereochemis
try of the cleavage products was determined by preparing 
derivatives of the fragments. Such factors as order of addi
tion, rate of addition and solvent were found to play a major 
role in determining the ratio of cis/trans isomers after cleav
age and during methylation. 

A. Potassium Iodide.—Iodine was liberated rapidly 
from a mixture of cis-cis-11 (0.189 g., 0.00610 mole), pow
dered potassium iodide (0.204 g., 0.00123 mole) and methvl 
iodide (0.200 g., 0.00141 mole) in DME (8 ml.) which was 
stirred for 30 minutes at 25°. The mixture was diluted with 
methylene chloride, washed with dilute sodium bisulfite 
solution and with water and was dried. Evaporation of the 
solvent gave 0.184 (89%) of a yellow crystalline solid. In-
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frared spectral analysis using the 6.60 and 12.25 M bands 
showed the ratio of cis-5 : trans-13 was 5 .7 :1 . 

B. Potassium Borohydride.—A solution of cis-cis-11 
(0.170 g., 0.00055 mole) in tetrahydrofuran (6 ml.) was 
cooled to 0° and stirred while a suspension of potassium 
borohydride (0.07 g., 0.0013 mole) in methanol (12 ml.) was 
added over 5 seconds. After 1 minute excess methyl iodide 
(1.5 ml.) was added and the reaction mixture was evaporated 
to dryness in vacuo. The residue was extracted with methyl
ene chloride and the extract was decolorized and evaporated. 
There was obtained 0.157 g. (85%) of pure cis-5. None of 
the trans isomer could be detected spectrally. 

C. Sodium Dithionite.—A suspension of cis-cis-11 
(0.250 g., 0.00081 mole) in methanol (30 ml.) was treated at 
0° with a solution of sodium dithionite (0.148 g., 0.00086 
mole) in 0.9% sodium hydroxide solution (9 ml.) . The mix
ture was stirred 15 minutes before an excess of methyl iodide 
(1.5 ml.) was added. After an additional 30 minutes, 
water and methylene chloride were added, and the organic 
layer was separated. From the dried extract there was ob
tained 0.215 g. (78%) of a crude product which contained 
86% cis-5 according to its infrared spectrum. 

Reductive Cleavage of trans-trans-\2. A. Potassium 
Iodide.—The procedure of A above was repeated employing 
trans-trans-12 in the same amounts and under the same 
conditions. A high yield (>90%) of a mixture of cis-5 and 
trans-13 was obtained in the ratio 3.42:1. 

B. Potassium Borohydride.—The procedure of B was 
repeated employing trans-trans-12 in the same amounts and 
under the same conditions. There was obtained 0.163 g. 
(81%) of a mixture of cis-5 and trans-13 in the ratio 1.65:1. 

Repetition of this experiment employing DME as solvent 
gave an 8 3 % yield of cis-5 and trans-13 in the ratio 1:1.91. 

C. Sodium Dithionite.—The procedure of C above was 
repeated employing trans-trans-12 in the same amounts and 
under the same conditions. There was obtained 0.217 g. 
(79%) of a mixture of cis-5 and trans-13 in the ratio 1:7.55. 

Thermal Equilibration of cis-5 and trans-13.—Small 
samples (0.1 g.) of pure cis-5 and trans-13 were placed in 
clean Pyrex tubes which were flushed thoroughly with 
nitrogen before sealing. The tubes were completely im
mersed in the dark in an oil-bath whose temperature could 
be controlled. The tubes were removed and cooled quickly, 
and the crystallized contents were analyzed by infrared 
spectral analysis on the basis of previously calibrated spectra 
from known mixtures. The extent of decomposition was 
negligible in all runs. At 250° after 2 hours, equilibrium had 
been reached. The tubes containing cis-5 and trans-13 
originally showed final compositions of [5]/[13] = 1.63 and 
1.94, respectively. Identical runs were carried out in which 
to each tube was added a tiny crystal of iodine. The [S]/ 
[13] ratios in these cases were 1.86 and 1.94, respectively. 
Similar experiments with iodine were carried out at 157° (43 
hours) and 191° (9 hours). The equilibrium constants at 
these temperatures were determined to be 2.39 and 2.08, 
respectively. 

Influence of Solvent and Cation on Thiacyanocarbon Anion 
Stability.—The studies made in Table I were in general car

ried out by dissolving the salt in the oxygen-free solvent and 
following changes by periodically recording the ultraviolet 
spectra. In some cases solvents were removed and analyses 
performed by quantitative infrared analysis. In others the 
solutions were methylated, and the methylation products 
were analyzed spectrally. Because of differences in the ac
curacy of the various analytical procedures, some of the per
centages may be in error by as much as 10%. For this 
reason the results in the table reflect the configurational 
stability of the various anions only semi-quantitatively. 

Ultraviolet Light-induced Isomerization of trans-13 to 
cis-5.—A solution of trans-13 (0.50 g., 0.0029 mole) in 
methanol (50 ml.) was heated at reflux under nitrogen, and 
the flask was irradiated by a broad spectrum ultraviolet 
source for 12 hours. The solvent was removed in vacuo to 
give 0.5 g. (100%) of a yellow crystalline product whose in
frared spectrum showed it to be essentially pure cis-5. Only 
traces of trans-13 could be detected. 

Ultraviolet Light-induced Isomerization of cis-3 and trans-
16.—Disodium trans-It (0.300 g., 0.00161 mole) was placed 
in a Pyrex polymer-tube and purged with dry nitrogen over
night. Deoxygenated water (15 ml.) was added and the tube 
was sealed under a partial vacuum. The tube was irradiated 
for 21 hours with a broad spectrum ultraviolet source, and 
the temperature in the tube remained at 55° during this 
period. The tube was cooled, and the visible spectrum of 
the solution was recorded. It was previously established 
that Beer's law holds for the absorption bands at 366 mix in 
cis-3 and 402 m^ in trans-It in aqueous solutions of mixtures 
of 3 and 16. Analysis in this manner indicated that the 
composition of the solution after irradiation was 2/ .4% cis-3 
and 72.6% trans-Id. The photochemical steady-state cis/ 
trans ratio is 0.38. 

Under the identical conditions disodium cis-3 was em
ployed as starting material, and the cis/trans ratio after ir
radiation was determined to be 0.36 at 55°. Also, infrared 
analysis of the salt mixtures in the two experiments showed 
them to be indistinguishable. A portion of the solution from 
both runs was methylated with excess methyl iodide and the 
resulting dimethyl derivatives were analyzed by the infrared 
method. I t was determined only that the trans isomer pre
dominated . 

When these experiments were repeated with the bis-(tetra-
methylammonium) salt corresponding to trans-It, the same 
cis/trans steady-state ratio was observed within the limits of 
experimental error. Irradiation of the corresponding cis 
isomer curiously led to extensive decomposition. 

Furthermore, it was determined that degassed aqueous 
solutions of disodium trans-It were completely stable to 
isomerization over 5 days in diffuse laboratory light. How
ever, under the same conditions bis-(tetramethylammonium) 
trans-It isomerized to the cis isomer to the extent of 29%. 

Ultraviolet irradiation of disodium cis-3 in ethanol at 40° 
for 10 hours gave a mixture of cis-3 and trans-It in the ratio 
1:3.35. Beginning with disodium trans-It and with bis-
(tetramethylammonium) trans-It, the corresponding ratios 
were 1:2.85 and 1:1.94, respectively. 


