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The compound of formula C10HTN84, formed by the reaction of sodium- 
2-diethoxymethyl-3-thienylmercaptide with ammonia followed by 
acidification to pH 8 [I], is evidently bis(3-thiono-2-thienylidene)- 
dimethylamine (la). The action of primary amines on the thienyliden- 
amine la gives N-substituted 3-mercapto-2-thienylidenimines (XIIa- 
c). With nickel acetate the azomethine XIIa forms an intramolecular 
complex (XlII), 

The preced ing  paper  [1] de sc r ibed  a compound of 
the formula  C10HTNS 4 me l t ing  point 179 ~ (I), fo rmed  by 
adding acid in the p r e s e n c e  of a m m o n i a  to an aqueous 
solut ion of the product  of r eac t ion  of 3 - e t h y l m e r c a p t o -  
2- thiophenaldehyde ace ta l  with sodium in l iquid a m -  
monia .  

i~...j2s s%F_~ ~ __/2s ~s\ 
"%C._N._.C//\S / ~C._N=.C/~-~ 

l a  Ib 

The s t r u c t u r e  of this  compound can bes t  be r e p r e -  
sen ted  by the s y m m e t r i c  fo rmula  Is, though this does 
not  exclude the poss ib i l i ty  of the t au tomer i c  e q u i l i -  
b r i t an  Ia ----~ 1t) in solut ion.  The expe r imen ta l  r e s u l t s  
s e rv ing  as a bas i s  for this  conc lus ion  a r e  given below. 

The molecu le  of compound I conta ins  one act ive  
hydrogen atom. Its IR absorp t ion  spec t rum has bands 
in the 1135-1157 cm -1 reg ion  c h a r a c t e r i s t i c  of the 
g r o u p - - C = C - - C - -  S [2], and a band in the 3300 cm -1 
region ,  a s s ignab le  to va lence  v ib ra t ions  of the s e c o n -  
da ry  amino  group,  but  the re  is no band co r r e spond ing  
to > C--N group. (Fig. 1). The UV spec t r a  of I in 

with a JNM-C60 i n s t r u m e n t  (operat ing f requency 60 
megacyc les ) ,  co r r e sponds  m o r e  to a s t r uc t u r e  bis  
(3 - th iono-2- th ienyl idene)  d imethy lamine*  (Is) than to 
Ib, though t au tomer i c  equ i l ib r ium between the two 
fo rms  is not excluded. The s p e c t r u m  cons i s t s  of a 
group of l ines  fo rming  a qua r t e t  of the AB type in 
weak f ie lds ,  and having 6 A 7.15 ppm (also shif ts  
m e a s u r e d  from the TMS line) ,  6 B 6.4 ppm, and JAB -~ 
- 4.5-5 cyc les ,  be longing to four protons  of the d ihy-  
drothiophene r ing ,  a l ine 6 5.9 ppm having an in tegra l  
in tens i ty  of the o rder  of half  the in tens i ty  of the AB 
spec t rum and due to two = C H  protons (these protons 
be ing chemica l ly  equivalent) .  F ina l ly  the l ine 6 3.7 
ppm belongs to one proton,  and shows the b roadening  
of a proton d i rec t ly  l inked to n i t rogen  (Fig. 3). 

Compound I adds one molecu le  of phenyl i so th io -  
cyanate ,  and the IR spec t rum of II, the addit ion p r o -  

duct, a lso  lacks a band  c h a r a c t e r i s t c  of the ~ / C = N  

group, con f i rming  that the molecu le  conta ins  the NH 
group  and not a SH one. Li th ium a l u m i n u m  hydr ide  r e -  
duction of compound I gives the m e r c a p t o a m i n e  III, as 
its hydroch lor ide ,  so tha t th i s  is f o rmed  by addit ion of 
four hydrogen a toms to the Ia molecule .  Resul t s  ob-  
ta ined  when acy la t ing  I a lso  agree  with fo rmula  Ia. 
The monoace ty l  de r iva t ive  IV obtained ac tua l ly  has 
its ace ty l  group l inked d i r ec t ly  to n i t rogen ,  s ince  
reduc t ive  desu l fu r i za t ion  of the ace ty la t ion  product  
with Raney n icke l  gives  N, N - d i a my l a c e t a mi de  (V). 

~s ~ t /~s s ~ _ _  
) ' ' 

"%CH-- 2 NENHC6Hsll 1 '~CH--N--HC Y l  
I I  S IV COCH 3 

/ sH  H s \  
HC, ~ I N. 

~S/PNCH2-- I~I H-- H2C / S (CsHII)2NCOCH 3 
III  V 

dioxane and in dioxane conta in ing  hydroch lo r i c  a c i d  
a r e  a l ike,  fu r the r  the c h a r a c t e r  of the s p e c t r u m  
changes somewhat  if a lka l i  is added to the dioxane 
so lu t ion  (Fig. 2). 

The PMR s p e c t r u m  obse rved  in d imethysul foxide  

*For  Pa r t  XII see  [1]. 

An i n t e r e s t i n g  t r a n s f o r m a t i o n  of I occurs  when it 
is t r ea t ed  with me thy l  iodide in me thano l i c  po tass ium 

*We used  the n a m e  th ieny l idene  by analogy with the 
I - O  

n a m e  fu ry l idene  for the group  CH=CH--C--~H~ used in 
]~ 

C.A.  Subject  Indexes 1947-1956,  9R. In what follows 
I wil l  be ca l led  t h i eny l idenamine  for  shor t .  
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hydroxide and it is one which confirms that the I 
molecule contains an ~,/3-unsaturated thioketo group, 

able to react in the tautomerie form Ib. The elemen- 
tary analytical data and the molecular weight show that 
the compound can be assigned the structure (3-methyl- 
mereapto- 2- thenylidene) [ (c~-m ethoxy)-3 -m ethyl- 
mercapto-2-thienyl]-amine (VI). This conclusion is 
confirmed by estimation of meth0xyl groups and the 

compotmdts IR spectrum, which has an intense ab- 
sorption band of the C~-N bond in the 1670 cm -I region. 
Formation of compound VI can be explained by 1,4 

addition of methanol to the C~C--C=S part of the 

molecule, such as obtains when nucleophilic re- 
agents (alcohols, amines, Grignard compounds, etc) 
act on c~, fl unsaturated carbonyl componds or quinone- 

methides [3]. In the present case, as with quinone- 
methidcs, an added driving force is the aromatiza- 

tion of the initial system. 

51 

In considering the question of the reaction paths in- 
volved in formation of compound I, it is necessary to 
take into consideration the formation of 2-mercapto- 

conditions used, the molecule is observed to split, to 
give 3-methylmercapto-2-thiophenaldehyde (X), whose 
structure was confirmed by oxidizing it to the known 
5-alkyl-2-thenylidenilnine [C] from 2-aikylmercapto- 
5-alkyl-3-thiophenaldehyde acetal under comparable 
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Fig. I. IR s p e c t r u m  of b i s (3 - th iono-2 - th i eny l idene )  
d ime thy lamine  I. Tablet ted with KBr .  
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An a t tempt  by us to i sola te  the i n t e rmed ia t e  b i s -  
m e r c a p t a n  VII as its d ibenzoyl  der iva t ive ,  did not 
give the de s i r ed  r e s u l t s ,  because  there  was h y d r o -  
lytie s c i s s i o n  leading to fo rma t ion  of the b e n z o m e r -  
captoaldehyde VIII, ident ica l  with that p rev ious ly  [1] 
p repared .  The molecu le  I is hydrolyzed  under  the 
condi t ions  used when oxidizing it  with iodine in acet ic  

condi t ions.  If it is a s s u m e d  that the analogous s t r u c -  
tu re  XI a lso  a r i s e s  as an in t e rmed ia t e  product  when 
sodium in l iquid a m m o n i a  acts  on 3 - e t h y l m e r c a p t o -  
2- th iophenaldehyde,  one can imagine  that the e o m -  
pound de sc r i be d  is fo rmed  by r eac t ion  of the molecu le  
XI with a like molecu le ,  or  with a molecu le  of the 
co r r e spond ing  aldehyde:  

/s 

~ \ C H  = ~u 2 
Xl 

X=-O or NH 

HS\ . 

X=HC/~- ~ --~" 

SH 

Xla 

~S HS\ 

~-s H_N H_ H C / ]~S ~ 

I + X H  2 

acid,  and b i s ( 2 - f o r m y l - 3 - t h i e n y l )  disulf ide IX is 
formed.  

The addi t ion r eac t ion  of I involving me thano l  and 
me thy l  iodide in a lka l ine  so lu t ion  is se lec t ive .  If the 
me thano l  is r ep l aced  by e thanol ,  there  is no fo rma t ion  
of a de r iva t ive  analogous to VI. Ins tead,  under  the 

[5] 3 - m e t h y l m e r e a p t o - 2 - t h i o p h e n e  ea rboxyl ic  acid.  

Poss ib ly  the r e a s o n  why r eac t ion  does not  s top at 
the s tage of m e r c a p t o a l d i m i n e  XI fo rma t ion  is due to 
a s t r o n g e r  base  be ing involved he re ,  due to poss ib le  
propagat ion  of a conjugat ion  effect  along the en t i r e  
sy s t em of the bonds of the thiophene r ing  XIa. 

One of the c h a r a c t e r i s t i c  p r o p e r t i e s  of compound 
I is its ab i l i ty  to add to a m i n e s  to give azome th ines ,  
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F i g .  3. P M R  s p e c t r u m  of  b i s  ( 3 - t h i o n o - 2 - t h i e n y -  

l i d e n e )  d i m e t h y l a m i n e  I in  d i m e t h y s u l f o x i d e .  

one m o l e c u l e  of I g iv ing  two m o l e c u l e s  of  the  n e w  b a s e .  

T h i s  r e a c t i o n  can  be  v a r i o u s l y  i n t e r p r e t e d .  F o r  e x -  
a m p l e  i t  c a n  be  c o n s i d e r e d  a s  an a m m o n o l y s i s  of 

S c h i f P s  b a s e  Ib, p r o c e e d i n g  t h r o u g h  a s t a g e  of a d d i t i o n  

at  a C-~N bond  [6], o r  t h r o u g h  1, 4 add i t ion ,  by  a n a l -  

ogy  wi th  m e t h a n o l :  

amine hydrochloride III, mp 129~ ~ C. Found: C 38.99; 38.97; 
H 3.81; 3.77; N 4.54; 4.43~ Calculated for Cld-II2CtNS4: C38.75; 
H 3.90; N 4.52%. 

N-acetytbis(3-thiono-2-thienylidene)dimethylamine (IV). 5 g rhi- 
enylidenimine I was refluxed for 1 hr with 30 ml freshly distilled 
Ac20. the excess of the latter vacuum-distilled off, the residue washed 
with ether dissolved in EtOAc, and welt boiled with decolorizing char- 
coal. After filtering the solution was evaporated under vacuum, to 
give 3.7 g (64% yield) of the acetyl derivative of IV, mp 190 ~ ~ C 
(ex EtOAc). Found: C 46.37; 46.48; H 2.94; 2.86. Calculated for 
C12HgNOS4: C 46.28; H 2.91~ 

Reductive desulfurizatdon of N-acetylbis(3-thiono-2-thienylidene) 
dimethylamine (IV). 3.0 g acetyl derivative IV in 150 ml dry benzene 
was stirred with about 30 g Raney nickel for 10 hr at 60 ~ C, until a 
negative test for sulfur was obtained. The precipitate was filtered off, 
washed with benzene and ethanol, and the solvents distilled off; the 
residue was treated with dry ether, and the ether solution dried over 
MgSO 4. 1.4 g pale yellow oil (n~) 1.4555) was obtained. Two vacuum- 
distillations gave N, N-diamylacetamide (V) bp 170 ~ - 172" C (30 mm), 
n~) 1.4555. Found: C 72.03; 71.81; H 12.10; 12.18; N 7.00; 6.83~. 
Calculated for CI2H2sNO: C 72.30; H 12.64; N 7.03%. 

Action of methyl iodide plus methanolie alkali on thienyliden- 
amine I. A solution of 1.5 g thienylidenamine in 30 ml 10o]0 methano- 
lic KOH was mixed with 1.8 g MeI, and the mixture refluxed for 5 hr. 

Ib 2 RNH 2 [ /SH I I S \  ] ~- 

NHR 

Xlll 

/ S K  

2 " ~ \ c H = N  R + NH~ 
Xl la ,  b,  c 

a R = C~H~l; 
b R ~ CH2C6H5; 
c R= ~-C,olt 7 

T h e s e  a z o m e t h i n e s  XII, d i f f e r i n g  f r o m  t h o s e  p r e -  

v i o u s l y  d e s c r i b e d  [5] by r e v e r s a l  of  the  p o s i t i o n s  of  

t he  - - S H  a n d - - C H - ~ N R  g r o u p s  w i t h  r e s p e c t  to one 

a n o t h e r ,  a l s o  g ive  i n t e r n a l  c o m p l e x e s  w i th  i o n s  of 

m e t a l .  F o r  e x a m p l e  wi th  n i c k e l  a c e t a t e  t he  a z o m e -  

t h i n e  XIIa g i v e s  t he  c h e l a t e  XIII,  w h e r e  t h e  m e t a l :  

l i gand  r a t i o  is  1:2. I ts  IR s p e c t r u m  h a s  an  i n t e n s e  

a b s o r p t i o n  b a n d  in the  1 5 8 0 - 1 5 9 0  c m  -1 r e g i o n  (in 

s t a r t i n g  a x o m e t h i n e  a t  1 6 3 0 - 1 6 4 0  c m - 1 ) ,  a s s i g n a b l e  

to  v a l e n c e  v i b r a t i o n s  of  t he  c o o r d i n a t e d  C = N  g r o u p  

[7]. 

The  a u t h o r s  t h a n k  V. F.  B y s t r o v a  f o r  d e t e r m i n i n g  

the  P M R  s p e c t r u m .  

EXPERIMENTAL 

N, N-bis(3-thiono-2-thienylidene)-N'-phenylthiourea (II). 0.15 g 
thienylidinamine I, 0.2 ml phenylisothiocyanate, and 5 ml EtOH were 
refluxed together for a few minutes on a water-bath. On cooling white 
crystals of N, N-bis(3-thiono-2-thienylidene)- N'-phenylthiourea (0.2 g, 
yield 89%) separated, mp 145~ ~ C (ex EtOH). Found: C 50.41; 
50.57; H 3.12; 3.16%. Calculated for CzTH12N2Ss: C 50.451 H 2.99~ 
The IR spectrum of the compound did not have a band characteristic 
of the C=N bond. 

Reduction of bis(a-thiono-2-thienylidene)dimethylamine (I). 0.5 g 
(0.0019 mole) thienylidenamine I was gradually added to a suspension 
of 0.3 g (0.0077 mole) LiA1H 4 in 25 ml dry ether. The mixture was 
stirred for 1 hr at room temperature, then for 30 rain while refluxing, 
the products were cooled and treated with 5 ml water and 10 ml HC1 
(1:1). The precipitate was filtered off, and twice reprecipitated from 
gtOH with dry ether. Yield 0.25 g (43.5%) di(S-mercapto-2-thenyl) 

The solvent was vacuum-distilled off, and water added to the residue. 
The precipitate was filtered off, washed with water, and dried. Yield 
1.0 g (54.5%) (3-methylmercapto-2-thenylidene)[(a-methoxy)-3- 
methylmercapto-2-thenyl]-amine (VI) as a brown powder, mp about 
50 ~ C. After two reerystallizations from ethanol, using decolorizing 
charcoal, the amine had mp 55~ ~ C. Found: C 47.08; 47.22; 
H 4.39; 4.49; N 4.21; 4.08; S 39.08; 38.91; OCH s 10.13; 10.23%; 

M 314.3". Calculated for Cz~H15NOS4: C 47.38; H 4.59; N 4.25;S 39.081 
OCH3 9.45%. 

Action of methyl iodide and ethanolic alkali on thienylidenamine 
I. 2.0 g thienytidenamine was dissolved in 30 ml 10% ethanolic KOH, 
the solution filtered, and refluxed for 5 hr with 2.3 g MeI. The prod- 
ucts were evaporated to dryness, and water added to the residue. The 
oil which separated was extracted with ether, the ether solution washed 
with water, and dried over MgSO o The residue (after distilling off the 
ether) was 1.5 g mobile red oil. which crystallized on cooling. The 

crystals were filtered off, and washed with cold ethanol, to give 
1.0 g 3-methylmercapto-2-thiophenaldehyde (X), mp 32~ ~ C 
(ex 50-70% EtOH using decolotizing charcoal). Found: C 45.73; 
45.'/4; H 3.97; 3.95; 8 40,37; 40.3O% Calculated for C8H6082: 
C 45.53; H 3.82; 8 40.5~0. 

3-Methylmercapto-2-thiophene carboxylic acid. 0.5 g 3-methyl- 
mercapto-2-thiophenaldehyde was oxidized with silver oxide to 3- 
methylmercapto-2-thiopene carboxylic acid, which after being pre- 
cipitated from 10% Na2CO s solution by means of HCl, and then re- 
crystallized from 50% EtOH, had mp 197 ~ C (the literature gives [4] 
mp 201~ ~ C). Found: C 41.24; 41.52; H 3.45; 3.47; S 36.64; 
36.78%. Calculated for C~H~OzS2: C 41.35; H 3.45; S 36.81~ 

*Determined ebullioscopically in dioxane. 
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F i g .  2 .  U V  s p e c t r a  i n  d i o x a n e .  1)  B i s  ( 3 - t h i o n o -  

2 - t h i e n y l i d e n e ) d i m e t h y l a m i n e  (I); 2)  t h i e n y l i d e n a -  

m i n e  I i n  t h e  p r e s e n c e  o f  h y d r o e h l o r i d  a c i d ;  

3)  t h i e n y l i d e n a m i n e  i n  t h e  p r e s e n c e  o f  s o d i u m  h y -  

d r o x i d e .  

Action of benzoyl chloride and methanolic  alkali on thienyliden- 
amine I. A solution of 0.5 g thienylideneamine in 5 m l  10% methano-  
lic KOH was refluxed for 5 hr and the MeOH then vacuum-dist i l led 
off. When water was added the solid dissolved completely.  1.2 ml  
benzoyl chloride was gradually added to the aqueous solution, and 
the precipitate formed washed with water, then with EtOH, dried, 
and twice reerystallized from gtOH, using decolorizing charcoa l  
Yield 0.2 g (46%) 3-benzoyi-mercapto-2- th iophenaldehyde (VIII), 
mp 90~ ~ C. Mixed mp with the 3-benzoylmercapto-2- thiophen-  
aldehyde previously prepared [1], undepressed. Found: C 57.74; 
57.85; H 3.21; 3.17; S 25.63; 25~ M 245.8". Calculated for 
CI2HsO2Sz: C 58.03; H 3.25; S 25.82%; M 248.3. 

Oxidation of bis-(3- thiono-2-thienyl idene)dimethylamine (I). A 
solution of 0.15 g iodine in AcOH was dropped into a solution of 0.3 g 
th ienyl iden-amine in AeOH, the precipitate filtered off, and the 
filtrate poured into water. The yellow crystals of bis(2-formyl-3- 
thienyl)disulfide (X) were filtered off, and recrystallized from EtOH. 
mp 137~ ~ C. Found: C 42.49; 42.22; H 2.23; 2.16; S 44.46; 
44.35%. Calculated for Ct0H6Oa84: C 41.93; H 2.11; 8 44.78%. 

Azomethines from bis(3- thiono-2-thienyl idene)dimethylamine (I). 
a) A solution of 0.3 g thienyl idenamine and 0.2 g cyclohexylamine in 
5 m l  EtOH was heated for 10 min, when ammonia  was evolved. On 
cooling 0.35 g of a yellow precipitate separated; it had mp about 
110 ~ C, yield 70%. After two recrystallizations from EtOH, (3-mer-  
capto-2- thenyl idene)cyclohexylamine (XIIa) had mp 114~ ~ The 
IR spectrum had a band at 1630-1640 cm -t (C-=N). Found: C 58.55; 
58.77; H 6.76; 6.84; N 6.23; 6.29; S 28.14; 28.40%. Calculated for 

CIIH15NS2: C 58.62; H 6.84; N 6.21; S 28.46%. 
b) 0.2 g thienyl idenamine and 0.2 ml  henzylamine in 3 m l  

EtOH gave, in the way described above, 0.2 g (85~ yield) (3-mercap-  
to-2- thenyt idene)-benzylamine  (XIIb). which after recrystallizing 
from EtOH and EtOAc had mp I07~ ~ C. Found: C 61.75; 61.55; 

H 4.73; 4.57; S 27.21; 27.44%. Calculated for ClzHI1NS2; C 61.76; 
H 4.75; S 27.52~ 

*Determined ebullioscopically in dioxane. 

c) A solution of 0.3 g l~-naphthylamine in EtOH was added to a 
solution of 0.3 g thienylideneamine in CHCls, and the mixture re- 
fluxed for 10 rain. The precipitate (0.15 g) proved to be the starting 
thienylidenamine.  Evaporation of the f ikrate gave 0.3 g red substance 
mp ~ 80" C, which after recrystallization from EtOH and benzene 
had mp 144~ ~ C. Undepressed mixed mp with authentic (3- 
mercapto-  2- thenylidene)- ~-naphthylamine [1]. 

Ni chelate of 3-mercapto-2- thenyl idenecyclohexytamine (XIII). 
This was prepared from 0.5 g Schiff's base XIIa and 0.2 g Ni acetate  
in methanol, yield 89%. Two precipitations from CHC1 a with MeOH 

gave violet crystals, mp 204~ ~ C. Found: C 52.04; 52.09; 
H 5.82; 5.73; Ni 11.98; 12.15%. Calculated for C22H2sNzNi86 
C 52.07; H 5.561 Ni ii.57%. 
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