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XXIII.* PREPARATION OF N-SUBSTITUTED 2,5-BIS- 

(MERCAPTO) -3,4-BIS (IMINOMETHYL) THIOPHE NE S 
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Severa l  new N-subst i tu ted  2 ,5 -b i s (mercap to) -3 ,4 -b i s ( iminomethy l ) th iophenes ,  which a r e  new 
te t radenta te  l igands of the thiophene s e r i e s ,  we re  obtained by the reac t ion  of p r i m a r y  amines  
with the product  f o rm ed  during the success ive  action of four equivalents  of sodium in liquid 
ammonia  and HC1 on the t e t rae thy lace ta l  of 2 ,5-b is (methylmercapto) -3 ,4- th iophenedia ldehyde .  

We have p rev ious ly  shown [1] that  mercap toa ld imines  f o r m  during the action of sodium in liquid a m -  
monia  on the aee ta l s  of  the cor responding  a lky lmercap toa ldehydes  and subsequent  t r ea tmen t  of the reac t ion  
mix tu re  with acid and ammonia .  It was  of in te res t  to obtain fu r the r  information regarding  the l imi t s  of ap-  
p l icabi l i ty  of this reac t ion ,  pa r t i cu l a r l y  the poss ib i l i ty  of the format ion ,  under  the same condit ions,  of a 
compound of composi t ion  II f r o m  the diacetal  of 2 ,5-b is (methylmereapto) -3 ,4- th iophenedia ldehyde  (It; in 
con t ras t  to the p rev ious ly  desc r ibed  mercap to th ienyl iden imines  [1,2], H has  four  coordination cen te r s  a t -  
tached to one thiophene r ing.  
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The externa l  p ic ture  of the p r o c e s s  occur r ing  during the addition of sodium to a suspension of I in 
liquid ammon ia  does not differ  in genera l  f r o m  that which is  obse rved  in expe r imen t s  with monoace ta l s ,  
but in this case  four  equivalents  of meta l  were  n e c e s s a r y  to complete  the reac t ion  (appearance of  a s table 
blue solution). After  the usual t r e a t m e n t  of the reac t ion  mix tu re  and acidification of the aqueous alkaline 
solution of the reac t ion  product  to pH 7-8, we isolated an infusible powder that contains n i t rogen and gives  
a reac t ion  for  m e r c a p t o  and aldehyde groups  and is insoluble in the usual  organic  solvents .  It  is p robab ly  
p o l y m e r  II. The action on this  product  of p r i m a r y  amines  r e s u l t s  in the fo rmat ion  of te t rafunct ional  c o m -  
pounds l I Ia -e  with ammonia  evolution. These  a re  br ight ly  colored c rys ta l l ine  compounds with definite melt~ 
ing points and can be pur i f ied by r ec rys t a l l i za t ion  or  reprec ip i ta t ion  f r o m  organic  solvents .  

The r e s u l t s  of an invest igat ion of the IR and PM.R spec t r a  of these  compounds make  it poss ib le  to a s -  
sume the exis tence  of t au tomer ic  equi l ibr ium IIId ~ IIIe .  The PMR spec t rum of IIIa obtained in dimethyl  
sulfoxide has  mul t ip le t s  of p ro tons  f r o m  the NH groups  (6 = 13.15 ppm re la t ive  to TMS) and doublets of the 
pro tons  of ~ C H  groups  (6 = 8.27 ppm) with a re la t ive  in tegral  intensi ty of 1 : 1 .  The IR spec t rum of IIIa 
(Fig. 1) a lso  c o r r o b o r a t e s  the assumpt ion  of the exis tence of ITI in f o r m  IIIe .  A broad  band which can be 
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Fig. 1. IR spec t rum of 2 ,5-bis(mercapto)-3 ,4-bis(n-butyl iminomethyl) -  
thiophene (Ilia) (pressing with KBr). 

TABLE 1. N-Substituted 2 ,5-Bis(mereapto)-3 ,4-bis( iminomethyl) -  
thiophene s l i Ia-c  

g. 
o 

I l i a  

III]:  

II] 

C4H9 

Cyclohexyl 

CsHs 

: F o u n d ,  % 

mp (solve.n0 
Empirical 
formula 

1!85--166,5 C14H~N~S3 53,56 
(alcohol) C]8H26N2S3 53,33 
208--211 (dimethyl- 58,85 

formamide) 58.?9 
200--202 ( d i m e t h y l -  ] CtsHI4N~S~ 60,43 

formamide + ethyl 60,38 
acetate) i 

.rs c 

708 3041 

7 58 97 7:15,2,6h,6l 
4,08 i 26,9,7 

Cala., % 

H S 

7,05 30,58 

7,15 ~ ,24  

3,98 .)7,13 

55 

54 

52 

assigned to the vibrat ions of the associa ted  NH group is observed f rom 2900 to 3000 cm - i .  Bands c o r r e s -  
ponding to a te t rasubst i tuted thiophene ring are  appreciably weakened in the spectrum; the band f rom 1640 
to 1650 cm -1 cor responds  to the vibrat ions  of the sys tem of conjugated S =  C-C---- C bonds. However, the 
p resence  of a small  shoulder on the intense band at 1640 cm -i does not exclude the presence  of small  

amounts of form liId. 

A more  detailed discussion of the spectral  data f rom a study of the mercaptoaldimines  of the thio- 
phene se r ies  will be published separa te ly  [4]. 

EXPERIMENTAL 

2,5-Bis(methylmercapto)-3,4-thiophenedialdehyde Tetraethylacetal (i). A mixture of 30 g of 2,5-bis- 
(methylmercapto)-3,4-thiophenedialdehyde [3], 150 ml of absolute ethanol, 46 g of orthoformic ester, and 
four drops of concentrated HCI was refluxed for 5 h. The solution was neutralized with methanolie KOH, 
the alcohol was distilled off, and the residue was diluted with water and thoroughly extracted with ether. The 
ether solution was washed with water and dried with magnesium sulfate. After removal of the ether, 29.7 g 
(60.5%) of bright yellow crystals of I with mp 59.5-60 ~ (from heptane) were obtained. Found %" C 50.85, 

50.78; H 7.52, 7.38; S 25.26; 25.04. CI~H2804S 3. Calculated %: C 50.49; H 7.41; S 25.28. 

Action of Sodium in Liquid Ammonia on 2,5-Bis(methylmercapto)-3,4-thiophenedialdehyde Tetra- 
ethylacetal (I). Sodium [2.45 g, (4 equivalents)] was added in small portions with stirring under argon to a 
suspension of I0 g of I in 150 ml of liquid ammonia and 20 ml of dry ether at -60 ~ until the appearance of a 
stable blue color. Ammonium chloride was then added to the solution, the ammonia was evaporated, and 
benzene and water were added to the residue with cooling. The aqueous layer was separated, thoroughly ex- 
tracted with benzene, and acidified with dilute HC1 (i :I) to pH 7-8. The precipitate was separated by 
centrifugation, washed with water and alcohol, and dried in vacuo to give 4.5 g (88%) of bisimine li in the 
form of a brown powder which did not melt on heating to 360 ~ and did not dissolve in the usual organic sol- 
vents. A satisfactory analysis could not be obtained after reprecipitation from dimethylformamide solution 
with heptane. Another 0.7 g of infusible, amorphous product which gives a reaction for aldehyde and mer- 
eapto groups was isolated by acidification of the mother liquor. 

N-Substituted 2,5-Bis(mereapto)-3,4-bis(iminomethyl)thiophenes (Ilia). A suspension of 0.01 mole of 
unpurified li and 0.03 mole of primary amine in I0 ml of alcohol or ethyl acetate was heated for several 
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minutes on a water bath (during which the bisimine went into solution), cooled, and the precipitate was 
filtered, washed with alcohol, and recrystallized from suitable solvents (see Table 1). 
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