
650 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

NUCLEOPHILIC REPLACEMENT OF THE TERT-BUTYLSULFONYL GROUP IN 
THE THIOPHENE SERIES. IX* 
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The conditions for dimethylation of tert-butyl-2-thienylsulfone at po- 
sitions 3 and 5, in 60-70% yield, are determined. In 5-tert-butyl- 
sulfonylthiophene-2, 4-dialdehyde, the tert-butylsulfonyl group read- 
ily undergoes nucleophilic replacement by RS and RO groups. In the 
case of 3-tert-butylsulfonyltbiophene-2, 5-dialdehyde, treatment with 
nueleophilic reagents does not lead to replacement, and only a hemi- 
aeetal is formed from one of the aldehyde groups. 

I t  was p r e v i o u s l y  shown [2] that  t e r t - b u t y l - 2 - t h i -  
enylsu l fone  is  i m m e d i a t e l y  m e t a l l i z e d  by n -bu ty l  l i t h -  
ium at two pos i t i ons  in the th iopene  r ing ,  and tha t  r e -  
p l a c e m e n t  of the m e t a I  in d i l i t h ium compound I by a 
f o r m y l  group gave a d i a ldehyde ,  to which sg ruc tu re  II 
was a s s igned .  
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This  r e a c t i o n  has  now been  i n v e s t i g a t e d  in s o m e -  
what m o r e  d e t a i l  and i t  has  been  e s t a b l i s h e d  tha t  the 
y i e ld  of d i l i t h ium compound I depends  on the t e m p e r a -  
t u r e  and t ime  of m e t a l a t i o n .  A t e m p e r a t u r e  of - 1 5  to 
- 2 0  ~ p roved  op t imuin ,  when t h e r e  was  68% m e t a l l i z a -  
t ion in 8 - 1 0  hours .  Redueing the t e m p e r a t u r e  to - 6 0  ~ 
o r  l e s s  gave a m i x t u r e  of m o n o l i t h i u m  subs t i t i on  
p roduc t s .  Above - 1 5  ~ the y i e l d  of compound I a l so  
d ropped .  

The s t r u c t u r e  of I was shown by sp l i t t i ng  off the  
t e r t - b u t y l s u l f o n y l  g roup  f r o m  5 - t e r t - b u t y l s u l f o n y l -  
t h i o p h e n e - 2 , 4 - d i c a r b o x y l i c  a c id  (HI) by sod ium in l i q -  
uid a m m o n i a  [31. 
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D i m e t a l l i z a t i o n  of the th iophene r ing  o f fe r s  new 
syn the t i c  p o s s i b i l i t i e s  in the th iophene s e r i e s .  In d i -  
a ldehyde  II the t e r t - b u t y l s u l f o n y l  group is f a i r l y  m o -  
b i le  t o w a r d s  such nuc leoph i l i c  r e a g e n t s  as  a l k o x y -  and 
a l k y l ( a r y l ) m e r c a p t i d e  anions .  A r e a c t i o n  that  i s  ob -  
v ious ly  r e l a t e d  to nuc leoph i l i c  subs t i tu t ion  t akes  p lace  
in the p r e s e n c e  of an a lka l ine  r e a g e n t  (e. g. a t e r t i a r y  
amine ) ,  on b r i e f  hea t ing  in e thanol  solut ion.  Under  
such condi t ions  the a ldehyde  g roups  a r e  not a f fec ted ,  
and in that  way it  is  p o s s i b l e  to obta in  5 - a l k y l ( a r -  
y l ) m e r c a p t o t h i o p h e n e - 2 , 4 - d i a l d e h y d e s  I V - V I I  [4] and 
5 - a l k o x y t h i o p h e n e - 2 , 4 - d i a l d e h y d e s  VI I , IX  [5], fo r  
which i t  is  d i f f icu l t  to sugges t  any o t h e r  me thod  of 
s y n t h e s i s .  
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V CH2C6H s tX C2H s 
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VII C6H 5 

The t ab le  g ives  the y i e l d s  and p h y s i c a l  cons t an t s  
of the compounds  obta ined .  The a ldehyde  g roups  w e r e  
iden t i f i ed  by p r e p a r i n g  the b i s a z o m e t h i n e s  by r e a c t i o n  
with p - to lu id ine .  

I t  is  to be noted that  in 5 - t e r t - b u t y l s u l f o n y l t h i o -  
p h e n e - 2 , 4 - d i c a r b o x y l i c  ac id  (11I), the t e r t - b u t y l s u l -  
f o w l  group  is not ,  unde r  t h e s e  cond i t ions ,  r e p l a c e d  
by  the a lkoxy o r  a l k y l m e r c a p t o  group.  Th is  i s  r e a d -  
i ly  exp la ined  by the l e s s  power fu l  e l e c t r o n - a c c e p t i n g  
p r o p e r t i e s  of c a rboxy l .  

It was  of i n t e r e s t  to s ee  w he the r  a t e r t - b u t y l s u l -  
f o w l  group  fl to the  th iophene  r ing ,  was  s u s c e p t i b l e  
to nuc l eoph i l i c  r e p l a c e m e n t .  T e r t - b u t y l - 3 - t h i e n y l -  
sul fone (X), p e r p a r e d  by  ox id iz ing  the su l f ide ,  was  
m e t a l l i z e d  with e x c e s s  butyl  l i th ium.  T r e a t m e n t  of 

tCHO 
!i I 

a - S u b s t i t u t e d  T h i o p h e n e - 2 , 4 - D i a l d e h y d e s  o.c .... aY~x 

eom- 
X p o u n d  

IV SC2Hs 
V SCIt2CsI-ls 

Vl S (C,tlaS)-3 
V I I  SC~Hs 

VIII OCHa 
IX OC2Hs 

I Found, % i Calculated, % Y i e l d ,  
Mp, OC Formula . . . . .  i ~-~ - l- --- . . . . . .  
. . . . . . . . . . . .  I _ C  , ! ~ 1  : s  c ' . s % 

] ' i 
I03 I05 C~H~O~S~ 148.12 ,4 . I6  3 2 . 0 2 : 4 7 . 9 8  4.02 ': 32.02 90 

125.5 --126.5 Ca | t1002S2159.57 13.86 2467  i59.51 i 3.84 24A4 84 
121 -123 CmllsO2Sz 4731 2.69 37.74 47.22 2.38 37.81 70 
110 112 CI2H802S2 ' 58.15 ]3.17 1 25.84 58.20 3.24,25.84 51 
156--158,5 CTHdOaS 49.50 13.43 18,76 49.40 3 .55 ,18 .83  41 

1.31,5--132,5 Cs[-I~OaS 52.44 14.52 17A3 52.20 , 4.38 i 17.35 40 

* F o r  P a r t  VIII s ee  [1]. 
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the  l i t h i u m  d e r i v a t i v e  w i th  d i m e t h y l f o r m a m i d e  (DFMA) 

gave  a d i a l d e h y d e ,  w h o s e  p o t a r o g r a p h i c  b e h a v i o r *  led  

to  i t s  b e i n g  a s s i g n e d  a s t r u c t u r e  3 - t e r t - b u t y l s u l f o n y l -  

t h i o p h e n e - 2 , 5 - d i a l d e h y d e  (XI). The  l a t t e r  is  o x i d i z e d  

to 3 - t e r t - b u t y l s u l f o n y l t h i o p h e n e - 2 , 5 - d i e a r b o x y l i c  a c i d  
(xIIL 

_ ~  sOzc(Ctl3}3 n-C~lf /~J 
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~__..~ SO,,C(C% ) 3 

kt ~ \ S , / ~  ki 
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H o w e v e r  w h e n  d i a l d e h y d e  XI w a s  t r e a t e d  wi th  b e n -  

z y l m e r c a p t a n  in  t he  p r e s e n c e  of  t r i e t h y l a m i n e ,  i t  w a s  

found  tha t  w h a t  t ook  p l a c e  w a s  not  r e p l a c e m e n t  of t he  

t e r t - b u t y I s u l f o n y l  g r o u p  o r  any  o t h e r  g r o u p ,  bu t  a d d i -  

t i o n  of  t he  m e r c a p t a n  at  t h e  C-~O bond  of  one  of t he  a l -  

d e h y d e  g r o u p s  of d i a l d e h y d e  XI,  to  g ive  the  h e m i - t h i o -  

a c e t a l  X I I I  

Xl C6HsCH~SH ~ ' - ' ~  S02C(cffs)3 

N(C2H5)3 OHC~s '~CH<O:H~CcH5 

X [ l !  

T h e  m e r e a p t a n  m o r e  p r o b a b l y  a d d s  to  t h a t  a l d e h y d e  

g r o u p  of 3 - t e r t - b u t y l s u l f o n y l t h i o p h e n e - 2 , 5 - d i a l d e h y d e  

(XI),  w h o s e  c a r b o n  a t o m  c a r r i e d  a l a r g e  p o s i t i v e  

c h a r g e ,  i . e .  to  t he  a l d e h y d e  g r o u p  at  p o s i t i o n  2. In -  

d e e d ,  if t he  r e g i o n  of e a r b o n y l  g r o u p  v a l e n c e  v i b r a -  

l i o n s  of  t he  IR s p e c t r u m  of  d i a l d e h y d e  XI h a s  2 b a n d s ,  

a t  1680 and  1697 c m  - i ,  w h e r e  o b v i o u s l y  the  h i g h e r  

f r e q u e n c y  c o r r e s p o n d s  to  t he  2 - a l d e h y d e  g r o u p ,  i n t e r -  

a c t i n g  s t r o n g l y  wi th  t he  t e r t - b u t y l s u l f o n y I  s u b s t i t u e n t  

o r t h o  to  i t ,  t h e n  the  s p e c t r u m  of c o m p o u n d  XIII s h o w s ,  

a long  w i t h  t he  b a n d  of v a l e n c e  v i b r a t i o n s  of  h y d r o x y l  

a t  3410 c m  -1,  only  one  b a n d  a t  1680 c m  -1 in  t he  r e g i o n  

of c a r b o n y l  g r o u p  f r e q u e n c i e s ,  c o r r e s p o n d i n g  to  t he  

a l d e h y d e  g r o u p  a t  p o s i t i o n  5. 

E X P E R I M E N T A L  

5-Tert-butylsulfonylthiophene-2, 4-dialdehyde (II). 12.2 g (0.2 
mole) n-BuLl in 150 ml ether was added to 10.2 g (0.05 mole) tert- 
butyl-2-thienylsulfone in 100 ml tetrahydrofuran, dried over granular 
KOH, the temperature being -15  ~ to -20  ~ The mixture of reactants 
was stirred for 9.5 hr at that temperature, then cooled m -60 ~ and 30 
ml dimethylformamide in 70 ml dry ether added all together, after 
which the mixture was left overnight. The contents of the flask were 
poured into 10% AcOH, and extracted with CHC13. After removing 
the solvent the residue was d~luted with a small amount of ether, then 
the precipitate formed filtered off. Yield of dtaldehyde II 7.7 g 
(59~ mp 151-152 ~ [2]. 

Tert -butyl[3, 5-bls(p -tolyiiminomethylene)-2 -thlenyl] sulfone. 
Prepared from 0.52 g aldehyde II and 0.86 g p-toluidine, by heating 
together for 2 hr in gtOH, yield 84%, mp 207-209% Found: N 6.42; 
6.58%, calculated for C24HzIN202S2: N 6.38%. 

* T h e  p o l a r o g r a p h i c  d a t a  wi l l  be  p u b l i s h e d  l a t e r .  

5-Tert-butylsulfonylthioplmne-2,4-dicarboxylic acid (llI). The 
solution of dilithium compound I, prepared as described above, was 
poured into a mixture of dry ice and ether. The reaction products 
were allowed to warm up to room temperature, water added, the 
ether layer separated off, and the aqueous layer acidified. The acid 
precipitated was filtered off and dried. Yield 9.96 g (68%) acid III, 
which decomposed without melting above 200 ~ Found: C 41.23; 
41.13; H4.27; 4.11; S 21.99; 22.08%, calculated for CIoHr206SN 
C 41.08; H 4.14; S 21.95%. 

Dimethyl ester: mp 94-95.5" (ex hexane). Found: C 45.20; 
45.40; H 5.00; 5.01; S 19.98; 20.21%, calculated for Ct2HNOsS2: 
C 44.99; H 5.03; S 20.01%o 

Diamide: decomposes at 225-226 ~ Found: C 41.48; 41.30; 
H 4,96; 4.79; S 22.08; 22,02%, calculated for Ct0Ht4N204Sz: C 
41.36; H4.86; S 22.06%. 

Thiophene-2, 4-dicarboxyllc acid. 0.23 g Na was added in small 
pieces to a solution of 1.46 g acid III in 30 ml liquid NH s. After the 
Na had dissolved the ammonia was removed, and the residue dissolved 
in water and acidified with dilute HCI. The mixture of acids preCip- 
itated was filtered off (mass 0.69 g), and treated with a solution of 
diazomethane, to give 0.69 g esters, mp 74-83 ~ Recrystallizatlon 
from hexane led to the separation of thiophene-2, 4-dimethylate, mp 
119.5-120 ~ which proved identical (mixed mp) with a known speci- 
men. Found: C 48.13; 48.41; H 3.90; 4.04; S 15.83; 15.96%, cal- 
culated for C8H804S: C 47.99; H 4.03; 16.015. 

5-EthylmercaptotlRophene-2, 4-dialdehyde (IV). i .  3 g (0. 005 
mole) Dialdehyde It was added to a solution of I ml ethylmercaptan 
in 6 ml EtOH. Then 0.5 g (0.005 mole) EtsN in 2 ml EtOH was added 
m the resultant suspension, when the mixture suddenly became clear. 
The solution was refluxed for 15 rain. The crystals that precipitated 
on cooling were filtered off. 

Compounds V-VII were prepared similarly. Yields, physical con- 
stants, and analyses of these compounds are given in the table. 

5-Methoxythiophene-2, 4-dialdehyde (VIII). 0.115 g (0.005 
mole) Na was dissolved in I0 ml absolute MeOH. The mixture was 
reflaxed for 15 min. After cooling, the precipitate was filtered off. 
The same method was used to prepare 5-ethoxythiophene-2, 4-dialde- 
hyde (IX, see table). 

Benzyl-[2, 4-bis(p-tolyllrninome~ylene)-5-thlenyl]sulflde. Pre- 
pared from 0.38 g (0.6015 mole) aldehyde V and 0.32 g (0.003 mole) 
p-toluidine by heating the two together in r.he presence of a few drops 
of AcOH. Yield 0.52 g (79%), mp 86-87 ~ (ex EtOH). Found: N 

6.71; 6.59%, calculated for C27H24N2S2: N 6.37%. 
Phenyl-[2, 4-bis(p-tolyliminomethyleae)-5-tkieayllsulflde, was 

prepared similarly, mp 113.5-114 ~ (ex EtOH). Found: N 6.58%, 
calculated for CasHzzNaSa: N 6.58%. 

3'-Thienyl[2, 4.bis(p-tolyllmlnomethylene)-5-thienyl]sulflde was 
similarly prepared from 5-[3'-thienylmercapto]thiophene-2, 4-di - 
aldehyde (VI); mp 85-90" (ex gtOH), found N 6.45; 6.51%, calcu- 

luted for C24Hz0NsS3: N 6.48%. 
Tert-butyl-3-thienylsulflde. Prepared similarly to tert-butyl-2- 

thienylsulfide [2], 48% yield, bp 99-101" (15 ram), n~ 1.5445, the 
literature [6] gives 65-67 ~ (1 ram), n~ 1.5440. 

Terc-butyt-3-thienylsulfone (X). 20 g Tert-butyl-a-thienylsulfide, 
65 ml 30% H202, and 100 ml glacial AcOH were heated together for 
3 hr at 100 ~ The mixture was diluted with water, and the sulfone 
formed filtered off. Yield 18.7 g (79%) sulfone X, mp 165-166 ~ 
Found: C46,92;46,92; H5.75; 5,81;S31.33;31,29%, calculated 
for CsHlzOsSz: C 47.03; H 5.92; S 31.39%. 

3-Tert-butylsulfonylthiophene-2, 5-dialdehyde (XI). This was 
prepared in the way described above for synthesizing aldehyde II, from 
5.1 g (0.025 mole) sulfone X, 7.6 g (0.12 mole) n-BuLl, in 50 ml 
tetrahydrofuran, and 70 ml ether. Yield 2.33 g (36%) dialdehyde XI 
mp 148.5-149 ~ (ex CC14). Found: C 45.99; 45.76; H 4.54; 4.48; 
S 24.92; 24.71%, calculated for C10H1204S2: C 46.12; H 4.65; S 
24.63%. 

Tert-butyl-[2, 5-bis(p-tolyllminomethylene)-3-thlenyl] sulfone. 
Prepared in 50% yield similarly to the above-described azomethines 
mp 292-293.5 ~ (ex EtOH). Found: N 6.04; 5.93%, calculated for 
Cz4HziN202S~: N 6.38%. 
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$-Tert-butylsulfoaylthiophene-2, 5..dicarboxylic acid (XII). Pre- 
pared by oxidizing XI with moist AgzO, yield 75~ mp 230* (de- 
comp). 

Dimethyl ester. Mp 127-128" (ex heptane). Found: C 44.93; 
45.30; H 5.04; 5.14; S 19.98; 1 9 . 9 3 ~  calculated for C,zHldDeSz: 
C 44.99; H 5.03; S 20.01%. 

Reaction of dialdehydc XI with benzylmercaptaa. 0.25 g benzyl- 
mercaptan and 0.20 g EtzN were added to a suspension of 0.53 g XI in 
10 ml EtOH, the whole refluxed for 15 rain, then evaporated to 4-5 
ml, and allowed to stand. After standing for a long time crystals 
came down. and these were filtered off and recrystallized from EtOH. 
The 4-tert -butylsulfonyl-5-(1-hydroxy-l-benzylmercaptomethyl- 
ene)thiophene-2-aldehyde, obtained as colorless crystals, had two 
raps; it melted first at about 110", then after being further heated (on 
a hot stage) mereaptan was evolved, and the residue resolidified and 
melted at 150"; undepressed mixed mp with the starting aldehyde XI. 
Found: C 53.07; 53.13;H5.25; 5.16;S 24.80; 24.84%;calculated 
for CI7Hz004S3: C 53.10; H 5.23; S 25.01~ 
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