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The methyl  e s t e r s  of f l -  (2 ,5 -d i - t e r t -bu ty l -3 - thenoy l )p rop ion ic  and T - ( 2 , 5 - d i - t e r t - b u t y l - 3 -  
thenoyl)butyric  acids are  deacyla ted  by prolonged refluxing with a mix ture  of hydrochlor ic  
and fo rmic  acids to f o r m  d i - te r t -bu ty l th iophene  and aliphatic d icarboxyl ic  acids (succinic 
and glutar ic  acids,  respect ively)~ The s a m e  p r o c e s s  also occurs  on heat ing 2 , 5 - d i - t e r t -  
bu ty l -3-ace ty l th iophene  under the s ame  conditions. P r a c t i c a l l y  no deacylat ion occurs  on 
refluxing these thiophene de r iva t ives  with hydrochlor ic  acid alone or with a mix tu re  of hydro-  
chlor ic  acid and acet ic  acid. Attempts to deacyla te  methyl  f l - (2 ,5 -d ie thy l -3 - thenoy l )p ro -  
pionate were  unsuccessful .  Assumpt ions  regard ing  the pecu l ia r i t i e s  of deacylat ion in the 
2 ,5-d ia lky l -3-acy l th iophene  s e r i e s  assoc ia ted  with the g e o m e t r y  of the thiophene r ing a re  
expressed .  

The acylation of a romat i c  compounds,  l ike nitrat ion,  is usual ly  desc r ibed  as an i r r e v e r s i b l e  p r o c e s s .  
However,  in at l e a s t  some  c a s e s  it can be cons idered  to be  r e v e r s i b l e ,  as ,  for  example,  when the acylation 
is accompl ished  by means  of polyphosphor ic  acid [1], which may  be the r eason  for deacylat ion of the ketone 
when the t e m p e r a t u r e  is ra i sed .  The f i r s t  observa t ions  regard ing  this r eac t ion  were  made in 1885 [2] and, 
despi te  the number  of s tudies  that  followed this r epor t ,  the l imi t s  of i ts  appl icabi l i ty  and the p rob l em of the 
deacylat ion m e c h a n i s m  r em a i n  insufficiently c l ea r .  Relat ively r ecen t ly  a rev iew [3] appeared  in which, in 
addition to new data,  a m e c h a n i s m  was p re sen ted  which, in our opinion, r e f l ec t s  only one side of the p rob lem 
and does not cons ider  the spec i f ics  of the a t tacking agent and other f ac to r s  whereas ,  as will be seen below, 
they can play an essent ia l  role  in the p r o c e s s .  The point of view that  disrupt ion of coplanar i ty  p r o m o t e s  de-  
acylat ion should, however ,  be  cons ide red  to be quite well founded. The exper imenta l  bas i s  for this  conclu-  
sion is the fact  that  the capac i ty  for  deacylat ion is inherent  only in those ketones which have alkyl subs t i tu -  
ents in at l ea s t  one ortho posi t ion with r e s p e c t  to the acyl group; m o r e o v e r ,  the reac t ion  p roceeds  m o r e  
readi ly ,  the bulkier  the subst i tuent .  

We encountered  this reac t ion  dur ing an a t tempt  to saponify methyl  f l -  (2 ,5 -d i - t e r t -bu ty l -3 - thenoy l ) -  
propionate  (1) by ref luxing it with a mix tu re  of hydrochlor ic  and fo rmic  acids,  i .e. ,  under  the conditions 
often used for  the hydro lys i s  of e s t e r s .  We were  unable to obtain the expected f l - ( 2 , 5 -d i - t e r t - bu ty l -3 - t h en  ~ 
oyl)propionic acid (I1) via  this path but i sola ted d i - te r t -buty l th iophene  and succinic acid. 
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Chromatographic  analys is  indicated that the d i - te r t -bu ty l th iophene  obtained is a mix tu re  of the 2,5- 
and 2 , 4 - i s o m e r s . *  

As was made c l ea r  in our subsequent  exper iments ,  s eve ra l  o ther  compounds - m e t h y l ' y - ( 2 , 5 - d i - t e r t -  
bu ty l -3- thenoyl )bu tyra te  (i]I) and 2 ,5 -d i - t e r t -bu ty l -3 -ace ty l t h iophene  (IV) - have a s im i l a r  abil i ty to deacylate .  

* It is well known that  2 ,5 -d i - t e r t -bu ty l th iophene  is r ead i ly  i s o m e r i z e d  to 2 ,4-d i - te r t -bu ty l th iophene  by the 
act ion of acidic reagents ,  pa r t i cu l a r l y  a luminum chloride [4]. 
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In addition, we made  the observat ion  (which s e e m s  important  to us) that, under the indicated conditions, 
methyl  f l -  (2 ,5-diethyl-3- thenoyl)propionate  (V) undergoes  vi r tual ly  no deacylat ion and is only saponified 
to the cor responding  acid (VI). If one cons iders  the above-examined  role  of an ortho substituent,  it b eco mes  
c l ea r  that  the conditions for  the deviation f r o m  coplanar i ty  a re  st i l l  absent  when the re  is an ethyl group in 
the 2-posi t ion of the thiophene ring, and they develop only on introduction of the s t e r i ca l ly  l a r g e r  t e r t -bu ty l  
group into this posi t ion.  It  can be assumed  that  this is associa ted  with the numer ica l  values of the fo rma l  
valence  angles for  the ~ -  and f l -pos i t ions  of the thiophene ring (HC(2)C(3) 128o41 ' and HC(3)C(2) 123~ ', 
r e spec t i ve ly  [5]) which exceed the value (120 deg) for the benzene ring. This  is sa t i s fac to r i ly  apparent  with 
S tua r t -Br i eg leb  models .  

Our second observat ion ,  which is, we felt ,  of i n t e re s t  for  a m o r e  detai led study and examinat ion  of 
the mechan i sm,  cons i s t s  of the speci f ic  role  of f o rmic  acid in the deacylat ion of ketones of the thiophene 
s e r i e s .  Its p r e s e n c e  undoubtedly has a pronounced acce lera t ing  effect  on the deacylat ion.  The fac t  that  III  
is  deacylated to only a neglible extent on refluxing with hydrochlor ic  acid or a mix tu re  of hydrochlor ic  and 
acet ic  acids and gives the cor responding  keto acid (VII) is a r a t he r  c lear  i l lus t ra t ion of this.  We cur ren t ly  
do not have data  to exp re s s  well-founded concepts  r egard ing  this specif ic  role  of f o rmic  acid. 

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

The d i - te r t -buty l th iophene  used in this s tudy was isolated by f ract ional  dis t i l la t ion of the ves se l  r e s i -  
dues f rom the p repa ra t ion  of ter t -butyl th iophene by  the react ion of thiophene with t e r t -bu ty l  chlor ide  in 
carbon disulfide in the p r e s e n c e  of s tannic chlor ide  [6]. The d i - te r t -buty l th iophene  f rac t ion  boiling at 218- 
219 deg, which, according  to gas- l iquid  chromatography ,*  contains ~ 80% 2 ,5-d i - te r t -bu ty l th iophene  and 
�9 ~ 20% of the 2 , 4 - i s o m e r ,  was subjected to acylation.  

Acylation of Di- ter t -buty l th iophene.  A solution of 16 ml  of stannic chloride in 20 ml  of benzene was 
added dropwise  to a s t i r r e d  solution of 24.5 g (0.12 mole) of d i - te r t -buty l th iophene  and 19.5 g (0.13 mole) 
of carbomethoxypropionyl  chloride in 90 ml  of benzene at 2-5 deg~ The m a s s  was s t i r r ed  at room t e m p e r a -  
ture  for  1 h and then decomposed  with dilute (1:5) hydrochlor ic  acid, which was added gradual ly  to the r e a c -  
t ion mix tu re  at 5-10 deg. The organic l aye r  was sepa ra ted  and washed with dilute hydrochlor ic  acid and 
NaCl and NaHCO~ solutions.  The ex t rac t  was dr ied  with magnes ium sulfate and vacuum-dis t i l led  to give 
30.1 g (787o) of I with bp 160 deg (2 mm) and mp  74-76 deg (from hexane). Found % : C 66.0, 66.0; H 8.3, 8,4; 
S 10.3, 10.3. C17H2603S. Calc. 7o : C 65.8; H 8.4; S 10.3. I contained ~ 5% of methyl  f l - ( 3 , 5 - d i - t e r t - b u t y l -  
2- thenoyl)propionate  (according to gas- l iquid  chromatography) .  

Compound III was s i m i l a r l y  obtained in 75% yield and had bp 168-170 deg ( ~2 ram) and mp 53-55 deg 
(from hexane).  Found %: C 67.1, 67.0; H 8.7, 8.7; S 9.9, 10.0. C18H2803S. Calc. %: C 66.6; H 8.7; S 9.9. 
Compound III did not contain i s o m e r  impur i t i e s  (according to gas- l iquid  chromatography) .  

The s a m e  method was used to obtain V in 81% yield with bp 152-154 deg (,~ 2 mm) .  Found % : C 60.7, 
60.9; H 6.9, 6.9; S 12.2, 12.3. C1sH180~S. Calc. %: C 61.4; H 7.1; S 12.6. 

2 ,5 -Di - t e r t -bu ty l -3 -ace ty l th iophene  (IV) was synthes ized via  the method desc r ibed  in [7]. 

Deacylat ion of Methyl f l - (2 ,5 -Di - t e r t -bu ty l -3 - thenoy l )p rop iona te  (1). A mix tu re  of 17.3 g of keto e s t e r s  
I, 40 ml  of dilute (1:1) hydrochlor ic  acid, and 200 ml of 85% fo rmic  acid was ref luxed for 20 h, ~ 100 ml  of 
the liquid was r emoved  by  dist i l lat ion at no rmal  p r e s s u r e ,  100 ml  of wa te r  was added to ihe res idue ,  and 
,~ 100 ml  of liquid was again removed  by dist i l lat ion.  The dis t i l la te  was diluted with water  to a volume of 
300 ml  and ex t rac ted  with CCI 4. The ex t rac t  was washed with a sa l t  solution and a s a l t - s o d i u m  carbonate  
solution and dr ied  with CaC12. The res idue  af ter  r emova l  of the solvent  was f rac t ionated to give 9.17 g (76%) 
of d i - te r t -bu ty l th iophene  with bp 217-218 deg and n~ 1.4923, which contained ,~ 70% of 2 ,5 -d i - t e r t -bu ty l th io -  
phene and ~ 30% of the 2 , 4 - i s o m e r  (according to NMR). The res idue  af ter  dis t i l la t ion of a por t ion  of the 
liquid f r o m  the reac t ion  m a s s  at a tmospher i c  p r e s s u r e  was t r ea t ed  with charcoal  and evapora ted  in vacuo 
to give a res idue  of 6.82 g (94%) of a solid with mp 182 deg (from water) ,  which did not dep re s s  the mel t ing  
point of succinic acid and had an acid equivalent  of 59.5, as compared  with 59 calculated for succinic acid. 

Replacement  of fo rmic  acid by  acet ic  acid in this exper iment  gave 91% of ~ -  (2 ,5 -d i - t e r t -bu ty l -3 -  
thenoyl)propionic acid (ID with mp 162-164 deg (from to luene -hexane ) .  Found %: C 65.0, 65.0; H 8.4, 8.2; 

All analyses  were  c a r r i e d  out with a column (2 m by  0.4 cm) with Apiezon (5%) on Chromosorb  W at  ~ 180 
deg. 
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S 10.7, 10.8, C16H2403S. Calc. % : C 64.8; H 8.2; S 10.8. Compound II was also isolated in 78% yield by the 
saponification of I with 10% NaOH. 

Deacylation of Methyl ~ / - (2 ,5-Di- te r t -buty l -3- thenoyl )butyra te  (III). A mixture  of 12 g of keto e s t e r  
III, 20 ml of concentra ted hydrochlor ic  acid, and 200 ml of 85% formic  acid was ref luxed for  6 h and then 
worked up as indicated above to give 5.84 g (80%) of 2 ,5-di - ter t -butyl th iophene which contained less  than 
5% of the 2 , 4 - i somer  (according to NMR) and 4.5 g (92%) of glutaric acid with mp 98-99 deg. 

Refluxing of keto es te r  III in a mix ture  of acet ic  and hydrochlor ic  acids gave 95% of~  - (2 ,5 -d i - t e r t -  
butyl -3- thenoyl)butyr ic  acid (VII) with mp 84-85 deg (from hexane). Found % : C 65.4, 65.7; H 8.4, 8.5; S 10.5, 
10.3. C17H2603S. Calc. % : C 65.8; H 8.4; S 10.3. 

Dea~ylation of 2 ,5 -Di - te r t -bu ty l -3 -ace ty l th iophene  (IV). A mix ture  of 14.2 g of 2 ,5 -d i - t e r t -bu ty l -3 -  
acetylthiophene (IV), 50 ml of dilute (1:1) hydrochlor ic  acid, and 80 ml of 85% formic  ac id  was refluxed for  
27 h; 50 ml of water  was added; and a por t ion of the liquid was removed  by dist i l lat ion until evolution of 
the oil had ceased. The dis t i l la te  was ex t rac ted  with e ther ,  and the ex t rac t  yielded 4.7 g (40%) of d i - t e r t -  
butylthiophene. Deacylation did not occur  on prolonged heating of IV with hydrochlor ic  acid alone. 

Refluxing of 13.6 g of methyl  f l -  (2,5-diethyl-3-thenoyl)propionate (V) in a mixture  of 20 ml of concen- 
t ra ted  hydrochlor ic  acid and 200 ml of 85% formic  acid for 10 h gave 11.6 g (90%) of f l -  (2,5-diethyl-3- 
thenoyl)propionic acid with mp 79-80 deg [8]. 

As a consequence of s t e r i c  hindrance,  e s t e r s  of w-(2 ,5-di - te r t -buty l -3- thenoyl)a lkanoic  acids (I and 
In) and the corresponding keto acids (H and VII) did not fo rm semicarbazones  with semicarbaz ide ,  but were  
reduced by hydrazine hydra te  under  the conditions of the Kishner  react ion.  

Kishner  Reduction of T- (2 ,5 -Di - t e r t -bu ty l -3 - thenov l )bu ty r i c  Acid (VII). Compound VII (10 g) was 
t rea ted  in accordance  with the method in [9] with 9 ml of hydrazine hydra te  and 9 g of KOH in 45 ml of di- 
ethylene glycol to give 54% of 5 - (2 ,5 -d i - t e r t -bu ty l -3 - th ieny l )va le r i c  acid with bp 185-189 deg (N 2 ram) and 
mp 89-90 deg (from dilute alcohol). Found %: C 68.7, 68.9; H 9.4, 9.5; S 10.8, 10.8. Ci?H2802S. Calc. %: 
C 68.9; H 9.5; S 10.8. 

fl - ~ ,5 -Di - te r t -bu ty l -3 - thenoyl )p rop ion ic  acid (ID was s imi la r ly  reduced to give 40% of T - (2 ,5-d i - te r t -  
butyl -3- th ienyl)butyr ic  acid with bp 182-184 deg (4 ram) and mp 111-112 deg (from dilute alcohol). Found % : 
C 67.9, 68.2; H 9.2,9.1; S 11.3, 11.3, C16H2602S. Calc. %: C 68.0; H 9.3; S 11.3. 
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