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Acylation of 3 -ace tony l -  and 3-phenacyl-2 ,5-dimethyl th iophenes  with aliphatic acid anhydrides 
in the p resence  of pe rch lo r i c  acid gives thieno[3,4-c]pyryl ium perch lo ra te s .  Reaction of the 
l a t t e r  with ammonia gives the cor responding  thieno[3,4-c]pyridines  o r  diketones of the th io-  
phene se r i e s .  Selenopheno[3,4-c]pyrylium salts  could not be isolated in the acylation of 3- 
acetonyl-  and 3-phenacyl -2 ,5-d imethylse lenophenes .  

We have found that pe rch lo ra t e s  of a new he te roaromat ic  sys tem - t h e  thieno[3,4-c]pyryl ium cation 
(II) - are  formed in good yields (65-85%) in the acylation of 3 -ace tony l -  and 3-phenacyl -2 ,5-dimethyl th io-  
phenes (I) with carboxyl ic  acid anhydrides in the p resence  of pe rch lo r i c  acid. 
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Reaction products  II a re  stable br ight -orange compounds. A band of symmet r i ca l  s t re tching vibrat ions of 
t e t raa lky l - subs t i tu ted  salts  is found at 1650-1655 cm -I  in the i r  I1R spect ra ,  and this,  as is well known [1], 
conf i rms the p resence  of the pyryl ium cation in the products .  When a phenyl substi tuent is introduced into 
pyryl ium ring (IIb, R =C6H ~) this band is shifted to the low-frequency region (1615-1620 ore-l) .  The r e -  
maining bands cor respond  to vibrat ions  of the bonds of various f ragments  of the products .  

Perch lora te  Ha (R =It* =CH 3) reac t s  with ammonia  to give the corresponding thieno[3,4-c]pyridine 
(HI), the ve ry  s t rong absorption band in the IR spec t rum of which at 1610 cm -1 can apparent ly be assigned 
to the s t re tching vibrat ions of the C - C  bonds of the pyridine ring [2]. The shift in the above-indicated 
band in the spec t rum of the hydrochlor ide  of HI to higher  f requencies  (1668 cm-1), the ease  of format ion of 
p ic ra tes  and hydrochlor ides ,  the absence of carbonyl  absorpt ion in the spect rum of the pyridine,  and the 
resu l t s  of e l emen ta ry  analysis  conf i rm the format ion of s t ruc ture  III. When salt  IIb is heated to 100 ~ with 
a sa tura ted  alcohol solution of ammonia  in a sealed ampul, only the pyryl ium ring opens to give 2,5-di-  
methyl -3-ace ty l -4-phenacyl th iophene ,  and the expected thienopyridine is not formed.  An identical p rod-  
uct was also obtained by heating the above-indicated salt  with water;  the salt  was conver ted  to the s t a r t -  
ing perch lora te  by the action of a mixture  of acetic anhydride and perchlor ic  acid. 
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A dark-brown solid, which did not dissolve in the s t ronges t  po la r  solvents  and in a sa tu ra ted  alcohol 
solution of ammonia  even on heating, was isolated in the acylat ion of 3 -ace tony l -  and 3 -phenacy l -2 ,5 -d i -  
methylse lenophenes .  At the same t ime ,  the IR spec t r a  show the p r e sence  of a pyryliurn cation (1655 and 
1555 crm -1) and a C104- anion (1100 and 625 em-1).  The resu l t s  of e l e m e n t a r y  analys is ,  which are  close to 
the values  calculated for  the expected  pe rch lo ra t e s ,  and the IR spec t r a  of the pe rch lo ra t e s  and the products  
obtained by t r ea tmen t  with ammonia  provide a basis  for  the assumpt ion  that  po lymer s  a re  fo rmed during 
acylat ion of the ketches .  The format ion  of se lenopheno[3,4-c]pyryl ium percb lo ra te  apparent ly  leads to con-  
s iderable  deformat ion  (decrease)  of  the length of the bond between the fl fl ' - c a r b o n  a toms ,  as a resu l t  of 
which the selenophene r ing s t ra in  i nc rea se s  and the C - S e  bond is c leaved to give a po lymer .  

EXPERIMENTAL METHOD 

The IR s p e c t r a  of KBr  pel le ts  of the compounds were  r eco rded  with a UR-20 s p e c t r o m e t e r .  The in- 
dividuality of the products  of convers ion  of the pyry l ium sa l t s  was moni to red  by t h in - l aye r  ch romatography  
(TLC) on act ivi ty II A120 3 in a b e n z e n e - c h l o r o f o r m - h e x a n e - a c e t o n e  sys tem (30 : 6 : 1 : 4) with development  
by iodine vapor s  and in UV light. 

Start ing thiophenes I were  obtained f rom 2 ,5 -d imethy l -3 - fo rmyl th iophene  (V) [3] as desc r ibed  in [4]. 

2~5-Dimethyl-3- thienalbutylamine (VI). A mix tu re  of 28.6 g (0.22 mole) of aldehyde V and 19 g (0.26 
mole) of butylamine in 60 rnl of benzene was refluxed on a wa te r  bath for  20 min,  a f t e r  which the benzene,  
excess  butylamine,  and wa te r  were  r emoved  by dist i l lat ion.  The res idue was vacuum-dis t i l led  to give 40 g 
(93.5%) of a product  with bp 115-117 ~ (5 ram).  Found: C 67.5; H 8.6; N 7.3%. CllHI~NS. Calculated: C 67.7; 
H 8.7; N 7.2%. 

2,5-Dimethyl-3-thienalbenzylamine (VII). This compound, with bp 171-174 ~ (5 rnm), was obtained in 
90%yield f rom aldehyde V and benzylamine as in the p reced ing  exper iment .  Found: C 73.5; H 6.6; N 6.2%. 
CI4HIsNS. Calculated: C 73.4; H 6.6; N 6.1%. 

1 - (2 ,5 -Dimethy l -3 - th ieny l ) -2 -n i t ropropylene  (VIII). A mixture  bf  39 g (0.2 mole)  of VI and 15.2 g 
(0.2 mole) of ni troethane in 50 ml  of acet ic  acid was healed on a boi l ing-water  bath for  15 min,  a f t e r  which 
it was cooled, and the resul t ing prec ip i ta te  was r emoved  by f i l t rat ion,  washed with wa te r  and alcohol,  and 
dried to give 30 g of product .  The addition of 100 ml  of wa te r  to the f i l t ra te  yielded another  6.5 g of p rod-  
uct.  The total  yield of product  with rnp 67-67.5 ~ (from alcohol) was 36.5 g (92.5%). Found: C 54.9; H 5.7; 
N 7.2%. CgHllNO2S. Calculated: C 54.8; H 5.6; N 7.1%. 

1- (2 ,5-Dimethyl -3- th ienyl ) -2-phenyln i t roe thylene  fiX). This  compound, with mp 105-106 ~ (from alcohol),  
was obtained in 73.6%yield f rom VI and phenylni t romethane by a method s i m i l a r  to the preceding  method.  
Found: C 64.8; H 5.1; N 5.4%. CI4HI3NO2S. Calculated: C 64.8; H 5.0; N 5.4%. 

2 ,5-Dimethyl-3-acetonyl th iophene (Ia). Concentra ted  HC1 (72 ml) was added in the course  of 2 h with 
v igorous  s t i r r ing  to a refluxing mix tu re  of 36 g (0.18 mole) of VIII, 40 g of powdered iron, 40 m l  of  toluene, 
1 g of f e r r i c  chloride,  and 80 ml  of water ,  a f t e r  which the mix ture  was ref luxed and s t i r r e d  for  another  30 
m in. It was then s team-dis t i l led ,  the organic  l aye r  was separa ted ,  and the aqueous l aye r  was ex t rac ted  
with e ther .  The solvents  were  r emoved  by disti l lation, and the res idue was vacuum-dis t i l led  to give 15.1 g 
(50%) of a product  with bp 86-87 ~ (3 ram) and Rf  0.80. Found: C 64.4; H 7.2; S 19.2%. CgH12OS. Calculated: 
C 64.3; H 7.1; S 19.0%. IR spec t rum:  1707 cm -1. The semica rbazone  had mp 164-165 ~ (from alcohol). 
Found: N 18.6%. C10HI~N3OS. Calculated: N 18.7%. 

2,5-Dirnethyl-3-phenacylthiophene(Ib) .  As in the preceding  exper iment ,  20 g (0.08 mole) of IX was 
conver ted  to phenacylthiophene Ib, for the isolat ion of which the res{due obtained a f t e r  200 rnl of dis t i l la te  
had been obtained by s team dist i l lat ion was cooled and ex t rac ted  with e ther .  The ex t r ac t s  were  dr ied with 
calc ium chloride,  the e the r  was r emoved  by disti l lation, and the res idue solidified to give 5.1 g (27 .8 )  of 
a product  with mp 56-57 ~ (from hexane) and Rf 0.83. Found: C 73.1; H 6.1; S 13.8%. C14H14OS. Calculated: 
C 73.0; H 6.1; S 13.0%. IR spec t rum:  1695 cm -1. 

1 ,3 ,5 ,7-Tet ramethyl th ieno[3 ,4-o]pyryl ium Perch lo ra t e  (IIa). An ice -coo led  mix tu re  of 7.5 ml  (0.075 
mole)  of  acet ic  anhydride and 1.2 ml  (0.015 mole) of  70%perohlor ic  acid was added with s t i r r i ng  to 2.52 g 
(0.015 mole) of  Ia, a f t e r  which the mix tu re  was allowed to stand for  1 h. E the r  (10 ml) was added, and the 
resu l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion and washed with e the r  to give 2.85 g (65%) of a product  with 
mp  101-102 ~ Found: C 45.4; H 4.6; C1 12.6; S 11.1%. CllHl3CIOsS. Calculated: C 45.2; H 4.4; C1 12.3; 
S 10.9%. 
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1,3 ,5-Tr imethyl -7-e thy l th ieno[3 ,4-c ]pyry l inm Perch lora te  (IIc). As in the preceding exper iment ,  
this compound, with mp 130-132 ~ was obtained in 77.7%yield f rom Ia and propionic anhydride.  Found: 
C 47.3; H 5.2; C1 11.1; S 10.1%o C12HIhC1OhS. Calculated: C 47~ H 4.9; C1 11.4; S 10.4%. 

1 ,3 ,7-Tr imethyl -5-phenyl th ieno[3 ,4-c]pyry l ium Perch lo ra te  (IIb). A) A cooled (with ice water)  mix -  
tu re  of 5 ml  (0.05 mole) of acet ic  anhydride and 0.8 ml of 70%perchlor ic  acid was added with s t i r r ing  to 
a solution of 2.5 g (0.01 mole) of phenacylthiophene It) in 5 ml  (0.05 mole) of acet ic  anhydride, and the r e -  
sulting precipi ta te  was removed  by f i l t ra t ion and washed with e th e r  to give 3 g (84.5%) of a product  with 
mp >300 ~ Found: C 54.3; H 4.4; C1 10.2; S 8.9%. CI6HI~C105 S. Calculated: C 54.1; H 4.2; C1 10.0; S 9.0%. 

B) A mixture  of 1.25 ml  (12.5 mmole)  of acet ic  anhydride and 0.2 ml  (2.5 mmole)  of 70%perchlor ic  
acid was added with s t i r r ing  to a solution of 0.7 g (2.5 mmole)  of IVa in 1.25 ml  (12.5mmole) of acetic 
anhydride,  and the prec ip i ta ted  br ight -orange  c rys ta l s  of a substance with mp >300 ~ were  removed by f i l -  
t r a t ion  and washed with e the r .  The yield was quantitat ive.  No mel t ing-point  depress ion  was observed  for  
a mix ture  of the product  with pe rch lo ra te  XII. 

2 ,5-Dimethyl -3-ace ty l -4-phenacyl th iophene  (IVa). A) Ethanol (30 ml) was added to 1.8 g (0.005 mole) 
of salt  IIb, and the mixture  was heated to the boiling point. It was then cooled, and the resul t ing co lor less  
c rys t a l s  were  removed by f i l t ra t ion to give 1 g (73.4%) of a product  with mp 179-180 ~ (from aqueous alcohol).  
Found: C 70.9; H 6.1; S 11.5%. C1~Ht602S. Calculated: C 70.6; H 5.9; S 11.8%. IR spect rum:  1680-1620 
CID -1  

B) Ammonia was passed  for  1 h into a mix ture  of 3.55 g (0.01 mole) of IIb and 40 m l  of alcohol in an 
ampul, a f te r  which the ampul was sealed and heated on a boi l ing-water  bath for  8 h. The alcohol solution 
was f i l tered,  and 100 ml of water  was added to the f i l t ra te .  The organic l aye r  was ex t rac ted  with e ther ,  
the e the r  was r emoved  f rom the ex t r ac t  by disti l lation, and the res idue  began to solidify to give 0.95 g 
(35%) of a product  with mp 179-180 ~ (from aqueous alcohol) and Rf 0.91. Found: C 70.9; H 6.0; S 11.3%. 
Ci6Hi~O2S. Calculated: C 70.6; H 5.9; S t l .7%.  No melt ing-point  depress ion  was observed  for  a mixture  of 
this  product  with a sample obtained by method A. 

1 ,3 . -Dimethyl-5-phenyl-7-ethyl thieno[3,4-c]pyryl tum Pe rch lo ra t e .  This compound, with mp >300 ~ 
was obtained in 80%yield f rom Ib and propionic anhydride by the method descr ibed  for  the synthesis  of XII. 
Found: C 55.5; H 4.8; C1 9.5; S 8.5%. CI~HITC1OhS. Calculated: C 55.4; H 4.6; C1 9.6; S 8.7%. 

l~3,5,7=Tetramethylthieno [3,4-c]pyridine (III). Ammonia was passed  for  30 rain into a mix ture  of 
5.85 g (0.02 mole) of IIa and 50 ml  of alcohol,  a f te r  which the mix tu re  was ref luxed for  30 rain and poured 
into 150 ml of water .  The organic l aye r  was ex t rac ted  with e ther ,  and the ex t rac t  was washed with water  
and dr ied with potass ium hydroxide.  The solvent was removed by disti l lation, and the residue began to 
solidify to give 2.71 g (71%) of a product  with mp 57-58 ~ (from hexane) and Rf  0.72. Found: C 69.4; It 7.0; 
N 7.6; S 16.4%. C~H13NS. Calculated: C 69.1; H 6.8; N 7.3; S 16.7%. The p ic ra te  had mp 185 ~ (from alcohol). 
Found: N 13.4%. CI~Ht3NS - C6H3N~:) ?. Calculated N 13.3%. The hydrochlor ide  had mp 301-302 ~ (from 
aqueous acetone) .  Found: N 6.0%. CllH13NS.HC1. Calculated: N 6.1%. 

2 ,5-Dimethyl -3- formylse lenophene  (X). This compound was synthesized via the Sommelet  react ion 
of 2 ,5-d imethyl -3-chloromethylse lenophene  [5] with urot ropin .  

2 ,5-Dimethyl-3-se lenalbutvlamine  (XI). A mixture  of 19.2 g (0.1 mole) of aldehyde X and 9 g (0.12 
mole) of butylamine in 20 ml of benzene was refltL~ed on a wate r  bath for  20 rain, a f te r  which the benzene, 
water ,  and excess  butylamine were  removed  by disti l lation. The residue was vacuum-dist i l led to give 22.7 g 
(93%) of a product  with bp 115-117 ~ (2 ram). Found: C 54.7; H 7.2; N 5.7%. CiIH17NSe. Calculated: C 54.5; 
H 7.0; N 5.8%. 

1 - (2 ,5 -Dimethy l -3-se len ieny l ) -2 -n i t ropropylene  (XII). A mixture  of 24.2 g (0.1 mole) of XI and 7.5 g 
(0.1 mole) of ni troethane in 25 ml  of acet ic  acid was heated on a boi l ing-water  bath for  20 min, a f te r  which 
it was cooled, and the resul t ing precipi ta te  was removed  by f i l t rat ion,  washed with water  and alcohol, and 
dried to give 21.2 g of product .  The addition of 100 ml of water  to the f i l t rate  gave another  1.6 g of product .  
The total  yield of product  with mp 60-61 ~ (from alcohol) was 22.8 g (95%). Found: C 44.4; H 4.4; N 5.9%. 
CgH~NO2Se. Calculated: C 44.3; H 4.5; N 5.7%. 

1-(2,5:Dimethyl-3-selenienyl)-2-phenyl-2-nitroethylene (XIII). This compound, with mp 127 ~ (from 
alcohol) and Rf 0.86, was obtained in 73%yield f rom XI and phenylni t romethane by the method descr ibed  for  
the synthesis  of XVI. Found: C 44.8; H 4.1; N 4.5%. C14HI3NO2Se. Calculated: C 44.9; H 4.2; N 4.6%. 
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2,5-Dimethyl-3-acetonylselenophene (XIV!. The method described for the preparation of Ia was used 
to obtain 18 g (42%) of acetonylselenophene XIV, with bp 83-85 ~ (1 ram) and Rf 0.82, from 42.3 g (0.18 mole) 
of XII. Found: C 50.1; H 5.7; Se 36.5%. C9H12OSe. Calculated: C 50.2; H 5.6; Se 36.7%. IR spectrum: 
1722 cm -1. The thiosemicarbazone had mp 146-147 ~ (from alcohol). Found: N 14.7%. Ci0HIsN3OSSe. Cal- 
culated: N 14.6%. 

2,5-Dimethyl-3-phenacylselenophene (XV). The method used to obtain phenacylthiophene Ib was used 
to obtain 6.25 g (30.5%) of phenacylselenophene XV, with mp 97-98 ~ (from hexane) and Rf 0.80, from 22.6 g 
(0.075 mole) of XIII. Found: C 60.5; H 5.1; Se 28.3%. CI4H14OSe. Calculated: C 60.6; tt 5.0; Se 28.5%. 
IR spectrum: 1650 cm -l .  

Acetylation of XIV. An ice-cooled mixture of 10 ml (0.1 mole) of acetic anhydride and 1.6 ml (0.02 
mole) of 70%perchloric acid was added with s t i rr ing to 4.3 g (0.02 mole) of XIV, after  which the mixture 
was allowed to stand for 2 h. Ether (100 ml) was added, and the resulting precipitate was removed by fil-  
tration and washed with ether  to give 5.5 g of product. Found: C 37.2; H 3.4; C18.9; Se 21.2%. The dark- 
brown product was insoluble in ethanol, acetone, acetic acid, and nitromethane. It decomposed on heating 
above 200 ~ It did not dissolve on heating with a saturated alcohol solution of ammonia but took on a light- 
brown c o l o r .  The yield was 3.1 g. Found: C 52.6; H 6.5; Se 25.7%. CompoundXIVwas propionylated by 
the method described above. With respect  to its propert ies ,  the product was similar  to the product of 
acetylation of XIV. 

Acetylation of XV. As in the preceding experiments,  the reaction of 2.8 g (0.01 mole) of XV gave a 
dark-brown substance that was insoluble in ethanol, acetone, acetic acid, and nitromethane. It decomposed 
on heating above 200 ~ Found: C 49.8; H 4.5; C17.9; Se 18.4%. It did not dissolve on heating with a satu- 
rated alcohol solution of ammonia but took on a light-brown color.  The yield was 1.5 g. Found: C 60.8; 
H 4.8; Se 21.7%. The propionylation of XV was carr ied  out via the method described above. With respect 
to its properties,  the product was s imilar  to the product of aeetylation of XV. 
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