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A method of obtaining pure 2 - a c e t y l -  and 2-prop ionyl -5-n l t ro th iophenes  by ni t ra t ing the 
oximes  of the cor responding  ketones  with the subsequent  isola t ion f r o m  the mix tu res  
fo rmed  of the pure  oximes  of the 2 -acy l -5 -n i t ro th iophenes  and the i r  saponif icat ion has 
been developed. The pure  2 -ace ty l -  and 2-prop ionyl -4-n i t ro th iophenes  have been i so l a t ed  
by c rys t a l l i za t ion  f r o m  the products  of the n i t ra t ion of the cor responding  ketones,  which 
f o r m  in each case  a mix ture  of the cor responding  2 - a c y l - 4 - n i t r o -  and 2 -acy l -5 -n i t ro th io -  
phenes containing about 90% of the 4 -n i t ro  i somer .  

The ni t ra t ion of 2-acetyl thiophene leads  to the fo rmat ion  of a mix ture  of 2 - a c e t y l - 4 - n i t r o -  and 2- 
ace ty l -5 -n i t ro th iophenes  [1-3], and the influence of protonat ion on the composi t ion of the mix ture  fo rmed 
has been shown. According to this work [4, 5], the mixture  fo rmed  by the action of po ta s s ium ni t ra te  on a 
solution of 2-acetyl thiophene in concent ra ted  sulfuric  acid contains about 90% of 2 -ace ty l -4 -n i t ro th iophene .  

When 2-propionylthiophene was ni t ra ted,  apparent ly  only 4-n i t ro-2-propionyl th iophene  was isolated 
in the individual s tate and the quanti tat ive composi t ion  of the mix ture  of i somer i c  ni t ro  ketones was not 
de te rmined  [6, 7]. 

According to our  resu l t s ,  the mix ture  of i somer i c  n i t ro  ketones fo rmed  by the action of po tass ium 
ni t rate  on a solution of 2-propionylthiophene in sulfur ic  acid contains about 90% of 4 -n i t ro -2 -p rop iony l th io -  
phene. By c rys ta l l i za t ion  of the mix tu res  of n i t ro  ketones fo rmed  in the  ni t ra t ion of 2 - a c e t y l -  and 2 -p rop iony l -  
thiophenes we have isola ted the pure  2 -acy l -4 -n i t ro th iophenes .  

2 -Acyl -5 -n i t ro th iophenes  may prove  to be suitable as in t e rmed ia tes  for  the synthes is  of subs tances  
posses s ing  an an t ibac te r ia l  action [6, 7]. Consequently,  it w a s  a m a t t e r  of in te res t  to find conditions for  
changing the d i rec t ion  of ni t ra t ion in favor  of the 2 -acy l -5 -n i t ro th iophenes .  In our  opinion, this resu l t  could 
be achieved by using for  n i t ra t ion not the alkyl 2-thienyl ketone but i ts  oxime.  In actual  fact  when the oxime 
is  used the influence of the protonat ion effect  mus t  be cons iderably  weaker  than in the case  of the ketone 
i t se l f  because  an oxygen a tom fu r the r  f r o m  the thiophene ring undergoes  protonation.  
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The ni t ra t ion of the oximes  of carbonyl  compounds has been repeatedly  used p rev ious ly  in the furan  
s e r i e s  [8, 9], but in all ca ses  only the oximes  of 2 - a c y l - 5 - n i t r o f u r a n s  were  obtained. This  resu l t  is not 
unexpected if one cons iders  that the oxygen a tom in the furan ring p o s s e s s e s  a cons iderably  weaker  o r i en t -  
ing influence than the sulfur  a tom in the thiophene ring. The ni t ra t ion of ox imes  of 2-acyl thiophenes  has 
not been invest igated prev ious ly .  

Taking into account the opposite influences of the two fac to r s  (protonation and the orient ing influence 
of the sulfur  atom),  it appeared  quite l ikely  that  the ni t ra t ion of the oximes  of the 2-acyl thiophenes  would 
lead to an inc reased  content of the 5-n i t ro  i s o m e r s .  
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The resul ts  of our experiments  confirmed this assumption. The nitrat ion of solutions of the oximes 
of 2-acetylthiophene and of 2~propionylthiophene* in sulfuric acid formed in each case a mixture of the 
oximes of the i somer ic  ni tro ketones the saponification of which gave a mixture of nitro ketones containing, 
according to GLC, the 2-acyl -4-ni t ro~ and 2-acyl-5-ni t rothiophenes in a rat io of approximately 1 : 1. For  
the preparat ive production of a pure 2-acyl-5-ni t rothiophene,  potassium nitrate was added to a solution of 
the oxime in sulfuric acid, the react ion mixture was poured onto ice, the precipitate was fi l tered off, and 
the pure oxime of the 5-ni tro ketone was isolated f rom the mixture of 2 - acy l -4 -n i t r o -  and 2-acyl -5=ni t ro-  
thiophenes by crystal l izat ion.  The saponification of this oxime by boiling it with dilute sulfuric acid or  
hydrochloric  acid gave the pure 5-ni tro ketone. 

E X P E R I M E  NTAL 

The amounts of 2-acyl~4-nl t ro-  and 2-acyl-5-ni t rothiophenes were determined in relat ion to known 
mixtures by the GLC method: LKhM-8M chromatograph with a f lame-ionizat ion detector,  c a r r i e r  gas n i t ro-  
gen, rate of flow of gas 30 ml/min,  temperature  200~ stainless steel column 1.5 m long and 1.5 mm in 
diameter  containing 10~ of poly(ethylene adipate) on Chromosorb  P (120-!40 mesh). 

Nitration of 2~Acetylthiophene. Nitration was per formed under conditions close to those described 
elsewhere [4]. With water  cooling, 8.27 g (0.06 mole) of 2-acetylthiophene was gradually added to 80 ml of 
93~/0 sulfuric acid and, with vigorous s t i r r ing  at 0 to 5~ 8.7 g (0.08 mole) of ground potassium nitrate was 
gradually added to the result ing orange solution. The solution was s t i r red  for another 30 min at about 0~ 
and was then poured onto ice, and the precipitate was fi l tered off and washed with water  until the wash 
waters  no longer had an acid react ion to Congo Red. After drying, 10 g of a mixture of 2-acetylni t rothio-  
phenes was obtained. The mother  solution was extracted with chloroform.  After the elimination of the sol-  
vent, 0.5 g of a mixture of nitro ketones remained which was added to the main product.  The total yield of 
the mixture of 2 -ace ty l -4 -n i t ro -  and 2-acetyl-5-ni t rothiophenes  was 94%i mp 86-114~ According to GLC, 
the mixture contained 85~ of the 4-ni t ro  i somer  and 15% of the 5-ni t ro i somer .  

Isolation of 2~Acetyl-4-nitrothiophene. A solution of 3.4 g of the mixture of 2-acetylnitrothiophenes 
in 34 ml of boiling ethanol was t reated with activated carbon. The fil trate was left overnight at room tem- 
perature .  The c rys ta l s  that deposited were fil tered off and washed with 5 ml of ethanol. The yield of p rac -  
tically pure 2-acetyl-4-ni t rothiophene containing, "according to GLC, only t r aces  of 2-ace ty l -5-n i t ro th io-  
phene was 1.85 g (54~ of the mixture of nitro ketones), mp 126-128~ According to the l i terature [2], mp 
126-127~ 

Nitration of 2-Propionylthiophene.  Nitration was per formed under the conditions used for the n i t ra-  
tion of 2-acetylthiophene. The yield of the mixture of nitro ketones was 75%, mp 105-125~ According to 
PMR spectroscopy and GLC, the mixture contained about 90% of 4 -n i t ro -  and 10% of 5-n i t ro-2-propionyl -  
thiophene. In addition, GLC showed the presence  of a small  amount of dinitrothiophene in the react ion 
product .  

Isolation of 4-Nit ro '2-propionyl thiophene.  A solution of 14.4 g of the mixture of nitro ketones in 100 
ml of boiling acetone was t rea ted  with ae t iva tedcarbon .  Water was added to the hot fi l trate until c rys ta l -  
l ization began (60 ml), and then 10 ml of acetone was added and the mixture was left at room tempera ture .  
The precipitate was fi l tered off to give 8.2 g of a substance with mp 136-138~ which, on distillation, yielded 
6.4 g (44.5% of the mixture of nitro ketones) of pure (according to GLC) 4~nitro-2-propionylthiophene with 
mp 138-139~ According to the l i terature [6], mp 140-141~ Oxime, mp 114-115~ Found: N14.0; 14.1%. 
CTHsN203S. Calculated: N 14.0~. On prolonged storage,  the oxime decomposed with the l iberat ion of oxides 
of nitrogen. 

Oximation of 2-Acetylthiophene. A mixture of 39 g (0.56 mole) of hydroxylamine hydrochloride and 
46 g (0.56 mole~ of anhydrous sodium acetate in 133 ml of water,  167 ml of ethanol, and 44.7 g (0.35 mole) 
of 2-acetylthiophene was boiled for  5 h and then the solution was left overnight in the re f r igera tor ,  and the 
c rys ta l s  were fi l tered off and washed with water .  This gave 28.9 g of 2-acetylthiophene oxime with mp 
110-114~ According to the l i terature  [10, 11]: rap ll0~ 112-113~ Dilution of the mother  solution 
yielded another 11.9 g of a mixture of i somer ic  oximes with mp 80-86~ The two portions of oximes, with 
different proport ions of the syn and anti i somers ,  were combined and used for  nitration. The total yield 
was 82%. 

*On oximation, a mixture of syn and anti oximes is formed.  The composit ion of this mixture depends on 
the react ion conditions. 
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Oximation of 2 -Propionyl th iophene .  An oxime with mp 55-70~ was obtained by K r e k e l e r ' s  [12] method 
with a y ie ld  of 807~. According  to the l i t e r a t u r e  [13], mp 54-55~ To obtain the p rev ious ly  undescr ibed  
h igh-mel t ing  2-propionyl th iophene  oxime,  a solut ion of 28 g (0,2 mole) of 2-propionyl th iophene  in 132 ml of 
ethanol  was added to a solut ion of 24,6 g (0.35 mole) of hydroxylamine  hydroch lor ide  and 25 g (0.45 mole) of 
caus t ic  potash in 74 ml of water ,  and the mix tu re  was boi led for  6 h and was left  overnight  at room t e m p e r a -  
tu re .  The po t a s s ium chlor ide  was f i l t e r ed  off and the f i l t r a t e  was left  overnight  at a t e m p e r a t u r e  of about 
-20~  The c r y s t a l s  were  f i l t e r ed  off and r epea ted ly  washed with wa te r .  Weight 7.1 g, mp 90-92~ On 
r e c r y s t a l l i z a t i o n  f rom 75 ml of ethanol,  5.9 g of an oxime with mp 92-93~ was obtained.  Dilution of the 
mothe r  solut ions with wa te r  gave another  14.55 g of oxime with mp 50-60~ 

The n i t ra t ion  of the two oximes  gave p r a c t i c a l l y  ident ica l  r e s u l t s  in each c a s e .  

Ni t ra t ion of 2-Acetyl th iophene Oxime. With s t i r r i n g  and cooling ( tempera ture  of the mix ture  about 
8')C), 8.8 g (0.06"3 mole)  of 2-ace ty l th iophene  oxime was d i sso lved  in 188 ml of 98% su l fur ic  acid.  With v ig-  
orous  s t i r r i n g  and cooling ( t empera tu re  of the mix ture  f rom 0 to 5~ 14.2 g (0.14 mole) of ground p o t a s -  
s ium n i t ra te  was added in por t ions  to the orange solution.  S t i r r ing  was continued for  another  30 rain, the 
orange solut ion was poured Onto 1 kg of c rushed  ice,  and the p rec ip i t a t e  was f i l t e r ed  off, washed repea ted ly  
with water ,  and d r ied .  This gave 20.1 g (81%) of a mixture  of the ox imes  of 2 - a c e t y l - 4 - n i t r o  and 2 - a c e t y l -  
5 -n i t ro th iophenes  with mp 120-170"C. Accord ing  to  i ts  PMR spec t rum,  the mixture  contained about 40% of 
the oxime of the 4 -n i t r o  i s o m e r  and 60% of the oxime of the 5 -n i t ro  i s o m e r .  The saponif ica t ion  of 3 g of the 
mix ture  of ox imes  obtained by boi l ing it with 60 ml of dilute (1 : 1) hydroch lo r ic  acid gave 2.56 g of a m ix -  
ture  of n i t ro  ketones  containing,  accord ing  to GLC. about 55% of 2 - a c e t y l - 5 - n i t r o -  and 45% of 2 - a e e t y l - 4 -  
ni t rothi  ophene s.  

I so la t ion  of Pure 2 -Ace ty l -5 -n i t ro th iophene  Oxime.  A solut ion of 20.1 g of the mix ture  of ox imes  in 
200 m l o f  hot ethanol was t r e a t e d  with ac t iva ted  ca rbon  and the hot f i l t r a te  was t r ea ted  g radua l ly  with 175 
ml of wa te r  (until c r y s t a l l i z a t i o n  f rom the boi l ing solut ion began) and then with 20 ml of e thanol .  The mix -  
ture  was lef t  overnight  at room t e m p e r a t u r e .  The yel low c r y s t a l s  were  f i l t e red  off, washed with 5ff70 e tha -  
nol (2 • 20 ml), and d r i ed  to give 10.0 g (50%, ca lcu la ted  on tile mixture  of oximes)  of pure  2 - a c e t y l - 5 - n i t r o -  
thiophene oxime with mp 188-189~ Accord ing  to tile l i t e r a t u r e  [2], mp 189~ 

Isol,~tion of 2 -Ace ty l -5 -n i t ro th iophene .  A mixture  of 5.0 g of 2 - ace ty l -5 -n i t ro th iophene  oxime and 
100 ml of dilute (1 : 3) hydroch lor ic  acid was boiled for  3 h (part  of the subst~lnce subl imed) .  Af te r  cooling, 
the c r y s t a l s  were  f i l t e red  off. washed with water ,  and dr ied ,  giving 4,5(; g of impure  2 - a c e t y l - 5 - n i t r o t h i o -  
phcne with mp 99-104"C, This was d isso lved  in 40 ml of boi l ing ethanol,  and the solut ion was t r ea ted  with 
aet iwl ted carbon.  Water  was added to the hot f i l t ra te  until c r y s t a l l i z a t i o n  began (30 ml),  and then the mix -  
ture  was cooled to room t e m p e r a t u r e  and the c r y s t a l s  were  f i l t e red  off and washed with 10 ml of 50~ e tha -  
nol, giving "~.5 g of 2 - ace ty l -5 -n i t r o th iophene  with cap 107-108"C. According  to the l i t e r a t u r e  [2], mp 10TC. 
When the mother  solut ion was left  to stand in the r e f r i g e r a t o r ,  it  deposi ted another  0.3 g of 2 - a c e t y l - 5 -  
ni t rothiophenc with mp 107-108~'C. The total  y ie ld  of 2 - ace ty l -5 -n i t ro th iophene  was 83~. Accord ing  to 
GLC, the products  contained no 2 - ace ty l -4 -n i t r o th iophene .  

In another  case ,  5.0 g of 2 - ace ty l -5 -n i t ro th iophenc  oxime was saponif ied by being boi led with dilute 
hydroch lo r ic  acid as de sc r ibed  above, and the n i t ro  ketone was d i s t i l l ed  off with s t eam (about 1 l i t e r  of 
wa te r  d i s t i l l ed  over) .  The c r y s t a l s  were  f i l t e red  off and were  dr ied ,  giving 3.85 g (yield 84%) of 2 - a c e t y l -  
5-ni t ro thiophenc with mp 107-108~'C. 

Nitra t ion of the 2-1)ropionylthiophene Oxime. Nitra t ion with mp 55-70~'C was p e r f o r m e d  under  the 
condit ions given for  the p r e p a r a t i o n  of the mix ture  of 2 -ace ty ln i t ro th iophene  ox imes .  The y ie ld  of the mix -  
ture  of n i t ro -2 -p rop iony l th iophene  oximes  was more  than 9ff'/~; mp 105-150"C. Accord ing  to the r e s u l t s  of 
e l e m e n t a r y  ana lys i s ,  the r eac t ion  product  contained the n i t ro -2 -p rop iony l th iophenes  as impur i ty  because  of 
the pa r t i a l  saponif ica t ion  of the ox imes .  

The mix ture  n i t ro -2 -p rop iony l th iophenes  obtained by the saponif ica t ion  of the n i t ra t ion  product  fol -  
lowed by s t e a m  d i s t i l l a t ion  of the n i t ro  ketones  had mp 80-118~ and accord ing  to GLC, contained 
4 - n i t r o -  and 5 -n i t ro -2 -p rop iony l th iophenes  in a r a t i o  of ~ 1 : 1. 

Isola t ion of 5 -Ni t ro -2 -p rop iony l th iophene  Oxime. The mixture  of n i t ro -2 -p rop iony l th iophene  oximes  
(16.7 g) was boi led with a mixture  of 80 ml of heptane and 80 ml of toluene.  The insoluble res idue  was f i l -  
t e r e d  off f rom the hot solut ion and was washed with hot heptane.  The weight of r es idue  enr iched  in the 5- 
n i t ro  i s o m e r  was 7.0 g; mp 153-168~'C. It was d isso lved  in 80 ml of boi l ing ethanol,  the s o l u t i o n w a s t r e a t e d  
with ac t iva ted  carbon,  and wa te r  was added to the boi l ing f i l t ra te  until  c r y s t a l l i z a t i o n  began (50 ml) and 
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then 10 ml  of ethanol was added and the mix ture  was left  overnight at room t empera tu r e .  The resul t ing 
c rys t a l s  were  f i l te red  off and washed with 50% ethanol to give 5.0 g (30%, calculated on the mix tu re  o fox-  
imes)  of 5-ni t ro-2-propionyl th iophene with rap 163-165~ Found: N 14.1; 14.0%. CTHsN20~S. Calculated:  
N 14.0%. 

The oxirae was apparent ly  a mix ture  of syn and anti i s o m e r s ,  since a f t e r  a s e r i e s  of r e c r y s t a l l i z a -  
tions of this  substance f r o m  ethanol an oxime with mp 178-179~ was obtained. 

The saponif icat ion of 5.0 g of the oxime with rap 163-165~ by boiling it with dilute hydrochlor ic  acid 
under  the conditions given above yielded, a f te r  s t e am distil lation, 4.2 g (91%) of 5 -n i t ro -2 -p rop iony l th io -  
phene f ree ,  according to GLC, f r o m  the 4-n i t ro  i somer ;  rap 88-89.5~ According to the l i t e ra tu re  [6, 7], 
rap 83-87, 75-80~ 
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