
58 KHIMIYA GETEROTSIKLICHESKIKH SO EDINENII 

SYNTHESIS OF ACETYLTRIALKYLPYRROLES FROM 2, 4-PENTANEDIONES 

Yu. E.  Sklyar,  R. P.  Evs t igneeva ,  and N. A. P r e o b r a z h e n s k i i  

Kh imiya  Ge te ro t s ik l i chesk ikh  Soedinenii ,  Vol. 5, No. 1, pp. 70-73 ,  1969 

UDC 547.745.07" 542.953 

The condensation of isonitrosoacetylacetone with 3-alkyl-2,4-pen- 
tanediones and reduction with zinc in acetic acid gives a-acetyltri- 
alkylpyrroles. The analogous condensation of 3-alkyl-3-nitroso-2,4- 
pentanediones with acetylacetone leads to 13-acetyltrialkylpyrroles, 
and condensation with aeetoaeetic ester leads to ~-ethoxycarbonyltri- 
alkylpyrroles. When the a-  and B-acetyltrialkylpyrroles undergo salt 
formation, the oxygen of the earbonyl group is protonated. 

In s tudying sa l t  fo rma t ion  in a e y l p y r r o l e s  [1, 2], 
we found it n e e e s s a r y  to p r epa re  a c e t y l t r i a l k y l p y r r o l e s .  
a - A c e t y l t r i a l k y l p y r r o l e s  have been obtained p rev ious ly  
by in t roduc ing  aeetyl  groups  into a - u n s a t u r a t e d  t r i -  
a lky lpy r ro l e s  [3, 4]. It was m o r e  p r o m i s i n g  to obtain 
these  compounds in one stage by a r eac t ion  of the 
K n o r r  condensa t ion  type. The use in this condensa -  
t ion of i s o n i t r o s o m a l o n i c  and i son i t ro socyanoaee t i c  
e s t e r s  [5] has broadened  the range  of appl ica t ion of 
the r eac t i on  and made it poss ib le  to obtain a - e t h o x y -  
e a r b o n y l -  and a - c y a n o t r i a l k y l p y r r o l e s  in  a s imple  
m a n n e r .  The use of i son i t ro soaee toaee t i e  e s t e r  in 
place of i s o n i t r o s o m a l o n i c  e s t e r  in condensa t ion  with 
subs t i tu ted  f l -d iketones  [6] has s impl i f i ed  the method 
of obta in ing  a - e t h o x y c a r b o n y l t r i a l k y l p y r r o l e s .  

We have used  an analogous condensa t ion  to obtain 
a - a c e t y l t r i a l k y l p y r r o l e s .  When a mix tu re  of i s o n i t r o -  
soace ty lace tone  (I) with a 3 -a lky l -2 ,  4 -pen taned ione  
(II) was reduced  with zinc in acet ic  acid, the c o r r e s -  
ponding a - a e e t y l p y r r o l e  (III) was obta ined with a y ie ld  
of the o rde r  of 30%, which is c h a r a c t e r i s t i c  for  a con-  
densa t ion  of this type. Thus,  in this reac t ion ,  and also 
in the r eac t i on  with i son i t ro soace toace t i c  and i son i -  
t r o s o m a l o n i c  e s t e r s ,  on cye l i za t ion  the aeyl  r e s i due  

r ead i ly  spl i t s  out. 

ff~C--C--CH--R Zn + CH3COOH 
CHACO C=:NO H x  + rl \ r  CH 
CH3COZ O ~ - -  z O 

! IIa,b 

H3c \ /R 

Hla,b ' 

a R=CH3, b R=C2H s 

In  o r d e r  to obta in  f i - a e e t y l t r i a l k y l p y r r o l e s ,  we 
s tudied  the condensa t ion  of 3 - n i t r o s o - 3 - a l k y l - 2 ,  4 - p e n -  
t aned iones  (IV) with ace ty lace tone  (Va) under  the con-  
d i t ions  of the K n o r r  r eac t i on .  

c.3~o ?.~-coR, zo+ c .3coo.  
CH3CO--C + C--C,H a 

R / \ N O  0 ,5" 
IVa,b Va 

IVa R=CH3 
IVb R=C2H~ 

Va R'=CH~ 
Vb R'= OC2H~ 

H~C\ /COR ' ]  H~C\ /COR' 

-- [ C H 3 C 0 ' x , ~  / - -  R/['~]\Ctt3~.HN / 
L R/\N~/\C"3 J 

VI VI I  

Vlla R=R'=CH3 
Vlib R=C2Hs, R'=CH3 
Vllc R=CH3, R'=OC~Hs" 
Vlld R=C2Hs, R'=OC~H5 

An i n t e r e s t i ng  fea ture  of this condensa t ion  is that in 
the hypothet ical  i n t e r m e d i a t e  py r ro l en ine  VI there  a re  
not two acyl  groups  on the a - c a r b o n  atom, as in the 
r eac t ions  of the f i r s t  type, but an acyl and an alkyl 
group, in consequence  of which the spl i t t ing  off of the 
acyl  group mus t  be h indered .  However,  in this case,  
also, the only r eac t ion  products  were  the c o r r e s p o n d -  
ing ~ - a c e t y l p y r r o l e s  VIIa and VIIb. 

The s i m i l a r  condensa t ion  of IV with ace toaeet ic  
e s t e r  (Vb) leads to the f l - e thoxyca rbony l t r i a lky lpy r -  
ro les  VIIc and VIId. 

When the condensa t ion  was c a r r i e d  out by the usua l  
method without the i so la t ion  of the n i t roso  compound 
f rom the reac t ion  mix ture ,  the yie ld  of product  was 
15-30%; however,  the previous  i sola t ion  of IV enabled 
the yie ld  to be r a i s e d  to 50%. 

The hydroch lor ides  of the a c e t y l t r i a l k y l p y r r o l e s  
a re  f a i r ly  uns tab le  compounds rapid ly  los ing hydrogen 
chlor ide  (low ch lor ine  content  in compar i son  with the 
ca lcu la ted  f igure;  rap id  appearance  of a ca rbonyl  band 
in the IR s p e c t r u m  of the sal t) .  When the sa l t s  a re  
t r ea t ed  with water ,  the base is r egene ra t ed  quant i ta -  
t ively.  In the IR spectra of the acetyltrialkylpyrroles, 
salt formation causes the changes characteristic for 

such compounds [I, 2]: disappearance of the N--H ab- 
sorption bands; disappearance of the ~ absorption 
band at ~1630 cm -i, and appearance of absorption 
bands of a fi-pyrrolene ring in the/3-acetylpyrroles at 
N1570 cm-l; and a slight shift in the band at ~1630 

em -I in the ce-acetylpyrroles (vibrations of the a-pyr- 
rolene ring). A difference from the compounds de- 
scribed previously [i, 2] is the absence from the IR 
spectra of the salts of the acetyltrialkylpyrroles of the 
nimmonium" bands at ~1800 to 2000 cm -I. However, 
there is a broad "immonium n band at 2200-2400 cm -I. 

This permits an O-protonated structure to be ascribed 

to the trialkylacetylpyrrole salts. 

EXPERIMENTAL 

3-Methyl-3-nitroso-2,4-pentancdione (IVa). With vigorous stir- 
ring, a solution of 16.4 g (0.24 mole) of sodium nitritein 25 ml of wa- 
ter was added dropwise to a solution of 22.8 g (0.2 mole) of 8-methyl- 
2,4-pentanedione in 50 ml of acetic acid at a temperature of the 
reaction mixture of 12-14 ~ C, With the addition of the first portion 
of the nitrite solution, the mixture became blue-green, and then 
colorless crystals deposited. It was stirred for 3 hr at 0-5 ~ C and the 
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precipitate that had deposited was separated off, washed with 100 ml  
of water and dried. The yield of IVa was 17.0 g (59,4%). Mp 115-  
116" C (from chloroform), Found, %: C 50,37; H 6.63; N 9,84, Calcu-  
lated for Ce~HgNOs, %: C 50.35; H 6.34; N 9.79. Rf 0.27 [silica; chlo-  
ro form-e thano l  (100 : 1)], IR spectrum (in paraffin oil): 1723 cm -1 
(c=o). 

3-Ethyl-3-ni t roso-2,4-pentanedione (IVb). The nitrosation of 
25.6 g (0.2 mole) of 3-e thyl-2 ,  4-pentanedione in 45 ml of glacial  
acetic acid was carried out with a solution of 16.4 g (0.24 mole) of 
sodium nitrite, and the mixture was worked up as described above. 
Yield 15.5 g of IVb (49.2%). Mp 101-102" C (from chloroform). 
Found, %: C 53.78; H 7.24; N 8.71. Calculated for CvH1,NOs, %: 
C 53.50; H 7.05; N 8.91. Rf 0.41. IR spectrum: 1733, 1707 cm -1 
(c=o). 

The acetyl- and ethoxycarbonylrxlalkylpyrroles were obtained by 
one of the following two methods. The yields and constants of the 

compounds obtained are given in the table. 
A. With vigorous stirring, a solution of 3.8 g of sodium nitrite in 

4 ml  of water added to 0.05 mole of acetylaeetone in 40 ml  of g la -  
cial acetic acid at a temperature of 12-14  ~ C. Stirring was continued 
for 3 hr, after which the mixture was left for 20 hr.  A 0.05 mole 
quantity of a 3-a lkyl -2 ,4-pentanedione  was added, and then, in por- 
tions, 12 g of zinc dust at 65-75 ~ C. The mixture was heated for a 
further hour at 105-110 ~ C, and the hot solution was filtered from un-  
changed zinc and poured into 500 ml  of ice water. The colorless 
precipitate that deposited was filtered off, washed with water, dried, 
and crystallized from ethanol.  

B. In portion, 12 g of zinc dust was added at 65-70 ~ C to a so- 
lution of 0.05 mole of a 3-a lkyl-3-ni t roso-2,4-pentanedione,  0.05 
mole of a ~-dicarbonyl compound (Va or Vb), 7.0 g of anhydrous 
sodium acetate ,  and 5 ml  of acetic acid.  The mixture was heated with 

stirring at 107-112 '  C for 1 hr, after which it was treated as described 
in Method A. 

The hydrochlortdes of the acetylpyrroles (see table) were obtained 
by adding a solution of dry hydrogen chloride in ether to ethereal solu- 
tions of the bases. 
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