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The cor responding  3 - a c e t y l -  and 3 - H - p y r r o l e s  a re  fo rmed along with 2 ,4-d imethyl -3- ( f i -  
d i e thy laminoe thy l ) -5 -ca rbe thoxypyr ro l e  in the condensat ion of 3-(f l -die thylaminoethyl)pen-  
t ane-2 ,4 -d ione  with i son i t rosoace toace t i c  (I) and i son i t rosomalon ic  (IX) e s t e r s .  

3 - ( f i -Die thy laminoe thy l )pyr ro les  a r e  widely used in the p repa ra t ion  of porphyr ins  with vinyl groups 
[1, 2]. The s ta r t ing  ethyl and benzyl e s t e r s  of 2 ,4 -d imethy l -3 - ( f l -d ie thy laminoe thy l )pyr ro le -5 -ca rboxy l i c  
acid in the synthes is  of such p y r r o l e s  a r e  obtained by Knor r  condensation of 3-(f i -die thylaminoethyl)pen-  
t ane-2 ,4-d ione  (III) with the appropr ia t e  ace toace t ic  or diethylmalonic  e s t e r s  [3, 4]. In connection with the 
fact  that  the yie ld  in this s tep was r e l a t ive ly  low, we undertook a m o r e  detailed study of this react ion.  
Analys is  of the reac t ion  products  fo rmed  in the condensat ion of ace toace t ic  e s t e r  with pentanedione III 
made  it  poss ib le  to es tab l i sh  that 2 , 4 - d i m e t h y l - 3 - a e e t y l - 5 - c a r b e t h o x y p y r r o l e  (VIIa) is p r e sen t  in consid-  
e rab le  amounts  in the reac t ion  mix ture ,  along with f i -d ie thylaminoethyl -subs t i tu ted  py r ro l e  VIIIa.  Re -  
p l acemen t  of ace toace t ic  e s t e r  by the cor responding  benzyl e s t e r  (Ib) leads to an i nc r ea se  in the yield of 
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acetylpyrrole (from 8 to 17%). 
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At the sam e t ime ,  the amount  of p y r r o l e  VIII d e c r e a s e s  f r o m  29 to 19 %. Small  amount s of 2 ,4-dim e thy l -3 ,5 -d i ca r -  
ba lkoxypyrro les  and 2 ,5 -d ime thy l -3 ,6 -d ica rba lkoxypyraz ine  a r e  a lso  detected.  The f o r m e r  a r e  apparent ly  
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formed as a resul t  of condensation of i soni t rosoacetoacet ic  es ter  with acetoacet ic  es ter ,  while the lat ter  is 
the product  of self-condensat ion of aminoacetoacet ic  es ter .  

However, the formation of pyrrole  VII natural ly seems of grea tes t  interest .  3-Alkylpentane-2,4-  
diones of the III type usually give only 3-a lkylpyrro les  on Knorr  condensation. The react ion may proceed 
via either path A with splitting out of an acetyl group or via path B, in which the acetyl group part icipates  
in the construct ion of the heteroring.  When raethyl 4-aeetyl-5-oxohexanoate  was used, it was shown [5] 
that the react ion proceeds pr i raar i ly  via the second path. However, our resul ts  are  evidence that cyc l iza-  
tion in the case  of a pentanedione with a fl-diethylaminoethyl group is rea l ized via mechanism A. In addi- 
tion, the facile loss of a fi-diethylaminoethyl radical  by V is unusual in this reaction.  

The ease of splitting out of a fl-diethylarainoethyl group was also demonstra ted thoroughly in the con-  
densation of pentanedione III with diethylraalonic es ter .  In this case,  as it is easy  to note, the formation of 
a pyrrole  r ing can proceed only via path B. Despite the fact  that competition between the acetyl and fi-di- 
ethylarainoethyl substituents is absent here,  the lat ter  is split out at a sufficiently high rate .  The yield of 
pyr ro les  VIIIa and IX were 32 and 25%, respect ively.  

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

The IR spectra  were recorded  with a Perkin-Elraer  model 257 spec t rometer .  The PMR spectra  of 
deuterochloroforra  solutions were obtained with a JEOL S-60-HL spec t rometer  with tetraraethylsi lane as 
the internal standard. 

3-(fl-Diethylaminoethyl)pentane-2,4-dione was obtained by the method in [3] and was vacuum-disti l led 
several  t imes to give a product  with bp 131-133 ~ (10 rata) and riD2~ 1.4700 (nD 2~ 1.4670 [3]). Found: C 66.2; 
H 10.7; N 6.7%. CltH21NO 2. Calculated: C 66.3; H 10.6; N 7.0%. 

Condensation of Pentanedione HI with Acetoacetic Es ter .  A solution of 64 g of sodium nitrite in 80 
ral of water  (8-10 ~ was added with s t i r r ing  to a solution of 81 g of acetoacet ic  es ter  in 400 ral of acetic 
acid, and the resul t ing solution was s t i r red  for 5 h and then gradually added to a mixture of 122 g of pen- 
tanedione III, 25 g of zinc dust, and 50 g of sodium acetate in 300 ral of acetic acid. Zinc dust (100 g) and 
50 g of sodium acetate were then added by sprinkling in small  portions simultaneously in such a way that 
the tempera ture  was maintained at 60-65 ~ At the end of the addition of the isoni t rosoacetoacet ic  es ter ,  
the react ion mixture was s t i r red  for 30 rain and poured into 2.5 l i ter of ice water .  The precipitate was 
removed by filtration, and the solution was neutral ized to pH 6 with 10% sodium hydroxide solution and ex- 
t rac ted  with chloroform.  The ext rac t  was dried with magnesium sulfate and evaporated to dryness .  The 
residue was t reated with ether,  and the insoluble mater ia l  was removed by filtration and added to the f i rs t  
precipitate. The oxalate of pyrrole Villa was precipitated from the ether solution. The yield of a product 
with mp 179-180 ~ (from water) was 63 g (29%). No melting-point depression was observed for a mixture 
of this product with an analytical sample [3]. 

The combined precipitates were passed through a layer of Al203 and subjected to fractional crystal- 
lization from aqueous acetic acid to give ii g (8.5%) of pyrrole VIIa with mp 143 ~ (from alcohol) (rap 143 ~ 
[6a]). The yield of 2,4-diraethyl-3,5-dicarbethoxypyrrole with rap 136 ~ (from alcohol) was 1.2 g. No melt- 
ing-point depression was observed for a mixture of this product with an analytical sample [6b]. 

Condensation of Pentanedione III with Benzyl Acetoacetate. This reaction and the isolation of the 
corapounds obtained were carried out as in the first experiment. The yield of the oxalate of pyrrole VIIIb, 
with rap 179-180 ~ (rap 179.5-180 ~ [4]), was 19%. The yield of pyrrole VIIb, with rap 134-136 ~ (rap 135 ~ [7]), 
was17%. IR spectrum (KBr): 3180 (NH), 1682 (ester C = O), 1630 cra -I (COCH3)~ 

2,4-Diraethyl-3,5-diearbobenzoxypyrrole. This compound, the yield of which was 1 g (2%), had rap 

137-137.5 ~ (mp 137 ~ [8]). 

2,5-Diraethyl-3,6-dicarbobenzoxypyrazine. This compound was isolated, after separation of the 
mother liquors, with a column filled with AI20 ~. The yield of product with nap 108 ~ (from alcohol-hexane) 
(rap 108 ~ [9]) was 0.6 g. IR spectrura: 1705 (in KBr) and 1725 (in CCI 4) (ester C=O). PMR spectrum in 
CCI4, 5, ppra: 745 (10H), 5.35 (4H, singlet), 2.73 (6H, singlet). 

Condensation of Pentanedione III with Isonitrosoraalonie Ester. Zinc dust (20 g) was added in por- 
tions at 85-90 ~ to a solution of 24 g ofisonitrosoraalonic ester, 24 g of pentanedione HI, and 50 g of fused so- 
dittm acetate in 200 ral of acetic acid, after which the mixture was heated at ii0 ~ for 3 h and poured into 
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1.5 liter of water. The reaction mixture was then worked up as in the first experiment to give 13.8 g (32~0) 
of the oxalate of pyrrole VIIIa with mp 179-180 ~ 

Pyrrole IX was isolated in a yield of 5 g (24.8%) and had mp 125 ~ No melting-point depression was 
observed for a mixture of this product with an analytical sample [6e]. 
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