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IKDOLIZIlPE DERIVATIVES. 11. IKDOLIZIlPES FROM TEE PEEKIB REACTION 

OF 2-PYRIDINECARBALDEHTDE 

E& --  P a j a A ,  Department of Chemistry, Helsinki Universitv of 

Technoloas, 02150 Otaniemi, Finland 

The Perkin reaction of 2-pyridinecarbaldehyde (I) gives 

the indolizines IIIa-f and the pyrrolo [2,1,5-gdjindoli- 

zine ma. In the presence of active methylene compounds 

the indolizines IIIg-n are formed. 

The Perkin reaction of 2-pyridinecarbaldehyde (I) apparently 

fails to give 3-(2-pyridyl)-acrylic acid (IIa) (1). However, 

species related to IIa were suggested to be intermediates in the 

formation of pyrrolo [2,1 indolizines in the acylative cycli- 

zation of I with unsaturated carbonyl compounds ( 2 ) .  In the 

present paper it is shown that the Perkin reaction - or more cor- 
rectly, the acylative cyclization - of I offers a new one-step 
route to indolizine derivatives. The yields vary from low to good. 

When I is heated ( 1 3 0 ~ ~ )  with an excess of Ac20 and KOAc, the 

content of the reaction flask immediately turns black. If the re- 

action is stopped after 30min. the excess of Ac20 decomposed with 

water, and the precipitated, ether soluble tar fractionated by 

column chromatography (Silica gel Woelm/benzene), three indolizine 

derivatives are obtained: The first is 3-indolizinyl acetate 

(IIIa) ehowing a carbonyl absorption at 1780cm-' , in ir, and an 
AB-quartet, 66.28 (1-H) and 66.52 (2-H), J = 4Hz, in pmr (3). The 

eecond is the known 1-(3-indoliziny1)-ethanone (III~), which on 
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acid hydrolysis gives the parent indolizine (4). The third is 

1-(2-methyl-1-pyrrolo [2,1, 5-&]indolizinyl)-ethanone ( IVa), which 

can also be prepared by the acylative cyclization of I with 

3-pentene-2-one (2). 

The acid IIa (from the Doebner reaction), which would be the 

expected Perkin product, gives on treatment with Ac20 and KOAc 

similarly IIIa, IIIb and IVa. In neat Ac20 IIa yields the anhy- 

dride IIb. With a shorter reaction time (5-15min) only IIIa and 

IIIb are formed from either I or IIa, while IIIa is absent from 

the reaction mixture after longer periods than lh. The Ac20/KOAc 

treatment of IIIa gives IVa, whereas the reaction in the presence 

of ethyl acetoacetate gives ethyl 2-methyl-1-pyrrolo[2,1,5-cd 1- 
indolizinecarboxylate (IVb). This clearly suggests that IIIa is 

an intermediate in the formation of IVa from I or IIa. 

With (EtC0l20 and KOCOEt the analogous indolizines IIIc and 

IIId are formed, but the main product is l-(3-(2-pyridyl)-2- 

.methyl-1-indoliziny1)-1-propanone (IIIe), 5-H at 88.69 and 8-H 

at 68.36. 

The Perkin reaction of I and phenylacetic acid affords only 

2-phenyl-3-indolizinyl acetate (IIIf) in Ac20/KOAc, 

The Perkin reaction of I in the presence of other compounds 

containing active methylene groups was also studied. With ethyl 

acetoacetate I gives ethyl 3-methyl-2-indolizinecarboxylate 

(IIIg) (51, the I-acetoxy (111h) and ~-c(Ac)~CO~E~ (11111, 8-H 

at 67.25 (br. a), derivatives of this. The cyclization of the 

expected Perkin product, ethyl 2-(2-pyridy1)-methylene-3-0x0- 

butyrate (IIc), with AC~O/KOAC or Ac~O/KOAC/CH~ACCO~E~ yields 

mixtures of IIIg and IIIh or IIIg and IIIi, respectively. 



HETEROCYCLES, Val. 2. No. 5, 1974 

I1 It1 It2 

c H 0  QCH=da1 a b c H H COoAc C OOH 
Ac COOEt 

I I1 d Ac Ac 

IV It7 mp.Oc Yield $ 

\ I 
It5 Me b COOEt 64 21 t 

I11 IV 12 w 

I11 It3 It4 It5 It6 mp.'~ Yield $ From 

H 
H 
H 
H 

COEt 
H 
H 

OAc 
H 

H OAc H 20 15 t IIIa 
H Ac H 34 8 I o r  11. 
Me OCOEt H - 10 v I and 
Me QOE t H - 6 3-pentene- 
Me 2-pyridyl H 147 54 2-one 

Ph OAc H 118 27 
C OOEt Me H 48 41 
COOEt Me H 118 61 x 
COOEt Me C(AC)~COOE~ 77 69 x - 

j H Ac Me H 73 38 
k OAc Ac Me H 
1 H Ac Me C(Ac)? - 69 y 

* 

m H COOEt CH2COOEt H 80 20 
C H ( C O O E ~ ) ~  C O O E ~  Me H 71 72 

A t  1 0 0 ~ ~  I I I h  c r  IIIi is t h e  major product ,  a t  1 3 0 ~ ~  I I I g .  

D i f f e r i n g  from t h e  ac id  I I a ,  t h e  k e t o e e t e r  I I c  forms i n d o l i s i n e e  

wi thout  KOdc when heated i n  mere Ac20 o r  i n  Ac20/CH2AcCOOEt. 

The aldehyde I w i t h  pentane-2,4-dione o r  I I d  a lone  fu rn iehes  

t h e  analogous products  I I I j  ( 5 ) .  I I I k  and 1111. Die thyl  acetone- 

d icarboxyla te  g ives ,  bes ides  e t h y l  2-ethoxycarbonyl-3-indolizine- 



acetate (IIIm), the decarboxylated product IIIg. Diethyl 2-ethoxy- 

oarbongl-3-methyl-1-indolizinemalonate (IIIn) is the only indoli- 

sine isolated from the Perkin reaction between I and diethyl 

malonate. 

The indolizines IIIa, 1110. IIIf, IIIg, 1113, IIIm, IVa and IVb 

are reduced ones, as compared to I, the indolizines IIIb and IIId 

even doubly reduced. As the yields never exceeded 50$. some kind a 

disproportionation mechanism may be involved (6,7). All attemps to 

find oxidized species in the reaction mixturee have failed as yet. 

Products, other than the indolizines described above, were those 

arising from the eelf condensation of Ac20 or acylation of active 

methylene compounds (8). 

ACKNOWLEDGEMENT The author thanks Prof. J. Gripenberg and Ase. 

Prof. T. Hase for their kind interest, and The Finnish Academy 

for a research grant. 

REFERENCES AllD NWES 

1. Adams, 'Organic Reactions Pol. 1'. John Wiley & Sons, inc., 

New York, 1942, p. 220. 

2. 6 .  Pohjala, Acta Chem. Soand. Ser. B., 1974, =, in press. 
3. All new compounds gave satisfactory elemental analyses. The 

structures of the products were mainly deduced from their pmr- 
spectra. They also gave the expected uv-,ir- and maas spectra. 

4. J. brat, T. Melton & D.G. Wibberley, J. Chem. Soc.,1965, 2948. 

5. A.J. Carbon & S. Brehme, J. Org. Chem., 1961, 26, 3376. 

6. J.S.A. Brunskill, J.,19721.1972. 2946. 

7. J. Clark & B. Pamiei, Chem. Comm.. 1974, 308. 

8. Ref.: Chem. Abstracts, 1968, s, 1043300. 
Received, 18th July, 1974 


