
B) A 2-mmole sample of indolylaminovinyl ketone was dissolved in 5 ml of Dowtherm, and 
the solution was refluxed for 30 min, after which it was coole&mad diluted with hexane, and 
the precipitate was removed by filtration and washed with hexane. 

The products were purified and separated (in the case of the formation of isomers) by 
the following methods: a) sublimation; b) recrystallization from alcohol:and c) preparative 
separation on a loose layer of AlaOs (Brockmann activity II). The preparative conditions, 
the purification method, and the physical constants of the productsare presented in Table 
2, and the PMR spectra are presented in Table 3. Incorrect numbering of the atoms of pyrrolo- 
quinolines was presented in [13]. 
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RESEARCH ON PYRROLO[3,2-f]INDOLIZINES. 

V.* SYNTHESIS AND PROPERTIES OF 4-(~-ALKOXYCARBONYLALKYL)- AND 

4-PHENYL-6H-PYRROLOINDOLIZINES 

A. F. Mironov, T. V.Abramenko, 
N. F. Shlenskaya, and R.P. Evstigneeva 

UDC 5 4 7 . 7 5 9 . 4 ' 7 4 5 . 0 7  

3-(a-Oxo-~-alkoxycarbonylalkyl)- and 3-benzoyl-substituted pyrroles undergo con- 
densationwith a-unsubstituted pyrroles to give 6H-pyrrolo[3,2-f]indolizines that 
contain higher acid residues or a phenyl group in the 4 position of the hetero- 
ring. 

We have previously observed the intramolecular condensation of 3-acetyldipyrrolemethanes 
to 6H-pyrrolo[3,2-f]indolizines [2]. In the present research we extended this reaction to 
other alkyl-substituted pyrroles during a study of the reaction of 3-(a-oxo-~-alkoxycarbonyl- 
alkyl)- and 3-benzoyl-substituted pyrroles (II) with alkylpyrroles (III). The starting i- 

*See [i] for communication IV. 
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TABLE I. 3-(~-Oxo-m-alkoxycarbonylalkyl)pyrroles 

o 

o 

R' 

(CH2) 2COOCH3 
CH2)4COOCH~ 
CH=) sCOOC2H~ 
CH=)TCOOC:H~ 
CH:'! sCOOC~H~ 

rap, *C 

Ia 
Ib 
Ic 
ld 

(I) 

I IR spectrum, 
Found. % i Calc., % !J, cm-I  

I 

c H X Empiricalformuta C H N ~ ~'~Z~' ~ ~ . . ~  - 

24--1% 59,8 6,8 5,0 Ca4HmNOz 59,8 681 s0 1740 1652 

I 

00--10~ 62,217,514,91C~6Hs~NO5 62,1 7,514,5117461 1670 
70--71 ~ 63,918,514,41CIsH2rNO5 64,1 8,1 4,2 1740 1695 
64--65 b 65,8 8,514,01 C=oH3~NO5 65,7 8,6 3,8117481 1669 
88--89 b 66,6 8,8 3,9[ C2~H88NOs 66,5 8,8 3.7 1740[ 1675 

t 
_ _  

1645 / 93 

aFrom isopropyl alcohol, bFrom benzene with hexane. 

(3-pyrrolyl)-l-oxo carboxylic acid esters (I, Table I) were obtained by Friedel-Crafts acyla- 
tion of 2,4-dimethyl-5-ethoxycarbonylpyrrole with dicarboxylic acid monoester chlorides. 

0 H CH3 H CH3 
ii c .coo. JN~ .4 .  ~ . R ~  c ~ . ~ c o o ~ \ ~ . c %  

I-ila-e 111 a-c  IVa-h Cll: 
COOCH~ 

V 

I X=H; I! X=CI; 111 a R:=R3=CH3;b R ~=H, R:=CH3; c R:=CHz, R~=C2H 5 

The I R  s p e c t r a  o f  a c y l - s u b s t i t u t e d  p y r r o l e s  I a - e  c o n t a i n  t h e  a b s o r p t i o n  b a n d  o f  a n  e s t e r  
g r o u p  a t  1 7 4 0 - 1 7 4 8  cm-* and  a l e s s  d i s t i n c t l y  e x p r e s s e d  b a n d  o f  a k e t o  g r o u p  a t  1 6 4 5 - 1 6 6 0  
cm - x  I n  t h e  s p e c t r a  o f  I a  a n d  I d  t h e  l a t t e r  i s  s u p e r i m p o s e d  on t h e  a b s o r p t i o n  b a n d  o f  t h e  
ester group attached to C(5). 

Treatment of pyrroles la-e with sulfuryl chloride in chlorobenzene at 50 ~ leads to lla-e, 
which, after precipitation with hexane, were subjected without further purification to reac- 
tion with ~-unsubstituted pyrroles III. As a result, we obtained 6H-pyrrolo[2,3-f]indoli- 
zines IVa-e containing alkoxycarbonylalkyl substituents in the 4 position. Under the same 
conditions 3-benzoylpyrrole (II, R* = C6Hs) [3] is converted to 4-phenyl-6H-pyrrolo[3,2-f]- 
indolizines (IVf-h, Table 2). 

The UV spectra of the pyrroloindolizines are characterized by the presence of intense 
absorption at 257-263 nm and less pronounced transitions at 311-314 and 320-326 nm. 

The IR spectra of pyrroloindolizines IVa-e (Table 2) contain absorption bands at 1722- 
1725 cm -x corresponding to the groups in the 2 and 4 positions of the heteroring; these bands 
are resolved at 1722 and 1748 cm -i only in the spectrum of IVb. In the spectra of pyrrolo- 
indolizines IVf-h the bands at 1718-1720~cm -* correspond to the ester group. The presence 
of an intense band at 1625-1635 cm -x is also characteristic for all of the compounds obtained 
in this research, and the band at 1660-1669 cm -x evidently corresponds to an isolated double 
bond. 

The general regularities previously observed for 6H-pyrrolo[3,2-f]indolizines [4] are 
retained in the PMR spectra of IVa-h. At the same time, the presence of a phenyl group leads 
to a shift of the signal of the methyl group in the 3 position to strong field by ~i ppm as 
compared with 4-methyl-substituted pyrroloindolizines [4]. This sort of shift may constitute 
evidence for redistribution, under the influence of the phenyl substituent, of the charges 
between the two nitrogen atoms. 

In the spectra of pyrro!oindolizines IVa,c one's attention is drawn to the absence of 
signals of ester groups of aliphatic acids. 

For additional confirmation of the structure of pyrroloindolizine IVa we reduced it to 
the corresponding trihydro derivative (V) with sodium borohydride. 
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TABLE 3. PMR Spectra of 6H-Pyrrolo[3,2-f] 

Corn-  So lv-  
pound ent a 

IVa 
IVb B 
IVc 
I V e  

IVf B 

indolizines (6, ppm) 

C h e m i c a l  s h i f t s  of the substituents in posit ions "IS 

NH 

10,~ 

7.1 
7.9.~ 
7.1 
7,8~ 

7,7 
7.7~ 
7.6 

q- l 3 [ 7"77 

4,18 1,1 2,5 1,74 1,74 
4,4311,4512,78 2,08 ~ 1,95 
4,67[ 1 5712.97[ 2,22 12,22 

4,6411.541 2,3 /2,12 / 2,12 
4,26 / 1,371 1,87/2,04 / 2,04 
4,60] 1,5 [ 2,24~ 2,6 q ] 2,1 

I / /1'22tt 

6-CHa I 6-H 

I 
1,32 dl 5,1 m 
1,65 dl 5,6m 
1,75 d I 5,37n 
1,76 d] 5,56n 

1,28 d] 5,3 q 
- -  I 4,8s 
-d  I 5.3 , 

4- 

CH_~ I(CH-"),,I CH_~ 

3,6 m 2,64 m 
3 , 5 m l  _ c  12,42r~ 
3,7 m [ I 82ml 2,63m 
3,45m / ' I _ d  

! 
t 7.7--7,88 m 
/ 7,63 me  

7,6_7,88 rn 

C O O R  ~ 

3~s 
3~,98 q 
1,15t 

aDeuterochloroform (A) and trifluoroacetic acid (B). bAbbrevia- 
tions: s is singlet, d is doublet, t is triplet, q is quartet, 
and m is multiplet. CThe precise values cannot be determined 
because of superimposition of the signals at 1.9-2.8 ppm. dThe 
precise values cannot be determined because of superimposition 
of the signals at 1.3-1.5 ppm. eprotons of the benzene ring. 

EXPERIMENTAL 

The IR spectra of KBr pellets of the compounds were recorded with a Perkin--Elmer 257 
spectrometer. The UV spectra of methanol solutions were recorded with a Hitachi EPS-3T 
spectrophotometer. The PMR spectra were measured with a JNM-4H-100 spectrometer with tetra- 
methylsilane as the internal standard. The chlorides of the dicarboxylic acid monoesters 
were obtained by known methods [5]. 

Acylation of 2,4-Dimethyl-5-ethoxycarbonylpyrrole. A solution of i.I mole of stannous 
chloride in dichloroethane was added dropwise with vigorous stirring to a cooled (to 0 ~ 
suspension of i mole of 2,4-dimethyl-5-ethoxycarbonylpyrrole and 1.2 moles of dicarboxylic 
acid monoester chloride in dichloroethane, after which the mixture was stirred at 20 ~ for 
2 h. The solvent was then removed in vacuo, and finely crushed ice was added to the residue. 
The aqueous mixture was acidified with concentrated HCI, and the precipitate was removed 
by filtration, washed with water, and recrystallized. The characteristics of the acy!- 
pyrro!es obtained (I) are presented in Table I. 

6H-Pyrrolo[3,2-f]indolizines (IV, Table 2). A solution of equimolar amounts of pyrrole 
!I, obtained by chlorination of I by the method in [4], and pyrrole III in DMF was heated at 
120 ~ in a nitrogen atmosphere for 20 min, after which it was cooled and treated with a mix- 
ture of ether and acetone (9:1). The resulting precipitate was removed by filtration, washed 
with ether, and recrystallized. 

3,6,7,8-Tetrame•hy•-4-(•-meth•xycarb•ny•ethy•)-2-eth•xycarb•ny•-•,4,9-trihydr•pyrr•••- 
[3,2-f]indolizine (V). A 0.12-g (3 mmole) sample of sodium borohydride was added in por- 
tions with stirring to a solution of 0.4 g (I mmole) of hydrochloride IVa in i0 ml of etha- 
nol, during which the initial yellow coloration vanished as the last portions of borohydride 
were added. The mixture was stirred for I h, after which it was poured into I00 ml of water, 
and the white precipitate was removed by filtration and dried to give 0.27 g (72%) of a prod- 
uct with mp 142-143 ~ (from benzene with hexane). IR spectrum: 3320 (NH), 1745 (COOCHs), and 
1673 cm -I (COOCzHs). Found: C 67.8; H 7.7; N 7.2%. Ca~HzaNIO~. Calculated: C 67.7; H 7.6; 
N 7.5%. 
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