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H E T E R O C Y C L E S  W I T H  A BRIDGE N I T R O G E N  A T O M .  

8.* N O V E L  A P P R O A C H  TO SYNTHESIS  O F  T H E  I N D O L I Z I N E  

NUCL E U S  AND T H E  CLASS O F  5 - A M I N O I N D O L I Z I N E S  BY 

R E C Y C L I Z A T I O N  O F  T H E  5 - M E T H Y L O X A Z O L O [ 3 , 2 -  

a ]PYRIDINIUM CATION:  A L T E R N A T E  C O N F I R M -  

ATION O F  A C O M P U T E R  P R E D I C T I O N  

E. V. Babaev and A. V. Efimov 

We previously proposed two novel synthesis schemes for the indolizine nucleus by recyclization of the oxazolo[3,2- 
a]pyridinium cation nucleus I when treated with CH-acids [2,3]. In both cases, the oxazole moiety of the bicycle was 
transformed to a pyrrole moiety. In the first scheme (when using m_tromethane), the oxygen heteroatom of the oxazole moiety 
of cation I was formally replaced by a binucleophilic one-carbon moiety [2], while in the second scheme the two-atom moiety 
Cc2 ) -O of cation I was substituted by the two-carbon -CH2CO-  moiety of the CH-acid [3]. 

Detailed analysis of the polar structure of the intermediates formed in opening of the oxazole moiety of cation I allowed 
us to propose [4] that one of the unknown recyclization strategies for constructing an indolizine nucleus might be transformation 
of homologs of cation I, and specifically 5-methyloxazolo[3-2-a]pyridines. It is precisely such a skeleton of the starting 
heterocycle (as the precursor of the indolizines) which was predicted in computer generation of unknown transformations of 
bridged azolopyridines in [4]. We previously proposed a simple approach to obtaining such 5-methyl-substituted cations in [5]. 
In this report, we have observed that 5-methyl-2-(p-nitrophenyl)oxazolo]3,2-a]pyridimum perchlorate II when treated with 
secondary amine in fact undergoes a previously unknown recyclization with formation of 5-aminoindolizine III: 
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Perchlorate II (0.846 millimoles), obtained according to the procedure in [5,6], was dissolved in 1.5 ml ~orpholine 
and boiled for 15 min. The cooled mixture was poured into water; the precipitate formed was f'dtered and chromatographed 
on a column (Silpearl, CHCI3). Orange-red crystals of 5-(morpholyl-1)-2-(p-nitrophenyl)indolizine fro) were obtained in 79 % 
yield. Tmp 232~ PMR spectrum (400 MHz, CDCI3): 8.19 (2H, m, p-NOzPh); 7.77 (2H, m, p-NO2Ph); 7.71 (1H, s, 3-H); 
7.18 (1H, d, JTs = 8.8 Hz, 8-H); 6.77 (1H, s, I-H); 6.75 (1H, dd, JTs = 8.8, J67 = 6.8 Hz, 7-H); 6.13 (1H, d, J67 = 6.8 Hz, 
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6-H); 3.95 (4H, m, morpholyl); 3.11 (4H, m, morpholyl). UV spectrum in ethanol, ~ (lge): 263 (4.72), 360 (4.25). Mass 
spectrum, m/z (%): 323 (100) [M+], 266 (40), 238 (48) [M-C4HTNO] +, 191 (23). Found, %: C 67.01; H 5.25; N 13.10. 
CjsH~TN303. Calculated, %: C 66.86; H 5.30; N 13.00. 

As follows from the PMR spectrum, the signal from the methyl group (present in the original system) is missing in 
the speemun of the recyclization product. Moreover, a new aromatic signal appears in the spectrum along with signals from 
aliphatic protons of the morpholine moiety. The number and multiplicity of the peaks correspond to the structure of 2-aryl-5- 
substituted indolizine. Assignment of the structure of the compound obtained to 5-aminoindolizine also follows from the absence 
of a downfield signal from the 5-H proton, which is quite characteristic for indolizines [7]. Like other representatives of this 
class, indolizine HI gives a characteristic blue color with p-dimethylaminobenzaldehyde (the classical Ehrlich test). 

The mechanism of the observed elegant conversion probably includes attack by the secondary amine at the angular 
carbon atom of the bicycle. Opening of the oxazole moiety as needed should lead to formation of the zwitterionic open form 
IV (pyridinium moiety, containing a negatively charged enol moiety at the nitrogen atom). Such an intermediate can form a 
pyrrole moiety as a result of cyclocondensation at the methyl group. We should note that cations I (not containing a methyl 
group at the C~s) atom) react with secondary amines with breaking of the CN bond of the pyridine moiety [8], while the first 
step of the recyclization II --- HI under discussion obviously requires breaking the CO bond of the oxazole moiety. 

As we see, the overall scheme for the conversion involves formal elimination of the oxygen heteroatom from the 
starting heterocycle. The structural scheme for the conversion found can be described with the help of the recyclization graph 
V. Let us recall that recyclization graphs are defined [9,10] as the superpositions of the skeletons of the original and final 
heterocycles. (The dotted lines indicate the breaking and newly forming bonds; the'thick lines indicate the skeletal bonds which 
are common to both the original and final rings. Such details of the structure as, for example, the annelated moiety enclosed 
in brackets in diagram V, are not given in the recyclization graph.) It is not difficult to see that diagram V exactly corresponds 
to the recyclization scheme we predicted earlier (Scheme 5 in [4]). 

The observed reaction allows us to arrive at a previously unknown class of 5-aminoindolizines. Preliminary experiments 
have shown that a synthetic limitation of this reaction may be instability of the 5-aminoindolizines. Thus, the analogs of cation 
II achieved in [5] (containing a phenyl or p-bromophenyl residue in the 2 position) in reaction with secondary amines also lead 
to the corresponding indolizines. The compounds formed (giving a positive Ehrlich test), however, are extremely easily 
oxidized and cannot be isolated in pure form. The instability of ~r-rich heterocycles substituted by donor substituents is quite 
well known; this feature is also characteristic for indolizines. In the case of 5-aminoindolizine HI, the stability of the compound 
is probably determined by the additional presence of an acceptor p-nitrophenyl group in the 2 position. We note that the use 
of other secondary amines in the reaction with cation II allows us to expand the range of 5-aminoindolizines obtained. 
Discussion of these reactions (and also the variation in nucleophilic agents) will be the subject of a separate report. 
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