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Abstract - Reaction of 2-phenyl-3-(2-ethoxycarbonylviny1)- 
indolizine derivatives with polyphosphoric acid gave BE-benzo- 

[6,7lcyclohept[1,2-blindolizin-8-ones Z by an intramolecular 

acylation reaction. Reaction of 2-phenyl-3-(2-ethoxycarbonyl- 

viny1)indole derivatives gave 5~,10~-benzo[6,7lcyclohept[l,2-bl- 

indol-10-ones L. 

Indolizines are useful starting materials to prepare a novel type of heterocycles 

such as cyclazines.' Recently, we have reported a simple synthetic method of 

3-vinylindolizine derivatives i.2 These indolizines have been expected to be 
useful for synthesizing a new type of nitrogen-bridged heterocycles. In this 

connection. we have examined the reaction of the indolizines i with polyphosphoric 

acid (PPA) and found a one-pot synthetic method of benzo[bltropones fused with 

indolizines. 

When a mixture of 3-[2,2-bis(ethoxycarbonyl)vinyllindolizine derivatives la-2 and 

PPA (1 : 10 by weight) was heated at 120-130 'C for 1 h, yellow crystals 2 1%; mp 

147-149 'C, 27 %, 3; mp 140-150 OC (decamp), 4 %, &; mp 180 'C (decamp), 17 $1 

were obtained, respectively. The structures of the products were determined on 

the basis of the spectral data.3   he elemental analyses and mass spectra indicate 

that %-5 are products formed by elimination of ethanol from the starting 

indolizines la-5. The UV spectra indicate the presence of a long conjugated 

system [for example, 2; hmax (ethanol) 231 nm (log~=4.303, 269 (4.46), 289 (4.28), 
317 (4.081, 449 (4.21)). The IR spectra strongly suggest 2 to be tropone deriva- 

tives because the characteristic v and vc,o bands of tropone series are observed c=c 



1 
[&; vmax (KBr) 1635, 1580 cm-l, g; vmax (KEr) 1640, 1580 Cm-'1. The H NMR 

spectra are consistent with these structures Z in which characteristic singlet 
peaks due to the H-6 protons appear in the lowest field (2; 6ppm 8.49, &; 8.37, 

2c; 8.78). The formation of 2 can be explained by an intramolecular acylation - 
reaction. Another possible isomers 3 could not be identified. The difficulty of 

the acylation reaction at the C5-position of the indolizines was also indicated 

by the fact that the reaction of the methyl derivative with PPA gave no clear 

product. On the other hand, reaction of an isomeric mixture of 3-[(2-acetyl-2- 

ethoxycarbonyl)vinyl]indolizines and if (2 : 1) with PPA at 120 OC afforded 
8~-benzo[6,71cyclohept[l,2-blindolizin-8-one (g) (mp 166-168 'C) in 43 8 yield. 

Similarly, reaction of a 2 : 1 mixture of Q and z w i t h  PPA gave (mp 200-204 

"C) in 30 % yield. The structures which are deacetylated from the expected intra- 

molecular acylated compounds were deduced from the spectral In particular, 

1 the following high resolution H-NMR spectrum (200 MHz) of &provides convincing 

evidence for the structural as~ignment.~ Gppm (CDC131 2.36 ( s ,  Me), 6.58 (dd, H-3, 

J=7.0, 2.0 Hz), 6.70 ( d ,  H-7, J=12.0), 7.10 ( 5 ,  H-13), 7.26 (brs, H-1) , 7.58 (ddd, 

H-10 or H-11, J=8.0, 8.0, 1.51, 7.71 (d, H-6, J=lZ.O), 7.72 (ddd, H-11 or H-10, J= 

PPA - 
1 2 3 4 a; R =Ph, R =H, R =R =co Et 
1 2 3 4 2  b; R =Ph, R =Me, R =R =CO Et 

- 1 2 3 24 c; R =p-BrCsHq, R =H, R =R =CO Et 
- 1 3 4 2 
d; R =Me, $=H, R =R =CO Et 

2 3 4 e; R ~ = P ~ ,  R =H, R =COMe, R =CO Et 
1 2 3 4 2 

f; R =Ph, R =H, R =CO Et, R =COMe 
- 1 2 j 2  4 q; R =Ph, R =Me, R =COMe, R =C02Et 

1 2 3 4 h_; R =Ph, R =Me, H =CO Et, R =COMe 2 
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8.0, 8.0, 1.51, 8.19 (d, H-4, J=7.01, 8.30 (dd, H-9 or H-12, J=8.0, 1.5), 8.61 (dd, 

H-12 or H-9, J=8.0, 1.51. The deacetylation is an unusual reaction and the 

mechanistic details are under investigation. For comparisons, reaction of 

indolizine derivatives 4 and 5 with PPA was attempted. Under the same conditions 

of those of 1, indolizines 4 and were almost recovered unchanged, This result 

shows that two carbonyl substituents at the 2,2-position in the vinyl group are 

needed for the smooth acylation reaction. 

R2 PPA WR1 - 
H 

The reaction found in indolozine derivatives could be applied to indole deriva- 

tives. 2-Phenyl-3-vinylindole derivatives e,h_were prepared by reaction of 

3-formyl-2-phenylindole with diethyl malonate and ethyl acetoacetate, respectively. 

Reaction of 62 with PPA under the same conditions as those described for indolizines 

1 afforded an expected benzo[bltropone derivative fused with indole 2 (mp 243-245 .- 

"C, 30 %I. The spectral data are consistent with this structure.' On the other 

hand, the reaction of %was complex and a tropone derivative (mp 256-258 "C) 

was isolated in 3 8 yield, in which a deacetylated product, such as 2 , s  in the 
previous case, could not be identified. 

The reaction found here provides a facile entry to benzo[bltropones fused with 

indolizines or indoles, and their chemical and physical properties are currently 

under investigation. 
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acetylenedicarboxylate. Indolizine 5 was obtained by reduction of 4 with NaBHq 
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