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SYNTHESIS OF 4H-BENZO[hi]PYRROLO[2,1,5-cd]INDOLIZIN-4-ONE, A NOVEL
TYPE OF PHENALENONE ANALOG

*
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4H-Benzo [hi]pyrrolo[2,1,5-cd]indolizin-4-one, an analog of phen-
alenone, is obtained by a one-pot oxidation of 5,6-dihydro-4H-benzo-
[hi]pyrrolo[2,1,5-cd]indolizine with DDQ in aqueous dioxane. Its
characteristic electronic feature is also described, which is differ-
ent inherently from that of phenalenone or 3H-benz[cd]azulen-3-one.

)

During these two decades much attention has been paid for phenalenone (Zi)l

) from the

and its iso-m-electronic isomers, i.e., 3H-benz[cdlazulen-3-one (g),2
synthetic and physicochemical points of view. Among them, phenalenones and those
isomers have been regarded as the model compounds providing the peripherally con-
jugated 127 systems linked by an internal spz—hybridized carbon atom.3)

Now, the synthesis of 4H-benzo[hilpyrrolo[2,1,5-cd]lindolizin-4-one (C) is much
interested, because C is a novel analog of phenalenone (A), in which the naphtha-
lene nuclei is replaced by the peripherally iso-m-electronic cycl{3.2.2]azine sys-
tem., Therefore, the [l12]annulene system perturbed by the internal azomethinium
ion (:C=Nt:) would be furnished by the protonation of C, which is expected to have

4)

the more polarized structure than A or B as predicted from MO calculations.

iﬁ iﬂ caes

(c)

We wish to communicate here the synthesis of some 4H-benzo[hi]pyrrolo[2,1,5-
cd]indolizin-4-one derivatives by a one-pot oxidation of 5,6-dihydro-4H-benzo[hi]-
pyrrolo[2,1,5-cd]lindolizines with DDQ in aqueous dioxane, Also, some of those
physical properties are discussed.

When DDQ (1.36 g, 6.0 mM) was added to a solution of 5,6-dihydro-1,2-bis (meth-
oxycarbonyl)-3-phenyl-4H-benzo[hi]pyrrolo[2,1,5~cd]lindolizine (li)s) (562 mg, 1.5
mM) in 10% aqueous dioxane (30 ml) at room temperature, the solution became dark
green initially and turned red gradually. After being refluxed for 6 h, the solu-
tion was filtered to remove the resultant hydroquinone and the filtrate was evapo-
rated. The residue was treated with column chromatography (neutral alumina, chlo-
roform) to give a reddish crystalline 2a in 68% yield as a sole product.

The mass spectrum and elemental analysis of 2a indicate that an allylic meth-
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Table 1. Synthesis of 4H-Benzo[hilpyrrolo[2,1,5-cdlindolizin-4-ones 2

fgi?i Time Yield  Mp IR Lo nmrP) s Mt
Comp. R Ar (bpQ/1) h % °C vcoa) H-5 H-6 m/e
2a E Ph 4 6 68 189-190 1618 6.42  7.42 385
2b E C.H,-OCH,(p) 4 6 96 225-226 1600 6.50  7.42 415
c)
2c E C,H,-Br(p) °* 45 trace™ 559,229 1624 6.50 7.44 463,465
= 6 4
6 54 34
2d E 4-biphenyl 4 24 47 256-258 1603 6.51  7.42 461
2e E 2-naphthyl 6 42 55 219-220 1592 6.53  7.46 438
2f H Ph 4 6 69 274-275 1600 6.52  7.42 327
a) At 4-position. b) Measured in CDC13. c) lc was recovered almost quanti-
tatively.

Reaction pathway

Scheme 1.

ylene group of alkyl cyclic chain in la is oxidized to carbonyl one and the remain-
ing ethylene moiety is dehydrogenated. The structure of 2a was deduced to 1,2-
bis (methoxycarbonyl)-3-phenyl-4H-benzo[hi]lpyrrolo[2,1,5-cd]lindolizin-4-one from the
spectral data, especially lH NMR spectral data.6) The 3-(p-methoxyphenyl) (2b),
3= (p-bromophenyl) (2¢), 3-(4-biphenyl) (2d), and 3-(2-naphthyl) derivatives (2e)
were also obtained by the similar oxidation of the corresponding 5,6-dihydro-4H-
benzo [hi]pyrrolo[2,1,5-cd]indolizines (lb-le). Furthermore, 5,6-dihydro-l-meth-
oxycarbonyl-3-phenyl-4H-benzo[hi]pyrrolo[2,1,5-cd]lindolizine (1lf) was oxidized to
l-methoxycarbonyl-3-phenyl-4H-benzo[hi]pyrrolo[2,1,5-cd]indolizin-4-one (2f).
These results are summarized in Table 1.

To explain this regioselective oxidation of 1, we suggested the following)re—

action péthway; i) the formation of CT-complex between DDQ and phenyl ring, ii)

the hydride abstraction with DDQ from the allylic methylene at 4-position situated



Chemistry Letters, 1985 875

in a close vicinity to DDQ, iii) the formation of secondary alcohol followed by
the oxidation to ketone, iv) the final dehydrogenation to a,B-unsaturated ketone
(Scheme 1). It is reasonable that the rate-determining step is the earlier stage
in this pathway, e.g., i) or ii). This is supported by the absence of other in-
termediary products in the oxidation and the results of the reactions of 3-p-sub-
stituted phenyl derivatives (Table 1). The reactions of 3-(p-methoxyphenyl) (1lb)
and 3-(4-biphenyl) derivatives (ld) were carried smoothly and, on the other hand,
3- (p-bromophenyl) one (lc) reacted with DDQ only in the severer conditions.

Now, the physical properties of 2 were also investigated. In the IR spectra

of 2 the carbonyl absorption bands at 4-position were observed at somewhat lower

wave number regions (1592-1624 cm_l) in comparison with those of phenalenonesl) and
3H—benz[cd]azulen—3—ones.2) Therefore, it is suggested that the carbonyl group in
2 is equally to or more highly polarized than those of the latter two systems.

1 13

However, the features of the "H and C NMR spectra as well as electronic spec-
tra of 2 were considerably different from those of phenalenones and their analogs.
First, the electronic spectra of 2a in chloroform, methanol, and methanol-sulfuric
acid (ea. 100:1) are found to be no apparent solvent effect:s) Amax(CHClB): nm
(log €) 245(4.43), 277(4.26), 283Sh(4.25), 2995h(4.30), 311(4.40), 324(4.43), 370°
(3.95), 392(4.09), 424Sh(4.20), 441(4.22), 505(4.01), 54OSh(3.82).

In the lH NMR spectrum of 2a in trifluoroacetic acid the chemical shifts moved
downfield only to an extent of 0.3-0.6 ppm compared with those in deuteriochloro-

form. The downfield shifts of the protons at 5 and 6-positions in 2a [Ad= §

h

(CF3COOH)—6(CDC13): 0.48 and 0.59 ppm, respectively] seem to be fairly small in

consideration of the solvent dependency of the chemical shifts of those at 2 and 3-
positions in phenalenone (A§: above 1.1 ppm)g) or at 4 and 5-positions in 3H-benz-
[cd]azulen-3-one system (A8: ca. 0.8 ppm).z)
field shifts in 2a could be ascribed to the effect of the paramagnetic ring current

arising from the peripheral 121 electron system. Such extensive delocalization of

As an explanation, the less down-

positive charge has been speculated in the protonation of A or B, but is not always

supported by the spectral data.z’g)

Me E
2a
In the 13C NMR spectralo) of 2a the carbonyl carbon signals at 4-position were
observed at 180.7 and 177.5 ppm in deuteriochloroform and trifluoroacetic acid,
respectively, and less sensitive to kind of solvent.ll)
These findings indicate the interesting electronic feature of 4H-benzo[hi]-
pyrrolo[2,1,5-cd]indolizin-4-one (C), a highly polarized structure in ground state,
little change of m-electron system by protonation, and a contribution of the peri-
pheral 127 conjugated system in acidic media, which are different from those of
phenalenone (A) and 3E-benz([cd]azulen-3-one (B).

Further investigations on these points are now under progress.
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