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Abstract: (2-Methyl)indolizine upon photoexcitation is trapped by stilbenes
with fluorescence quenching and gives regio- and stereoselectively
only the 1l:l-adducts 3 (6) and the 1l:2-adduct & in good vyields.
The surprising results are rationalized in terms of the well-docu-
mented diradical mechanism and quantum chemical data.

Although indolizines are strongly worked upon because of their widespread
biological actionsl and although the photophysical data of indolizine (1)
(Uv: 0/0-transition at 383 nm; fluorescence yield 0.84, fluorescence lifetime
42 nsec, no phosphorescence at 77 K)2 appear particularly favourable for
photo(cyclo)additions, nothing i1s reported about such reactions with indolizi-
nes. We report here on the first examples of photochemical [2+2]-cycloadditions
of indolizine (1) and 2-methylindolizine which stand out for their wunusual
regio- and stereoselectivities.

4 in the

If indolizine (l)3 is irradiated nearly selectively in benzene
presence of excess trans-stilbene (2), only the adducts 3 and 4 are isolated

in the ratio of 4.8:1. None of the possible adducts of further [2+2]-, or
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of [4+2]—5, or of [8+2]-6, or of substituting7, or of rearranging additions
could be detected. There is quenching of the fluorescence with a Stern-Volmer
slope of 2.2 [l/mol] in benzene. This gives a quenching constant of 5.2.1077
[1/mol -sec] if the above value of the fluorescence lifetime in hexane is
assumed.

Upon photolysis in dilute solutions (313 nm, methancl) 3 decomposes to
give back 1 and 2 (thereof cis-stilbene and phenanthrene are formed, as has

been shown by the UV- and HPLC-analysis). Also in the mass spectra (70 eV,
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m/z = 297, 7% M*) the [2+2]-cycloreversion is prominent (180, 43%, stilbene®
and 117, 100%, indolizine®). As the crystals of 3 and 4 did not grow favourably
for X-ray crystal structure investigations the precise structures of these
compounds had to be determined by comparison with the product of hydrogenation
5 (Pt02, methanol) and with the 5,6—9, 5,8—dihydro-9, and 5,6,7,8-tetrahydro-
indolizinesg. COSY-2D-experiments with compound 3 (Bruker 250) prove the

10

assignment of the signals. The coupling constants have been optimized

via spectra simulations up to the coincidence of appearances by wusing the
extensive empirical material of Ref.ll.

The 2:1-adduct 4 is also obtained by photoaddition of 2 to electronically
excited 3 [in benzene, Amax (lgg€) = 292(4.05), 307(sh,3.89), onset of the
absorption at 330 nm]. However, the yield is not higher in this experiment
(as compared to the one with 1 as the starting material) and there arise
considerable amounts of 1 which photoequilibrate with 3 1in the presence of

2. The orientation of the phenyl groups in 4 again is derived from LH_NMR

spectra.lD

The regioselectivity and the stereospecificity in the formation of 3 are
surprising. The reasons for these observations are apparent in the well-estab-
lished electrostatic and steric effects which operate in diradical mechanisms
via singlets, both in the production and in the reactions of short-lived

diradicals.5’7’ll

In particular it 1is seen that electronically excited 1
is trapped at those centers (5 and 6) which bear the highest sum of charge
densities in the first excited singlet state (Sl) according to SCF-CI-calcula-
tions (1.23+1.08).12 Thus, the centers 7 and 8 (1.02+1.13)*2 are clearly
disfavoured, even though the steric effects appear almost identical. The stereo-
specificities are most easily rationalized in terms of geometrically least
hindered approaches of 2 towards 1* or 3%, resp., as well as in terms of
sterically and electrostatically favoured ring closures of the diradicals.13
The operation of these effects is very pronounced. Thus, despite of their
lower solubilities and longer wavelength absorptions (as compared to 2),
also 4,4'-dichlorostilbene (0.07 molar) and 4,4'-dimethoxystilbene (0.08

molar) are chemically productive quenchers for 1*, Here only the substituted
//////A\\ - =
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adducts 6 are isolated (6, R = H, Ar = 4-C1C6H4: 77% at 60% conversion; 6,
R = H, Ar = a—CHZOCSHA: 45% at 50% conversion).

As expected, also the more electron-rich 2-methylindolizine photoadds
2 regioselectively and stereospecifically to give a single adduct 6 (R =
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CHB’ Ar = Ph: 60%). On the contrary, 2-phenyl- and 1,3-diacetyl-indolizine
upon photoexcitation do not form adducts with 2 in detectable quantities.

The experimental results show that indolizines may be used for photocyclo-
additions, even though the guenching constant of 1* with 2 is far below the
diffusion 1limit. They are the basis for further practical uses, theoretical
investigations, and photophysical measurements.

Typical procedure:

A solution of 1.0 g (8.5 mmoles) of 1 and 15 g (83 mmoles) of 2 in 300 ml
of benzene 1is irradiated with a high-pressure mercury lamp (Hanau TQ 718,
S00 W) through a bandpass filter (Wertheimer UVW 55, A= 310 - 410 nm) under
argon at 20 - 25°C for 5 hours. Following the evaporation of the solvent

the largest part of excess 2 is separated out by crystallization from methanol
and the mother liquor separated by chromatography (200 g Si02-40, benzene/n-
hexane = 1/4). One obtains 1.20 g (48%) of 3 with m.p. 111°C (from toluene/n-
hexane = 1/5), 425 mg (10%) of 4 with m.p. 193°C (from diethyl ether), and
50 mg of recovered 1.
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