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Abstract: The photoinduced electron transfer reaction of 1,1-diphenyl-1,n-alkadienes in the presence of
phenanthrene and 1,4-dicyanobenzene as a sensitizer and an electron acceptor, respectively gave intramolecular
tandem cyclization products in highly stereocontrolled manner. © 1998 Elsevier Science Ltd. All rights reserved.
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Photoinduced lectron transfer reactions are now recognized as versatile methods for
generating radi cal cation species from electron-rich olefins and aromatic compounds. [1] We
are currently investigating the synthetic application of radical cations generated from 1,1-

dlphenylethylene based substrates by using the photosensitized electron transfer reaction. [2]
Herein we wish to disclose the highly stereoselective intramolecular tandem cyclization of
1,1-diphenyl-1,n-alkadienes by photoinduced electron transfer in the presence of phenanthrene
(Phen) and 1,4-dicyanobenzene (DCNB) as sensitizer and electron acceptor (Scheme 1).

As shown below, by utilizing the present photoinduced tandem cyclization, we could
construct 5/6/6-fused ring systems as well as 6/6/6-fused ones in one step with high
stereoselectivity at the newly formed stereoge
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Figure 1: Relative stereochemistry of 2a.
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Similar irradiation of 1,1-diphenyl-7-methyl-1,6-octadiene (1b) in t
DCNB and Phen gave stereoselectively 3a,9a-trans-9,9a-trans-4,4-dimethyl-2,
hexahydro-9-phenylbenz([flindene (2b) in 57% yield (Scheme 1).

The planer structures of 2a and 2b were determined by the analyses of 'H NMR, “C
NMR, H-H COSY, C-H COSY, IR, and mass spectra.[4] The stereochemistry of 2a rests on
NOE evidence and 'H-'H coupling constants as shown in Figure 1. The stereochemistry of 2b
was confirmed by X-ray crystallography.[5]

On irradiation of 1c¢ under similar conditions, 4a,9a-trans-9,9a-trans-2,9a-cis-

234 4a 9 Qa ’1() n(‘tnhydrn-') 10.10-trimeth ] Q. nhenvlanthra(‘ene (20\ was obtained in 71%

R yghigaiyuy wnaies AAAR) GRS QLA &%

yield as a sole product, while 1d gave tw tereonsomers 2d and 2d’ in 25% and 5% yields

and VA2 «xwrno Aatarmmin

............ 8 ol MPREP AN R RN S ~ .

1t:bpt:u1vcly The stereochemistry of 2¢, Zﬂ nd 2d’ was determined by the extensive analyses
¥Y RTR ra a1 ks b 1P P Loy cisvrnelae

of their 'H NMR spectra.[4] O 1e under the simil:

conditions underwent only .5-Sh

.

the other hand, the irradiation of
t of hydrogen to give the isomer 1€’

| nEh
hv (A > 334 nm) ’ 5
PP T DCNB/Phen T
—~ Ph CH,CN A
1¢ p/y
y Ph W eh
< b hv (A > 334 nm) T Y 3 7S
| I DCNB/Phen 1 R N
1 P 2dPh 2
~nPh P
[ !T:h hv (A > 334 nm) (
I DCNB / Phen |
N CH,CN N
le 1e'

Scheme 2

Scheme 3 shows a plausible mechanism for these reactions. Phen-sensitized irradiation of
1¢ in the presence of DCNB provides a reactive radical cation intermediate 1¢"*. [6] The

chair-like 6-membered transition state A to give a distonic radical cation C *(tramns). The

consecutive trap of the resulting cation with the aromatic ring followed by back electron
transfer from DCNB '~ and rearomatization lead to the final product 2¢.[7]
The minor intermediate C *(cis) that may be present in an equilibrium concentration

At ilivdia 1D )

may not cyclize owing to severe steric congestion in the transition state of the second cyclization.
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This inference was confirmed by a trapping experiment (Scheme 4). Thus the irradiation
of 1c in the presence of methanol as a nucleophile gave 2¢ (58%) as a major product together
with anti-Markovnikov methanol adducts 3¢ (8%) and monocyclization products 4c(trans)

(3%) and 4c(cis) (2%), indicating that the cyclization of C *(trans) is very rapid and
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D't (trans) formed through a stable transition state, leading to 2d as the major product
(Scheme 5).
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Further application and scope and limitation for these intramolecular cyclization reaction
are nOW in progress.
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