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Recently we have reported in situ generation of electrophilic
selenium (PhSe*) species via diphenyl diselenide radical cation
(PhSeSePh)** formed by single electron transfer (SET) from
PhSeSePh (1) to the excited singlet of 1,4-dicyanonaphthalene
(DCN, 2).! We report herein electron transfer (ET) from
compounds possessing a carbon-selenium bond to 'DCN* leading
to heterolytic C-Se bond dissociation via a radical cation inter-
mediate with concurrent demonstration of a new, very mild,
synthetically promising way of effecting deselenenylation reactions.

Organoselenium compounds 5-8 (Scheme I) efficiently quench
the fluorescence of 2 with a diffusion-controlled? rate constant,
(Kq,)- Emission and absorption spectroscopic properties of
mixtures of 5-8 and 2 fail to reveal ground or excited state complex
formation in polar and nonpolar solvents. A SET mechanism for
the fluorescence quenching of 2 by 58 is supported by the end-
oergic value for the free energy change (AGgr) estimated by the
Weller equation® and the correlation plot of log K vs (E}(0x))*
of 5-8, which showed a linear relationship® (Table I). This
suggested the possibility of performing photosensitized SET in-
itiated reaction from compounds 5-8. To test this concept, we
irradiated® (>280 nm) a mixture of 5~8 (3 mM) with 2 (0.3 mM)
in methanol, for which the details are given in Table I. Bibenzyl
formation from compound 6 seems to occur by deselenenylation
of PhCH,Se* (PhCH,Se* — PhCH," + Se), which is evident from
the observation of only a trace amount of bibenzy! (3-6%) com-
pared to other products.’

The above results can be rationalized with reference to Scheme
I, which considers the intermediacy of an exciplex with partial
charge-transfer character. A double reciprocal plot of quantum
yield (@gisp) Vs 5-8 concentration (¢! vs [Q]™) resulted a straight
line with an identical K .7 (intercept/slope) as obtained from
fluorescence measurements (Table I), which supports the above
argument. Electron transfer between 5~8 and 2 results in gen-
eration of the solvent-separated ion pair (SSIP). The corre-
sponding radical cation undergoes C-Se bond cleavage (S8
kcal/mol),% the carbonium ion escaping and the radical reacting
in the cage. In the polar media R,* is more stabilized than the
radical R,Se* so that the former diffuses and the latter reacts with
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DCN-*~ preferentially to the reverse ET processes. This is sup-
ported by trapping of cation by nucleophile and quantitative
recovery of DCN. Similar cleavage reactions are known in the
case of alkylbenzene and bibenzyl radical cations.® Product
analysis (Table I) indicates that a carbocation was always retained
on the alkyl group from compounds 5-8. Free carbocation for-
mation in these reactions is supported by observation of carbo-
cationic rearranged product from the irradiation'® of neopentyl
phenyl selenide, but the ratio of rearranged ether (60%) to normal
ether (40%) was different from that in the normal neopentyl
carbocation rearrangement, which gives mainly rearranged
product.'’ This indicates that a carbocation in a solvent cage
is readily trapped by a nucleophile before rearrangement can occur,
which is evident from our observation that no rearranged car-
bocationic products were detected from 7 and 8. Alternatively,
the reaction of nucleophile with radical cation prior to cleavage
could be ruled out since the latter is a “forbidden” process as the
bond formation between the two reactants requires high activation
energy.12'3

Since deselenenylation is an important step after synthetic
manipulations using organoselenium reagents, a milder and ef-
fective approach for this purpose is always desirable. However,
existing methodologies for deselenenylation by oxidative!4 or re-
ductive'? processes suffer from various disadvantages. Our present
observation of facile C-Se bond cleavage encouraged us to extend
this reaction as a novel procedure for deselenenylation reactions.
irradiation of a mixture of 11-15 (4 mM) and 2 (0.4 mM) in
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Table I. Physical Constants Evaluated for Photoinduced Single Electron Transfer from Organoselenium Compounds (5-8)

product®® compositn

K [
(%100 M- s

K.J
(x109 M1 S E,(ox)f (ev)  AGe!

substrate in MeOH (%) Ddisaap’ Brim®

5 PhSeSePh! 0.012 0.05 1.92 % 0.005 1.59 1.35 -18.90

6 PhCH,OMe (73)
PhCH,CH,Ph (5) 0.021 0.12 0.54 % 0.005 0.54 1.60 -13.08

Se metal

7 n-C4,HsOMe (76.4) 0.015 0.14 0.47 % 0.004 0.59 1.65 -11.99
(n-C.H,Se)z (232)

8 n-CgH;OMe (61.4) 0.020 0.17 0.44 % 0.004 0.26 1.62 -12.66

PhSeSePh (38.3)

4 Characterized by identical GC (column: QV-17, 10%) retention time compared with authentic sample and GC mass (column: methyl silicone
capillary). 2 The products mentioned are the primary photoproducts, confirmed by irradiating for shorter periods, and the numbers in parentheses are
relative GC vyields, <Light intensity was evaluated by uranyl oxalate actinometry. At infinite donor concentration measured from a plot of ¢! vs
[Q]™. ¢From fluorescence quenching Stern-Volmer plot. /From reciprocal plot of ¢! vs [Q}™!. £Referred to saturated calomel electrode (SCE),
using tetraethylammonium perchlorate ass supporting electrolyte, in dry acetonitrile (CH;CN). * AGgr is expressed in keal/mol; reductive half-wave
potential for DCN (E,/y(red) = -1.28 eV) and E,, = 3.45 eV values were used and taken as such from Mattes and Farid: Mattes, S. L; Farid, S.
Organic Photochemistry; Padwa, A., Ed.; Marcel Decker Inc.: New York, 1983; Vol. 6, p 233. The cationic part of the cleavage reaction product

(C,H;OMe) could not be isolated, possibly due to low boiling point.

Table II. Deselenenylation of Organoselenium Substrates

Products ® Yield®

Entry Substrates A

0

I
X

Hs T
0]
4 SePh OMe 70
14 18
SePh OMe
5 g 60°
”I//oMe //,”o Me
1% 20

@Characterized by '"H NMR and mass spectrometry. 2Isolated
yields, but not optimized. ¢Stereochemistry not confirmed.

methanol resulted in a high yield of deselenenylated product
(16-20) with no side products (Table II).

At this point we reasoned, due to our previous observation! and
present success, that direct irradiation of a mixture of alken-1-ol
(21 and 22) and PhSeSePh!® in the presence of 2 might lead to
a one-pot sequential selenenylation and deselenenylation reaction.
To this end, we irradiated a mixture of 21 (10 mM), 1 (5 mM),
and 2 (I mM) in methanol for 30 h, which gave 17 in 70% yield
as the major product!™!8 (Scheme I1). A control experiment of
21 and 22 without 1 does not show any observable product, which
is also supported from the insignificant fluorescence quenching
of IDCN*. These results are coherent with the literature reports!®
that only electron-rich olefins undergo electron-transfer processes

(16) PhSeSePh does not absorb any light under the present experimental
conditions.

(17) 12 as the primary photoproduct was confirmed from the partial
photolysis of 21 for 8 h: 'H NMR (CDCl,, 300 MHz) 7.45 (m, 2 H), 7.20
(m, 3 H),3.94 (m, | H) 3.42(m, 2 H), 3.0l (dd, | H,/ = 7.2 and 12.2 Hz),
290 (dd, | H,J =7.2and 12.4 Hz), and 1.2-1.82 (m, 6 H); m/e* 256, 172,
157, 85. This substantiates the sequential nature of the reaction.

(18) GC analysis of the crude reaction mixture also showed one small peak
(<10-12%) which could be the methano! addition product of episelenonium
cation.

(19) (a) Matty, J. Angew. Chem., Int. Ed. Engl. 1987, 26, 825. (b)
Footnote A given in Table L.

with cyanoarenes. The most significant achievement of this finding
has been the quantitative recovery of both PhSeSePh (97%) and
DCN (98%) after the reaction, Further mechanistic and synthetic
aspects of this reaction are in progress.
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Conjugated organic molecules and polymers comprise an ex-
tensive and fundamentally important class of molecules for which
there is not a comparably developed and well-defined counterpart
in transition-metal chemistry.! The dearth of such metal-con-
taining analogues is surprising in view of the fact that their logical
building blocks, namely, complexes that contain multiple met-
al-ligand? or metal-metal® bonds, are known in abundance and
are well-characterized structurally and electronically. Our interest
in conjugated metal complexes was motivated by the belief that
the incorporation of multiply bonded transition-metal centers into
the backbone of an unsaturated organic chain should, given the
widely tunable optical properties of metal complexes and the
relative ease with which they support open-shell electronic con-
figurations, significantly enhance the diverse physical properties
possessed by conjugated organic molecules; dyes,* conducting
polymers,’¢ and carbon-based nonlinear optical materials®’ are
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