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Irradiation of an acetonitrile solution containing 2,3-di-
cyano-5,6-diphenylpyrazine with allylic silanes, benzylsilane,
and ketene silyl acetal gave the mono-substituted products in
excellent yields. This reaction is useful for the functionalization
of pyrazine ring.

Recently, much attention has been focused on the
photochemical carbon-carbon bond forming reactions by use of
group 14 organometalhc compounds via photoinduced electron
transfer.]| We and others have reported the regioselective
alkylation, allylation, arylmethylation, and silylation of poly-
cyanobenzenes, cyano-substituted alkenes, iminium salts, and
carbonyl compounds.2‘7 However, little is known about the
reactivity of heteroaromatic compounds.3 We now report the
regioselective  photoallylation and benzylation of 2,3-
dicyanopyrazines by use of allylic and benzylic silanes and its
related photosubstitution reactions.

Irradiation of an acetonitrile solution containing 2,3-
dicyano-5,6-diphenylpyrazine (la 20 mmol/dm3) and allyl-
trimethylsilane (2a, 100 mmol/dm3) through Pyrex filter (> 280
nm light) under an argon atmosphere gave 2-allyl-3-cyano-5,6-
diphenylpyrazine (32)? in a quantitative yield. Prolonged
irradiation did not give doubly allylated product such as 23-
diallyl-5,6-diphenylpyrazine. Similar irradiation of 1a with 2-
methyl-2-propenyltrimethylsilane (2b) and benzyltrimethylsilane
(4) afforded the corresponding substitution products, 3b and Sa
in quantitative yields. In the case of 3-methyl-2-butenyl-
trimethylsilane (2¢), two isomeric substitution products, 3¢ and
3c' were produced in a 1:1 ratio. The allyltriethylgermane (2d)
and allyltributylstannane (2 ) can be used as allylation reagents of
1a, accompanying a small amount of 2-cyano-5,6-diphenyl-
pyrazine (6). The photoreaction of ketene silyl acetal (7) and
cyclopropanone silyl acetal (9) with 1a in the presence of
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phenanthrene (Phen) also gave the corresponding mono-sub-
stituted compounds, 8 and 10 in high yields. The results are

Table 1. Photoreaction of 2,3-dicyanopyrazine derivatives
with organosilicon compounds

Total
Bntry A® D Additive® 11ow/h  Product(s) yooay / %°

1 1la 2a - 70 3a > 98
2 la 2a Phen 25 3a >98
3 l1la 2a 2-AN 30 3a > 98
4 1a 2a BP 40 3a >98
5 1a 2b - 100 3b >98
6 1a 2¢ - 70 3¢, 3¢’ > 98
7 la 4 - 70 Sa >98
8 1a 4 Phen 25 Sa > 98
9 1la 2d - 45 3a, 64 94
10 1la 2e - 8 3a, 6° 85
11 1a 7  Phen 8 8,6 >98
12 1a 9 Phen 16 10 85
13 1b 2a Phen 25 118 >98
14 1b 4 Phen 25 5b >98

# Reduction potentials in acetonitrile: 1a;-1.52 V, 1b; -1.70 V
(vs Ag/Agh). bPhen phenanthrene (10 mmol/dm ), 2-AN; 2-
acetylnaphthalene (20 mmol/dm®), BP; benzophenone (20
mmol/dm®). ¢ Isolated yields. “3a:6=98:2. ®3a:6=
>99:<1. '8:6=98:2.% 2-Allyl-3-cyano-5,6-dimethyl-
pyrazine.

summarized in Table 1.

The photoreaction of 1a with 2a occurred inefficiently in
less polar solvents such as dichloromethane and benzene. The
photoreaction of 1a with 2a was efficiently sensitized by triplet
sensitizers such as acetophenone (ET = 310 kJ/mol), benzo-
phenone (ET 287 kJ/mol), and 2-acetylnaphthalene (ET = 249
kJ/mol).10  The UV spectrum of a mixture of 1a and 2a in
acetonitrile did not show any charge transfer (CT) absorption
band, and the fluorescence of 1a was not observed. These results
suggested that this photoreaction proceeds via single-electron
transfer (SET) from 2a to the excited triplet state of 1a. 10

The photoreaction of 1a with 2a in acetonitrile was also
sensitized by Phen. In the presence of Phen, 2,3-dicyano-5,6-
dimethylpyrazine (1b) was efficiently allylated and benzylated
by 2a and 4. The fluorescence of Phen in acetonitrile was
efficiently quenched by 1a-b.

From these results, we propose the photoinduced
electron transfer mechanism for the photosubstitution of 1a-b as
shown in Scheme 1. The primary step is SET from the group 14
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organometallic compounds such as allylic silanes (D) to the
excited triplet state of 1 (3A*) to give the radical cation of D
(D**) and the radical anion of 1 (A-*) via the radical ion
pair.1 112 37 s generated by the efficient intersystem crossing
of the excited singlet state of 1 (LA *) or the energy transfer from
the excited triplet state of sensitizer (3S *) to 1. The cleavage of
C-M (M; Si, Ge, Sn) or O-Si bond of D**, which is assisted by
nucleophiles such as acetonitrile, produces the radical species
(R®). The ipso attack of R® to A-*® followed by decyanation
gives the substitution products.

On the other hand, Phen-sensitized photosubstitution
probably occurs via singlet mechanism (Scheme 2). The first
step is SET from the excited singlet state of Phen (1Phen*)to A
to produce Phent* and A-*. The secondary electron transfer
from D to Phen*® generates D**, which produces R*® in a
similar manner. In fact, the calculated AG values of the free
energy changes for SET from 1Phen* to A were negative (-109
kJ/mol for 1a and -93 kJ/mol for 1b).11
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Scheme 2.
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