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Abstract—Irradiation of an acetonitrile solution containing 1-dicyanomethylene-2-isopropyl-1,2,3,4-tetrahydronaphthalene and

allyltrimethylsilane in the presence

of phenanthrene afforded

r-1-allyl-1-dicyanomethyl-z-2-isopropyl-1,2,3,4-tetra-

hydronaphthalene in a highly diastereoselective manner. © 2001 Elsevier Science Ltd. All rights reserved.

Photoinduced electron transfer reaction of Group 14
organometallic compounds has been extensively studied
as a useful method for the introduction of carbon-func-
tional groups to unsaturated organic molecules in the last
two decades.' The photoallylation, benzylation, alkyla-
tion and silylation of a variety of electron-deficient
compounds such as cyanoaromatic compounds, iminium
salts and carbonyl compounds by use of Group 14
organometallic compounds have been developed.?® In
these photoreactions, the radical anions or free radicals
generated from the electron-deficient molecules and the
carbon radicals such as allylic radicals generated from the
radical cations of allylic silanes have been postulated as
reactive intermediates. Although the synthetic and mech-
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anistic aspects of these photoinduced carbon-functional-
ization reactions have been well investigated, the
stereochemical control of photoinduced electron transfer
reactions must be considered to be difficult.® We now
report the highly stereoselective carbon functionalization
of 2-substituted 1-dicyanomethylene-1,2,3,4-tetrahydro-
naphthalenes (la-d) to give allylated and benzylated
products having a quaternary carbon atom’ via photoin-
duced electron transfer.

Irradiation of an acetonitrile solution containing 1-
dicyanomethylene-2-methyl-1,2,3,4-tetrahydronaphthal-
ene (1a, 0.68 mmol) and an excess of allyltrimethylsilane
(2, 1.75 mmol) in the presence of phenanthrene (Phen,
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Table 1. Diastereoselective photoreaction of 1 by use of organosilicon compounds

Entry 1 R Organosilicon compound Yield(%)* Products (ratio®)
1 la Me 2 87 3a, 4a (75:25)
2 1a Me 5 77 6a, 7a (70:30)
3 1b Et 2 85 3b, 4b (75:25)
4 1lc PhCH, 2 88 3c, 4c (78:22)
5 1c PhCH, 5 75 6¢, 7c (70:30)
6 1d Pr 2 64° 3d, 4d (97:3)¢
7 1d Pr 5 68° 6d, 7d (97:3)¢

2 Total yields of major and minor products.
® Isolated yields of major products.

¢ Product ratios determined by 'H NMR.

4 Product ratios determined by GC.
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0.14 mmol) as a sensitizer with a 300 W high-pressure
mercury lamp through a Pyrex filter (>280 nm light)
afforded two kinds of allylated products, r-1-allyl-1-
dicyanomethyl-¢-2-methyl-1,2,3,4-tetrahydronaphthal-
ene 3a and its cis-isomer 4a in a 3:1 ratio in an 87% yield.®
Similar irradiation of 2-ethyl and 2-benzyl derivatives 1b
and 1c under the same reaction conditions gave the
corresponding allylated products 3b—c and 4b—c in almost
the same ratios in high yields (Scheme 1 and Table 1).
Structures of these products were determined by their
spectral data and the X-ray analyses of 3¢ and 4¢.*!°
Similar photoreactions of 1la and 1c with ben-
zyltrimethylsilane (5) in the presence of Phen afforded
two isomeric benzylated products 6a, 6¢ and 7a, 7c¢ in
almost the same ratios (Scheme 2 and Table 1).!! These
products were isolated by column chromatography on
silica gel and preparative HPLC. In these photoreactions,
Phen was recovered in high yields (>90%).

In the photoreactions of la—c, the trans-isomers 3a—c
were selectively obtained, and the product ratios were
not affected by the substituents at 2-position and C-
functional groups. On the other hand, the photoreac-
tion of 2-isopropyl derivative 1d with 2 in the presence
of Phen afforded the corresponding trans-isomer 3d in
a highly diastereoselective manner (3d:4d=97:3)
(Scheme 1 and Table 1). The highly stereoselective
benzylation of 1d using 5 also took place under the
same reaction conditions (Scheme 2 and Table 1). We
also confirmed the stereochemistry of 6d by use of the
X-ray analysis (Fig. 1).

These photoreactions did not proceed or scarcely
occurred in less polar solvents such as benzene and

6a, 6¢, 6d 7a, 7c, 7d

dichloromethane. In acetonitrile-benzene mixed sol-
vents, the relative quantum yields for the formation of
3 and 4 decreased with decreasing solvent polarity, but
the product ratios were the same. The fluorescence of
Phen in acetonitrile was efficiently quenched by la-d
and not quenched by 2 and 5. The free energy change

Figure 1. ORTEP drawing of 6d: crystal data; C,;H,,N,,
triclinic, space group P-1 (#2), Doy =1.154 g cm™, z=2,
R=0.059, a=9.970(1), b=10.489(1), ¢=9.437(1) A, «=
105.899(2), £=92.125(3), y=94.140(4)°, V'=945.1(2) A3.
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(AG) for a one-electron transfer process from the
excited singlet state of Phen ('Phen*) to 1a was esti-
mated to be negative (Phen:E,,=1.12 V, la: E,4=-
1.51 V).12

From these results, we propose the Phen-sensitized
electron transfer mechanism (redox photosensitization)
as shown in Scheme 3.! The first step is a one-electron
transfer from the excited singlet state of Phen (‘Phen*)
to 1 to generate the radical cation of Phen (Phen™*) and
the radical anion of 1 (17°). The secondary electron
transfer from 2 to Phen** affords the radical cation of 2
(2*°), which produces the allylic radical by the nucleo-
phile-assisted cleavage of C-Si bond.!'®3**¢ Diastereose-
lective allylation can be explained by the bulkiness of
the substituents at 2-position of 1. The allylic radical
attacks the benzylic position of 17° from the less hin-
dered site as shown in Scheme 3.!* Finally the protona-
tion gives 3 and 4. This mechanism is supported by the
fact that the addition of a small amount of D,O affords
the corresponding monodeuterated 3 and 4.

In conclusion, the stereoselective photoallylation and
benzylation of 2-substituted 1-dicyanomethylene-
1,2,3,4-tetrahydronaphthalenes (la-d) by use of
allyltrimethylsilane (2) and benzyltrimethylsilane (5) in
the presence of Phen via photoinduced electron transfer
occurs to produce the quaternary carbon stereocenters.
The highly diastereoselective carbon-functionalization
is achieved in the case of 1d.
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(M™). 4¢: mp 148-149°C; IR (KBr): v 2253, 1639 cm™;
'H NMR (300 MHz, CDCly): & 1.63-1.75 (m, 2H),
2.35-2.43 (m, 1H), 2.55-2.63 (m, 1H), 2.72-2.96 (m, 3H),
3.18-3.27 (m, 2H), 4.11 (s, 1H), 5.32-549 (m, 2H),
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13C NMR (75 MHz, CDCly): 6 21.0, 26.1, 34.5, 34.8,
39.3, 40.8, 46.2, 111.7, 112.1, 120.8, 126.2, 126.4, 126.6,
128.0, 128.5, 128.8, 130.0, 131.6, 135.4, 136.4, 139.2;
GC-MS (EI): m/z=326 (M*). 6d: mp 151-152°C; IR
(KBr): v 2251 cm™'; '"H NMR (300 MHz, CDCl;): 6 0.98
(d, 6H, J=6.6 Hz), 1.56-1.84 (m, 2H), 1.98-2.08 (m, 1H),
2.25-2.32 (m, 1H), 2.51-2.59 (m, 1H), 2.85-2.92 (m, 1H),
3.17 (d, 1H, J=13.7 Hz), 3.62 (d, 1H, J=14.3 Hz), 4.26
(s, 1H), 6.63 (d, 2H, J=7.2 Hz), 7.08-7.21 (m, 4H),
7.26-7.31 (m, 2H), 7.54 (s 1H); C NMR (75 MHz,
CDCly): ¢ 18.0, 18.6, 23.7, 26.7, 29.4, 31.6, 44.3, 44.6,
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14.

48.5, 112.5, 112.9, 126.3, 126.7, 127.0, 127.8, 128.0, 129.8,
129.9, 134.9, 135.2, 138.6; GC-MS (EI) m/z=278 (M™).
The X-ray crystallographic data for 3¢ and 4c¢ will be
published elsewhere.

The photoreaction of la with tetrabutylstannane in the
presence of phenanthrene in acetonitrile gave the corre-
sponding butylated products in a 3:1 ratio.
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The addition of protic solvents such as methanol or acetic
acid did not affect the product ratio of 3 to 4 and the rate
for the formation of 3 and 4. Therefore, the protonation
on 17° does not affect the selectivity and the formation of
allylated products.



