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Irradiations of acetonitrile-alcohol (3 : 1) solutions of
arylmethyl silanes, germane, or stannanes in the presence of
Cu(BF4)2 gave alkyl arylmethyl ethers in good yields via
arylmethyl cations. The efficiency of this photoreaction

increased in the order of Si- < Ge- < Sn-compounds.

Recently, it has been demonstrated that a photoinduced one-electron transfer
from allylic and benzylic silanes to organic electron acceptors produces allylic
and benzylic radicals via their radical cations and the reactive species generated
1-3)

from this route have a wide applicability in organic synthesis. We now

report that the photoreaction of group 14 organometallic compounds in the presence

of Cu(II) salt generates organic cations via two-electron transfer.4-5)
Irradiation of a solution of benzyltrimethylsilane (1, 0.5 mmol) and 2 equiv.

of copper(II) tetrafluoroborate (Cu(BF4)2, 1.0 mmol) in a:étonitrile—methanol

(3 : 1) with a 300 W high-pressure mercury lamp through a quartz filter for 10 h

gave benzyl methyl ether (2a) in 70% yield, accompanying formation of

CuBF4(CH3CN)4.6) Similar irradiations of i in the presence of various kinds of
hv
@/\ SiMes + ROH > @/\ OR (1)
Cu(BF4)9 / CH3CN
1 Za—g

a; R=Me, b; R=Et, ¢; R=1i-Pr, d; R =t-Bu

alcohols afforded the corresponding alkyl benzyl ethers (%P'g) (Table 1).

The controlled experiménts showed that (1) in the absence of Cu(BF4)2, no
reaction occurred with a quantitative recovery of l, (2) the yield of %9 decreased
but the yield of 1,2-diphenylethane increased, with decreasing the added amount of
Cu(BF4)2(Table 2), (3) no reaction occurred in the dark, and (4) no reaction also
occurred for l when the photoreaction was carried out by employing Pyrex ( >280 nm)
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and uranyl ( >320 nm) filters, although UV spectrum of a mixture of i and Cu(BF4)2

in CH3CN—MeOH (3 : 1) showed a weak CT band in 290 - 350 nm region. It was,
however, found that the photoreaction occurs with > 280 nm light for compounds
5, 7, 9, and %9 which -absorb light in this region. The products were isolated

by distillation under reduced pressure or column chromatography on silica gel.
The structures of the products were assigned from their analytical and spectral

(1H NMR, mass) properties.

Table 1. Photoreaction of Group 14 Organometallic Compounds in the Presence of

Cu(BF4)2
Compd Eg§2/va) Alcohol Irradiation Product(s) (Yield/%)b)
A/nm Time/h
1 1.22 MeOH > 200 10 2a (70)
1 EtOH > 200 10 2b (48)
1 i-ProH > 200 10 2c (46)
1 t-BuOH > 200 10 24 (98)
3 1.15 MeOH > 200 4 2a (67)
4 0.85 MeOH > 200 1.5 2a (94)
SiMeg OMe
0.96 MeOH > 280 43 @@
5 § (88)
SiMe3 OMe
0.96 MeOH > 280 30
KA 8 (85)
SnB
"R 0,60 MeOH > 286 3 8 (78)
3
SiMes & OMe
@@@ 0.94 MeOH > 280 40 OO
10 11 (91)
OMe
@Z\S‘MGS 0.91 MeOH > 200 15 @N\OMQ +
L2 13 (55) 14 (25)

a) Oxidation Potentials vs. Ag/Ag+ in CH3CN.
b) Yields based on Si-,

Ge-, Sn-compounds used.
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Table 2. Effect of the Concentration of Cu(BF ) on the Photoreaction of i
in MeOH-CH,CN a)

Molar ratio Total yield of Product ratio
l : Cu(BF4)2 products/% %? : 1,2-Diphenylethane
1 : 0.25 17 13 : 87
1 : 0.5 24 25 : 75
1 : 1 65 74 : 26
1 : 2 70 100 : 0

a) The reaction conditions were the same as those described in the text
except the added amount of Cu(BF4)2. Irradiation time: 10 h.

7)

were also reactive

Benzyltriethylgermane (3) and benzyltributylstannane (4)

for this photoreaction and they were converted into %9 in good yields (Eq. 2).
The efficiency of the photoreaction increased with decreasing oxidation potentials
of organometallic compounds: i.e., the reactivity increased in the order of

Si- < Ge- < Sn-compounds (Table 1).

h v
@AMR:; + MeOH >@\0Me =

Cu(BF4)9 / CH3CN
__3,; MR3 = GeEtjy ‘2::1
i; MR3 = SnBug

When 1- and 2-naphthylmethyl and 9-phenanthrylmethyl trimethylsilanes were
irradiated through Pyrex in CH3CN-MeOH (3 : 1), the corresponding arylmethyl
methyl ethers were obtained in high yields. Similar irradiation of (E)-3-phenyl-
2-propenyltrimethylsilane ({g) gave 13 and l} in a 2 : 1 ratio (Table 1).

h v %« Cudll)
ArCHoMR3 —— l1ArCH9MR3*——— ArCHyMR3**
-Cu(I)
ArCHyMRg* ‘_R_Cl‘i_. ArCHy* + R'OMRj
-H*
_CulD s cpyt —ROH, 4iop,oR'
-Cu(I) -H*
ArCHy* —
[ couPing _ ArCH,yCHyAr

Ar = Aryl, MRj3 = SiMe3, GeEt3, SnBuj

Scheme 1,
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The above photoreactions can be explained in terms of the mechanism involving
electron transfer as shown in Scheme 1. The photoreaction is initiated by an
exothermic one-electron transfer from the excited singlet organometallic compound
(lArCHzMR3*) to Cu(II) ion to give the radical cation ArCHZMR3+' and Cu(I) ion.
The radical cation dissociates to the arylmethyl radical ArCH2° and the organo-
metallic cation R3M+. When the concentration of Cu(II) is high, ArCH," is
oxidized further by the Cu(II) to the cation ArCH2+ which is converted to the

9) At low concentration of Cu(II),

ether compound by the reaction with alcohol.
1l,2-diarylethanes are predominantly formed by coupling of the radicals.
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