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ABSTRACT

o cat AIBN OSiMe3
)J\ + PhSeSiMez + Bu3SnH ——
R” "R Benzene R® R

When carbonyl compounds were allowed to react with phenyl trimethylsilyl selenide and tributylstannyl hydride in the presence of a catalytic
amount of AIBN as a radical initiator, the hydrosilylation of the carbonyl compounds efficiently proceeded to give the corresponding silyl
ethers in moderate to good yields.

The development of new methods for the generation of ated have been widely used in various transformations.

organosilyl radicals such as the trialkylsilyl radical;@R) When organoselenium compounds having the selenium
and the utilization of these radicals in organic synthesis is heteroatom bond are reacted with tributylstannyl hydride in
one of challenging problems in organic chemistiyp to the presence of a radical initiater, it is expected that the

now, some generation methods for the organosilyl radical organoselenium compounds would become excellent precur-
have been reported. However, the efficient utilization of these sors for the various heteroatom radical species. We then
silicon radicals in organic synthesis is very limited, because examined the preparation of the trialkylsilyl radical by the
the recombination to the disilane or the disproportionation reaction of a small excess of PhSeSgMath tributylstannyl

to the trialkylsilane of the silyl radicals by side reactions hydride under radical conditions, in the presence of carbonyl
eaSIIy occurred durlng these preparation metrobiew (6) (a) Bennett, S. W.; Eaborn, C.; Hudson, A.; Jackson, R. A.; Root,

efficient and convenient generation methods for the trialkyl- k. p. j. chem. Soc. A97Q 348. (b) Cooper, J.: Hudson, A.; Jackson, R.

silyl radical are desired. A. Mol. Phys 1972 23, 209. (c) Chatgilialoglu, C.; Rossini, Bull. Soc.
. . . . Chim. Fr.1988 298.

Clive has reported a _method for. the efﬂment_generatlon (7) (a) Stanislawski, D. A.: Buchanan, A. C., lll: West, R Am. Chem

of carbon centered radicals by using the reaction of orga- Soc.1978 100, 7791. (b) Cotton, J. D.; Cundy, C. S.; Harris, D. H.; Hudson,
i ; ; i i A.; Lappert, M. F.; Lednor, P. WJ. Chem. Soc., Chem. Commu974

nosel_qmde (RSePh) with tributylstannyl hydn_de under radical 651, (¢) Hudson. A.; Lappert, M. F.. Lednor, P. \W.Chem. Soc. Dalton
conditions® Since then carbon centered radicals thus gener- Trans.1976 2369. (d) McKinley, A. J.; Karatsu, T.; Wallraff, G. M.; Miller,
R. D.; Sooriyakumaran, R.; Michl, Drganometallicsl988 7, 2567. (e)

(1) For recent reviews of the silyl radical: (a) Jackson, RA&.. Free McKinley, A. J.; Karatsu, T.; Wallraff, G. M.; Thompson, D. P.; Miller, R.
Radical Chem1969 3, 231. (b) Jackson, R. ASpec. Publ. R. Chem. Soc.  D.; Michl, J.J. Am. Chem. S0d.991, 113 2003. (f) Kyushin, S.; Sakurai,
1970 295. (c) Sakurai, H. Irree Radical Kochi, J. K., Ed.; Wiley: New H.; Betsuyaku, T.; Matsumoto, HDrganometallics1997, 16, 5386.

York, 1973; Vol. Il. (d) Arthur, N. L.; Bell, T. N.Rev. Chem. Intermed (8) (a) Clive, D. L. J.; Chittattu, G.; Wong, G. K. Chem. Soc., Chem.
1978 1, 37. (e) Dohmaru, T. Reactions of Special RadichisChemical Commun 1978 41. (b) Nicolaou, K. C.; Gasic, G. P.; Barnette, W. E.
Kinetics of Small Organic Radicalélfassic, Z. B., Ed.; CRC Press: Boca  Angew. Chem., Int. Ed. Engl978 17, 293. (c) Corey, E. J.; Pearce, H.
Raton, 1988; Vol. IlIl. (f) Chatgilialoglu, CChem. Re. 1995 95, 1229. L.; Szekely, I.; Ishiguro, MTetrahedron Lett1978 1023.

(2) Substitution of silyl radicals by the introduction of bulky substituents (9) See for examples: (a) Krief, A.; Hevesi, L. @rganoselenium
such agert-butyP, mesityl# 3,5-ditert-butylphenyl® trimethylsilyl,¢ and Chemistry Springer-Verlag, Berlin, 1988; Vol. 1. (b) Paulmier, C. In
other group$has been attempted. Selenium Reagents and Intermediates in Organic SynthBsiglamon

(3) Jackson, R. A.; Weston, H. Organomet. Chenl984 277, 13. Press: Oxford, 1986. (c) Patai, S.; Rappoport,IiZ The Chemistry of

(4) Gynane, M. J. S.; Lappert, M. F.; Riley, P. |.; RiengeBaudet, M. Organic Selenium and Tellurium Compoundfgiley: New York, 1986;

J. Organomet. Chen198Q 202, 5. Vols. 1 and 2. (d) Krief, A. InComprehensie Organic SynthesisTrost,

(5) Sakurai, H.; Umino, H.; Sugiyama, H. Am. Chem S0d.98Q 102 B. M. Ed., Pergamon Press: Oxford, 1991; Vol. 3, including references
6837. therein.
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compounds as a trapping agent of the silyl radical, and found ||| N 8 RN

that the hydros_ilylation of carbonyl compounds_ efficiently Table 1. Hydrosilylation of Carbonyl Compounds Using
proceeded to give the corresponding trimethylsilyl ethers in ppsesiMg and BuSnH in the Presence of a Catalytic Amount

moderate to good yields (Scheme!@:}! of AIBN
| v CaronnGampound Ve
Scheme 1 «CHO
0o Y
R)J\R' + PhSe28|Me3+ BU33SnH X//
cat AIBN OSiMes 1 X=H 78
Benzene R” "R ob 70
3 =2-Me 65
4 = 3-Me 77
The reaction of benzaldehydd)(with small excess 5 —aMe 80
amounts of phenyl trimethylsilyl selenide (PhSeSiME) 6 o o5
(1.3 equiv) and tributylstannyl hydrid8)((1.3 equiv) in the
presence of a catalytic amount of AIBN at 8C for 18 h 7 = 4-NO, 12
afforded benzyl trimethylsilyl ether, the hydrosilylated g° =4l 74
product of 1, in 78% vyield (entry 1, Table 1 When cHO
azobisisovaleronitrile (AMVN) instead of AIBN was used o° 81
as a radical initiator, the hydrosilylation éfoccurred at a
lower reaction temperature (6C) (entry 2). To determine 10 AN -CHO 66
the scope and limitation of this hydrosilylation method, CHO
various carbonyl compounds were reacted with a small 1 O 51
excess oR and3 (1.3 equiv) in the presence of a catalytic
amount of AIBN at 8C°C; the results are shown in Table 1. ?
Methyl-substituted benzaldehydes gave the corresponding 12 ©)\ %6
silyl ethers in 65-80% vyields (entries 35). 4-Methoxy
benzaldehyde was also hydrosilylated by the PhSegiMe
BusSnH/AIBN system to afford 4-methoxy benzyl trimeth- 13¢ /W\g/ 7

ylsilyl ether in 85% yield (entry 6). For the nitro-substituted

benzaldehyde, the yield of the silyl ether was markedly  2Reaction conditions: carbonyl compound (1.3 mmol), PhSeS{U&
decreased as a resut of various side reactions (entry 7). Whefrol usit] (LT mied, Mo 0 mme). o fervene € ) o
4-chlorobenzaldehyde was reacted with PhSeSavid Bu- as a radical initiater at 66C. ¢ For 48 h.9 For 72 h.

SnH under the same conditions as for benzaldehyde, the yield
of the silyl ether was moderate (48%); however, the yield
of product was improved by extending the reaction time (48 PhSeSiMgBus;SnH/AIBN system, the hydrosilylation of the
h) (entry 8). Similarly, the hydrosilylation of the 2-naph- carbonyl group adjacent to the aromatic ring predominantly
thylaldehyde efficiently proceeded to afford the correspond- proceeded to givd in 52% yield with the formation ob

ing silyl ether in 81% vyield (entry 9). For the reaction of (16%) (Scheme 2%

octanal and cyclohexanecarboxaldehyde, trimethylsilyl ethers
were isolated in 66% and 51% vyields, respectively (entries
10 and 11). Aromatic and aliphatic ketones also formed the
corresponding trimethylsilyl ethers; however, these yields o

were lower than those of aldehydes (entries 12 and 13). Upon W @t AlBN
O

Scheme 2

the hydrosilylation of 1-phenyl-1,2-propanedione using the

+2+ 3 —
Benzene

(10) (a) Gilman, H.; Wittenberg, DJ. Org. Chem 1958 23, 501. (b) OSiMe;, o
Sakurai, H.; Hosomi, A.; Kumada, MBull. Chem. Soc. Jpr1967, 40, 1551.
(c) Chatgilialoglu, C.; Ingold, K. U.; Scaiano, J. &.Am. Chem. So&982

104, 5119. o) OSiMes
(11) For recent reviews of the radical-mediated reduction of carbonyl 4 5

compounds by using silicon reagents, see: ChatgilialoghGiem. Re. 0 0

1995 95, 1229. 52% 6%

(12) A benzene (5 mL) solution of the carbonyl compound (1.3 mmol),
PhSeSiMg!? (400 mg, 1.7 mmol), BsSnH (510 mg, 1.7 mmol), and AIBN
(22 mg, 0.13 mmol) was stirred at 8C for 18-72 h under a nitrogen . .
atmosphere. After the reaction was completeQDH10 mL) was added to Although we cannot explain the reaction pathway of the

the reaction mixture, which was extracted withh@t(10 mL x 3). The hydrosilylation of the carbonyl compounds using the Ph-

combined organic layer were dried over MgSind removed under reduced : : ; ;
pressure. The remaining solution was purified by HPLC to give the SeSiMe/BusSnH/AIBN system in detail, two possnble reac-

corresponding silyl ether. tion pathways were proposed for this reaction (Scheme 3).
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Scheme 3. Plausible Reaction Pathways

BusSnH + AIBN BusSn e
Path 1
PhSeSiMe;
BuzSne Me3Si ¢
- PhSeSnBus
o)
R)LR' OSiMe3
R e R
BusSnH OSiMes
—_—
- BuaSn e g
3 R o R
Path 2
o) OSiMe3
)J\ + PhSeSiMe; —
R™ R R7|'R
SePh
6
BugSne OSiMes
_—
-PhSeSnBu; R e R
BuzSnH OSiMe;
—_—
-BusgSne R Y R

One is the addition of the trimethylsilyl radical, which was
generated in situ by the reaction of PhSeSiMeith
tributylstannyl radical, to the carbonyl compound and
subsequent & reaction with BgSnH to form the silyl ethers

good vyields. From this result, another reaction pathway
included the silylselenation of the carbonyl compounds with
2; the reductive dephenylselenation by the;8m radical
followed by the $2 reaction with BySnH was proposed
(path 2). To clarify this reaction pathway, although benzal-
dehyde was allowed to react with PhSeSiNethe absence

of BusSnH, the silylselenated product was not formed and
the benzaldehyde (97%) was recovered. Furthermore, when
PhSeSiEt was treated with BssnH in the absence of a
carbonyl compound under the radical conditions, triethylsilyl
hydride was formed in 43% yield. From these results, it
appears reasonable to assume the generation pathway of the
silyl radical as an intermediate (path 1).

In summary, we have successfully explored an efficient
synthetic method for silyl ethers by the hydrosilylation of
carbonyl compounds using the PhSeSife;SnH/AIBN
system. Further studies regarding the widespread use of the
silyl radical generated in situ by the reaction of organose-
lenium compounds having S&i bonds with the tributyl-
stannyl radical in organic reactions are underway in our
laboratory.

0OL0162567

(13) Phenyl trimethylsilyl selenide was prepared by a literature method;
see: Miyoshi, N.; Ishii, H.; Kondo, K.; Murai, S.; Sonoda, SBynthesis
1979 300

(14) The absolute rate constants for the reaction of triethylsilyl radical
with some carbonyl compounds are reported. The ease of addition of the
EtsSi radical was found to decrease in the order benzaldehyalkyl aryl
ketone> alkyl aldehyde> acyclic dialkyl ketone; see: (a) Chatgilaloglu,
C.; Irgolg, K. V.; Scaiano, J. Am. Chem. So&982 104, 5119. (b) Cooper,

(path 1). It was already reported that the silylselenation of J.; Hudson, A.; Jackson, R. A. Chem. Soc., Perkin Trans 1873 1933.

carbonyl compounds with PhSeSipMeas promoted by a
Lewis acid® or I, giving a-silyloxyphenylselenidess] in

Org. Lett., Vol. 3, No. 20, 2001

(15) Liotta, D.; Petty, P. B.; Johnston, J.; Zima, Getrahedron Lett
1978 5091.
(16) Detty, M. R.Tetrahedron Lett1979 4189.
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