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ABSTRACT

The reaction of B-methyl o f-unsaturated ketones with pentamethyldisilane in the presence of a platinum catalyst brought about silylation on
the B-methyl group giving high yields of oxasilacyclohexenes.

It is well-documented that silylenes (divalent silicon species, The reaction of (E)-1-phenyl-2-buten-1-one (1a) with
R,Si:) are very active intermediates which react with various pentamethyldisilane (2, 1.2 equiv 1&) in the presence of
types of compounds giving tetravalent organosilangew- PtCh(cod) (3 mol %) in toluene at 40C for 12 h gave 67%
ever, the use of silylenes for organic synthesis had not beenyield of oxasilacyclopenten8a (eq 1). The formation of
extensively studied before Woerpel reported a silver- oxasilacyclopentene is as expected because there have been
catalyzed silylene transfer reaction to alkenes giving sila- several examples of the [4 1] type cycloaddition of
cyclopropanes with high selectiviyAmong several reported  silylene$ including Woerpel’s repof® where diert-butyl)-
methods of generating silylenésye became interested in  silylene adds to conjugate enones and enoates. Treatment
transition-metal-catalyzed reaction of hydrodisilanes generat-of the oxasilacyclopentenga with methyllithium at 0°C

ing silylenes together with hydrosilanes because of their mild followed by hydrolysis gavé-trimethylsilyl ketone4a.

reaction conditions and the ready availability of the hydro-

disilanes. Here we wish to report that dimethylsilylene Me

.. . ] Me~si_o

generated from pentamethyldisilane under the catalysis by PP __ PiCly(cod) (3 mol %)

. .. . Me™ X Ph + HSiMe,SiMes - P
a platinum complekis incorporated intax,3-unsaturated toluene, 40 °C, 12h  Me Ph
ketones giving two types of addition products depending on 1a 2 3a: 67%
the substitution pattern at th&position. These reactions ‘
provide oxasilacycles which are potentially useful as versatile MeLi in ELOITHE — ag NH,CI Mejs‘\/[oL »
intermediates for organic synthesis. 0 °C, 20 min Me Ph

4a

(1) Ottosson, H.; Steel, P. @hem.—Eur. J2006,12, 1576.

(2) (a) Cirakovic, J.; Driver, T. G.; Woerpel, K. A. Am. Chem. Soc. . . .
2002,124, 9370. (b) Calad, S. A.; Woerpel, K. A. Am. Chem. So005, On the other hand, the reactionjf-dimethyl-substituted
12&)2(04;6\.( K. Okinoshima. H.: Kumada. M. O enones with the dimethylsilylene proceeded in a different

a, amamoto, K.; iInoshima, H.; Kumada, M. Organomet. - .
Chem.1970,23, C7. (b) Yamamoto, K.: Okinoshima, H.. Kumada, 3. manner. Thus, the platmum-_catalyzed_rgactlon of 3-m_ethy|-
Organomet. Chent971,27, C31. 1-phenyl-2-buten-1-onéb) with hydrodisilane (1.2 equiv
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to 1b) under the same reaction conditions gave 72% yield ||| N NNEGTGTNEGEGEGEGEGEEEEEEE
of oxasilacyclohexenBb® as a new type of addition product apie 1. platinum-Catalyzed Silylene Addition &-Methyl
together with a minor amount (7%) of oxasilacyclopentene ¢ s ynsaturated Ketones

3b* (eq 2). Treatment dbb with methyllithium followed by

. . . . . PiCly(cod) (3 mol %)  Me...Me Me
hydrolysis gavey-trimethylsilyl ketoneb, which confirms M);/LOL Hsmﬁ(::s“esr?g) ) Sily +Me\s'i_0
the structure of six-membered ring proditt. R . R* Tloluene, 40°C, 120 i ANmal e NP R

) R? R R
1 5 3
Me O PtCly{cod) (3 mol %) Me\Si_Me " Me l
HSiMe,SiMe; (2) 0 e-gi— 0o
R =l J L 6+ 4
1b Me Ph MeMe Ph entry enone  method”’ product yield (%)°  ratio”
5b: 72% 3b: 7%
Me O Me. gi:Me
1 Me)vj\ph A _ 79 10:1
M83Si Me3Si (o] ib Me Ph
MeLi in E,O/THF  aq NH,CI j\i . M @ 5b
] 0C, 20 min Me Ph MeMe Ph Me O MeSSi 0o
b 4b 2w A B Mej\)LPh 81 10:1
1b 6b
3 B 78 20:1
The formation of oxasilacyclohexe®avas observed only Me O MeSi o (e: X =0Me)
. . N
for the ,S-disubstituted enones where at least one of the 4 Me)\)\Q B Mej\)‘\@ 63 41
B-substituents is a methyl group. Some of the results obtained X x @X=CFy)
for this new type of six-membered ring formation are s le—te B 6c—6e 82 6:1
summarized in Table 1. Phenyl ketones containing electron- (e:X=Cl)

donating or -withdrawing substituents on the phenyl fiog

Me O o
le are the substrates which gave oxasilacyclohexénaes Me Ve .
major products (entries 3—5). It is remarkable that the ¢ B 95t

selectivity giving5 over 3 is higher with a more electron- 11 6f

donating group at the para position. In the reaction of ve © Me.o Me
isopropylideneindanon&f and -tetralonelg, the selectivity Ve 0

in giving oxasilacyclohexens is very high (entries 6 and 7 A Me ‘O 87 >20:
7). It is interesting that botlt andZ isomers of enonéh 1g

underwent the silylene addition giving oxasilacyclohexene

k Me O MesSi o
5 (entries 8 and 9. " ~ A,
. 8 © B Me Ph 76 >20:1
Because the oxasilacyclohexerigformed by the present N ~

silylation have a cyclic structure, the lithium enolates " Em ™

generated by treatment with methyllithium should have Me MegSi o

exclusive Z geometry’ The (2)-lithium enolates can be o Ve > ? 5 ﬁ,,e\}\)kph © 201
trapped as 4)-enol esters by O-acylation with an acyl Me” " ph e ’
chloride. For example, the reaction mixture obtained by the (Z)1h 6h

platinum-catalyz'ed S”ylene_ re_aCtion of e_nmas tre‘?‘tEd aReaction conditions: enonk (0.20 mmol), disilane (0.24 mmol),
subsequently with methyllithium and pivaloyl chloride to  PtCh(cod) (3 mol %), toluene (0.80 mL) at 4T for 12 h.> Method A:

iV -enol pivalate? in 82% overall viel . ntheti Distillation under vacuum. Method B: MelLi in ED/THF (1.5 equiv),
9 e(Z) eno p_ a.e 8 (.)0 e aly d (eq 3). .Sy etic 0 °C, 20 min, then aq NKCI. ¢Isolated yieldd Ratio of 5/3 or 6/4.¢A
utility of the silylation reaction is also exemplified by the 1.1 mixture of diastereomeric isomers.

oxidation of the carbonsilicon bond in oxasilacyclohexene

5b under Tamao conditiofigiving y-hydroxy ketone in 1) PtCly(cod) (3 mol %) MouSi
; ; HSiMe,SiMe; (2 3 i
a high yield (eq 4). MR oot 2 )P
Me™"Ph "2) MeLiin EL,O/THF Me” > pn
(4) (a) Ishikawa, M.; Nakagawa, K.; Kumada, W1.Organomet. Chem. 1b 0°C, 20 min o
1977,135, C45. (b) Heinicke, J.; Gehrhus, B.Organomet. Chen1992, ) )L
423, 13. (c) Heinicke, J.; Gehrhus, B.; Meinel, 5.0rganomet. Chem. BUCOCL 1, 3 h MegSi o~ By
1994,474, 71. (d) Heinicke, J. W.; Gehrhus, Beteroat. Chem1995,6, _— j\% 3
461. (e) Heinicke, J.; Meinel, . Organomet. Chenl998,561, 121. Me’ Ph
(5) Formation of 1-oxa-2-silacyclohex-5-enes by other reactions: (a) 7: 80%
Tanaka, Y.; Yamashita, H.; Tanaka, l@rganometallics1996,15, 1524. Me.  Me
(b) Hatanaka, Y.; Watanabe, M.; Onozawa, S.; Tanaka, M.; Sakurdi, H. "Sis . HO.
Org. Chem1998 63, 422. (c) Tanaka, Y.; Yamashita, Mppl. Organomet. J/\)O\ 1) KHF,, THF/MeOH, 50 °C, 4 h M @
Chem.2002,16, 51. ) o ) Me™ > “pp 2) KF, KHCOg, 30% H,0; Me Ph
(6) In the reaction ofZ)-1h stopped in a shorter reaction time (30 min), THF/MeOH, rt, 16 h
a minor amount of E)-1h (Z/E = 1/0.2) was observed, indicating the 5b 8: 70%
possibility of isomerization of4)-1h to (E)-1h before the silylene addition.
(7) For an example of the selective formation/ssilyl enolates, see: . . : -
Crump, R. A. N. C.: Fleming, 1. Hill, . H. M.; Parker, D.. Reddy, N. L. A gatalytlc cycle prqposed for the present silylation giving
Waterson, DJ. Chem. Soc., Perkin Tran992, 3277. oxasilacyclohexenégsis shown in Scheme 1. Generation of
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dialkylsilylenes from hydrodisilanes has been reported to take deuterium in 70%. The deuterium shift fropacarbon to

place on transition metal complexes including platinuin.

p-carbon is consistent with the proposed catalytic cycle which

is most probable that the reaction proceeds through nucleo-involves this hydrogen transfer from to g during the

philic attack of the carbonyl oxygen of enordeonto an
dimethylsilyleneB stabilized by coordination to platinum,
which is generated from pentamethyldisilagg &nd a low-
valent platinumA. One of the methyl hydrogens on zwit-
terionic speciesC!® is abstracted by platinum to form

Scheme 1. A Catalytic Cycle Proposed for the Silylene

Addition
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platinum hydrideD. Insertion of theexo-methylene into the
platinum hydride bond followed by reductive elimination of
the carbon—silicon bond d& produces oxasilacyclohexene
5.

transformation of the intermediates frotto E. Another
reaction is a platinum-catalyzed intramolecular hydrosilyla-
tion'! of dienyloxy(hydro)silané, which gave a high yield
of cyclization product, oxasilacyclohexebé, in the pres-
ence of platinum catalyst under similar reaction conditions
to the silylene addition. This intramolecular hydrosilylation
is generally acceptétto proceed by way of platinum hydride
intermediateD which should be generated by oxidative
addition of the hydrosilane moiety & demonstrating that
the last two steps of the catalytic cycle afe(Scheme 1)
take place once intermediafe is formed fromC in the
silylene addition.

1) PtClx(cod) (3 mol %)

%0 2wt "foo
oluene, y
. 5
D:C Ph"2) MeLi in E,O/THF D.C Ph ©
0°C, 20 min 3~ D(H)
1b-dg 3) aq NH,CI
(93% D) 6b-dg 70%
(70% D)
H-giMe, MeSi Me
U PtCly(cod) (3 mol %) J/\)O\ ©)
toluene, 40 °C, 12 h
Me™ ™ “ph Me™ ™ ph
9 5b: 77%

In summary, we found a new type of platinum-catalyzed
addition reaction of dimethylsilylene tg@,s-dimethyl-
substitutedx,3-unsaturated ketones. A carbesilicon bond
is formed on they-methyl carbon to give 1-oxa-2-silacy-
clohex-5-enes with high selectivity. This catalytic silylene
addition reaction has been studied for its synthetic utility
and the catalytic cycle.
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