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ABSTRACT

0 | 0 0-Si—
)J\ +  H-Si———ph 10 mol % KOtBu ZM
R{™ Rz | THE d Ph

1
aldehydes
& ketones 48 - 87% yield

An unusual tandem reaction sequence to form oxasilacyclopentenes from carbonyls and alkynylsilanes in the presence of a catalytic amount
of nucleophilic initiator has been discovered. The reaction proceeds readily at room temperature and is applicable to a wide variety of carbonyl
substrates. While the reaction scope tolerates variable substitutions on the alkynylsilane, phenylacetylene-derived silane variants consistently
achieved the best yield.

Organosilanes, such as silyl ethers and vinylsilanes, play an An extensive variety of metal complexes have been
important and diverse role in organic chemistihe silyl reported to activate hydridosilanes during the dehydrogena-

ether functionality is widely employed as a protecting gfoup

tive condensation with alcohdls”and the hydrosilylation

and also serves as a temporary tether to adapt intermoleculapf carbonyl§¢®and alkyne$2°Additionally, the Lewis base

reactions to more favorable intramolecular procedsd-
ditionally, vinylsilanes can be employed for a variety of

activation of silanes to form pentacoordinate hydrosilicates
is a well-established method to activate the silicbgdrogen

purposesincluding palladium-catalyzed cross-coupling reac- bond toward the reduction of carbonyls with concomitant
tions® For these reasons, we have been interested insilylation of the resultant alkoxide yielding the corresponding

developing a new and efficient methodology to synthesize
these versatile building blocks based on catalytic activation

of silane starting materiafs.
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silyl ether!®! Efforts in this area have mainly included
electron deficient silanes such as trimethoxy- and triethoxy-
silane for the synthesis of silyl ethers, and the use of
relatively simple alkyl- and arylsilanes is limited.

As an extension of our efforts to develop efficient routes

to silyl ethers possessing alkynyl substituents in the products,

we examined the reactivity of dialkyl- and diarylalkynylsi-
lanes. We envisioned that the employment of an alkynyl
hydridosilane of typéd. could result in either of the two silyl
ethers,2 or 3, depending on the migratory aptitude of the

M
H,Sie2\4a 10 mol % OSiMe,H O—Sli—
\Ph KOBu . M (eq 1)
)Oj\+ THF Ph \\ Ph P
Ph
Ph 5 (10%) 6 (62%)

arising from alkynylation of the ketone followed by an
intramolecular endo mod&anshydrosilylation of the triple
bond by the intermediate hydridosilyl ethér.

In contrast to well-established examplesaig-hydrosi-

more basic hydride versus the less basic acetylide (Schemdylation, transhydrosilylation is less documentétiand only

1).

Scheme 1. Nucleophilic Activation of Hydrido Alkynylsilanes
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Although previous reports have shown that the Lewis base
activation of an alkynylsilane promotes the alkynylation of
carbonyls and imines as well as alkyl halidéghe relative

migratory aptitude between a hydride and an acetylide anion

has not been examined. A simple basicity measure of thes
two migrating species indicates that the acetylide should
migrate preferentially to giv8; however, the second pathway

involving hydride migration cannot be excluded because

additional parameters, such as sterics and stereoelectronics,

may affect the outcome. For example, transition metal
catalysts normally activate the stronger (76 kcal/mol), yet
less hindered SiH bond over the weaker (72 kcal/mol),
more hindered Si—C bond to provideexclusively®®

With these considerations in mind, we initiated our studies
with commerically available dimethyl(phenylethynyl)silane

a single example of a non-transition metal-medidtads-
hydrosilylation has been reportédHerein, we report our
investigation of an unusual tandem reaction sequence to
generate oxasilacyclopentenes from carbonyls and alkynyl-
silanes through a formal intramolecutesins-hydrosilylation.

Employing cyclohexanone and silafa as our representa-
tive carbonyl and silane compounds, we screened a variety
of metal alkoxide and fluoride sources for efficacy of
promoting both the alkynylation of the carbonyl as well as
the subsequent hydrosilylation of the alkyne (Table 1).

Table 1. Screen of Nucleophilic Initiatofs

HMeZSi“%Ph O~Sinte, . OH
O - \

10 mol % Initiator Ph N

7a 8
Ph
entry initiator time yield (%)
1 LiO‘Pr 1h

2 NaOMe 1h 15
3 NaO‘Bu 1h 28 27
4 KOMe 1h 12 52
5 KOtBu 15 min 86 10
6 CsF 1h 11 58
7 2BuyN-SiPhsFs 1h 21 14

4a and acetophenone in the presence of a catalytic amount a1 equiv of cyclohexanone, 1.2 equiv of silane, THF, room temperature.

of potassiumtert-butoxide (eq 1). Although no products
resulting from hydride migration to the carbonyl were
observed, we isolated two products resulting from alkynyl
transfer from the silane to the substrate. While the minor
product corresponded to hydridosilyl ethgr the major
product was identified as oxasilacyclopent&seemingly
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bsolated yield.

Among the nucleophiles tried, only potassitent-butoxide
gave complete conversion of the ketone resulting in the
highest yield of oxasilacyclopentenga (86%) and the
smallest amount of tertiary propargylic alcoh®!(10%),
presumably derived from hydrolysis of the labile hydridosilyl
ether during silica gel chromatography. Less coordinating
cations promoted greater alkynylation of the carbonyl, and
bulkier alkoxides increased oxasilacyclopentene formation.
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The steric and stereoelectronic influences exerted by the
groups at the silicon atom were also investigated (Table 2). 1 pie 3. Synthesis of Oxasilacyclopentefes

O—SiMe,
o 10 mol % KOfBu Ry
+ HMe,Si—=——~Ph R Z~Ph
. - 1
Table 2. Effect of Substituents at Silicén R R H
HR,Si—=—=—Ph entry  substrate product yield? 8 (ppm) of Hp

O s
10 mol % initiator ? o-Si
R Ph
< >:O\SiR2 o o-si. C 0-SiR 1 ©) QM a 48 7.0
+ + H + M
ph N : N H \Ph (|3 O,Siez
7 ) Ph 9 pp 10 2 @J W”‘ 11b 72 7.01
. |
vield (%) o N\ '

I\)' —SiMe,
silane 4 R 7 8 9 10 3 /(\W = /(\,.HW\F’“ 1Mc 63  6.83/6.80
. c | (13:1E2)
a Me 86 10 o O-SiMe,
b Ph 67 10 P
c iPr trace 22 61 4 6 62 7.15
a1 equiv of cyclohexanone, 1.2 equiv of silane, THF, room temperature. SiM
bIsolated yield° At 0 °C, the yields of7 and 8 were 29% and 42%, o 07> eih
respectively. 5 / Md 55  7.04/677
Y - (5.5:14dn)
. . /\ o /\ ,]\S,[iez
Replacm_g methyl groups (4a) vv_|th phenyl groups (4b) 4 - 0 D—Ph 11e 66 6.87
resulted in a good yield of the oxasilacyclopenté&bh&67%) \

with a small amount of the alkynyl silyl etherOb (10%) 0 O~ Sie,

resulting from hydride transfer to the carbonyl carbon. 7 U @ 11f 87 7.06
Although alkynylation proceeded readily in the presence of
isopropyl substituents (4c), only a trace amount of oxasila- 21 equiv of carbonyl, 1.2 equiv of silane, THF, room temperature.

cyclopenten&cwas observed, and tertiary propargyl alcohol °Isolated yield.
8c and hydridosilyl etheBc were isolated in 22% and 61%

yield, respectively. tion of the corresponding oxasilacyclopentdi3® was noted,

. Using our optimized conditions employidg.and 10 mol ey due to steric hindrance around the triple bond presented
% potasssiumert-butoxide, we examined the scope of the 1, the 5 methyl group on the arylsilane. In contrast, arylsi-

reaction toward a WiQe variety of ketones and' aIdehydes lanes bearing-methyl (129, p-fluoro (12d), andp-trifluoro-
(Table 3). All reactions were extremely facile giving ey substituentsl@e resulted in the formation of oxasila-

complete conversion within 20 min at room temperature. cyclopentened3c—ein good to high yields (entries 3—5).
Aromatic as well aso,S-unsaturated aldehydes yielded

oxasilacyclopentenedla—c in moderate to high yields
(entries +3). A variety of cyclic, acyclic, aromatic, and
aliphatic ketones proved to be good substrates as well,

providing the expected oxasilacyclopentefigés—f in good HMe S —Ar O~sime, OH
yields (entries 4—8). <:>:O <:><7K * O\
10 mol % KOtBu, THF AN

Table 4. Effect of Substituent on Phenylacetyl@ne

We next investigated the effect of the group occupying 13 A 14

i o : . . A
the alkyne terminus. Additional alknylsilanes bearing various !

groups including furyl, pyridyl, trimethylsilyl, alkyl, sulfonyl, eniry  silane Ar 13 _yield (%) 14

and cyclohexenyl were prepared and tesfddpon subjec- 1 12a §4©70Me 0 35

tion to the reaction conditions, none of these alkynylsilanes

were as efficient participants in the tandem alkynylation 5 12b §@ 0 59

hydrosilylation sequence &, which possesses a terminal

phenyl substituent. 3 12¢ : <:> 72 10
We also examined the electronic and steric effects exerted

by the substituents on the aryl ring (Table 4). The presence 4 12d ¢ <:> . 86 0

of a strongly electron donating substituentliia proved

detrimental to the alkynylation of the carbonyl, presumably 5 126 g <:> oF 55 31
by retarding the silicorcarbon bond cleavage (entry 1). :

AIthoth alkynylatlon proceedEd well witt2b, no forma- a1 equiv of cyclohexanone, 1.2 equiv of silane, THF, room temperature.

blsolated yield.

(16) See the Supporting Information for reaction details.
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Although the mechanistic picture of oxasilacyclopentene Oxasilacyclopentenes are versatile synthetic intermediates
formation is unclear, we propose a plausible scenario shownand undergo a variety of transfomations (Schem@ #xmao
in Scheme 2. Following the formation of pentacoordinate

_ Scheme 4. Synthetic Elaboration of Oxasilacylcopentera

Scheme 2. Mechanistic Proposal for the Tandem O~siMe,
Alkynylation—Hydrosilylation Sequence _
+Buo_ | 7a_ Ph
j\ it 4 | KF,LIOH,H,0,  |pMDO  TBAF, Cul
Ri™ “R;  KOMBu ? ( : R, 0-8i— lTHF/MeOH, 77% 170% allyl chloride
* Ry e Mph THF, 72%
M S OH O-g;
HMe,Si—=—=—Ph Ry Ph Ry o SiMe, OH X
4a 15 16 _
Ph o Ph Ph
19 20 21

silicate intermediate by the addition @frt-butoxide to silane

4aand transfer of the alkyne to the carbonyl to form activated oxidation of7a yielded thes-hydroxy ketonel efficiently
hydridosilyl etherl5, subsequent hydride transfer from the 774420 Thjs transformation is notable a8 formally results
silicon to the nearby alkyne would provide oxasilacyclopen- ¢ "an aldol reaction, which is known to encounter
tenelb. . _ o difficulties with ketone electrophile®. Expoxidation of7a

To validate the mtermedlacy_ ofa hydrldo§|lyl ether of type \yith dimethyldioxirane gave epoxid0in 70% yield based
3 (and also5 and 15) leading to oxasilacyclopentene on recovered starting material. In particular, the trisubstituted
formation, the corresponding silyl ether was synthesized from yjnyisilane moiety in7a is noteworthy since it is not easily
tertiary propargyl alcohol8 and tetramethyldisilazarté.  4ccessed by conventional hydrosilylation of internal triple
Treatment of the preformed hydridosilyl ether with 20 mol ponds due to issues of regioselectivity.By using the
% of potassiuntert-butoxide resulted in clean formation of chemistry developed by Takeda and co-workémsxasila-
the expected oxasilacyclopentefia in 76% yield (eq 2).  cyclopentenera could also be transformed into 1,4-diene

21in high yield.
1. HN(SiMe,H),, 50 °C O~sive, In summary, the che.mistry described above reprgsents a
% KO m (eq 2) novel tandem and mild base-promoted alkynylation of
\\ 2. 20 mol % KOmBu, THF Ph carbonyl substrates followed by in sittans-hydrosilylation
8 Ph 7a of the alkynyl moiety to generate oxasilacyclopentenes. This

protocol avoids the use of highly basic metal alkynyl species
To ascertain whether the alkynyl transfer occurs via an While achieving two consecutive transformations by a
organized transition state, a crossover experiment was carriegubstoichiometric amount of alkoxide initiator.
out between cyclohexanone and two similar alkynylsilanes,

4aand17 (Scheme 3). The observation of all four possible ~ Acknowledgment. D.L. greatly acknowledges generous
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