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The pursuit of synthetic efficiency has promoted constant Table 1. Optimization of Catalyst and Reaction Conditions?

development of new concepts and innovated synthetic arsknals. R\s,R
[N

One of the most effective ways of achieving synthetic efficiency 2~ 'j _catalyst M J\/\
is to implement tandem reactidriato a synthetic sequence whereby  Hex conditions 2a (R=Me, R' = H) Hex \

A .

many bond-forming and -cleaving events can occur in one synthetic i 2o (R=Ph,R'=Pn) i
operation. Following from our interest in silyl ether-based metathesis yield
chemistry? we envisioned a tandem reaction to form-8, C—C, entry enyne R catalyst/conditions (2+3,%) 23
and Si-O bonds in one step to generate alkenyl and alkynyl silyl 1 1a Me PhPAUCI/AgSbF, rt, dry CHCl, traces 2:1
ethers of stereochemically defined vinyl silanes (ed Oyerall, 2 PRPAUCI/AgSbF, rt, wet CHCl 9  1:20
this is a net addition of HOR to the alkynyl allyl silanes 3 PRPAUCI/AGOTT 1t, wet CHCI traces

. - . 4 AuCls 1t, wet CHCI 9 traces
accompanied by an allyl transfer from silicon to carbdr achieve 5 PtCh 90°C, toluene 20 21
this tandem bond formation efficiently, we propose to use carbo- 6 1b Ph PhPAuUCI/AgSbF, rt, wet CHCI¢ traces
philic metal catalysts instead of strong mineral acid catalysts to 7 PhsPAUCI/AgSbFe, rt, CH Cl,+ PrOH 75 9:1

promote the allyl transfer and the addition of-®R to carbon
and silicon centers. Herein we report a stereoselective intramolecular
allylation of silyl alkynes to generate alkoxy vinyl silanes via a

aReactions with 1 mol % of catalyst for8.0 h. Isolated yields¢ The
ratios were determined Y4 NMR. 9 Undistilled CHCl,.

gold-catalyzed alcoholysis of alkynyl allyl silangs. Table 5 Intramolecular Allylation—Alcoholysis Catalyzed by
Gold#
R2\ , Rz\s_,Rz Phy Pha
H—OR H N i PhsPAUCI/AgSbFg 0"
/ | or M Meo\/J \)1/\
1 7 rt, CH,Clp, ROH
catalyst R; X

Ph, Phy

Ph,
Si.
The general reactivity feature of allyl alkynyl silanes was \)i/\/\k \)i/\/k)k\n - /ﬁi;

examined with 1-octynyl allyl dimethylsilanga by using several

. - . 4a (81%) 4bn =1 (85%, 8:1)° 4d (87%, 9:1)

metal catalysts under different conditions (Table 1). The reaction 2l son- z((75% 10: 1) ¢
of 1awith PhsPAUCI/AgSbF in dry CH,Cl, at room temperature th th glhz X
provided a trace amount &a and 3 (entry 1)7 However, under ° R
otherwise identical conditions in undistilled GEl,, desilylated \

: : : : % 4h (R = allyl, 75%, 15:1
product3 was obtained in 93% yield with small amount2# (entry 4e (86%, 8: 1) :; ((§ - “é'j ;g,,//;” ;':11)) o ((R ='an r0o 101)
2). Reaction with P§PAUCI/AgOTf gave no conversion (entry 3),
whereas PtGl(toluene, 90°C) gave product®a and 3 in 20% aReactions with 1 mol % of catalyst for 10 mihIsolated yields are in

yield (entry 5)° The extent of desilylation was reduced by replacing Parentheses.The ratios of major:minor were determined #y NMR.

the dimethyl silyl with a diphenyl silyl group itb, which, however, provided6 in 85% yield; however, the stereochemistry of the double

was recovered unchanged (entry 6) under the condition®MRICI/ bond was scrambled, giving 1:1.7 mixture ZE-isomers (entry
AgSbFs in undistilled CHCI,) wherelagave high conversion. On  2). This is, probably, the consequence of isomerization of the
the other hand, the same reaction with adéfe®H (1 equiv) initially formed Z-isomer catalyzed by either the gold catalyst or a

provided silyl ethe2b in good yield (75%) (entry 7). This clearly  proton!® Substratede—g with a methyl, phenyl, and benzyloxy-
indicates that the nucleophilic assistance is crucial for an efficient methyl substituent on the alkyne behave uneventfully, giving0
transfer of an allyl group. in good yields an@/E-selectivity (entries 36). On the other hand,
Having established optimized conditions for an intramolecular substratelh generated mor&2 than the expected produtt (81%,
allyl transfer assisted by oxygen-based nucleophiles, we next12:11= 3:1). Presumably, this is the consequence of more favorable
examined the scope of this reaction by employing allyl silaoe activation of the allyl group by the gold catalyst due to the presence
and a variety of alcohols (Table 2). Treatmentofvith PhsPAUCI/ of a sterically hinderedert-butyl group on the alkyne. Substrates
AgSbFs in dry CH,Cl, with 1°, 2°, and 3 alcohols gave good yield  with an alkyl substituent on the allyl segment showed variable
of products4a—i as inseparable mixtures @E-isomers in the reactivity depending on the position of the substituent compared
range of 1:1.7 to 10:1 ratio. A salient feature of these reactions is to that of the parent systefhThus,1i bearing a crotyl group gave
that the alkene and alkyne functionalities in the alcohol counterpart excellent yields an@/E-selectivity of13 and14 (entries 8 and 9),

do not interfere with the reaction. whereas the reaction of methallyl-bearing substigtprovided a
To broaden the substrate scope, substituents on the alkyne and.:5.5 mixture ofl5and the methallyl-displaced produld in 89%
allyl moieties were introduced (Table 8)Reaction oflb with overall yield (entry 10).
4-penten-2-ol under the optimized conditions géve 71% yield From a mechanistic standpoint, we surmised that the activation

with a 10:1Z/E ratio (entry 1). Substrated with a terminal alkyne of the alkynyl moiety ofl by a carbophilic catalyst would induce
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Table 3. Intramolecular Allylation—Alcoholysis Catalyzed by Gold?
entry enyne alcohol product yield(%)° Z:Ed
Ph
/Si2 " th
.
zZ
R ) )\/\
1 1b R = Hex (CgHy3) 5 R=Hex (CgHy3) 71 10:1
2 1dR=H 6 R=H 85 1:17
3 1e R=Me 7 R=Me 80 10:1
Ph, Ph
/ | 0~ "R
Ph = )\R 8 R =Allyl 55 8:1
1f Ph N gr=Me 68 10:1
sz Ph,
i Si
& OH ‘ '~0
6 19 Z P 10 73 15:1
OBn
Ph, BnO th Ph,
/5' OH s| o
Z
7 tBUT 4n ) )\/\ 5 81
Ph, (11 12=1:3)
Si
& ‘
8 1M Z MeO. 13R Me 86 11:1
9 OMme R” "R 14 R = Allyl 85 10:1
th th th
10 /)\ )\/\ 89
OMe (1516-1 5.5)

aReactions with 1 mol % of catalyst for 10 mitisolated yields¢ The
Z/E ratios were determined byH NMR. 9 The initially formed isomers
with the silyl and allyl groups iris-orientation are defined as tReisomer.

Scheme 1. Gold-Catalyzed Reorganization of Alkynyl Allyl Silane
R © R_R R R
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6-endo mode attaékover that of 5-exo by the pendant allyl silyl
moiety to generate intermediat@ due to thes-silyl effect on the
alkyne moiety (Scheme 1). In the subsequent step, carbocktion
would undergo a nucleophilic attack at the silicon center by an al-
cohol to give the final producté—11 and13—15 after protonolysis
of the C-Au bond. Despite the sterically hindered environment
around the silicon center, presumably, the formation of a strong
Si—O bond is the driving force to form the observed products.
Although the formation of a putative carbendif followed by its
alcoholysis is conceivable, produdt8 or 20 were not observetf.
A direct alcoholysis of the allyl moiety of was observed when
the allyl becomes a methallyl group, which is the consequence of
preferential activation of the more electron-rich methallyl group
over the alkyne by the catalyst, thereby giving prod2it

The utility of this tandem bond-forming technology was further
expanded by the ring-closing metathésaf alkoxy hydroallylation
products (Scheme 2). Silyl ethe4s and 4f/4g could be cyclized
by Grubbs complex?2!s to form 10- and 8-membered siloxanes
23—-25 in good yields. Also, the cross metathéSisf 4i with
4-penten-1-ol provided the cross metathesis pro26iot 42% yield
as a mixture oZ/E-isomers.

Scheme 2. Ring-Closing and Cross Metathesis of Silyl Ethers

Ph 5 mol % 22
2
SLOJ\/\‘ CH,Cl,, 28 °C
MeO. | SN l
4c Mes—N>—~ N-Mes 23 (74%)
cl- Ph
Eh2 o Ph=gi—0
Sisg 22 PCy, '
Meo\)l/\/\ \\ R MeO. I Y R
~ 5 mol % 22
4f R=Me CH,Cl,, 40 °C 24 R = Me, 85%
4g R =Bu 22 25 R = Bu, 83%
Phy A ~OH 2!‘30 J<
Meo\)/\/\ 5 mol % 22 MeO NN on
4i CHxCl, 40 °C 26 (42%, £/Z = 3:1)

In conclusion, we have developed a gold-catalyzed tandem
intramolecular allyl transfer reaction induced by an alcoholysis of
alkynyl allyl silanes, which generates alkoxy vinyl silatéa high
yield andz/E-selectivity. Synthetic application of this tandem bond-
forming process will be reported in due course.
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