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Abstract

Unlike other variants of transition-metal-catalyzed cross-coupling reactions, those based on
organosilicon donors have not been used extensively in natural product synthesis. However, recent
advances such as: 1) the development of mild reaction conditions, 2) the expansion of substrate
scope, 3) the development of methods to stereoselectively and efficiently introduce the silicon-
containing moiety, 4) the development of a large number of sequential processes, and 5) the advent
of bifunctional bis(silyl) linchpin reagents, signify the coming of age of silicon-based cross-
coupling reactions. The following case studies illustrate how silicon-based cross-coupling
reactions play a strategic role in constructing carbon—carbon bonds in selected target molecules.
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1. Introduction

Carbon-carbon bond-forming reactions are of central importance in organic chemistry. In
the total synthesis of natural products, the efficiency of a synthetic plan often depends on a
rapid and selective assembly of the carbon skeleton. Among the most powerful carbon-
carbon bond-forming reactions, transition-metal-catalyzed cross-coupling reactions have, in
recent decades, been extensively utilized in the total synthesis of a multitude of target
molecules.[t] The most popular variants of these cross-coupling processes have achieved
name reaction status, such as the Negishi, Suzuki-Miyaura, and Stille-Migita—Kosugi
reactions. However, silicon-based cross-coupling reactions (despite a similarly prestigious
appellation, the Hiyama Coupling)[2] has not received as much attention and is not as widely
employed. Nevertheless, since the early days of their development in this context, the unique
advantages of organosilane reagents, including their high stability, low toxicity, and ease of
introduction into various substrates have been well recognized and have facilitated the
development of silicon-based cross-coupling reactions. In addition, the long-standing
problem of the incompatibility of many functional groups with the fluoride promoter has
been solved by developments from our research group with the introduction of Brgnsted
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base activation of organosilanols. This novel and general fluoride-free reaction protocol,
complementary to the more conventional fluoride-promoted process, greatly increases the
versatility of silicon-based cross-coupling reactions.[2P:¢] This breakthrough becomes very
important in total syntheses because of the ubiquitous use of silyl protecting groups.

Although hydrolytically sensitive, halosilanes were the first widely utilized organosilane
cross-coupling reagents.[3] More stable variants, including triallylsilanes, 4] alkoxysilanes,[]
and [(2-hydroxymethyl)phenyl]dimethylsilanes,[®] were soon developed. Very significantly,
dimethylsilanols, which can be employed under both fluoride-promoted(”] and fluoride-free
conditions, 8] have been pioneered by our research group. In addition, “masked” silanol
equivalents have been developed, such as alkoxydimethylsilanes,[®! benzyldimethylsilanes,
[10] phenyldimethylsilanes,[*1] 2-thienyldimethylsilanes,[104:12] and 2-
pyridyldimethylsilanes.[13] These “masking” groups are cleaved in the presence of fluoride
and water to reveal the silanol, and thereby offer even higher stability and tolerance to harsh
reaction conditions. Under fluoride-free conditions, the preferred reaction protocol is the
stoichiometric conversion of silanols into their alkali metal salts.[14] The major advantage of
preformed silanolates is that they are self activating and require no additional base to effect
the coupling. Moreover, they possess additional advantages compared to their counterparts
that are in situ generated such as enhanced reactivity, ease of handling (most arylsilanolates
are free-flowing solids while most silanols are viscous liquids), and the stability for long-
term storage.

A well-known feature of organosilicon chemistry is the wide variety of methods available
for the introduction of different silyl groups.[5] These reactions have been parlayed with
cross-coupling reactions to effect highly efficient constructions. The simplest example of
this kind of transformation is the sequential intermolecular hydrosilylation/silicon-based
cross-coupling developed independently by us[16] and others.[10C€] The intramolecular
versions of this reaction have also been developed to control the site and geometrical
selectivity in the introduction of the organosilicon unit. For example, intramolecular syrn-

[55: 171 and anti-hydrosilylation[8] of homopropargyloxyhydrosilanes and subsequent cross-
coupling give highly substituted (£)- and (2)-homoallylic alcohols, respectively. In addition,
homopropargyloxysilanes also undergo intramolecular silylformylation/cross-coupling[®] or
sequential silylcyanation/cross-coupling[2%] to furnish B-disubstituted &-hydroxy-(2)-a.,-
unsaturated aldehydes or nitriles with exclusive Z configuration. Other sequential processes
include sequential ring-closing metathesis/cross-coupling that provides (2)-homoallylic
alcohols,[21] sequential silylcarbocyclization/cross-coupling that affords (2)-alkylidene
cyclopentanes,[104] as well as sequential enyne coupling/allylic cyclization/cross-coupling
that results in a 2-vinyl-4-(£)-benzylidenetetrahydropyran.[10P] In all the above processes,
the cross-coupling step proceeds with fluoride-activation of the intermediate organosilane
species. On the other hand, a recently reported tandem process that furnishes 2,3-
disubstituted indoles combines a Larock indole synthesis with a fluoride-free cross-coupling
reaction.[22] Finally, the complementarity of the fluoride-promoted and the fluoride-free
modes of activation allows for the selective coupling of unsymmetrical 1,4-bis(silyl)diene
reagents in which one terminus is substituted with a silanol whereas the other terminus is
substituted with a “masked” silanol equivalent. Thus, when subjected sequentially to the
fluoride-free cross-coupling and fluoride-promoted reaction conditions, these 1,4-
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bis(silyl)diene reagents act as a linchpin to unite two different cross-coupling partners to
afford a large range of unsymmetrical dienes and polyenes.

The stability and versatility of organosilicon reagents provide a solid foundation for the
strategic application of silicon-based cross-coupling reaction in the synthesis of natural
products. The repertoire of tandem processes that allows rapid entry to complex structures
makes silicon-based cross-coupling reaction more favorable compared to other variants of
cross-coupling. In the following discussion, emphasis will be placed on the different
methods by which the critical carbon-silicon bond is created as well as the diverse roles
silicon-based cross-coupling plays in each total synthesis.

2. Survey of Target Molecules

2.1. NK-104[23]

In one of the first illustrations of the use of silicon-based cross-coupling reactions in
synthesis, Hiyama and co-workers employed a hydrosilylation/cross-coupling sequence to
unite the two main fragments with the biaryl core the synthesis of an artificial HMG-CoA
reductase inhibitor, NK-104 (Scheme 1). To maximize the yield and selectivity of the
process, the authors conducted a model study with alkyne 1 and halobenzenes to identify the
optimal silylating reagent and platinum catalyst for the hydrosilylation. They discovered that
the choice of the hydrosilylating agent also affected the results of the subsequent cross-
coupling reaction (Table 1).

As part of the optimization, alkyne 1 was subjected to the hydrosilylation reaction conditions
and after 1 hour the crude hydrosilylation product was employed directly in the cross-
coupling reaction with iodobenzene in the presence of TBAF and [{(r-allyl)PdCI},]. When
HSiMe(OEt), was used in the hydrosilylation under catalysis by HoPtClg-H,0, two
constitutional isomers, 2a and 2b, as well as the protodesilylation product, 2c, were
produced in a 70/28/2 ratio (entry 1). Efforts to improve the product ratio, including the use
of a more sterically hindered silylating agent, HSiMe(O/r), (entry 2) as well as a more
bulky catalyst [(BuzP)Pt(dvds)] (entry 3), resulted in only a moderate improvement but with
lower overall yields. However, the combination of chlorodimethylsilane and
[(BusP)Pt(dvds)] proved superior in both the hydrosilylation step (constitutional selectivity)
and in the cross-coupling step (resistance towards protodesilylation; entry 4). Interestingly,
the same conditions could be extended to the cross-coupling of aryl bromides. When
bromobenzene was employed, both the product ratio and yield remained virtually unchanged
(entry 5). Under optimal reaction conditions described in entry 4, the sequential
hydrosilylation/cross-coupling of 1 proceeded smoothly. In the final route, the crude
alkenylchlorosilane 3 was subjected to cross-coupling with 4 to afford 5 in 80% yield, which
was converted into NK-104 by a simple acid treatment (Scheme 1).

2.2. Formal Synthesis of Nitidinel24]

In the formal total synthesis of the antileukemic compound nitidine, Hanaoka and co-
workers employed an interesting Heck/cross-coupling reaction sequence to unite the two
oxygenated benzene subunits in stiloene 9 (Scheme 2). The commercially available building
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block ethoxydimethylvinylsilane serves as a linchpin reagent to assemble the carbon
skeleton of the target molecule 10, thus intercepting a previous synthesis of nitidine.[25] In
the first step of this sequential process, aryl iodide 6 undergoes a Heck reaction with
ethoxydimethylvinylsilane catalyzed by [PdCI,(PPh3),] to afford ethoxydimethylstyrylsilane
7.1261 without purification, 7 is combined with aryl iodide 8, and the mixture is treated with
TBAF in the presence of [{(r-allyl)PdCI},],[51! to afford the cross-coupling product 10 in
76% vyield.

2.3. Brasilenynel?7]

The amalgamation of the powerful ring-closing metathesis (RCM) process with silicon-
based cross-coupling reaction allows for a general synthesis of medium-sized rings
containing a 1,3-cis, cis-diene unit.[28] This sequence, illustrated in Scheme 3, is highly
versatile because the size of the ring and the positioning of the latent functionality can be
controlled by the lengths of the individual components in the starting material. In the
example shown in Scheme 3, vinyl silyl ether 11 contains two different alkene termini
extending from the hydroxy bearing carbon atom. The length of these chains will dictate the
size of the medium-size ring and the positioning of the revealed hydroxy group. In the
tandem process, the vinylsilane unit first undergoes a ring-closing metathesis reaction(29l in
the presence of Schrock’s catalyst.[3%] The resulting cyclic alkenylsilyl ether 12, is then
subjected to an intramolecular cross-coupling reaction to effect a ring closure. Despite the
unfavorable entropic and enthalpic factors,[31] ring systems containing as many as twelve
atoms (such as 13) can be produced as single isomers.

The power of this sequential process is illustrated in the total synthesis of the marine
antifeedant brasilenyne reported recently by our research group (Scheme 4).[27] The most
prominent structural feature of brasilenyne is the nine-membered cyclic ether bearing a 1,3-
cis,cis-diene unit. The key precursor 14, containing all of the carbon atoms and the
stereocenters needed for brasilenyne, is first subjected to a highly efficient RCM reaction
using Schrock’s catalyst to afford six-membered cyclic alkenylsilyl ether 15. In the
subsequent cross-coupling reaction, the six-membered siloxane ring is transformed by the
combination of TBAF and [{(rc-allyl)PdCI},] to the nine-membered ring ether through the
formation of the C4—C5 bond. The stereospecificity of the cross-coupling process assures
the specific generation of the Z,Z-conjugated diene at the desired position in the nine-
membered ether 16. Brasilyene could then be completed by a straightforward introduction of
a chlorine atom at C8 and elaboration of the enyne side chain by following a literature
precedent.

2.4. Herboxidiene/GEX 1A[32]

An important advantage of silicon-based cross-coupling reactions for complex molecule
synthesis is the stability of organosilicon groups to many different reaction conditions. As a
result of this feature, the silyl group can be introduced early in the synthetic route (if the
strategy calls for it) and it can be carried through until the key bond-forming process is
called into service. The recent total synthesis of phytotoxic antitumor compound
herboxidiene/GEX 1A, by Huang and Panek, highlights this empowering feature of silicon-
based cross-coupling reactions. In the early stage of the synthesis, allylsilane 17 and (£)-3-
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benzyldimethylsilylmethacrolein are combined in a Lewis acid promoted [4+2] annulation
reaction to prepare 19, a dihydropyran bearing an alkenylbenzyldimethylsilyl group (Scheme
5).133] Alkenylbenzyldimethylsilane 18, a “masked” equivalent of an alkenylsilanol, is
carried through four steps that involve an aggressive reducing agent such as lithium
aluminum hydride, a basic nucleophile such as 4-dimethylaminopyridine, and elevated
temperature (DMF at reflux), to arrive at the cross-coupling substrate 19. The treatment of
benzylsilane 19 with TBAFand [{(r-allyl)PdCI},] promotes the cross-coupling with a
fourteen carbon fragment, alkeny! iodide 20, to afford the advanced intermediate 21,[10]
which possesses the complete carbon skeleton of herboxidiene/GEX 1A (Scheme 5).

2.5. RK-397[34]

In addition to being synthetically useful, the silicon-based cross-coupling reaction is also
mechanistically unique in that two different modes of transmetalation are possible.[35] This
mechanistic duality also has significant preparative utility because the different mechanistic
pathways can be accessed under very different reaction conditions. The feasibility of using
both modes of activation in a single reagent was established by our research group through
the studies on sequential Bransted base/fluoride-promoted cross-coupling reaction using the
linchpin reagent (£, £)-[(4-benzyldimethylsilyl)-1,3-butadienyl]dimethylsilanol (22; Scheme
6).[20d] This bifunctional reagent can combine with two electrophiles under complementary
conditions for the construction of unsymmetrical polyenes. In the first cross-coupling
reaction, 22 is treated with the Brgnsted base potassium trimethylsilanolate (TMSOK) in the
presence of an aryl iodide and [Pd(dba),] at room temperature. The silanolate generated in
situ undergoes a direct cross-coupling reaction to afford the (1-aryl-1,3-
butadienyl)benzylsilane (23). The terminus substituted with a benzylsilyl group is inert
under these reaction conditions. Subsequently, when 23 is treated with TBAF and under
otherwise similar conditions as the first coupling process, the second cross-coupling reaction
proceeds smoothly to afford the unsymmetrical 1,4-diaryl-1,3-butadiene 24 (Scheme 6).

The total synthesis of the polyene-polyol antifungal agent RK-397 aptly demonstrates the
power of complementary modes of activation for silicon-based cross-coupling reaction
(Scheme 7). Whereas in the above synthetic study, both electrophiles are ary/iodides for the
construction of the polyene fragment of RK-397 however, the cross-coupling reaction with
two alkenyl/iodides is required. This extension is challenging because alkenyl iodides are
known to be less reactive.[] Thus, for the cross-coupling of 22 with alkenyl iodide 25, NaH
is employed instead of TMSOK as the Brgnsted base promoter. The stoichiometric
generation of the silanolate using a strong base such as NaH provides heightened reactivity.
[14] The silanolate undergoes the cross-coupling reaction smoothly at this stage. The
resulting triene 26 is then combined with ethyl (£)-3-iodopropiolate under fluoride-
promoted cross-coupling conditions to afford tetraene 27. This key fragment was then
incorporated onto the polyol fragment, to complete the total synthesis of RK-397.

2.6. Papulacandin DI3¢l

One of the most important aspects of the ability to promote silicon-based cross-coupling
reactions without fluoride ions is the compatibility with silicon-based protecting groups and
substrates that are prone to protodesilylation with fluoride. Both of these features were
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critical to the successful synthesis of the C-aryl glycoside antibiotic, papulacandin D,
recently disclosed by our research group.[36] The key strategic disconnection required the
cross-coupling of a 2-pyranylsilanol with an aryl halide. A similar transformation had been
investigated in the early stage of the development of the cross-coupling utilizing silanols
(Scheme 8).[7d] Dihydropyranylsilanol 28 (prepared by the lithiation of dihydropyran and
subsequent quenching with hexamethyltrisiloxane) is a competent reagent for cross-coupling
under fluoride activation. When 28 and an aryl iodide are combined with TBAF and a
substoichiometric amount of [{(r-allyl)PdCI}»], the cross-coupling proceeds rapidly to
afford a good yield of the 2-aryldihydropyran product 29.

Although the above examples showed that, in principle, a-oxyalkenylsilanols are competent
substrates for cross-coupling, the fluoride-containing reaction conditions are clearly
incompatible with the silyl ether protecting groups planned in the total synthesis of
papulacandin D. Therefore, fluoride-free conditions for the cross-coupling had to be
developed.

The actual synthesis required the cross-coupling of the silyl-protected glycal 32 with the
protected iodoresorcinol derivative 33 (Scheme 9). To prepare 32, silyl-protected glycal 30 is
lithiated at C1 followed by capture with chlorodimethylsilane. The resulting hydrosilane 31
is subjected to a ruthenium-catalyzed, oxidative hydrolysis to afford the base-sensitive
silanol, 32. The key cross-coupling reaction of 32 was quite challenging, because aryl iodide
33 is not only sterically encumbered (ortho-disubstituted) but also electron-rich. Even non-
fluoride activators caused a significant amount of protodesilylation at C1. Ultimately, this
critical transformation could be achieved efficiently using sodium fert-butoxide as the
Brgnsted base activator and [Pd,(dba)s]-CHCI3 as the catalyst to provide C-arylglycal 34 in
good yield. Glycal 34 contains the entire carbon framework of the sugar fragment of
papulacandin D.

2.7. Isodomoic Acids G and HI37]

Whereas most of the target molecules described in the foregoing sections are highly
oxygenated natural products, the neuroactive marine natural products, isodomoic acids G
and H, are the first alkaloids synthesized through silicon-based cross-coupling. The initial
strategic connection of these targets was inspired by the recently published sequential
silylcarbocyclization/cross-coupling reactions from our research group,[1%l involving a
silicon-based donor related to 35 and a 5-iodopentenoate acceptor related to 37.
Surprisingly, after an extensive survey of reaction conditions, none of the key cross-coupling
product could be detected. The failure to effect this coupling led to a reversal in the roles of
the donor and the acceptor.

Accordingly, treatment of alkenylphenyldimethylsilane 35 with iodine monochloride effects
an iododesilylation that proceeds with a complete inversion of double bond configuration,
presumably through an anchimeric participation of the neighboring carbonyl group (Scheme
10).[38] In the key cross-coupling reaction of 36, the fluoride hydration level plays a critical
role. When the TBAF was tri-, tetra-, or hexahydrated, the conversion is modest and the
reaction stalls within 2 hours. However, the reaction rate improved dramatically by
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employing TBAF-8H,0. With this activator, the coupling with silanol 37 proceeds rapidly to
afford the protected isodomoic acid H, 38, in 92% yield. The synthesis is completed by the
saponification of the three methyl ester groups of 38 using LiOH, and subsequent
detosylation using sodium amalgam[39] to afford isodomoic acid H.

The invertive iododesilylation pathway could be suppressed by employing 39 in which the
triisopropylsilyl ether inhibits the anchimeric participation of the ether oxygen atom, thus
enabling the synthesis of isodomoic acid G (Scheme 11). The treatment of 39 with iodine
monochloride proceeds with exclusive retention of double bond configuration, to give (£)-
alkenyl iodide 40 in 73% yield. (£)-Alkenyl iodide 41 is subjected to the same sequence of
cross-coupling and deprotection as described above, to achieve the total synthesis isodomoic
acid G.

3. Summary and Outlook

The structural diversity of the natural and non-natural synthesis targets described in this
Minireview illustrates the versatility of both the fluoride-promoted and Brgnsted base
promoted, silicon-based, cross-coupling reactions. In particular, in the case of RK-397, both
modes of activation were employed with the same substrate sequentially for the synthesis of
an unsymmetrical polyene. A broad range of reactions have been developed to selectively
introduce the silicon-containing moiety, ranging from conventional lithiation and subsequent
trapping with a silylating agent (papulacandin D), to hydrosilylation (NK-104), to the less
commonly seen [4+2] annulation (herboxidiene/GEX 1A), to Heck reaction (nitidine), to
ring-closing metathesis (brasilenyne), and to carbonylative silylcarbocyclization (isodomoic
acids G and H). When parlayed with a mild cross-coupling process, complex molecules can
be constructed expediently. Furthermore, the advent of “masked” silanol equivalents allows
the silicon-containing intermediates to survive harsh reaction conditions, as in the case of
herboxidiene/GEX 1A synthesis.

It should be pointed out that, presently the repertoire of conditions developed for silicon-
based cross-coupling is far from being exhausted in total syntheses, since only alkenyl-
alkenyl and alkenyl-aryl cross-couplings have been utilized in all the syntheses reviewed
above. A promising new direction for applying silicon-based cross-coupling reactions to
total synthesis is in the preparation of heteroaromatic natural products. The cross-coupling
of a large number of heteroaromatic silanols, such as indolyl-, pyrrolyl-, furanyl-, thienyl-,
[8b,14b.d] jsoxazolyl-,[82] and benzofuranylsilanols.[142] has been extensively investigated by
our research group. Moreover, the recent development of a sequential Larock indole
synthesis/cross-coupling allows for a straightforward preparation of 2,3-disubstituted
indoles, a common motif of many therapeutic agents.[2?]

With all the empowering features discussed in this Minireview, it is foreseeable that more
natural and non-natural compounds will be synthesized through silicon-based cross-coupling
reactions. We hope that the strategies described above will encourage chemists to take
advantage of this underutilized and yet valuable carbon—carbon bond-forming reaction.
Ideally, we would also hope that new, sequential processes will be developed that expand the
range of structure that can be accessed by their amalgamation with silicon-based cross-
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coupling reactions. The impact of organosilicon chemistry on the practice of organic
synthesis over the past four decades has been spectacular and we anticipate that its impact
on the era of cross-coupling will be no less impressive.
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Scheme 1.
Key steps in the synthesis of NK-104.[232b]
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The Heck reaction/cross-coupling sequence in the formal synthesis of nitidine.[24]
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Scheme 3.
Medium-sized ring formation using sequential RCM/intramolecular cross-coupling reaction.
[28]

Angew Chem Int Ed Engl. Author manuscript; available in PMC 2021 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Denmark and Liu

\ Schrock's
. catalyst
Me-Si. . .
/O e
Me benzene,
RT,1h
92%

15

[{(m-allyl)PdCl},],
TBAF

\

THF, RT, 60 h
61%

brasilenyne

Scheme 4.
The key ring-closure steps in the total synthesis of brasilenyne.[2”] PMB=para-

methoxybenzyl.
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: s_Me Me TMSOTf, DTBP
MeO,C” Y T + 07 CHClMecN o0
: e
SiMe,Ph SiMe,Bn 720 °C
17 65%, d.r. > 30/1
OMe
Me. A PN N
: N
TBDPSO Me Me Me c
20
[{(z-allyl)PdCI},], TBAF, THF,
0°CtoRT,6h
Me X -
50-71% TBDPSO Me Me OH Me Me
21 herboxidiene/GEX 1A

Scheme 5.

Key carbon—carbon bond-forming reactions in the total synthesis of herboxidiene/GEX 1A.
[32] Bn=benzyl, DTBP=2,6-di- fer-butyl-pyridine, TBDPS=tert-butyldiphenylsilyl,
Tf=trifluoromethanesulfonyl, TMS=trimethylsilyl.
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23
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/©/ CO,Et
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88% 24

Scheme 6.
Sequential cross-coupling of 1,4-bis(silyl)diene 22.[20d] dba=trans, trans-
dibenzylideneacetone.
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toluene, RT THF, RT
77%, d.r. = 3/1 79%, d.r. = 5/1
O NN +OH
Me '
.. OH
THPO. N N COEt ——= Me™ ™ )
27 Me"" " -
OH OH OH OH OH OH
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Scheme7.

Preparation of the unsymmetrical polyene fragment of RK-397 using 22.[34]
THP=tetrahydropyran.
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The preparation and the cross-coupling of dihydropyranylsilanol 28.[7d]
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I~ A~ O OH
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papulacandin D

The assembly of the C-aryl glycoside of papulacandin D.[3¢] piv=pivaloyl,

TES=triethylsilyl.

Angew Chem Int Ed Engl. Author manuscript; available in PMC 2021 March 01.



1duosnuey Joyiny

1duosnuely Joyiny

Denmark and Liu Page 21

Me
HOMe,Si \/\)\COZMe
37
ICl [Pd,(dba);]-CHCI; (5 mol %)
CH,Cl, TBAF-8H,0, RT, 1 h

RT,1h MeO,C CO,Me
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Scheme 10.
Key steps leading to the synthesis of isodomoic acid H.[37] Ts=4-toluenesulfonyl.
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Page 22
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39 73% 40 79% 41
1. LiOH
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Scheme 11.

Conclusion of the synthesis of isodomoic acid G.[37] TIPS=triisopropyIsilyl.
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Table 1:
Optimization of the sequential hydrosilylation/cross-coupling of 1.[232.0]

Me_ Me

OXO 1. HSIR,, Pt (cat.), RT, 1h
/\)\/COJBU 2. PhX, [{(n-allyl)PdCl},],
1 TBAF, THF, 60 °C, 0.5 h
Me_ Me
M M
C?><Oe + OXO b M;the
CO,B
A _coms ﬁph)V'v B M _com
2a 2b 2c
Entry HSR;3 Pt cat. PhX  2a/2b/2c  Combined yield [%]
1fb] HSIMe(OEY),  H,PtClsH,0 Phl  70:28:2 91
o] HSiMe(O#r),  HoPtClsH,0 Phl  72:18:10 77
3fb]  HSiMe(OEt), [(BusP)Pt(dvds)] Phl  89:1:10 80
4 HSiMe,Cl [(BusP)Pt(dvds)] Phl  96:4:0 78
56/ HSiMe,Cl [(BugP)Pt(dvds)]  PhBr  95:5:0 82

[a]Reaction conditions: 1. HSIR3 (1.2 equiv), Pt cat. (5 mol%), RT, 1 h; 2. PhX (1.1 equiv), [{(r-allyl)PdCI}2] (2.5 mol%), TBAF (1.5 equiv),

THF, 60°C, 1.5 h, unless otherwise specified.

[b](EtO)3P (5 mol%) used with [{(rc-allyl)PdCI}2].

[0]2.0 equivalents of TBAF employed. dvds=1,3-divinyl-1,1,3,3-tetramethyldisiloxane, TBAF=tetra-/-butylammonium fluoride,
THF=tetrahydrofuran.
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