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sequential catalytic reactions of organometalliagents, have been the subject of extensive stur:,

because of their versatile application in orgagittisesis and material science. The silylative cimgpbf
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olefins with vinyl-substituted organosilicon compais (discovered in our group) represents one of th=

most efficient and straightforward methods for thynthesis of stereodefined alkenylsilanes ana

www.rsc.org/

bis(silyl)alkenes, which are particularly attraetiwscaffolds for further transformations including

palladium-catalyzed cross-coupling with organicided (Hiyama coupling) or electrophilic-inducted
desilylation. The article highlights recent devet@mts and covers literature mainly from the lastde

in the sequential (also one-pot) synthetic straegncluding ruthenium-catalyzed silylative couplin
followed by desilylative cross-coupling, acylatiamd halogenation, leading to stereodefined organ.c
derivatives such a€f-alkenyl halides, E)-a,f-unsaturated ketones or arylertg-yinylene derivatives
which are widely applied as fine chemicals, funtébmaterials or building blocks in organic synikes

1. Introduction

The use of main groups elements as reagents irosedective
organic synthesis has brought for the last 30 yemsy new and
selective methods for the syntheses of functioadliarganic and
organometallic compounds of fundamental importanfor

development of organic chemistry and chemical teldgyl?

Spectacular examples of selective reactions of nmngetallic
compounds with organic electrophiles that have emanently
accepted in the canon of modern organic synthasisthe catalytic
coupling processes; Suzuki-Miyaura (boron compo)hdStille

(tin compounds§, Negishi (zinc compoundspand Hiyama (silicon

substituent (e.g. acyl, halogen, nitro groups)etgace a silyl group
(ipso-substitution), ensuring usually retention of getm&®

Of the available methods for preparation of steefiogd
alkenylsilanes, the transition metal-catalyzedlailye coupling of
functionalized olefins with vinylsilanes (calledsaltrans-silylation
or Marciniec coupling) is one of the most diredgxible and
powerful approaches (Scheme 4).The silylative coupling
reaction, is an example of a catalytic processtakiace as a result
of C-H bond cleavage at the and 8 carbon atom from the vinyl
group and activation of the ,f-Si bond in the vinylsilane
molecule with evolution of ethylene molecule. Tlaatysts of this

compoundsf. The significance of these discoveries has beerprocess are complexes of transition metals (M = Ru, Co, Ir),

emphasized by honoring of Professors A. Suzuki, lEegishi and
R. Heck, who are the pioneers in investigation ghaometallic or
organic reagents coupling with organic halideshviiibbel Award
in chemistry in 2010. The interest in the area\iglenced by a
great increase in the number of papers and monbgrap the
above subjects, published in the top rank scienjifurnals in the
last decade.

Particular importance of silicon from among the mnajroups
elements follows from the fact that (in contrasthe othemp-block
elements) the majority of its compounds are reddyicheap and
commercially available, they show high stabilityysignificant
toxicity and highly selective reactivity towardseelrophiles.
Chemical properties of organosilicon compounds, artigular
vinylsilanes and their derivatives, make them highdluable in the
reactions leading to functionalized organic compmsif

Unsaturated organosilicon compounds have been forynyears
successfully applied in stereoselective organic trmgis’®
Particularly useful tools in these processes aee rébactions of
electrophilic-inducted desilylation of vinylsilanesand their
derivatives as they permit selective introductioh a given

This journal is © The Royal Society of Chemistry 2013

containing or capable of in situ generation of MdAd M-Si
bonds!?
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Scheme 1 Silylative coupling of olefins with vinylsilanes

The silylative coupling was discovered by profesdtogdan
Marciniec in 1984 The mechanism of the process proposed fc-
the Ru-complexes by Wakatsttkiand corrected by Marciniec
group®® and for other metal complexes such as‘Rap" and I®
proceeds via insertion of vinylsilane into M-H boraohd -Si
transfer to the metal with elimination of ethylelmegenerate M-Si

J. Name., 2013, 00, 1-3 | 1
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species followed by insertion of alkene gfdH transfer to the
metal with elimination of substituted vinylsilan®@cheme 2).

Ysmg v g Ny SRs

2 SiRy
R k M—H

H SR H H H H
M + M . M .
R SiR'3 SiR'3

H H R H H H
M-SiR'y _
R
M =Ru, Rh, Co

Scheme 2 Silylative coupling mechanism

Intensive research work in Poznan group from thgirtméng of
1990s has brought about development of selectivéhads of
synthesis ofg-functionalized vinyl-substituted silicon compounds
by catalytic silylative coupling reaction (mainly the presence of
ruthenium and rhodium complexes) of a wide gamudlefins, e.qg.
substituted styrené$, N-vinylamides!® N-vinylcarbazolé® and
vinyl etherg® with alkyl-, aryl- and alkoxy-substituted vinylailes
and vinylsiloxanes. The selectivity of this procelepends on the
structure of substrate and catalyst used. The raosve and
selective catalysts for this process are rutheriiydride
complexes  containing phosphines as ligands .
[Ru(H)(CI)(CO)(PPh)3] and [Ru(H)(CI)(CO)(PCy),]. The reaction
proceeds most effectively and selectively with fiomalized
olefins containing aryl and nitrogen-containing @we (e. g.
substituted styrenesd\-vinylamides, N-vinylcarbazole). Reactions
involving terminal 1l-alkenes such as 1l-hexene & fhesence of
Ru complexes occur with lowerE/Z selectivity and are
accompanied by competitive isomerization of olefiSslylative
coupling in the presence of ruthenium complexes theen also
successfully applied to functionalization of muiltiylsubstituted
organosilicon compounds such as cyclosiloxanes
cyclosilazaned'?? silsesquioxanes and spherosilic&té$as well
as to modification of vinylsubstituted polysiloxafé
Functionalized  polyhedral  silsesquioxanes
spherosilicates have attracted widespread atterasrmrecursors
and components of a variety of inorganic/organibrtdy materials.
The vinyl-functionalized silsesquioxanes are oftipatar interest
as the vinyl substituents are reactive in variowmdformations
leading to hybrid materials, for example, chromaegh®OSS
systems which recently have been studied for OLEZsctivities
of divinylsubstituted organosilicon compounds i tbompetitive
processes of catalytic polycondensatidfi and intramolecular
cyclizatior®3* by silylative coupling in the presence of
ruthenium(ll) or rhodium(l) complexes have alsorbstudied.

The silylative coupling, in combination with subsegt
desilylation reactions such as Hiyama cross-cogpliand
halodesilylation, appears to be a valuable step ptovide
functionalized unsaturated organic compoufidsThe article
highlights recent developments in the sequentiaftstic strategies
including ruthenium-catalyzed silylative couplingllbwed by
desilylative cross-coupling, acylation and halogema leading to
stereodefined organic derivatives containing amdeimylene units
which are widely applied as fine chemicals, funttibmaterials or
unsaturated building blocks in organic synthesis.

2| J. Name., 2012, 00, 1-3
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2. Results and discussion
2.1 Synthesis and applications of (E)-alkenyl halides

The combination of the ruthenium-catalyzed silylaticoupling
with electrophilic halodesilylation reaction haseheused for the
stereoselective preparation of synthetically useft)-alkenyl
halides from terminal olefin€*° The study has been concentrateu
on the search for new direct and selective metfardhe syntheses
of functionalized E)-alkenyl halides from terminal alkenes with the
use of certain products of sequential reactionseiected catalytic
processes (e. g. Suzuki-Miyaura and Sonogashirapliogu
reactions) in order to get more complex functiaredi organic
compounds containing-conjugated systems of double or triple
bonds.

[Ru(H)(CI)(CO)(PPh);]-catalyzed E-selective silylative coupling
of styrenes with vinyltrimethylsilane followed byN-
iodosuccinimide-mediated iododesilylation has beeported as
valuable synthetic method for the one-pot conversid easily
available and relative inexpensive styrenes iriEpStaryl vinyl
iodides®® which are widely applied as useful building blodks
transition metal-catalyzed organic transformatioasd natural
product synthesis. Both reactions are not air-sgasénd can be
performed with commercially available reagents asavents
without further purification. Under the optimal dtitions,
substituted styrenes bearing functional groups sschMe, —Ph, —
OMe, —ClI, —Br and —F, reacted successfully to giwe #)-s-aryl

e.vinyl iodides in high yields via the correspondifig-styrylsilane

intermediates, irrespective of the substituent tedeec character
and position on the aromatic ring (Scheme 3). Tihalieation of
the one-pot ruthenium-catalyzed silylative  couplifig
bromosuccinimide-mediated bromodesilylation stratep the
synthesis of K)-p-aryl vinyl bromides has also been reportec
(Scheme 3§° Using this procedureEj-g-aryl vinyl bromides have
been prepared from styrenes containing both eleatomating and
electron-withdrawing groups in over 98%selectivity and high
yield. The above sequential reactions have been fitlse in

anditerature examples of one-pot halogenation of radise leading

selectively to E)-alkenyl halides.

X

NE
NeCN RT R//

S Ne
XX FU(E)C)CO)PPE): X 3
O/\+ 7 8Nes iorers T00C O/\/
P il P NES
R = R w\m ST
@/\/
R//

89-94%
E1Z2>9812

80-95%
E1Z>9713

not isolated

F=F 4F 4-C 4Br 4Ft 4-Ne 4NeC 3-NeC 3-Ne 35-Ne;

Scheme 3 Synthesis ofE)-g-aryl vinyl halides

The discovery of the new method for the synthes$igE)-styryl
halides from styrenes has encouraged the seardther substrates
of sequential reactions of silylative coupling amalodesilylation.
Investigation of the sequential silylative couplingand
iododesilylation ofN-vinylcarbazole has brought about a methed
for the synthesis of H)-9-(2-iodovinyl)9H-carbazole that has
proved to be a valuable reagent in the sequengiattions of
carbon-carbon bonds coupliig.The silylative coupling ofN-
vinylcarbazole with vinyltrimethylsilane has beeerformed in the
presence of [Ru(H)(CI)(CO)(PGy] complex, while the
iododesilylation of E)-N-2-(trimethylsilyl)vinylcarbazole has been
the most effective in the presence Mfodosuccinimide (NIS) or

This journal is © The Royal Society of Chemistry 2012
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molecular iodine. The conditions permitting effeetirealization of
silylative coupling and iododesilylation in one-pa¢re established
to give E)-9-(2-iodovinyl)-H-carbazole in 76% yield and high
selectivity (Scheme 4). It has been the first dbsdrin literature
example of an effective stereospecific halodedilyta of
functionalized nitrogen-containing vinylsilanes.

The use of £)-9-(2-iodovinyl)-H-carbazole as a building block in
catalytic coupling reactions permitted obtainingseries of new
unsaturated organic compounds containing subslitufe)-N-
vinylcarbazole groups of many interesting poterdigplications’’

In particular, E)-9-(2-iodovinyl)-H-carbazole has been shown to
undergo palladium catalyzed Sonogashira and Sudiydura
coupling reactions to yield carbazole-containirig)-ijut-1-en-3-
ynes and substituted,E)-9-(buta-1,3-dien-1-yl)carbazoles in good
yields (Scheme 4N-substitutedr-conjugated carbazole derivatives
have found many applications in organic electrgniesnlinear
optics, chemistry of sensors, and are building kdoof a large
group of pharmaceuticals an alkaloids.

]
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O 5277%
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Scheme 4 Synthesis and application oE)(9-(2-iodovinyl)-H-
carbazole

Ruthenium-catalyzedE-selective silylative coupling of easily
available N-vinylamides or imides with vinyltrimethylsilane
followed by halodesilylation has been found a valaand general
synthetic method for the conversion Mfvinylamides into E)-N-
(2-halovinyl)amides or their imide analogug® A series of E)-4-
iodoenamides andEj-p-iodoenimides has been easily obtained
from N-vinyl derivatives N-vinylamides andN-vinylimides) by
stereoselective [Ru(H)(CI)(CO)(Pg}¥-catalyzed silylative
coupling with vinyltrimethylsilane and subsequet¢rsospecific
silicon-iodine exchange mediated biN-iodosuccinimide or
molecular iodine under mild conditions (Schemé®5¥.

o} o} 0
RuH(CI)(CO)(PC: o
R1)LN/§ . /\SiMe3 [RUH(CI)(CO)(PCy3),] R1)LN/\/SIM83 NIS or I, R1)J\N/\/I
| toluene, 100°C ) MeCN, RT !
Ry = Ry R
54-90% 73-89%
EIZ >93/7 EIZ>7I3

eododef o d 8

Scheme 5 Synthesis offf)-s-iodoenamides andej-s-iodoenimides

Bromodesilylation  of E)-g-silylenimides  affords K)-$-
bromoenimides, while the analogous reactions irrgIv(E)-S-
silylenamides led to decomposition of substrdtéEhe ruthenium-
catalyzed silylation/halodesilylation sequence cde also

This journal is © The Royal Society of Chemistry 2012
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performed in a one-pot procedure without isolatbisilylenamide
derivatives to giveH)-f-haloenamides in moderate to good yields
(68-88%)38

p-Haloenamides are synthetically versatile variasftsenamides,
offering rapid access fmetalated enamides that can serve as acyl
anion equivalents or can be involved in transitioetal-catalyzed
reactions. In addition, stereodefined haloenamides excellent
candidates for the use as coupling partners ina®alyzed cross-
coupling reactions allowing regio- and stereoselectonstruction
of complex enamide and dienamide derivatit’el this context,
(E)-N-2-iodovinylphthalimide has been successfully agplas a
new building block in catalytic reactions involvirggrbon-carbon
bonds formation i.e. Suzuki-Miyaura and Sonogasltioapling
reactions catalyzed by palladium complexes (Schéyi@ The
catalytic Suzuki-Miyaura coupling reaction pernttteselective
synthesis of a series OE)-N-(2-arylvinyl)phthalimides (reactions
with aryl boronic acids) andg(E)-N-(buta-1,3-dienyl)phthalimides
(reactions with E)-arylvinyl boronic acids or esters) in good yields
(60-90%). Sonogashira coupling oE){N-iodovinylphthalimide
with terminal alkynes containing aryl, (cyclo)alkynd silyl
substituents taking place in the presence of alyt@tasystem
PdCL(PPh),/Cul gave selectively H)-N-(but-1-en-3-yn-1-
yl)phthalimides with good yields (60-84%) and siety.>°

@ o~ @
N Ar
AN (RC) E E(C R);,
% VQ)
6.90% K:CCs P((PPP )¢

c 69-85%
R= H P ¢-NeCeH, «-BrCeH, Np

4-CHzz CHCgHy CeHeS CeHeC @iﬁ A

_ C
7 R-\B(CR);
o4 F PeC :(PPE:); w%\ c
Pz Cu (-Pr);NH cC.
Q7 ey
C  €0-84% o

72-9C%
R=H Pt ¢-Ne¢CeHy I-FCeHy

R = H Pt CCCNe Rz= Pt r-Bu

R= Pt Np SNe: (CSNer)CeH ¢
(CB:CVO))CeHy CeH ¢

Scheme 6 Synthetic application ofF)-N-iodovinylphthalimide

N-Substituted phthalimides are key structural umits variety of
biologically important compounds. Several fungisidenetabolic
drugs and functional materials contain alkenyl-$itited
phthalimides as key structural elemetits.

2.2 Synthesis of (E)-a,f-unsaturated ketones
One recently-reported method for the synthesis Bf-styryl

ketones is based on one-pot sequential silylativapking of
substituted styrenes with vinyltrimethylsilane imetpresence of

[Ru(H)(CI)(CO)(PPh);] and desilylative acylation of E}-
trimethylsilylstyrenes with acid anhydrides catagz by
[Rh(C(CO)], (Narasaka couplindf Under the optimal

conditions, substituted styrenes bearing both eacithdrawing
and electrondonating functional groups, reacted successfully "«
give the E)-styryl ketones in high yields via the corresponp(E)-
styrylsilane intermediates, irrespective of thestifibent electronic
character and position on the aromatic ring (Schéménhydrides

of aliphatic, aromatic and unsaturated carboxyliids® can be
applied in this process.

J. Name., 2012, 00, 1-3 | 3
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Scheme 7 Synthesis ofE)-styryl ketones

A combination of silylative homo-coupling of vinylsilanes
(catalyzed by [Ru(H)(CI)(CO)(PG)y or [Ru(Cly(CO)],). and
rhodium-catalyzed desilylative acylation of E){1,2-
bis(silyl)ethenes with acid anhydrides leads to thelective
formation of E)-g-silylvinyl ketones with retention of olefin
configuration (Scheme &§. Products of sequential reactions of
silylative coupling and acylation, i.eE)-styryl and E)-f-silylvinyl
ketones are valuable reagents in organic synth@sisleophilic
addition, Michael condensation, Diels-Alder pragestc. )

c o
F‘)J\OJLF1 Q

FhC(CO), ;
RS /\)J\R‘

48-82%
EiZ=8713 - 8¢/

Fu(k)(C)(CC)(FCy; ),
/\ or FuC,(CQC), ; FgS _
2 SFRa tcuei”C‘C \/\S Ra

1o uene “20‘C

not isolated

€ ;=€ MeFh € Me

F1=Me Et Fr Fh C(Me)=CF;
Scheme 8 Synthesis of)-g-silylvinyl ketones
2.3 Synthesis of aryl-vinyl derivatives

Functionalization of alkoxy- or siloxy-substitutethylsilanesvia

silylative coupling with olefins can be successfudbmbined with
palladium-catalyzed Hiyama coupling to yield widariety of aryl-
vinyl derivatives. The sequential silylative coungi -Hiyama
coupling strategy has been successfully used fresselective
synthesis of K)-stilbenes® (E)-9-styrylcarbazole&® bis[(E)-

styryllarenes? stilbenoid dendrimef8 and aryleneH)-vinylene
polymers!® Stilbenoid compounds with extended-electron
systems show interesting photophysical and photocs
properties and are therefore suited for variousliegtons in
material science.

Sequential [Ru(H)(CI)(CO)(PRh]-catalyzed silylative coupling of
substituted styrenes with alkoxy- or siloxy-suhgét vinylsilanes
and [Pd(dba)]-catalyzed Hiyama coupling of such obtainég}-(
styrylsilanes with iodoarenes has been appliedténesselective
synthesis of substitutedE)-stilbenes (Scheme ) Substituted )-
4-chlorostilbenes have also been successfullyirddain one-pot
procedures without isolation of organosilicon intediates”
Application of 1,4-diiodobenzene or other aryl ditles as
coupling reagents in sequential one-pot silylatiemupling —
Hiyama coupling reaction led to big)¢4-halostyryllarenes with
good vyield and high stereoselectivity (Schemé’aylultistyryl-
substituted arenes with polyconjugated branches lpanalso
synthesized via one-pot silylative coupling/Hiyama coupling
protocol (Scheme 9). Ruthenium hydride-catalyzedylaive
coupling of 1,3-divinyltetramethyldisiloxane with-nalostyrenes
followed by palladium-catalyzed cross-coupling oistgryl-
siloxanes with tri- or tetrahaloarenes led to HB(E)-4-
chlorostyryl)benzene or 1,2,4,5-tetrakiSfd-halostyryl)benzenes
respectively, in high vyields (72-95%) and stereeslity
(>99%)28

4| J. Name., 2012, 00, 1-3
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Scheme 9 Synthesis of K)-stilbenes, bisf)-styryllarenes and
stilbenoid dendrimers

Highly stereoselective, one-pot synthetic methogpldor the
construction of E)-poly(arylenevinylene)s based on sequenti=l
silylative homo-coupling - Hiyamacross-coupling of isopropoxy-
dimethylvinylsilane with aryl dihalidebas been reported (Scheme
10). A double bond of isomeric bis(silyl)etheneeimediates can
thus be very efficiently grafted into the aromatioucture, offering
the potential of constructinge)-stilbene and polyene derivativ&s.

. S Ne, (Ci-Fr)
RUKC (CC)PPo): | (-FIC)VE;S T XA A
PN cc Pes(cke): oM
n Z SsWe (CiF) ———— + e
coere 110°C TBAF 80°C
)J\ Core n
(-FIC)Ve:S SNe;(CiF) |, 43-98%

Scheme 10 Synthesis of)-poly(arylenevinylene)s

A combination of the ruthenium-catalyzed silylatiweupling and
palladium-catalyzed  Hiyama  coupling processes, gusin
vinylcyclosiloxanes as a supporting reagents leatts
stereoselective synthesis d){styryl derivatives with high yield.
Silylative coupling of tetravinylcyclotetrasiloxanewith 4-
bromostyrene followed by cross-coupling wiphsubstituted aryl
ioditsjoes yielded unsymmetrical E)-4-bromostilbenes (Scheme
11).

Er Er

Neﬂ

e Er
lete e O
3 < Pe(cte); =
y 7 —_—
e’ 0 Q) TBAF THE ¢£°C O
R

=~ Ne 85-92%
R=F Che Ne
Er

Scheme 11 Synthesis off)-4-bromostilbenes

e TO,

C
< RuU(H)(C )(CC)(PCy:):
< ,o’/7 f Lere £05C
Me

Er

Hiyama coupling of the p-n-butoxyvinyl-substituted
cyclotrisiloxane (synthesized by its silylative pling with vinyl n-
butyl ether) with iodobenzene has been successdpiplied to the
synthesis off-n-butoxystyrenes (Scheme 12) which are difficult tc
synthesize using other methdds.

This journal is © The Royal Society of Chemistry 2012
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Scheme 12 Synthesis off-n-butoxystyrenes

Stereoselectivgg-arylation of N-vinylcarbazole can be performed
via sequential silylative coupling/Hiyama coupling. €T(E)-9-[2-
(triethoxysilyl)ethenyl]-H-carbazole, obtainedvia silylative-
coupling undergoes theoss-coupling (Hiyama coupling) reactions
in the presence of [B@@iba)] catalyst, giving exclusivel\N-(E)-
arylvinylcarbazole derivatives (Scheme 13§°

0 ® A
I\J/ .\ //—5 (OEt): RuHe cC)Pey), I\J/_S (OEt): Pes(cte): /I\_//_@F
Q .= O THF TBAF Q

F=F F C Er COCk; NC; Ch;
NFCOCH; OCH;

Scheme 13 Synthesis off)-9-styrylcarbazoles

7°-88%

A combination of the ruthenium-catalyzed silylate®upling ofp-
substituted styrenes with vinyltrimethylsilane amdCl;-catalyzed
coupling of styrylsilanes with benzyl alcohol detives® leads to
the synthesis of disubstituted alkenes containirgnatic groups
with a moderate yield and selectivity (Scheme Pgjplication of
1,2-dichloroethane as a solvent enabled to carrypoth processes
in one-pot fashion.
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Scheme 14 Synthesis oflisubstituted alkenes containing aromatic

groups
2.4. Synthesis of trisubstituted olefins

The unique feature of the silylative coupling réatt
distinguishing this process from cross-metathesithé formation
of 1,1-bis(silyl)ethene fragment under given coiodis. Although,
1,1-bis(silyl)ethenes cannot be selectively obthitterough direct
silylative homo-coupling (disproportionation) of vinylsilanes, new
efficient protocols for their synthesis using ruthen-catalyzed
silylative  coupling egzo-cyclization of divinyl-substituted
monomers, followed by the reaction with Grignarc&gents or
alcohols have been report®d? The resulting 1,1-bis(silyl)ethenes
have been efficiently coupled in the presence leksinitrate and
palladium acetate with aryl iodides to give theresponding 1,1-
bis(silyl)-2-arylethenes with high yield. Two corephentary three-
step approaches based on sequential procedurebéeveeported,
in which the first step is either one-pot silyla&ivcoupling
cyclization or Grignard reagent treatment, the mdcds Heck
coupling or silylative coupling cyclization, andettast is Heck
coupling or Grignard reagent treatment (Scheme*1%).
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Scheme 15 Synthetic routes towards 1,1-bis(silyl)-2-aryletbs

1,1-Bis(silyl)-2-arylethenes have been found as aetitre
precursors for electrophilic substitution to givanétionalized
trisubstituted olefins. Bromodesilylation of the ukmg 1,1-
bis(trimethylsilyl)-2-arylethenes in the presencef oN-
bromosuccinimide (NBS) led to a discovery of a neethrod for
the synthesis of 1,1-dibromo-2-arylethere3he selective double
bromodesilylation of 1,1-bis(trimethylsilyl)-2-agthenes takes
place under mild conditions for a wide gamut of argsilicon
substrates containing electron acceptor or dondstiuents in
aromatic ring, and is an attractive alternativethte hitherto used
methods of synthesis of the above compounds (ScHéheThe
products of bromodesilylation are important preotssn syntheses
of 1-bromo-1-alkynes, internal and terminal alkynasyl-methyl
ketones andH)- or (2)-1-bromoalkened® Geminal dibromoalkenes
are also used as reagents in many coupling reaatiaalyzed with
palladium complexes leading to a wide gamut of fiomalized
alkenes and alkynes, e.gZ){l-aryl-1-bromo-1-alkenes,ZJ-2-
bromo-1,3-butadienes, triarylethenes, 2-aryl-1dllgnylethenes,
(E)-3-methyl-3-en-1-ynes, and symmetric or asymmetti@-
diynes®®

The studies of iododesilylation of 1,1-bis(trimetilyl)-2-
arylethenes in the presence of iodinating agéyiegdosuccinimide
and iodopyridinium tetrafluoroborate) have showattthe process
takes place under mild conditions with a high sisedectivity to
yield mono-substitution products (despite the u$eexcess of
iodinating agents) -Z)-1-iodo-1-silyl-2-arylethenes (Scheme £6).

Br
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F=F 4Er 4C 4-MeC 4NC; 7)E= C46.€<)"

4-Me 4-CCMe 3-Me 3-MeC

Scheme 16 Halodesilylation of 1,1-bis(trimethylsilyl)-2-amthenes

Stereodefinedr-iodovinylsilanes can serve as precursors for the

stereoselective preparation of 1-lithio-1-silylalks, trisubstituted
olefins, secondary amides as well as a variety mpoirtant
organosilicon intermediates such as silyl-subsdualkenes,ZE)-
1,3- and 1,4-dienes arbromovinylsilanes’

2,2,4,A-tetramethyl-1,5-dioxa-3-methylene-2,4-disjicloheptane

(easily obtained via ruthenium-catalyzed silylativaoupling
cyclization of dimethylvinylsilyl-substituted ethgme glycol) in the
reaction with aryl iodides, under standard crosgpting conditions
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forms exclusively (instead of expected 1,1-diarylethenashe-
substitution products with perfect stereoselegtivitnd almost
quantitative yield®® A double bond of bis(silyl)ethene can thus be
efficiently grafted into aromatic structure, offegi the potential of
constructing symmetricaEj-stilbene derivatives. The extension of
this silicon-assisted protocol for aryl dihalidesash led to
stergoselective synthesis oE){poly(arylenevinylene)s (Scheme
17).

Ar (Zeq)
Fc;(cba),
L) S
TEAF TFF exc AT
[N J\ Me
Q
”S, S ~Me
O,
N/

M
Me

X-Ar-X (0 S ea)

Fd, (dba); AT
TEAF dcxane

80cc '

Scheme 17 Synthesis of symmetricaE)-stilbene derivatives and
(E)-poly(arylenevinylene)s using cyclic 1,1-bis(sjgthene as a
platform.

Cyclic 1,1-bis(silyl)-2-arylethenes (obtained viadk arylation of
2,2,4,4-tetramethyl-1,5-dioxa-3-methylene-2,4-disjicloheptane)
have been applied as precursors for the palladatayzed
synthesis of unsymmetrically substitutds)-6tilbenes and HE)-
1,4-diarylbuta-1,3-dienes (Scheme 3).

Ar A Ar/\/Al
- 0,
Ve, JI Me  [Fdcoct | 62-92%
Me-S ™ "§-Me Tear TrF escc
] (Emcrecr_ A AA

68-86%
Scheme 18 Synthetic application of cyclic 1,1-bis(silyl)alkes
3. Conclusions

The silylative coupling of olefins with vinyl-sulistted silicon
compounds, in combination with subsequent desibfateactions
such as Hiyama cross-coupling, desilylative acogtatiand
halodesilylation, appears to be a valuable step ptovide
functionalized unsaturated organic compounds.

The main idea behind the methodologies developeatesuse, at
the first stage, of silylative coupling of olefimgth vinylsilanes (in
inter- or intramolecular version) in the presenderathenium
complexes and then the use of the organosilicordyats (-
substituted vinylsilanes or isomeric bis(silyl)atks) as
intermediates in the sequential stoichiometric iffwe and
iododesilylation) or catalytic (acylation and Hiyancoupling)
desilylation reactions.

The unique feature of these methodologies is thae t
stereochemistry of the processes can be contrdliedg the initial
step as the subsequent desilylation proceed widgntien of the
configuration at the carbon atom and allows themfdion of
stereodefined products. The outcome of the researebented is
development of new alternative methods for the teses of
functionalized di- and trisubstituted alkenes oftegmbial use in
material chemistry a-conjugated derivatives of stilbenes,
phthalimides, carbazoles) and in organic synth@ss precursors
of coupling reactions, alkenyl halides with imidadacarbazole
groups, alkenyl dihalides etc.) leading to the mapion of selected

6 | J. Name., 2012, 00, 1-3
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organic products as new building blocks in synthesfi a wide
gamut of substituted dienes and enynes.
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