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Chemistry of Alkynylsilanes
Gerald L Larson 
Gelest, Inc.

Introduction 
Alkynylsilanes as discussed here are those wherein the silyl moiety is directly bonded to the sp-car-
bon of the triple bond. They are also oftentimes referred to as silylacetylenes. Alkynylsilanes such as
propargylsilanes are, therefore, not included. 

R3Si R1 

where R1 = alkyl, aryl, heteroaryl, vinyl, halogen, functional alkyl 

Scheme 1 General structure of alkynylsilanes 

Acetylene chemistry has been extensively reviewed over the years. Several of the more recent addi-
tions are noted here.1 
The vast majority of applications of 1-silylacetylenes occur where the silyl group, typically
trimethylsilyl, serves as a group for the protection of the reactive terminal C-H bond. Supporting this
silyl protection strategy is the fact that it is quite easy to remove the silyl group in high yield under a
variety of mild conditions that are tolerant of other functional groups. A further advantage of the
terminal silylacetylenes is that the presence of the silyl group, for both steric and electronic reasons,
can often influence the regio- and stereochemistry of reactions at the triple bond. Finally, the
trimethyl-silyl group has its own reactivity in the final product of a reaction at the triple bond. These
often result in the generation of a vinylsilane unit, which can be further reacted under a number of
conditions including protiodesilylation to generate the parent olefin.2 
  Safety 
A report of an explosion using ethynyltrimethylsilane in an oxidative coupling under Glaser-Hay 
conditions was reported.3 The cause of the explosion was attributed to static electricity between the
syringe needle used to introduce the copper catalyst and a digital thermometer inside the flask and not
the thermal instability of the silane. It is interesting to note that the trimethylsilyl group can impart
stability to alkynyl systems. A good example of this is bis(trimethylsilyl)-1,3-butadiyne, which shows
excellent thermal stability compared to the parent 1,3-butadiyne. A flash explosion of trimethylsilyl-
propyne during a bulk transfer from a metal drum has also been reported and was shown to be
associated with static discharge. 
3 Protiodesilylation 
Because trialkylsilyl groups are very commonly used to protect the terminal C-H of an alkyne, pro-
tiodesilylation back to the parent alkyne is an important transformation. This can be accomplished
with a number of mild reaction conditions. Among these is the simple reaction of the 

Abbreviations: 
BIPHEP  1,1’-bis(diphenylphosphino)biphenyl
DABCO  1,4-diazabicyclo[2.2.2]octane
DDQ  2,3-Dichloro-5,6-dicyano-1,

4-benzoquinone
DIH  1,3-Diiodohydantoin
DIPA  Diisopropylamine
DMI  1,3-Dimethyl-2-imidazolidinone
DMEDA  Dimethylethylenediamine
DMSO  Dimethylsulfoxide
Dppe  1,2-Bis(diphenylphosphino)ethane 

i-PrI  Isopropylimidazole
MPM  4-Methoxybenzyl
NIS N-Iodosuccinimide 
SIPr  1,3-Bis(2,6-diisopropylphenyl)-

imidazolidinium chloride 
TBAF          Tetra-n-butylammonium fluoride
TBS             Tert-butyldimethylsilyl 
TES              Triethylsilyl 
TMS            Trimethylsilyl 
TMSI           Trimethyliodosilane 
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alkynyltrimethylsilane with K2CO3/MeOH or, for more hindered silanes, TBAF/THF. Examples of
these are to be found throughout this short review. The selective protiodesilylation of an alkynylTMS
group in the presence of an alkynylTIPS group with K2CO3/THF/MeOH illustrates the potential for
selective protection/deprotection.4 

Bis(trimethylsilyl)-1,3-butadiyne was selectively relieved of one of the trimethylsilyl groups by
reaction with MeLi/LiBr in diethyl ether. 

TIPS TIPS 
K2CO3 

THF, MeOH 
(—MeOTMS) 

TMS 95%

MeLi, LiBr 
TMS TMS TMS HEt2O, 15 h 

(—Me4Si) 

Scheme 2 Example of selective desilylation of an alknylsilane 

Bis(trimethylsilyl)-1,3-butadiyne was metalated with one equivalent of MeLi and reacted with
acrolein and subsequently protiodesilylated to yield vinyl diynyl carbinol 1. The trans metalation 
with five equivalents of MeLi and reaction with acrolein gave the diol   in excellent yield. These key 
intermediates were carried forth in syntheses of ( )- and (-)-falcarinol and ( )- and (-)-3-acetoxy
falcarinol.5 

TMS 1) MeLi (1 equiv) OH 
THF, 0 °C 

2) acrolein, —78 °C 
TMS 3) NaOHaq, THF, rt 73% 

OHTMS 1) MeLi (5 equiv) 
THF, 0 °C 

2) acrolein, —78 °C 
TMS 

1 2 99% OH 

Scheme 3 Desilylative lithiation and reactions of bis(trimethylsilyl)-1,3-butadiyne 

Sonogashira Reactions: Formation of Conjugated Enynes and Arylalkynes
The Sonogashira reaction has proven to be a very important synthetic entry into aryl alkynes and
conjugated enynes.6 These approaches typically make use of the Pd-catalyzed or Pd/Cu-catalyzed
protocols employed in most cross-coupling reactions. The Au-catalyzed use of alkynylsilanes in
Sonogashira cross-coupling has been reviewed.7 

Of the many reactions at the terminal C-H of the simple alkynylsilanes, the Sonogashira reaction
stands among the most important. Under the standard Sonogashira reaction conditions the C-Si bond 
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does not react, providing excellent protection of this position along with adding more desirable physi-
cal properties. Moreover, it provides an excellent entry into a variety of substituted alkynylsilanes.
Though the silyl group nicely provides protection of a terminal position in the Sonogashira cross-
coupling, under modified conditions wherein the silyl group is activated, a Sonogashira-type
conversion at the C-Si bond is possible, thus providing an alternative to a two-step protiodesilyla-
tion/Sonogashira sequence. 

In an example of the use of the TMS group as a protecting group eventually leading to an unsymmet-
rically arylated system, trimethylsilylbutadiyne was coupled with aryl iodide 3 to diyne 4, which
was protiodesilylated and further cross-coupled to 5, a potential hepatitis C NS5A inhibitor.8,9 

TMS TMS 
Pd(PPh3)4, CuI 

NMeLi, LiBr TMSTHF, Et3N, 40 °C, 15 h H
Et2O, 15 h NN IH

N NTMS H H 
3 Pd(PPh3)4, CuI 

N
H 

THF, Et3N, 40 °C, 15 h N HK2CO3 H NN IH
NTHF, MeOH 

N
H 
4 

H
N NN HH NN 

5 

N
H 

N
H 

Ar ArEt3N, 80 °C, 1 - MeCN, 60 °C, 2 - 8 h 
Ar 17 examples: 0 - 60% 

Scheme 4 Sonogashira cross-coupling sequence employing desilylation 

Modest yields of symmetrical1,4-diaryl-1,3-butadiynes resulted from the Sonogashira reaction of an
aryl bromide and ethynyltrimethylsilane followed by treatment with NaOH in MeCN. The reaction
sequence combined a Sonogashira cross-coupling and a Glaser coupling in a two-step single-flask
operation. The second step did not require the further addition of catalyst. The reaction was tolerant
of HO, CO2H, and CHO functionalities.10 

TMS + 
PdCl2(PPh3) 

CuI, PPh3 
3 h 

ArBr 
TMS 

NaOH (2 equiv)

Scheme 5 Sonogashira arylation and homocoupling without prior desilylation 

The Beller group developed a copper-free protocol for the Sonogashira reaction with the more avail-
able and less costly aryl chlorides. Both ethynyltrimethyl- and ethynyltriethylsilane reacted without
loss of the silyl group. The key to the success of the reaction proved to be the sterically hindered 
ligand 6.11 
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Ph 
N 

R [PdCl2(MeCN)2] (1 mol%) R Ph P(t-Bu)2N+ Ar-Cl 6 (3 mol%), Na2CO3 (4 equiv.) i-Pr i-PrArtoluene, 90 °C, 16 h 
13 examples: 31-97% 6R = TMS, 75%; R = TES, 77% 

Scheme 6 Copper-free Sonogashira cross-coupling 

The ethynylsilane (CPDMSA) 7 with the 3-cyanopropyl moiety was prepared and utilized in the syn-
thesis of arene-spaced diacetylenes. The purpose of this particular ethynylsilane was two-fold, firstly
it could be selectively deprotected in the presence of the ethynyl-TIPS group and, secondly, it pro-
vided polarity allowing for a facile chromatographic separation of the key intermediates in the syn-
theses of the diethynyl arenes. The arene groups were introduced via Sonogashira cross-coupling.12 

Me2 Me2 
H MgBr + THF CNSiCNSiCl —20 °C to rt, 16 h 

H 

Me2Si CN 

1. Pd(PPh3)2Cl2 
PPh3, CuI, piperidine I 

Me2 
Si CN + I 

2. TIPS 
7 39% 

Me2Si CN TIPS 

K2CO3 
MeOH, THF 

89% 

TIPS TIPS 

Scheme 7 Sonogashira cross-coupling and selective protiodesilylation 

In a good example of the use of ethynyltrimethylsilane as a precursor to the 1,2,4,5-tetraethynyl-
benzene, 1,2,4,5-tetraiodobenzene was reacted with ethynyltrimethylsilane under Sonogashira
conditions to give 1,2,4,5-tetrakis(trimethylsilylethynyl)benzene. The trimethylsilyl groups 
were then converted to bromides with NBS in greater than 90% over the two steps. The tetrakis(bro-
moethynyl)benzene was reacted with 1,4-cyclohexadiene to give 2,3,6,7-tetrabromoanthracene.13 
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TMS TMS 
I I TMS Pd(Ph)4, CuI + 

Et3N, piperidine I I 
92% 

TMS TMS 

NBS, AgNO3quant. 
Acetone 

Br Br 

Br Br 
Scheme 8 Formation of 1,2,4,5-tetrakis(bromoethynyl)benzene 

In related chemistry the direct ethynylation of tautomerizable heterocyclics under Sonogashira condi-
tions without the need for conversion of the heterocyclic to an aryl halide was reported. These worked
well for ethynyltrimethylsilane and ethynyltriethylsilane.14 

H 1) PyBrOP (1.2 equiv) TMS 
N O N +Et3N, dioxane, rt, 2h N PBr PF6— 

2) PdCl2(PPh3)2 (5 mol%) 3N N 
CuI (5 mol%) PyBrOP83%TMS 

TES 

O 
N NNH N 

AcO 1) PyBrOP (1.2 equiv) AcON NN NO Et3N, dioxane, rt, 2h O 
2) PdCl2(PPh3)2 (5 mol%) 

O OO CuI (5 mol%) O 
TESPh Ph61% 

Scheme 9 Direct Sonogashira ethynylation of tautomerizable heterocycles 

In an interesting and useful approach, ethynyltrimethylsilane cross-coupled with aryl iodides,
bromides and triflates in the presence of an amidine base and water. If water was held out until the
second stage of the reaction, i.e. reaction at the C-Si terminus, the result was the synthesis of
unsymmetrical diarylacetylenes.15 
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Ar-X 

PdCl2(PPh3)2 (6 mol%) 
CuI (10 mol%), DBU (6 equiv) 

benzene, H2O (0.4 equiv) 
rt or 60 °C 

TMS (0.5 equiv) 

Ar 

Ar 
X = I 17 examples
X = Br 2 examples 48 - 84%
X = OTf 3 examples 67 - 88% 

Ar1-I 

PdCl2(PPh3)2 (6 mol%) 
CuI (10 mol%), DBU (6 equiv) 

benzene, H2O, rt, 18 h 
TMS (1.05 equiv) Ar1 

TMS 
Ar2-I 

DBU, H2O Ar1 
rt, 18 h 

8 examples: 61 - 90% 

Ar2 

Scheme 10 Symmetrical and unsymmetrical diarylation of ethynyltrimethylsilane 

The Sonogashira reaction of ethynyltrimethylsilane with 2,6-dibromo-3,7-ditriflatoanthracene was
investigated as an intermediate in a route to anthra[2,3-b:6,7-b’]-difuran (anti-ADT). In this reaction
the Sonogashira cross-coupling occurred selectively at the triflate leaving the bromine groups avail-
able. This route did not result in a synthetic approach to the desired anthracene difuran. Success was
realized via the Sonogashira cross-coupling of ethynyltrimethylsilane with 2,6-dibromo-3,7-diaceta-
toanthracene followed by desilylative cyclization. The thiofuran analog, anti-ADT, was prepared via 
cross-coupling of 8 with ethynyltrimethylsilane, I2 cyclization and reduction. A Suzuki-Miyaura
cross-coupling and protiodesilylation gave the phenyl-substituted anti-ADT  . In an analogous
manner the anti-diselenophene 10 was prepared from 9 in 62% yield over three steps.16 

TMS 
Br OTf Br 

+ TMS Pd(PPh3)2Cl2 

56%TfO Br Br 
TMS 

TMS 
OAcBr OAc TMS Pd(PPh3)2Cl2+ 

84% AcOAcO Br 
TMS 

Cs2CO3•H2O 
63% 

O

O 

TMS 
MeSMeS OTf TMS Pd(PPh3)2Cl2+ 

quant. SMeTfO SMe 
8 TMS 

I 
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I 
I2 S NaBH4TMS TMS88% 

S

88% SS 
I 

PhB(OH)2 
68% K3PO4•nH2O 

Pd(PPH3)4 

Ph 

S 
Ph 

S 

Scheme 11 Sonogashira cross-coupling in the synthesis of thiophenes and selenophenes 

MeSe 

TfO 

OTf 

SeMe 
+ TMS 

Se 

Se 

9 10 

1) Pd(PPh3)2Cl2 (81%) 
2) I2 (89%) 
3) LiAlH4 (86%) 

The relatively simple and economical catalyst system of FeCl3 and N,N´-dimethylethylenediamine
was used in the synthesis of arylethyltriethylsilanes. The reaction conditions were not mild requiring
135 °C and 72 h for completion.17 

N 

I 
+ 

TES 
FeCl3 (15 mol%) 
dmeda (30 mol%) 
CsCO3, toluene N 

TES 

135 °C, 72 h 
58% 

6 examples: 40 - 90% 

Scheme 12 Sonogashira cross-coupling with iodopyridine 

The Sonogashira reaction of several terminal alkynes with o-nitrofluorobenzene gave the o-alkynyl-
nitrobenzene. The use of ethynyltriethylsilane gave a considerably higher yield than other terminal
alkynes. The TES group was not further reacted in this study.18 

NO2 NO2TES NaHMDS 
+ THF, 60 °C, 5 h F 95% TES 

Scheme 13 Sonogashira cross-coupling with o-nitrofluorobenzene 

Cross-Coupling with the C-Si Bond
Hatanaka and Hiyama were the first to report the cross-coupling of alkynyltrimethylsilanes. This they
accomplished with cross-coupling with β-bromostyrene to form conjugated enynes with TASF pro-
motion. It bears mentioning that under the same conditions vinyltrimethylsilanes were cross-coupled
in high yield with aryl and vinyl iodides.19 
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TMS 
Ph (C3H5PdCl)2 (2.5 mol%) Ph+ 

R 
Br TASF (1.3 equiv) R 

THF, rt 
3 examples: 83 - 85% 

Scheme 14 Conjugated enynes from TMS-alkynes 

3-Aryl-tert-propargyl alcohols reacted with bis(trimethylsilyl)acetylene under Rh catalysis to give the
enyne regio- and stereoselectively with loss of benzophenone and one equivalent of the starting
arylethynyl group as its TMS-substituted derivative. Under Pd catalysis this silylated enyne could 
be cross-coupled with an aryl iodide, which was converted to the alkylidene dihydrofuran, which
showed fluorescent properties.20 

OPh OH 
X TMS + Ph PhPh TMS [(cod)Rh(OH)]2 (4 mol%) 

+ 
OH

Ph Phdppb, toluene, 4 h 
TMS 5 examples: 57 - 87% + 

TMS 
X 

1) Pd(PPh3)2Cl2 (6 mol%) 
O

PhPh 

OH
Ph Ph CuI (10 mol%), YC6H4I 

DBU (6 equiv), H2O 
toluene, 100 °C 

TMS 2) t-BuOK, DMSO XX 6 examples: 38 - 77% 
Y 

Scheme 15 Silyl Sonogashira cross-coupling of propargyl alcohols 

Seeking a practical entry into 1,4-skipped diynes as potential precursor to polyunsaturated fatty acids,
the Syngenta group investigated the cross-coupling of alkyltrimethylsilanes with propargyl chlorides.
Under the best conditions the reaction of an alkynyltrimethylsilane with a propargyl chloride gave the
1,4-skipped diyne under promotion with fluoride ion and CuI catalysis. The method avoids the need
for protiodesilylation to the parent acetylene that is required in other copper catalyzed coupling proto-
cols. The reaction failed with nitrogen containing groups on the alkynylsilane. The reaction proceeded
well with phenylethynyltri-n-butyltin (70%) and phenethylethynyltrimethylgermanium (90%).21 

TMS R2 CuI (1 equiv) 
CsF (1 equiv) + 

DMI, 80 °C, 2 h R1 R2R1 

Cl 7 examples: complex mixture - 72% 

Scheme 16 Cross-coupling approach to 1,4-skipped diynes 
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Denmark and Tymonko demonstrated the cross-coupling of alkynyldimethylsilanols with aryl iodides
with potassium trimethylsilanolate promotion. This protocol avoids the typical necessity of fluoride
ion promotion and the associated disadvantages of cost and low tolerance for silicon-based protecting
groups. The alkynylsilanols were prepared in a two-step reaction sequence. Interestingly, a direct
comparison of the reaction rates of 1-heptyne, heptynyldimethylsilanol, and heptynyltrimethylsilane
under the potassium trimethylsilanolate promotion conditions showed the heptynyldimethylsilanol to
be considerably faster than 1-heptyne and the heptynyltrimethylsilane to be unreactive. This strongly
suggests a role of the silanol group in the cross-coupling. A similar experiment with TBAF promotion
showed all three to react with the silanol derivative being the fastest. Under the same conditions 4-
bromotoluene gave a 25% conversion showing the need for the iodoarene.22 The TBAF-promoted
cross-coupling of alkynylsilanols with aryl iodides had previously been shown.23 

SiMe2OH1. n-BuLi, Me2ClSiH 
2. [RuCl2(p-cymene)]2, H2On-C5H11 n-C5H1182% 

TMSOK (2 equiv) SiMe2OH 
PdCl2(PPh3)2 (2.5 mol%) Ar 

+ Ar-I CuI (5 mol%), DME, rt, 3 h n-C5H11 n-C5H1110 examples: 75 - 95% 

Scheme 17 Formation of ethynylsilanols and their cross-coupling with aryl iodides 

The bis(trimethylsilyl)enyne 11 was nicely prepared via a Suzuki cross-coupling with bromoethynyl-
trimethylsilane. The ethynylsilane 11 cross-coupled with aryl iodides in a sila-Sonogashira reaction
to provide the silylated conjugated enyne 1 . Similar cross-coupling reactions with vinyl iodides led 
to 1,5-dien-3-ynes 13. Cyclic vinyl triflates also reacted well to form the 1,5-dien-3-ynes 14.24 

CuI (10 mol%) 

11 

TMSTMSTMS LiOH•H2O (0.75 equiv) RR + 
Cy2B —15 °C - rt, overnight Br TMS 

PdCl2(PPh3)2 (20 mol%) ArI 
DBU, rt, overnight 

11 examples: 54 - 86% 
TMS 

R 

Ar 12 

TMS 

13 

R1PdCl2(PPh3)2 (4 mol%) I11 + R1 DBU, rt, overnight R 
7 examples: 38 - 74% 
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TMS 
ROTf PdCl2(PPh3)2 (20 mol%) 

11 + DBU, rt, overnight 
8 examples: 40 - 75% 14 

Scheme 18 Suzuki cross-coupling with bromoethynyltrimethylsilane and cross-coupling
of the alkynyltrimethylsilane 

8 Stille Cross-Coupling
Ethynyltrimethylsilane was deprotonated and reacted with tributylchlorotin to give the stannylated
ethynylsilane 15 in good yield.25 

1) BuLi, Et2OTMS TMS 
—40 °C, 45 min 

2) Bu3SnCl, rt, 24 h Bu3Sn 1584% 
Scheme 19 Synthesis of tri-n-butylstannylethynyltrimethylsilane 

Tributylstannylethynyltrimethylsilane 15 was prepared directly from ethynyltrimethylsilane and
tributylmethoxytin in 49% isolated yield.26 

n-Bu3SnOMe + 
TMS ZnBr2 (5 mol%) 

THF, rt, 3 h 15 

49% 
Scheme 20 Alternative synthesis of tri-n-butylstannylethynyltrimethylsilane 

The bis(silyl)enyne 17 was prepared by cross-coupling tri-n-butylstannylethynyltrimethylsilane with
vinyl iodide 16 in 75% yield. In another approach to this end in the same paper vinylstannane 18 
reacted with bromoethynyltrimethylsilane and bromoethynyltriisopropylsilane to give the bissilylated
conjugated enynes in good yield.27 

F 

F 
I 

TES 
16 

+ 15 

Pd(PPh3)4 (10 mol%) 
CuI (10 mol%) 
THF, reflux, 2 h 

75% 
F 

F 

TES 

TMS 

17 

F 

F 
Snn-Bu3 

TES 
18 

+ 
Br 

SiR3 
Pd(PPh3)4 (10 mol%) 

CuI (10 mol%) 
THF, reflux, 5 h 
R3Si = TMS 70% 

F 

F 

TES 

SiR3 

R3Si = TIPS 73% 

Scheme 21 Stille cross-coupling reactions 
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The alkynylation of anomeric position of the benzyl-protected glucose derivatives 19 was accom-
plished with tributylstannylethynyltrimethylsilane.28 

BnO OBn 1) TMSOTf BnO OBn 
OO CH2Cl2+ 18 2) K2CO3, MeOH BnOBnO BnOBnO X X= OMe 37% 

19 X= OAc (  and ) 87% 
X= OAc ( ) 54% TMS 

Scheme 22 sp3-sp cross-coupling of 18 with a sugar derivative 

Tri-n-butylstannylethynyltrimethylsilane was cross-coupled with  0 and found to be tolerant of a 
ketal, and a cyclopropene. The TMS group was removed along with deacetoxylation of the ester upon
treatment with K2CO3/MeOH.29 

O O O O 
Pd(PPh3)4OAc + 15 OActoluene, 90 °C, 2 h 3 

76% 
3 

Br 
20 TMS 

K2CO3, MeOH
2 h 

88% 

Scheme 23 Stille cross-coupling showing functional group tolerance 

O O 
OAc 
3 

Tributylstannylethynyltrimethylsilane was cross-coupled with the highly substituted aryl bromide  1 
in a synthesis of ( )-kibdelone A. The TMS group was removed in 93% yield with AgNO3•pyridine
in aqueous acetone.30 

TMS 
HO Br Pd(PPh3)4 HO 

+ 15 toluene, 110 °C, 21 h 
OMe OMe82%

OTBDPS OTBDPS 
21 

Scheme 24 Stille cross-coupling of 15 with highly-substituted aryl bromide 
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Similarly to the Sonogashira reaction of ethynyltrimethylsilane where the cross-coupling occurs at the
C-H bond the cross-coupling of tributylstannylethynyltrimethylsilane occurs at the C-Sn bond rather
than the C-Si bond. This was employed in the synthesis of the indole piece of sespendole.31 

OTBS TMSOTBS 
OTf Pd(PPh3)4, LiCl 

+ 15 OO toluene, 100 °C, 2 h 
NO2 87% NO2 

Scheme 25 Stille cross-coupling with a highly-substituted aryl triflate 

In an approach to the synthesis of Lactonamycins, a model glycine was prepared wherein a critical 
step was the addition of an ethynyl group onto a highly substituted arene. Thus, bromoarene    was 
subjected to a Stille cross-coupling with tributylstannylethynyltrimethylsilane to give the ethynyl-
arene  3 in 91% yield. This compared favorably with a three-step sequence.32 

OMe TMSOMe 
Cl Br Pd)PPh3)4 (10 mol%) Cl 

+ 15 OMOMtoluene, 115 °C, 8 h OMOM 
91% OMeOMe 

22 23 

Scheme 26 Selective Stille cross-coupling 

9 Reaction at Terminal Carbon 
Under Co-catalysis triisopropylsilylacetylene reacted with enones to form β-ethynylketones in high
yields. The reaction worked well with ethynylTBS, ethynylTBDPS as well, although ethynylTES
gave only 40% yield. Under the reaction conditions the non-silylated terminal acetylenes phenyl-
acetylene and 1-octyne gave alkyne oligomerization. An asymmetric version of the reaction, which
gave good yields and acceptable ee’s, was also presented.33 

O Co(OAc)2•4H2O (5 mol%) O R3 
TIPS dppe (5 mol%), Zn (50 mol%) R3 +R1 R1 

DMSO, 80 °C, 20 h R2 R215 examples: 40 - 97% TIPS 

O Co(OAc)2•4H2O (10 mol%) O 
TIPS Zn (50 mol%) +Ph PhDMSO, 80 °C, 20 h 

TIPS 
(10mol%) 5 examples: 53 - 93%; 81 - 90% ee 

Ph2P  PPh2 

Scheme 27 β-Ethynylation of α,β-unsaturated ketones 
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Carreira and coworkers reacted terminal acetylenes including ethynyltrimethylsilane with aldehydes
in the presence of ( )-N-methylephedrine to give the propargyl alcohol in high yield and high 
enantiomeric excess.34 

Zn(OTf)2, Et3N OTMS 
CHO TMS (+)-N-methylephedrine+ 

toluene, 23 °C, 2 h TMS 
93%; 98% ee 

Scheme 28 Asymmetric ethynylation of an aldehyde 

The aldehyde  4 was reacted with ethynyltrimethylsilane under Carreira conditions to give a single
diastereomer of  5, which was O-silylated followed by protiodesilylation of the TMS group. 
This material was carried forth in a synthesis of hyptolide and 6-epi-hyptolide.35 

TESO TESO OH 
CHO TMS Zn(OTf)2, Et3N + (—)-N-methylephedrine OTBSOTBS TMS

toluene, rt 2524 77% O 
1) TBSOTf, 2,6-lutidine TESO OTBS AcO OAc 

CH2Cl2, 0 °C (87%) 
2) K2CO3aq, MeOH, rt (86%) H 

Scheme 29 Diastereoselective ethynylation of  4 in a synthesis of hyptolide 
OTBS 

O

OAc hyptolide 

In keeping with the common use of ethynylsilanes as surrogates for the simple ethynyl
organometallics, an ‘in situ’ process for the ethynylation of aldehydes was developed. In this 
chemistry a combination of ZnBr2, TMSOTf and Hünig’s base was used to generate the ethynylzinc
reagent in situ and along with a silylating agent this was reacted with the aldehyde to generate the
doubly silylated propargyl alcohol.36 

Scheme 30 ‘In situ’ ethynylation of aldehydes 

R H 

O 
+ 

TES 
1) ZnBr2 (20 mol%) 

i-Pr2EtN, TMSOTf, Et2O 
2) HCl (1 N), THF 

R 

OH 

TES 
R = Ph, 90%; R = i-Bu, 59% 

The aminomethylation of terminal alkynes was applied to a variety of acetylene derivatives including
one example with ethynyltriethylsilane, which provided the triethylsilylated propargyl amine in good
yield. This was subsequently protiodesilylated and the resulting propargyl amine converted to a
mixed bis(aminomethyl)alkyne in a 49% yield over the three steps.37 
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NN 
FeCl2 (10 mol%) TESTES (t-BuO)2 (2 equiv) + 
100 °C, 30 h, air 

82% 

TBAF (1.2 equiv) 89% 
THF 

NN Me2N-n-C8H17N Hn-C8H17 FeCl2 (10 mol%) 
(t-BO)2 (2 equiv) 
100°C, air, 18 h 

67% 

Scheme 31 Aminomethylation of terminal alkynes 

Ethynyltriisopropylsilane was employed in a Ni-catalyzed, three-component reaction of the ethynyl-
silane, an alkyne and norbornene. A variety of norbornene derivatives were reacted with good success.
When ethynyltriisopropylsilane was used as the sole acetylene reactant the bis(triisopropylsilyl)-1,5-
enyne was produced. One example with a bicyclo[2.2.2]octane gave only a 12 percent yield when
reacted with ethynyltriisopropylsilane.38 

Scheme 32 Three-component reaction of norbornene with and ethynylTIPS and an alkyne 

+ 
Si(i-Pr)3 

H 

Ar 

H 
+ 

Ni(cod)2 (10 mol%) 
Ph2MeP (20 mol%) 
toluene, 80 °C, 6 h 

(i-Pr)3Si 

Ar 

MeO 

(i-Pr)3Si 

Ar 

OMe 
+ 

94%, 26:27 = 88:12 

26 

27 

11 examples 
52 - 94%, 26:27 83:17 - 99:<1 

Si(i-Pr)3 

H 
+ 

Ni(cod)2 (10 mol%) 
Ph2MeP (20 mol%) 
toluene, 80 °C, 6 h 

(i-Pr)3Si 

(i-Pr)3Si5 examples
63 - 99% 

R 

R 

R 

R 

Ethynyltrimethylsilane could be directly alkylated to 1-trimethylsilyldodec-1-yne on modest yield.
The yield of this sole silicon example was comparable to the direct alkylation of other terminal
alkynes.39 
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CuI (9 mol%) 
TMS LiOBu-t  (1.4 equiv) TMS 

+ n-C10H21-I DMF, rt, 16 h 
n-C10H21 

NMe2 58% 

N Ni Cl (3.5 mol%) 

NMe2 

Scheme 33 Copper-catalyzed alkylation of ethynyltrimethylsilane 

The Formation of Aromatic Rings
The tricyclization of alkynes to aromatic rings has long been known as has the use of silylacetylenes
in this practice.40 

Silyl-protected arylacetylenes reacted with o-phenylethynylbenzaldehyde under acid catalysis to
produce the 2-aryl-3-silylnaphthalene in good yield. The TMS-protected arylalkynes resulted in the 
2-arylnaphthalene with protiodesilylation taking place under the reaction conditions. However, the
more hindered TES, TBS, and TIPS-protected derivatives gave the corresponding 3-silylnaphthalenes
allowing for the ICl ipso iodination of the silyl group to provide the naphthyl iodide for further elabo-
ration via cross-coupling chemistry. The chemistry was applied to the synthesis of several highly 
encumbered polyaromatic systems.41 

O 
SiR3 Cu(OTf)2 10 mol%) PhCF3CO2H (1 equiv) H + C2H4Cl2, 100 °C, 30 min SiR3Ph 

Ph 
R3Si = TMS (40%, desilylated); TES (67%); TBS (85%); TIPS (89%); PhMe2Si (78%) 

O TIPS Cu(OTf)2 10 mol%) ArH CF3CO2H (1 equiv) + C2H4Cl2, 100 °C, 30 min TIPSAr 5 examples: 0 - 78% Ph 

Ph PhICl, CH2Cl2 
rt, 5 minSiR3 I 

R3Si = TES (90%); TBS (93%); TIPS (92%) 

Scheme 34 Cyclization to aromatic rings from ethynylarenes 

The rhodium-catalyzed reaction of trimethylsilylacetylenes with cyclobutenols gave 1,2,3,5-tetrasub-
stituted benzenes with the trimethylsilyl group regioselectively positioned in the 2-position. No con-
versions of the trimethylsilyl group were carried out in this work, however.42 
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n-Bu OH TMS [Rh(OH)(cod)]2 (2.5 mol%) 
n-Bu 

TMS rac-BINAP (6 mol%) + 
toluene, 110 °C, 3 - 3.5 h Ph

Ph 
50%; rr = >99:1; w/o rac-BINAP 93%; rr = 93:7 

Scheme 35 Cyclobutenol to a TMS-substituted arene 

Methyl trimethylsilylpropynoate was successfully employed in the synthesis of 2H-quinolizin-2-ones.
In this approach the trimethylsilyl group conveniently served the purpose of protecting the acidic
hydrogen of the parent terminal acetylene.43 

1) LDA, THF, —78 °C 
O 

N 

2) TMS OOMe 
N3) TBAF, THF, rt, 0.5 h 

4) MeCN, 50 °C 6 examples: 43 - 60% 

Scheme 36 Quinolizin-2-ones from TMSpropynoate 

The cationic rhodium catalyst, [Rh(cod)2]BF4/BIPHEP, brought about the cyclotrimerization of
ethynyltrimethylsilane with unsymmetrical electron-deficient acetylenes. Unfortunately, neither the
stoichiometry nor the regioselectivity of the cyclization was optimal. Larger silyl groups tended to
favor the addition of one of the silylacetylene moieties and two of the electron-deficient alkynes,
whereas increasing the steric bulk of the electron-deficient alkyne resulted in the reaction of two
equivalents of the silylacetylene. Ethynyltriisopropylsilane failed to react. Protiodesilylation of a
mixture of regioisomers was able to simplify the reaction mixture, but reaction with ICl gave a
synthetically challenging mixture of isomers in modest yield.44 

TMSCO2Et [Rh(cod)2]BF4 (10 mol%) TMSTMS CO2EtCO2EtBIPHEP (10 mol%) + +CH2Cl2, rt, 16 h 
TMS 

19% CO2Et 
58% 

TMS TMS 
CO2Et 

++ 
EtO2C EtO2C CO2Et 

10% 3% 

T 
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TES
CO2Et TESTES CO2EtCO2Et[Rh(cod)2]BF4 (10 mol%) + +BIPHEP (10 mol%) 

TESCH2Cl2, rt, 16 h 4% CO2Et 
38% 

TES TES 
CO2Et 

++ 
EtO2C EtO2C CO2Et 

6% 1% 
Scheme 37 Mixed substituted arenes from cross-cyclization of ethynyltrimethylsilane
with ethyl propynoate 

The cyclotrimerization of ethyl trimethylsilylpropynoate gave the single regioisomers  8 in 92% yield.45 
TMS 

3 
EtO2C 

TMS Ni(cod)2 (1 mol%) 
SIPr (1 mol%) 

THF, 23 °C, 24 h 
92% 

EtO2C 

EtO2C 
TMS 

TMS 

CO2Et 

28 

Scheme 38 Homocyclization of ethyl TMS-propynoate 

Complete regioselection in the formation of 2-aryl-1,3,5-tris(silyl)benzene was realized in the Pd-
catalyzed reaction of two equivalents of a terminal alkyne, including ethynyltrimethylsilane, and an
equivalent of a β-iodo-β-silyl styrene. The nature of the silylstyrene proved crucial as the trialkylsilyl 
(TMS, TES, TBS, Me2BnSi) groups gave poor yields, and the phenylated silyl groups giving better
yields with the β-Ph2MeSi-substituted styrene proving to be optimal. Selective electrophilic substitu-
tion of the 5-trimethylsilyl, para position relative to the aromatic substituent, proved possible. In a
demonstration of the potential synthetic utility of the highly silylated systems a number of conver-
sions of the silyl groups were carried out including protiodesilylation, acylation, iodination and a
Denmark cross-coupling. It is noteworthy that the iododesilylation of  9 is selective for the formation 
of 30 and that iododesilylation of a phenyl group from the Ph2MeSi group does not occur. Compara-
ble selectivity was noted in the acetylation of  9 to acetophenone 31, which could be desilylated to
4-phenylacetophenone in good yield.46 
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PhPh 
SiMePh2SiMePh2 

SiR3 Pd(OAc)2 (5 mol%) R3Si 
+ i-Pr2EtN, 30 °C, 24 h I 

SiR3 
R3Si = PhMe2Si (93%); Ph2MeSi (89%); (i-PrO)2MeSi (80%); TES (34% 

Ph Ph 
TMS SiMePh2 TMS SiMePh2ICl (1.2 equiv) 

CH2Cl2, 0 °C to rt, 16 h 
64%TMS 29 I 30 

Ph Ph 
TMS SiMePh2 I IICl (3.4 equiv.) 

CH2Cl2, 0 °C to rt, 16 h 
48%TMS I 

Ph Ph 
SiMePh2AcCl (3.4 equiv) TMS TBAF (8 equiv) 

29 AlCl3 (3.4 equiv) THF, rt, 15 h 
CH2Cl2, rt, 3 h 81%

31 O64% O 

Ph Ph 
(i-PrO)Me2Si SiMePh2 HMe2Si SiMePh2LiAlH4 

dioxane, 80 °C, 18 h 
(i-PrO)Me2Si HMe2Si 

Pd(PPh3)4 (10 mol%) Ph Ph 
Ag2O (3 equiv) HOMe2Si SiMePh2 Ph SiMePh2Pd/C, H2O PhI (6 equiv) 

hexane, rt, 6 h TBAF, (0.2 equiv) 
THF, 65°C, 16 h HOMe2Si Ph 

32% 

Scheme 39 Cyclotrimerization with a vinyl iodide and subsequent conversions 

Diels-Alder Cyclizations of Alkynylsilanes 
1-Trimethylsilylacetylenes were shown to provide excellent regiochemical control in the cobalt-cat-
alyzed Diels-Alder reaction with 1,3-dienes. In the un-substituted case various Si-substituted ethynyl-
silanes were reacted with 2-methyl-1,3-butadiene under cobalt catalysis. It turned out that the
regioselectivity was highly dependent on the accompanying ligand employed with CoBr2(mesityl-
pyridin-2-yl-methyleneamine) favoring the meta regioisomers 3  after DDQ oxidation to the aro-
matic derivative. On the other hand, the use of CoBr2(1,2-bis-diphenylphosphinoethane) favored the 
para isomer 33. In addition a number of alkynyltrimethylsilanes were reacted with 2-methyl-1,3-bu-
tadiene. Here the yields were very high, but the regioselectivity was less than that observed with the
simple ethynylsilanes. Of particular interest was the result from the reaction of 1-trimethylsilyl-
propargyl acetate with Danishefsky’s diene, 2-trimethylsilyloxy-1,3-butadiene 36.47 
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1) CoBr2(py-imin) (10 mol%) 
Fe powder (20 mol%) SiR3SiR3 Zn dust (20 mol%) + +ZnI2 (20 mol%) SiR32) DDQ 32 33 

R3Si = TMS, TES, TIPS, TBS, Ph3Si 
80 - 92%; 32:33 = 92:8 - 96:4 

1) CoBr2(py-imin) (10 mol%) 
TMS Fe powder (20 mol%) R TMS 

Zn dust (20 mol%) + + 
ZnI2 (20 mol%) TMS RR 2) DDQ 34 35 

9 examples: 72 - 96%; 34:35 = 98:2 - 18:82 

TMS 1) CoBr2 (dppe) (10 mol%)+ Ph TMSZn dust (20 mol%)
+Ph ZnI2 (20 mol%) 

Ph2) DDQ TMS 
36 3791% 36:37 90:10 

1) CoBr2(py-imin) (10 mol%)
TMS Fe powder (20 mol%)+ TMSZn dust (20 mol%) O 

TMSO ZnI2 (20 mol%)
OAc 2) DDQ 81% 

Scheme 40 Diels-Alder cyclization of alkynylsilanes with 1,3-dienes 

TMSO 
+ 

TMS 

OAc 

1) CoBr2(py-imin) (10 mol%)
 Zn dust (20 mol%)
 ZnI2 (20 mol%) 

2) SiO2, air 

TMS 

80% 
OAcHO 

The synthesis of aryl and vinyl iodides has taken on increased importance due to their facility as elec-
trophilic partners in various cross-coupling reactions. Building on the Diels-Alder chemistry of buta-
dienes with ethynyltrimethylsilanes the Hilt group devised an efficient route to highly substituted aryl
iodides wherein the TMS group served nicely to define the regiochemistry and provide the iodide
functionality. The complete reaction sequence could be carried out in a single flask although consid-
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erable effort was placed on the oxidation-iodination step. For example, ICl/CH2Cl2 gave only 5% of 
the iodide 38, NIS/MeCN gave modest yields of the iodide in 5 cases, but the reaction was very slow
and product decomposition led to purification difficulties. The combination of H2O2/ZnI2 gave
modest yields, but again in a slow reaction that required further oxidation with DDQ for completion.
Finally, the use of tert-butylhydroperoxide with ZnI2 and K2CO3 was found to give high yields of the 
desired iodides.48 

1) CoBr2(39 or 40) (10 mol%)TMS TMSZn (20 mol%), ZnI2 (20 mol%)
R1R1 + CH2Cl2, r.t., 24 h R2R2 

2) SiO2 filtration 
TBHP (4.0 equiv.) 
ZnI2 (2.0 equiv.)11 examples K2CO3 (4.0 equiv.)47 - 89% 
CH2Cl2,rt, 15 minPh2P PPh2 N N Mes 

39 40 I 
R1 

R2 
38 

Scheme 41 Diels-Alder cyclization to cyclic 1,4-dienes 

Formation of 1, ,3-Triazines
A series of 1,4-disubstituted-1,2,3-triazines 4  was prepared in a one-pot, three-step sequence involv-
ing first a Sonogashira preparation of an arylethynyltrimethylsilane from ethynyltrimethylsilane,
reaction with an alkyl azide and, finally, deprotection of the 5-trimethylsilyl group.49 

Arylethynyltrimethylsilanes, readily formed via a Sonogashira reaction from ethynyltrimethylsilane,
reacted with sodium azide and an alkyl bromide in a three-step, one-pot sequence to yield a desily-
lated 1-alkyl-4-aryl-1,2,3-triazole 43 or 44. The reaction took place via initial deprotection of the
trimethylsilyl group followed by the [3 2] click cycloaddition. This represents a safe and scalable
process for the formation of 1,4-disubstituted 1,2,3-triazoles. 

The reaction of alkynyltrimethylsilanes with CuBr/Et3N served to directly prepare the alkynylcopper
reagent without prior desilylation. The resulting copper reagent underwent reaction with various
azides to form the 1,2,3-triazenes 45 in excellent yield. When the reaction was carried out with
ethynyltrimethylsilane or ethynyltriisopropylsilane the reaction occurred at the C-H terminus. TIPS
and TBS-terminated acetylenes failed to react.50 

The dichloropyridazine 46 was converted to the [1,2,3]triazole-fused pyrazinopyridazindione 47 in a 
three-step sequence with ethyl trimethylsilylpropynoate. The TMS group is lost in the last step of the
sequence, but provides the desired regioselectivity in the azide click step of the sequence.51 
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TMSPd(PPh3)2Cl2 (1 mol%)
I TMS CuI (5 mol%)

R1 R1 
DIPA (2 equiv.), EtOH+ 

argon, 25 °C, 2 - 3 h 
1) R2N3, 5 min 

20 examples: 24 - 77% 2) TBAF•H2O
 25 °C, 12 h 

N N 
NR2 

R141 

BnBr, NaN3TMS BnN NK2CO3, CuSO4 N NN Bn + Npyridine, ascorbic acidAr Ar ArMeOH, H2O, 18 - 24 h 42 traces19 examples: 57 - 96% 

RX (X = Br, I), NaN3TMS RN NK2CO3, CuSO4 N NN R + Npyridine, ascorbic acidAr Ar ArMeOH, H2O, 19 - 24 h 43 traces6 examples: 38 - 68% 

CuBr (15 mol%)TMS N NEt3N (1 equiv.)+ BnN3 N BnDMF, 100 °C R 
R or DMF-H2O 

DMF, 8 examples: 57 - 94%
DMF-H2O, 8 examples: 43 - 97% 

SiR3 N NCuBr (15 mol%)+ BnN3 N BnEt3N (1 equiv.) R3Si 
DMF, 100 °C 44 

R3Si = TMS (77%), TIPS (91%) 

O O O 
Cl Cl ClN NaN3 N TMS CO2Et N CO2Et 

N N 100 °C, 4 hDMF, rt, 2 h, NCl N3 N TMS50 °C 2 h45 N N 
NH2 10 rt, 3 h

2) 70 °C, 2 h
MeO 

OMe 

O HN 
ON 

N N 
46 N N 

Scheme 42 Formation of 1,2,3-triazoles via click chemistry on alkynylsilanes 
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Addition to the Triple Bond
The Ru-catalyzed hydroacylation of 4-methoxybenzaldehyde with trimethylsilylpropyne gave a mix-
ture of isomeric trimethylsilyl dienol ethers 47 and 48.52 

The reaction of a tertiary amine with methyl trimethylsilylpropynoate gave addition of the amine to
the triple bond and the formation of an allenoate ion. This, in the presence of an aldehyde, gave pre-
dominantly bis addition of the aldehyde resulting in two products 49 and 50. When the aldehyde was
an aliphatic group addition at the C-H terminus of the triple bond occurred to give 51. No reaction 
occurred with ethyl 3-methylpropionate indicating that the trimethylsilyl group was necessary. 

OMe OMe 
O 

TMS
H RuHCl(CO)(PPh3)3 (2 mol%) ++ toluene, 100 °C, 18 hMeO TMSO76% (NMR); 47:48 = 16:1 TMSO 

47 48 

R OTMSTMS 

R 

O CO2Me O CO2MeRCHO, DABCO 
R + R +benzene, reflux RMeO2C CO2MeOTMS O 

17 examples: 0 - 100% 49 50 51 

Scheme 43 Aldehyde addition to an alkynylsilane 

Ethynyltrimethylsilanes were reacted under nickel catalysis with phthalimides to give decarbonyla-
tion and alkylidenation of one of the carbonyl groups. Although the reaction appears to be potentially
general all but two of 11 examples were with N-(1-pyrollidino)phthalimide. The use of a catalytic
amount of the strong and sterically demanding methylaluminum bis-(2,6-di-tert-butyl-4-methylphe-
noxide) (MAD) was crucial in the success of the reaction. In the absence of MAD the major products
were isoquinolones. Only phenylethynyltrimethylsilane and p-anisylethynyltrimethylsilane were
reported to give mixtures of (Z) and (E) alkylidene isomers. Two additional examples were presented,
where the PhMe2Si and t-BuMe2Si acetylenes were reacted, albeit in lower yield. Two dialky-
lacetylenes failed to react indicating that the presence of the TMS group is necessary for the 
reaction.53 

O TMS Ni(cod)2 (10 mol%) O 
Me3P (20 mol%)N N + N NMAD (20 mol%)R1 

O toluene, 110 °C, 2 h R1 
11 examples: 64 - 90% TMS 

Scheme 44 Decarbonylative addition to an alkynylsilane 

The torquoselective olefination of alkynoates was accomplished. The silylalkynoates gave excellent
selectivity for the (E)-enyne formed. Silver catalyzed cyclization of the resulting enynes was carried 

(2 5) 547- 0 5 www.gelest.com info@gelest.com 
22 

http:reaction.53


 

             

� � � � Gelest, Inc. 

out to give either the 5-exo tetronic acid derivatives or the 6-endo pyrones. The TES-silylated tetronic
acid 5  was stereoselectively converted to the corresponding iodide 53, which was in turn subjected
to phenylation via a Suzuki cross-coupling and to ethynylation via Sonogashira cross-coupling.54 

O 
OLi OR CO2HTHF+ 

—78 to —20 °C, 1 h RO
R3Si R R3Si Yield E:Z SiR3i-Bu TMS 51% >99:1 

i-Bu TES 41% >99:1 
Et TBS 63% 98.5:1.5 

OCO2H 
Ag2CO3 (10 mol%) O 

DMF, rt, 1 hRO RO 
SiR3 SiR3R = i-Bu, R3Si = TBS 93% 

R = Et, R3Si = TES 78% 

O O 
I2, AgOTf, THFO O 
—78 °C, 1 hEtO EtO 

SiEt3 I PhB(OH)2 

Scheme 45 Addition to silylpropynoates 

52 

EtO 

PdCl2(PPh3)2 (5 mol%)
CuI, (5 mol%), Et3N 
THF, rt, 2.5 h 

53 
OMPM Pd(PPh3)4 (10 mol%)

K2CO3, dioxane/H2O 
60% 63% 80 °C, 1 h 

OO 
OO 

EtO 
PhOMPM 

A series of silylated propargylic alcohols was prepared via the straightforward reaction of the lithiated
ethynylsilane and a variety of aldehydes and ketones. These were subjected to conditions for the
Meyer-Schuster rearrangement in the preparation of acylsilanes.  The reaction of the propargyl alco-
hols derived from aromatic aldehydes underwent the rearrangement in good yield under either of two
catalyst systems, p-TSA•H2O/n-Bu4•ReO4 or Ph3SiOReO3. The p-TSA•H2O/n-Bu4•ReO4 system did
not work for electron donating aryl systems, though the Ph3SiOReO3 catalyst worked well for these.
Aliphatic aldehydes failed with the exception of that obtained from pivaldehyde. The reactions from
the propargylic alcohols prepared from diaryl ketones showed mixed pathways.55 

(2 5) 547- 0 5 www.gelest.com info@gelest.com 
23 

http:pathways.55
http:cross-coupling.54


             
            

            
             

                  
               
        

 

             

� � � � Gelest, Inc. 

HO R2 
H 

R1 
1) n-BuLi 
2) R1R2COR3Si R3Si 

R3Si = TMS, TES, TBS, TIPS 
41 examples, 40 - 81% 

HO H p-TSA•H2O (5%) O 
Ar n-Bu4•ReO4 (5%) 

TES ArCH2Cl2, rt 
TES 8 examples, 58 - 80% 

HO H O 
Ar Ph3SiOReO3 (5%) 

TES ArEt2O, rt 
TES Ar = 3-MeOC6H4 30% 

Ar = 4-MeOC6H4 52% 

HO Ph p-TSA•H2O (5%) O 
Ph n-Bu4•ReO4 (5%) 

CH2Cl2, rt 
TESTES 55% Ph 

HO Ar p-TSA•H2O (5%) O Ar 
Ar n-Bu4•ReO4 (5%) 

TES ArCH2Cl2, rt 
TES 76% 

Ar = 3-ClC6H4 

Scheme 46 rearrangement and oxidation of silylpropargyl alcohols 

A one-step hydroiodation of ethynylsilanes to the vinyl iodide, highly useful substrates for cross-
coupling applications, was found to occur upon treatment of the ethynylsilane with trimethyliodosi-
lane. The reaction sequence of a Sonogashira cross-coupling of ethynyltrimethylsilane and an aryl
halide followed by the hydroiodation resulted in a facile synthesis of α-iodostyrene derivatives.
In the end the reaction resulted in the Markovnikov addition of HI to the triple bond. It was further
found that the terminal acetylene itself would undergo the reaction as well. More hindered silyl
groups gave a lower yield of the vinyl iodide.56 
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1) TMSI, CH2Cl2SiR3 I—78 °C, 15 min Ar2) H2O, 0 °C, 50 min 
Ar 6 examples, 57 - 93% 

SiR3 
1) TMSI, CH2Cl2

I    —78 °C, 15 min t-Bu 
2) H2O, 0 °C, 50 min 

R3Si = TMS (88%), TES (80%), TIPS (54%)
t-Bu 

Scheme 47 Iodination of alkynylsilanes 

A three-component with methyl trimethylsilylpropiolate, an amine and an imine is directed by both
the ester and the trimethylsilyl moieties. The reaction involves a 1,4-silyl shift. When applied to sali-
cyl imines chromenes were generated. This reaction was shown to proceed through the aminal 54,
which could be trapped with allyltrimethylsilane or the TMS-enol ether of acetophenone.57 

RCO2Me 
CO2MeNTs DABCO TsNH+ + TsNH2 THF, reflux, 20 h R TMS TsNH10 examples, 34 - 49% 

NTs CO2Me 1) DABCO
CO2MeTHF, reflux, 1.5 h+ RR 2) HCl, MeOH O OMeOH TMS 6 examples, 0 - 81% 

CO2MeTMS 

CO2Me 

O NHTs 
CO2Me 

O 
54 

TiCl4, THF
100% 

O

OPh

OTMS
TiCl4,

74% 

Ph 

Scheme 48 Reaction of silylpropynoates with imines 

A variety of 1-silylethynyl aldehydes and ketones, prepared via a silylation, deprotection, oxidation
sequence, were converted to the silyl-1,3-dithianes, which are useful synthons via their potential for
Anion Relay Chemistry (ARC).58 Although 8 different R3Si groups showed good results, the dithia-
tion did not occur when R3Si was sterically hindered as with TBDPS, TIPS, (t-)Bu2HSi, or i-Pr2HSi.59 
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R3Si 

O 
H 

+ HS SH 
Al2O3 (10 equiv) 
THF, r.t., 3 - 10 h 

8 examples, 48 - 93% 

S 
R3Si 

OS 
H 

O 

R3Si 
+ HS SH 

t-BuOK, t-BuOH 
0 °C to r.t., 3 h 

8 examples, 35 - 100% 

S 
R3Si 

OS 

Scheme 49 Dithiation of silylpropynals 

The LAH reduction of the 4-silylbutyn-2-ones provided the 4-silylbuten-2-ol in good yields and
high Z:E ratios.60 

HO 
OH 

LiAlH4, THF 
RMe2Si0 - 25 °C 

RMe2Si 
R = Me (73%; E:Z 9:1), Ph (87%, E:Z 6:1), allyl (61%) 

Scheme 50 LAH reduction of silylpropargyl alcohols 

The β-silyl effect to stabilize β-cationic intermediates was employed in the regioselective addition
of ICl to ethynylsilanes. The diastereoselectivity of the addition is the opposite that found for the 
reaction of ICl with the simple terminal alkyne. The Z:E selectivity is higher with aryl-substituted
ethynylsilanes, though the Z selectivity of the alkyl-substituted ethynylsilanes increases with an
increase in the size of the silyl group.61 

TMS I 
TMS 

Cl 
ICl, CH2Cl2 

—78 °C 
82% Cl 

TMS 
TMS I 

H H 
I 

Cl 
ICl, CH2Cl2 

—78 °C 
65% Cl 

I 
H H 
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R 

TMS ICl, CH2Cl2 
—78 °C 

68%, Z:E 3:1 
11 examples

(R = CO2Et) 0 - 93% 

Cl 
IR 

TMS 

n-Bu 

TMS 
ICl, CH2Cl2 

—78 °C 
68%, Z:E 3:1 

Cl 
I n-Bu 

TMS 
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Scheme 51 Iodochlorination of alkynylsilanes 
n-Bu 

TES 
ICl, CH2Cl2 

—78 °C 
54%, Z:E 9:1 

n-Bu I 

TES 

Cl 

The addition of the halogens to ethynyltrimethylsilane in the absence of light produced the E-isomer,
which could be equilibrated to a mixture of both stereoisomers. In the cases of the E-dichloride or
E-dibromide the equilibration was brought about by exposure to light in the presence of a trace of
bromine. In the case of the E-diiodide, prolonged refluxing in cyclooctane produced a 9:1 E:Z
mixture.62 

H 
TMS X 

+ X2 X XX TMSTMS 
X2 = Cl2, Br2, I2 H H 

Scheme 52 Halogenation of alkynylsilanes 

The reaction of Weinreb amides with internal acetylenes under promotion via a Kulinkovich-type 
titanium intermediate gave α,β-unsaturated ketones in modest yield. The reaction conditions were
mild with activation of the titanium promoter as the last step at room temperature. With the 
TMS-terminated alkynes the yields were comparable to those of other alkynes investigated,
though with slightly lower regioselectivity.63 

O 

Ph O TMS Ph 

TMS 
+ Ph Me Ti(Oi-Pr)4 (1.5 equiv)

N i-PrMgCl (3 equiv)OMe 
Et2O, r.t., 4 h 

53%, β-TMS:α-TMS 86:14 Ph 

Ph + 
O 

TMS 
Ph 

Ph O O 

t-Bu 
+ Ph MeN 

OMe 

Ti(Oi-Pr)4 (1.5 equiv) 
i-PrMgCl (3 equiv) 
Et2O, r.t., 4 h 

t-Bu 
Ph 

Ph 

35%, β-t-Bu:α-t-Bu 97:3 

Scheme 53 Reaction of Weinreb amide with alkynylsilanes 
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The syn addition of two aryl groups from an arylboronic acid to an internal alkyne resulted in the
formation of 1,2-diaryl tetrasubstituted olefins. In the single silicon example the reaction of ethyl
trimethylsilylpropiolate with p-tolylboronic acid under Pd catalysis formed the trisubstituted corre-
sponding vinylsilane via the addition of two equivalents of the p-tolyl group. The reaction provided 
a route to a highly substituted β-trimethylsilyl-α,β-unsaturated ester.64 

The highly regio- and stereoselective addition of a boronic acid to alkynylsilanes was reported. The
reaction occurred under mild conditions and in high yields. Interesting points found were that
1-hexynyltriethylsilane was more regioselective than 1-hexynyltrimethylsilane, which gave a mixture
of isomeric vinylsilanes indicating that the steric effect of the silyl group plays a role and extended
reaction times gave reduced stereoselectivity. The resulting arylated vinylsilanes could be converted
to their corresponding iodide and bromide. In the case of the iodide this could be done in a two-step,
one-pot reaction sequence, whereas with the bromide two independent steps were required. In a
further extrapolation of the chemistry the region- and stereoselective synthesis of (Z)-1-(4-tolyl)-
2-(4-anisyl)styrene 55 was accomplished in 3 steps from phenylethynyltrimethylsilane.
The (E)-isomer was prepared starting from 4-tolylethynyltrimethylsilane. The reaction was 
also possible with the addition of a vinylboronic acid giving a dienylsilane.65 

EtO2C 
TMS 

B(OH)2 
TMS 

Pd(OAc)2 (1 mol%)+2 DMSO, O2, 4 A MS
O 50 °C, 24 hOEt 72% 

TES Pd(OAc)2 (5 mol%) Ar1 

P(Cy)3 (10 mol%) HAr1B(OH)2 + Ar2 
THF, 27 °C, 11 h 

Ar2 TES18 examples
75 - 96% 

TES Pd(OAc)2 (5 mol%) Ph 
P(Cy)3 (10 mol%) HPhB(OH)2 + HTHF, 27 °C, 22 h 

H TES84% 

TES Pd(OAc)2 (5 mol%) Ph 
P(Cy)3 (10 mol%) HPhB(OH)2 + n-BuTHF, 27 °C, 22 h TESn-Bu 45% 

TMS Pd(OAc)2 (5 mol%) Ph H 
P(Cy)3 (10 mol%) H + 

Scheme 54 Addition of a boronic acid to alkynylsilanes 

n-Bu 
+PhB(OH)2 n-Bu 

TMSTHF, 27 °C, 22 h 
82% 

n-Bu Ph 

TMS 
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1. Pd(OAc)2 (5 mol%)TMSB(OH)2 P(Cy)3 (10 mol%), 11 h+ 
2. NIS, MeCN, rt, 10 h H 

Ph Ph 
I 

Pd(OAc)2B(OH)2 PPh3, CsCO3+ 
dioxane, 60 °C HH MeOPh Ph 

I 

55 OMe 

Scheme 54 Addition of a boronic acid to alkynylsilanes.  (cont.) 

The Oshima group reported the syn-hydrophosphination of terminal and internal alkynes. With aryl
terminal alkynes the regioselectivity was approximately 9:1 and with ethynyltriethylsilane, the sole
silicon example, it was 94:6 slightly less than that with alkylacetylene substrates, which showed a
100:0 regioselectivity all placing the phosphine on the terminal position. The products were isolated
as their sulfides.66 

1) n-BuLi (2 equiv) TES
TES Co(acac)2 (10 mol%) HPh2PH + Hdioxane, reflux, 2 h Ph2P S2) S8 69% 

Scheme 55 Hydrophosphination of an alkynylsilane 

A chiral NHC catalyst was employed in the enantioselective conjugate addition of trimethylsilyl-
alkynes to 3-substituted cyclopentenones and 3-substituted cyclohexenones. Thus, the alkynylsilane
was reacted with diisobutylalane to form the 1-trimethylsilylvinylaluminum reagent, which was then
reacted with the enone under catalysis with the chiral NHC complex 56. In the reactions with the 
cyclopentenones up to 10% of addition of the isobutyl group from aluminum was observed. This in-
creased to up to 33% in the case of the cyclohexenones reacted. The er values were excellent ranging
from 92.5:7.5 to 98.5:1.5. Of considerable importance the resulting vinylsilanes were further
reacted. Oxidation with m-chloroperbenzoic acid gave the ketone. NCI converted it to the vinyl
iodide and protiodesilylation to the parent olefin. This chemistry was applied to a short synthesis 
of riccaardiphenol B 57.67 
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PhO O 
S 

MeON N ArO 
Ag Ag OH 

ArO N 
N 

57S Ph 
O O 

56 Ar = 2,6-(Et)2C6H3 

TMS 
Al(i-Bu)2+ (i-Bu)2AlH n-Pr 

TMSn-Pr 
O 1 (2.5 mol%) O 

Al(i-Bu)2R1 CuCl2•2H2O (5 mol%)+ R1TMS THF, 22 °C, 15 minR2 
76%, er = 93:7 R2 TMS 
16 examples

50 - 95%, er 89:11 - 9.5:1.5 

O O 

m-ClC6H4CO3H 
CH2Cl2, 0 °C, 3 hn-Hex 

O 
n-Hex96%TMS TMS 

O O 

HCO2H 
100 °C, 1 h 

O 
n-Hex n-Hex 

70%TMS O 

O O 
NCI (2.6 equiv) 

n-Hex MeCN, 0-22 °C, 12 h n-Hex 
TMS 91% I 

O O 

F3CCO2H 
CHCl3, 22 °C, 6 hn-Hex n-Hex76%TMS 

Scheme 56 Hydroalumination of alkynylsilanes and asymmetric vinylation of enones 
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The reaction of indoles with halophenylethynyltrimethylsilanes under copper (I) catalysis gave
addition of the indole to the triple bond and, under the basic conditions, protiodesilylation to form
the corresponding olefin as a mixture of stereoisomers. Very little amination of the aryl halogen 
bond occurred. In fact, a control experiment wherein indole was reacted with a mixture of 4-bro-
mophenylethynyltrimethylsilane and 4-iodoanisole a 50% yield of addition to the triple bond and
only 6% reaction of the iodophenyl bond was observed.68 

X 
DMSO, BtH (20 mol%) R 
CuI (10 mol%) X 

N
+R 

KOBu-t (2 equiv) N 
H 120 °C, 20 - 30 min 

TMS or KOH (0.2 equiv), 10-12 h 
11 examples

58 - 90% 
E:Z 34:66 - 0:100 

Br 

I 

N 

N 

CuI, K3PO4 Br+ + +BtH, DMSON
H 

OMe OMeTMS 
52% 6% 

Scheme 57 Hydroamination of alkynylsilanes in presence of aryl halides 

The hydrosilylation of various propiolate esters was carried out and served to prepare α-silylated-
α,β-unsaturated esters in good yields. When this reaction was done with trimethylsilylpropiolate 
esters the product formed was the (E)-α,β-bis(silyl)acrylate. Other similar systems such as an ynone
and a sulfone gave good addition products.69 

TMS OPd(dba)2 (5 mol%) EtO 
+ PhMe2SiH TMSPCy3 (10 mol%) PhMe2SiO toluene, rt, 16 h 

OEt 99% 

OTMS Pd(dba)2 (5 mol%)+ PhMe2SiH TMSPCy3 (10 mol%) PhMe2Si 
toluene, rt, 14 h O 

94% 

TMS p-tol O 
Pd(dba)2 (5 mol%) S O+ PhMe2SiH TMSO PCy3 (10 mol%) PhMe2SiS toluene, rt, 16 h 

p-tolO 92% by NMR 

Scheme 58 Hydrosilylation of functional alkynylsilanes 
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Bis(trimethylsilyl)-1,3-butadiyne underwent carbomagnesiation of one of the triple bonds with
arylmagnesium bromide reagents. The resulting vinylmagnsium bromide intermediate could 
be further reacted, including cross-coupling to form various substituted silylated enynes. Phenyl-
(trimethysilyl)butadiyne underwent the carbomagnesiation at the phenyl substituted
triple bond.70 

TMS 
H 

1) FeCl2 (10 mol%) Ar+ ArMgBr Et2O, rt, 3 h TMS TMS
2) H3O+ 

TMS 5 examples: 65 - 83% 

PhTMS 
1) FeCl2 (10 mol%)

 Et2O, rt, 3 h Ph+ PhMgBr Ph2) Br TMSNiCl2(dppe) (10 mol%) TMS 
TMS 

rt, 12 h, 
43% 

TMS 
1) FeCl2 (10 mol%) I 

Et2O, rt, 3 h Ph+ PhMgBr 2) ZnCl2 TMS3) I2, rt, 12 h TMS 
TMS 49% 

Scheme 59 Addition of Grignard reagents to alkynylsilanes 

Kimura and coworkers reported on the nickel-catalyzed, four-component coupling of internal
acetylenes, 1,3-butadiene, dimethylzinc, and carbon dioxide. The reaction of the TMS-substituted
alkynes gave lower yields and poorer regioselectivity than those of alkyl- or aryl-substituted alkynes.71 

TMS Ni(cod)2 (10 mol%) 
Ph3P (20 mol%) CO2H+ TMSMe2Zn, CO2 (1 atm) 

RR R = Me (35%); Ph (31%) 

Scheme 60 Four-component coupling involving an alkynylsilane 

The three-component coupling of acetylenes, vinyloxiranes and dimethylzinc was reported to give
2-vinyl-5,6-unsaturated alcohols. The bis(trimethylsilyl)acetylene and ethynyltrimethylsilane gave
lower yields than trimethylsilylpropyne and alkyl- or arylalkynes. In a similar manner vinylcyclo-
propanes were reacted to provide the 1,4-dienes.72 
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TMS R 
Ni(acac)2 (10 mol%) OHTMSO+ 

R Me2Zn, hexane, r.t., 24 h
TMS TMSR = H 35% E:Z 2:1 

R = Me 31% E:Z 1:! 

TMS 
Ni(acac)2 (10 mol%) OHTMS+ OH Me2Zn, hexane, r.t., 24 h 

97%, E:Z 2:1 

TMS 
Ni(acac)2 (10 mol%) +OH OHTMS+ OH Me2Zn, hexane, r.t., 24 h TMS 

H 27%, E:Z 2:197%, E:Z 2:1 

CO2MeTMS CO2Me Ni(acac)2 (10 mol%)
+ TMS CO2MeCO2Me Me2Zn, hexane, THF, r.t., 24 h

R R = TMS 59%, E only R 
R = Me 91%, E only 

Scheme 61 Alkylative three-component coupling of an alkynylsilane with a vinyloxiranes 

The reaction of ethynylsilane 58 with ruthenium catalyzed addition of acetic acid gave a mixture of
the desired enol acetate 59 along with 60. A longer reaction time gave 60 in good yield. Although 
59 was the initial desired intermediate it was 60 that was in fact carried forward in a synthesis of
Clavosolide A.73 

OTIPS 

O 

OTIPSOTIPS 
H HHO [p-cymene)RuCl2]2 

O 
+HOAc, Na2CO3 

toluene, 80 °C OAc OAcTMS 58 6 h 59 55% 59 60 
12 h 60 69% 

Scheme 62 Hydroacetation of an alkynylsilane 

An iron-catalyzed imine-directed C2-alkenylation of indole with internal alkynes produced the
2–alkenylated derivative in good yield and regioselectivity. Terminal acetylenes did not react under
the conditions employed. This was, however, circumvented by the use of a TMS-terminated acety-
lene, which was reacted with high regioselectivity forming the C2-Cvi bond beta to the TMS group. 
These conditions also proved useful for the formation of C2-Csp3 bonds when the reaction was 
carried out with olefins. Here again the reaction did not occur with terminal olefins.74 
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1. Fe(acac)3 (10 mol%)
NPMP TMS SIXyl•HCl (20 mol%)

N

CHO 
TMSPhMgBr (110 mol%)+ THF, 60 °C, 18 hN MeMe 2. H3O+ 

59%, Z:E >99:1 

N 
Cl— 

SIXyl•HCl 

N 
+ 

Scheme 63 Coupling of an alkynylsilane with an α,β-unsaturated imine 

The dibal-H addition to 1-trimethylsilylpropyne followed by conversion to the lithium alanate and
reaction with formaldehyde resulted in vinylsilane 61. This was in turn used to generated vinylsilane 
6  and, from that, vinyliodide 63, which was then converted in two steps to norfluorocurarine 64.75 

TMS 
1. dibal-H, Et2O 
2. MeLi

 (CH2O)n 

HO 
TMS 
61 

N 

N TMS 

OF3C 

NIS (2 equiv) 
AcOH (1.8 equiv) 

HFIP, CH2Cl2, —15 °C 

N 

N I 

CHOH 
OF3C 

62 

N 

N
H 

CHO 

H 
H 

64 63 

Scheme 64 Dibal-H addition to propargylTMS and further reaction to norfluorocurarine 

Reaction at the Si-C Bond 
A study on the iododesilylation of a series of vinylsilanes wherein the silyl group was TIPS, TBS, and
TBDPS was carried out. This was the first report of the iododesilylation of a vinylsilane with steri-
cally hindered silyl moieties. Interestingly, it was found that the rate of the reaction with TIPS or TBS
groups was about the same, but that of TIPS was faster than that of the vinylTBDPS. Four different
sources of I , N-iodosuccinimide (NIS), N-iodosaccharin (NISac), 1,3-diodo-5,5-dimethylhydantoin
(DIH), and bis(pyridine)iodonium tetrafluoroborate (Ipy2BF4) were investigated with comparable
results for each. The success of the reaction depended on the solvent system including hexafluoroiso-
propanol. The reaction was tolerant of epoxides, olefins, esters, TIPS ethers, and a TIPS acetylene.76 
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O O 
Iodination agent (120 mol%) 
AgCO3 (30 mol%)

OTBS I OTBSTIPS (CF3)2CHOH, 0 °C 
Iodination Agent Yield12 examples: 86 - 96% NIS 90 
NISac 86 
DIH 88 
Ipy2BF4 91 

Scheme 65 iodination of vinylsilanes, readily available from alkynylsilanes 

Bis-(trimethylsilyl)butadiyne was reacted with MeLi•LiBr to prepare the mono-lithiated diyne,
which was reacted in a Sonogashira cross-coupling with o-iodoaniline.77 

I TMS 
TMS TMS 

NH2 
MeLi•LiBr Pd(PPh3)4, CuI 
THF, Et2O Et3N, Et3•HCl 

NH2TMS Li0 °C, 2 h 60 °C, 24 h 
81% 

Scheme 66 Lithiation and reaction of bis(trimethylsilyl)butadiyne 

Pan and coworkers were able to conjugate add alkynyl groups to acrylate derivatives via the reaction
of the trimethylsilylalkyne under InCl3 catalysis. Silyl moieties other than that of the TMS group 
were not investigated. The reaction worked best for alkynes with a strongly electron donating aryl
group attached. Thus, 4-CN, 4-CO2Me and 4-CF3-substituted arylalkynes failed to react. In direct
comparison of the TMS-terminated alkyne and the H-terminated the yields were better with the TMS
derivatives. Chlorobenzene was found to be the best solvent and Et3N the best base. Bis(trimethylsi-
lylethynyl)benzene 65 could be reacted to furnish the mono- or di-substituted γ,δ-ethynyl ester. 
The reaction was also occurred with methylvinyl ketone as the acceptor.78 

This protocol compares well with the conjugate addition of terminal alkynes to acrylates catalyzed
with Ru3(CO)12/bis(triphenylphosphine)iminium chloride79 and with Pd(OAc)2.80 

O 
TMS O InCl3 (10 mol%) OMe 

OMe Et3N (5 mol%) +R RPhCl, 100 °C, 24 h 
15 examples

68 - 96% 

O O 
TMS InCl3 (10 mol%) OMe+ OMe Et3N (5 mol%) Ph 92%Ph PhCl, 100 °C, 24 h 
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TMS 

OEtO 
InCl3 (20 mol%) 6 h TMS 

OOEt Et3N (10 mol%) 85%+ 
PhCl, 110 °C 24 h 

(3 equiv) 72% EtO OEt 

O OTMS 
65 

Scheme 67 Ethynylation of α,β-unsaturated esters with alkynyltrimethylsilanes 

Miscellaneous 
β-Amino enone 66 was converted in a two-step, single-pot sequence to enol ether 67 via reaction 
with trimethylsilylpropargyllithium in 51% overall yield. Propargylmagnesium bromide gave a 
40% yield of 67. Enol ether 67 was carried on in a synthesis of 7-hydroxycopodine.81 

OiPr 
O OiPr 

N 

TMS 
i-PrI (as solvent) 

I— 

Li N 
+55 °C, 42 h THF, —78 °C, 2 hN then to 25 °C TMS51%OTBS OTBS OTBS66 67 

Scheme 68 Reaction of trimethylsilylpropargyllithium with an iminium salt 

Trialkylsilylethynylcyclopropanols were ring expanded to alkylidene cyclobutanones under the 
promotion of ruthenium catalyst 68. Interestingly, the favored stereoisomer was the (Z)-isomer. 
Similar results were obtained with the electron deficient alkynyl cyclopropanols. On the other hand,
alkylethynylcyclopropanols reacted to give expansion to cyclopentenones. Stabilization of a β-carbo-
cation in the silyl-substituted examples, and a favored Michael addition in the electron deficient
examples help explain the formation of the four-membered ring in these cases.82 

SiR3 PPh3 R3SiRu 
HO Cl OPPh3 O SiR368 + 

R3Si Yield Z:E 
TMS 98 5.7:1 
BDMS 94 6.0:1 n-C6H13 O
PhMe2Si 96 6.0:1 
TES 97 10.0:1 HO 68 
TBS 98 11.4:1 78% 
TIPS 87 >20:1 n-C6H13 

Scheme 69 Rearrangement of silylethynylcyclopropanols 
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Trimethylsilylpropynal was nicely used in a convenient synthesis of ethynyl-β-lactone 69 Propynal
did not undergo the requisite chemistry to this key synthon. The silylated enantiomerically enriched 
β-lactone 1 has been applied to synthetic approaches to leustroducsin B and the protiodesilylate
ethnyl lactone 70 to (-)-murictacin, (-)-Japonilure and (-)-Eldamolide.83,84,85 

O EtCOCl, TMS-quinidine O OH MgCl2, EtN(i-Pr)2 TBAFOEt2O, CH2Cl2, —80 °C OTMS THF, —78 °C 
TMS94% 69 70 

Scheme 70 Synthesis of silylethynyl-β-lactone 

Corey and Kirst were the first to report on the synthesis and utility of lithio(trimethylsilyl)propyne
71. The direct lithiation occurred with BuLi/TMEDA in 15 minutes. The reagent reacted with 
primary alkyl halides in diethyl ether to form the desired alkyne with only small amounts of the
isomeric allene, a common side product found with propargylmagnesium chloride reagent.86 

Corey and Rucker followed this work up with propynyltriisopropylsilane 7 , which was readily lithi-
ated to give the more sterically encumbered TIPS propargyllithium reagent. This was converted via
lithium reagent to the bis(triisopropyl)propyne 74 in quantitative yield. Reaction of 73 with cyclo-
hexenone gave 1,4-addition in THF/HMPA and 1,2-addition in THF. Bis-TIPS reagent 77 was reacted 
with n-BuLi/THF to give lithiated 78, which was reacted with aldehydes in a Peterson reaction to
form an enynes.87 

Trimethylsilylpropargyllithium 71 was used to introduce the propargyl group onto epoxy geranyl
chloride. The yield was 85% over three steps from geraniol. The TMS group was removed with 
TBAF and the enyne carried on to the triterpene limonin.88 

Trimethylsilylpropargyllithium 71 was reacted with lactone 75 followed by mesylation/elimination
to give enynes 76 and 77 in good yield. The TMS group was removed with AgNO3/EtOHaq en route 
to stereoisomers of bis(acetylenic) enol ether spiroacetals of artemisia and chrysanthemum.89 

Lin-BuLi, TMEDA TMS TMS
Et2O, —5 °C, 15 min 71 

71, Et2O 
Br 0 °C, 12 h 

50% 
TMS 
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Li TIPSTIPSOTf 
Et2O, —40 to °C 

Me 87% Me 72 

Lin-BuLi, THF 
72 TIPS—20 °C, 15 min 73 

OHO THF73 + TIPS93% 

O O
THF:HMPA (3:1) 72 + 

81% 
TIPS 

TIPSTIPSOTf73 TIPS—78 to —40 °C, 1 h 74 

1) n-BuLi, THF 
—20 °C, 15 min TIPS74 2) RCHO, —78°C to rt, 6 h R 

3 examples: 57 -79%; Z:E >20:1 
TMS 

THF
O OCl + 71 —40 to 0 °C 

TESO TESO TESO O
OO 1) 71, THF 

TESO + TESOTESO O O 
CH2Cl2 

O 2) MsCl, Et3N 
O 
75 80%; 80:81 = 1:4 

76 77TMS TMS 

Scheme 71 Formation and reactions of silylpropargyllithium reagents 

Fu and Smith demonstrated the enantioselective nickel-catalyzed, Negishi cross-coupling arylation of
racemic trimethylsilylpropargylic bromides. The yields and the ee values were excellent. The protocol
was applied to the synthesis of 79 which had been shown to be a precursor to pyrimidine 80, an
inhibitor of dihydrofolate reductase.90 
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Br ArNiCl2•glyme (3 mol%) 
R (-)-78 (3.9 mol%) R+ ArZnEt 

glyme, —20 °C TMS 
7 examples, 39 - 92%, ee 92 - 94% 

TMS 

O HH O N 
N N 
H H 

(-)-78 

OMe 
OMe MeO OMeBr 1) NiCl2•glyme (3 mol%) OMe (-)-78 (3.9 mol%) R + 2) K2CO3TMS EtZn OMe R 

H 79OMe 
MeO OMe 

R 
N 

Scheme 72 Asymmetric arylation of trimethylsilylpropargyl bromides 
80 

NH2N NH2 
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Blocking AgentsBlocking Agents

Enabling Your Technology 

Reagents For: 
-Functional Group Protection 

-Synthetic Transformation 
-Derivatization 

 ilicon Based Blocking Agents 
These silicon reagents are used for functional group protec 
tion, synthesis and derivatization. The 52 page brochure 
presents detailed application information on silylation 
reagents for pharmaceutical synthesis and analysis. Detailed 
descriptions are presented on selectivity for reactions, resist 
ance to chemical transformations and selective deblocking 
conditions. Over 12  references are provided. 

 ilicon Based Reducing Agents 
These silicon based reagents are employed in the reduction 
of various organic and inorganic systems. The 24 page 
brochure presents information complete with literature 
references for a variety of reductions using organosilanes. 

Silicon-Based 
Cross-Coupling Reagents 

Cl 

MeO OMe
Si(OEt)3 

O BrO 

O NEt2 
O 

Si(OEt)3 

Pd 
I 

Me 

Me SiMe3 Me 

Version 2.0 

Reactive Polyethers 
PEGylation, the formation of a conjugate of a protein, peptide, 
drug or other bioactive material by linking it with one or 
more PEG chains, in many instances imparts desirable prop 
erties to a biomolecule: increased solubility, resistance to 
metabolic degradation and reduced immunogenicity. Gelest 
has introduced a unique range of dual function poly(ethylene 
glycol) (PEG) reagents that enable new approaches to PEGy 
lation for bioconjugates, reduction of surface biofouling and 
formation of polymerizeable vesicles for drug transport. 

 ilicon Based Cross Coupling Reagents 
A variety of organosilanes have been shown to enter into 
cross coupling protocols. This 36 page brochure with 1 5 
references reviews selected approaches and some of the key 
aspects of the organosilane approach to cross coupling 
chemistry. An emphasis is placed on the more practical 
reactions. 






