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Silacycles play a very important role in modern organic chemistry and materials science. Construction of silacyclic skeletons via 
metal-mediated or catalyzed Si–C bond cleavage has attracted much recent attention. Several interesting and useful synthetic 
strategies have been reported in the literature. In this review, we have summarized recent developments on metal-mediated or 
catalyzed Si–C bond cleavage, which lead to the synthesis of silacycles, including silacyclobutenes, silacyclopentanes, silacyclo-
pentadienes (siloles), 6-membered silacycles, and their derivatives. 
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Silacycles, especially silole and related compounds have 
received growing interest as potential electroluminescent 
materials [1–9]. Conventional synthesis of silacycles is ach-     
ieved by silylation of organometalic compounds, such as 
RLi or RMg, with dihalo or tetrahalosilanes [10–18]. The 
cleavage of SiC bond plays an important role in organic 
synthesis. Various SiCsp3, SiCsp2 and SiCsp bond 
cleavage reactions, such as Brook rearrangement [19] and 
Hiyama reaction [20,21], have been widely applied in mod-
ern organic synthesis. Compared with reactive halosilanes, 
silanes are more stable and compatible with elaborate sys-
tems. Very recently, there is growing interest in using the 
stable silane derivatives to construct silacycles via Si–C 
bond cleavage and formation. In this review, we will focus 
on this topic. 

1  Metal-mediated silacycle formation via Si–C 
bond cleavage  

Since the halosilanes play a predominate role in the metal- 

mediated SiC bond formation, the first example of for-
mation of silacycles via SiC bond cleavage was found with 
the reaction of dilithio reagent with monhalosilane. More 
than 50 years ago, Gilman and co-workers [22–24] reported 
the formation of silacycle via SiC bond cleavage with 
1,4-dilithio reagent. In these researches, silacyclopentane, 
silacyclohexane and 1,1′-spirobi[dibenzosilole] were obtained. 
The cleavage of SiC bond and the formation of a new or-
ganolithium reagent were proposed. And the in situ formed 
organolithium was trapped by halosilane (Scheme 1). 

Seyferth et al. [25,26] reported the first carbene insertion 
into the SiC bond of siletane with an organomercury com-
pound 9 (eq. (1)). Ando et al. [27] reported carboalkoxycar-
benes insertion into SiC bonds later. Oshima and co- 
workers [28–30] developed this ring expansion of siletane 
into an efficient method to synthesize various five- and six- 
membered silacycles with less toxic alkali metals (Scheme 
2). Later, Sakurai and co-workers [31] developed a similar 
carbene insertion reaction to synthesize silepine 11 (eq. (2)). 

In 2002, Van Klink et al. [32] observed a highly efficient 
intramolecular ring closure reaction of silane derivative to 
form silafluorene during their research with Grignard rea-
gent (eq. (3)). In 2005, Xi and co-workers [33] reported a  
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Scheme 1 
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Scheme 2 

  

(2) 

lithiation-promoted formation of silole from intramolecular 
SiC bond activation. Starting with 1-bromo-4-silyl buta-
dienes 14 and t-BuLi, siloles were obtained as the products. 
Releasing of a new organolithium was proposed, and the 
proposed organolithium reagent was trapped by an aldehyde. 
They also found that the Si–C bond can be cleaved selec-
tively in the order of Si–Ph, Si–vinyl > Si–Me >> Si–i–Pr 
(Scheme 3). 

  (3) 

Hudrlik et al. [34] reported an intermolecular type of  
silole formation from reactions of dilithiobutadienes with 
monochlorosilanes. Facile loss of organic groups from sili-
con was also observed (eq. (4)). A similar reaction with 
Me3SiCN provided siloles with cleavage of two SiC bonds: 
SiCN and one of the SiMe bonds. During their research  

 

Scheme 3 

on the reactions of 1,4-dilithio-1,3-dienes with nitriles, Xi 
group [35] observed a similar result. They found that the 
α-substitutents played a crucial role in the reaction of dili-
thio reagents with silicon compound. When 2,3-disubsti-      
tuted dilithio reagent 20 treated with Me3SiCN, (Z,Z)-dieny-    
lsilane 21 was obtained with high stereoselectivity (eq. (5)). 
Surprisingly, the reaction of 1,2,3,4-tetrasubstituted dilithio 
reagent 22 with Me3SiCN followed a tandem silylation/ 
intramolecular substitution process to yield silole 23 (eq. 
(6)). 

  (4) 

  (5) 

  (6) 

In order to develop a new method to prepare octakis 
(trimethylsilyl)tetrathienylene, Wang and co-workers [36] 
found an unexpected siloles formation from intermolecular 
Si–C and C–S bond activations (Scheme 4). One of the 
amazing results was the facile synthesis of a new type of 
lithiosiloles 28 from readily available silyl 1,4-dilithio-1,3- 
butadiene derivatives 26. Further experimental investigation 
proved E/Z isomerization of 1-silyl-1-lithio alkene and nu-
cleophilic attack on silicon as a possible mechanism. This 
procedure provides a general and simple method to prepare 
diverse silole derivatives. Even structurally more complex 
bis-silole compounds 30 can be synthesized by this proce-
dure (Scheme 5) [37–41]. Nucleophilic substitution of the 
silane to form pentaorganosilicate 31 was proposed as a key 
step for these reactions, followed by releasing a new organ-
olithium and generation of silacycle (Scheme 6) [42–44]. 

Compared with main group metals, transition metals 
bring more exciting results into this area. For example, the 
platinum-mediated skeletal rearrangement of Si-tethered 
diynes into alkylidenesilacyclobutene 33 was realized by  
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Scheme 4 

 

Scheme 5 

 

Scheme 6 

Lukehart and co-workers [45] in 1989 (eq. (7)). Organotita-
nium and organozirconium compounds play important roles 
in building silacycles via Si–C bond rearrangement. Takahashi 
and co-workers [46,47] developed an unexpected zirconi-
um-mediated skeletal rearrangement of bisalkynylsilanes 34, 
which led to the formation of cyclic Zr/Si organo-bimetallic 
compounds 35. This provided an unprecedent method to 
synthesize silacyclobutene derivatives (eq. (8)). Rosenthal 
and co-workers [48] applied a similar method to prepare 
spiro-silacycle systems 37 from the reaction of tetraalkyny-      
lsilanes with low valent Ti or Zr complexes (eq. (9)). A 

simple method to prepare benzo-zirconacyclo-hexadiene- 
silacyclobutene fused ring system 38 was also developed by 
them (Figure 1) [49]. 

 (7) 

  (8) 

  (9) 

 

Figure 1  Silacyclobutene. 

Mach and co-workers [50] reported an interesting tita-
nium-mediated skeletal rearrangement of Si-tethered diyne 
into titanasilacycle 39, which could be transferred into si-
lacyclopentadiene 40 (Scheme 7). The application of this 
method to prepare silacylobutene received considerable 
attention both in organic synthesis and material chemistry. 
Auner and co-workers [51] reported the spirosilacycles as 
potential sensitive sensor materials and optical switches 
(Figure 2). 

Nagao and co-workers [52] developed a highly efficient 
method to stereoselectively prepare unsymmetrical conjugated 
(1E,3E)-dienes and -trienes from the zirconium-mediated 
silacyclobutenes formation (Scheme 8). Xi and co-workers 
[53] developed the zirconacyclo-butene-silacyclobutene fused  

 

Scheme 7 
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Scheme 8 

 

Figure 2  Spirosilacycles. 

intermediate into a powerful “chemical transformer” in or-
ganic synthesis. A consecutive skeletal rearrangement was 
observed from the reaction of alkynes with these Zr/Si or-
gano-bimetallic intermediates to produce various silacyclo-
bututenes. Even star-shaped silacyclobutene-containing mo-
lecular 43 could be prepared in high yield with high regi-
oselectivity (eq. (10)). Their preliminary optical results 
suggested that these new silacyclobentenes could be poten-
tial candidates for electronic and optoelectronic applications. 
They also observed that the metal-to-diyne ratio played a 
key role in this zirconocene-mediated reaction of Si-tethered 
diynes. Upon increasing the ratio of Cp2ZrBu2:diyne from 

2:1 to 1:1, reversible Si–C bond cleavage and formation 
was observed [54–58]. 

 

 (10) 

According to their persistence, Xi and co-workers [59] 
developed the reaction of zirconacyclobutene-silacyclo 
butenes with nitriles into a versatile “tool-box” for prepara-
tion of various Si and N containing heterocycles. The first 
report on this topic was the reaction of zirconacyclobu-
tene-silacyclobutene fused ring compound with 3.5 equiv of 
nitriles. Pyrrolo[3,2-c]pyridine derivatives were obtained 
after hydrolysis, and one of the three C≡N triple bonds and 
the two SiC bonds were cleaved during this five-compo-      
nents coupling process. One important discovery was the 
steric influence of the substituent. The nitriles with appro-
priate hindrance, such as i-PrCN and 2-methylbutyronitrile, 
could be applied to stop the reaction in the middle way. This 
provided an efficient method to prepare multisubstituted 
pyrrole derivatives 44 (eq. (11)) [60]. 

  (11) 

The discovery of the steric influence not only provided a 
synthetic useful method but also opened the gate to under-
standing the reaction mechanism. The first break-through 
was made by the reaction of ZrSi bicyclic compound 35a 
with i-PrCN. The X-ray structural analysis of 45 revealed 
that one i-PrCN insert into SiC bond and the novel three- 
ring-fused structure composed of one new 6-membered  
silacycle (eq. (12)). The reaction of 35b with reduced 
amount of i-PrCN provided another novel silacycle con-
taining tricyclic compound 46 (eq. (13)). The application of 
this Zr/Si bimetallic compound provided a synthetically 
useful method to diverse structures of nitrogen-containing 
heterocycle compounds after reaction with isocyanides, 
formamides, acid chlorides, and aldehydes. The further ap-
plication of this Zr/Si bimetallic compound and the under-
standing of the related reaction mechanism were disclosed 
very recently [6163]. 

  (12) 

  (13) 

The reactions of 35 with more sterically hindered nitrile, 
t-BuCN, gave the t-BuCN stabilized zirconacyclopropene- 
azasilacyclopentadiene complexes 47 via the coordination- 
induced ZrC/SiC bond cleavage and reorganization. The 
synthetic application of these intermediates provided vari-
ous Zr/Si organo-bimetallic compounds and Si/N heterocy-
clic compounds 4853 (Scheme 9) [64,65]. 

2  Metal-catalyzed silacycle formation via SiC 
bond cleavage  

Various metals, such as Ni, Pd, Pt, Cu, Ag, Zn and Mo, 
have been used to construct silacycle via catalytic SiC 
activation. Among these, the catalytic ring expansion reac-
tions of the strained silacycles, such as silacyclobutane, si-
lacyclobutene, silarane and silarene, have been well estab-
lished. In 1975, Sakurai and Imai [66] reported the first 
PdCl2(PPh3)2-catalyzed alkyne insertion of four-membered 
silacyclobutane 8 to form silacyclohexenes 54 (eq. (14)). 
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Scheme 9 

  (14) 

Utimoto, Oshima and co-workers [67] investigated the 
reaction mechanism for this alkyne insertion, and the inser-
tion of Pd into SiC bond to form a five-membered pallacy-
cle was proposed as one of the key steps. A similar alkyne 
insertion with silacyclobutene was reported by them and 
also by Kende et al. [68]. In some cases, the insertion could 
proceed with high regioselectivity and the SiCsp2 bond 
was cleaved selectively (eq. (15)). A cobalt-catalyzed in-
tramolecular ring-expansion of benzosilacyclobutene 57 
with alkyne was reported later (eq. (16)) [69]. Based on 
their continuing research with silacyclobutene, Xi and co- 
workers [70] reported the first palladium-catalyzed electron- 
deficient alkyne insertion into silacyclobutene 59 to form 
silacyclohexadiene 60 (eq. (17)). Both electronic and steric 
factors played important roles in this insertion reaction. 

  (15) 

  (16) 

  (17) 

In 1996, Tanaka et al. [71] reported palladium- and plat-
inum-catalyzed C=O insertion reactions of silacyclobutanes 
with acid chlorides to give cyclic silyl enol ethers 61. Ex-
cess amount of amine were added to remove the in situ 
formed HCl (eq. (18)). Oshima and co-workers [72,73] re-
ported a nickel-catalyzed ring expansion reaction of ben-
zosilacyclobutene 55 with aldehydes (eq. (19)) and a palla-
dium-catalyzed transformation of silacyclobutane 8 into 
eight-membered cyclic silyl enolates 63 (eq. (20)). 

  (18) 

  (19) 

  (20) 

Woerpel and co-workers [74] reported a series of transi-
tion metal-catalyzed ring transformations with strained 
three-membered silirane and silirene systems. Some of their 
work are highlighted here. Encouraged by their previous 
results with palladium-catalyzed silylene transfer reactions 
of cis-silirane 64 (eq. (21)), they developed a new palladi-
um-catalyzed method to synthesize silirene 67 from internal 
alkyne (eq. (22)). Under the same conditions, this silirene 
can react with a monosubstituted acetylene further to pro-
duce trisubstituted silole 68 in high yield (eq. (23)). The 
experiment evidence proved that the transformation of sili-
rane into silirene is the most favoured process [75]. They 
also developed a copper-catalyzed insertion of C≡N bond 
into the SiC bond of silacyclopropene to provide azasi-
lacyclopentadiene 70 (eq. (24)) [76]. They found the copper- 
or zinc-catalyzed reaction of silacyclopropanes with carbonyl 
compounds being highly stereo-, regio-, and chemoselective.  

 (21) 

  (22) 

  (23) 

  (24) 
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They found in the presence of different metals, this CO in-
sertion reaction proceeded with different activation pathway. 
Zinc was believed to catalyze insertion of alkyl aldehydes 
through coordination and activation. While a transmetalla-
tion mechanism was proposed in copper-catalyzed ,-un-     
saturated aldehydes insertion (Scheme 10) [77]. 

The application of silver-catalyzed silylene tranfer reac-
tions of cyclohexene silacyclopropane 74 is an important 
breakthrough. With this powerful and efficient silylene 
source, various silacycles (Scheme 11) were prepared with 
silver catalysts or a combination with zinc, copper, scandium, 
nickel or palladium catalysts. Silver was found to play a 
crucial role in the activation of cyclohexene-silacyclopro-     
pane. The most recent developments of this area were the 
formations of trans-dioxasilacyclononenes 75 [78] and trans- 
dioxasila-cyclooctenes 76 [79], the transformation of allylic 
sulfides into silacyclobutanes 77 [80], and the formation of 
silacycloheptadienes 78 [81].  

Very recently, Chatani and co-workers [82] reported a 
rhodium-catalyzed cleavage of acyclic Si–Csp3 bond of 
trialkylsilyl group to form benzosiloles under very mild 
conditions. This is the first example to demonstrate that the 
robust trialkysilys group can be a useful silicon source for 
new silacycle formations (eq. (25)). 

During their research with indole formation [83], Xi and  

 
Scheme 10 

 

Scheme 11 

 

 (25) 

co-workers [84] found benzosilolo[2,3-b]indoles 84 were 
formed as by-product. After optimization of the reaction 
conditions, they found the presence of aldehyde can im-
prove the catalytic efficiency dramatically and the Si-Me 
bond can be cleaved with high chemoselectivity (eq. (26)). 
Very recently, an intermolecular domino reaction of 2-  
silylaryl bromides with alkynes to give benzosiloles 86 (eq. 
(27)) and heteroarene-fused diloles was developed. This 
provides a facile and efficient method for preparation of 
various functional siloles for optoelectronic and electronic 
materials [85,86]. An interesting iron-catalyzed aryllithia-
tion and cyclolyzation of alkyne with o-(trimethylsilyl) 
phenyllithium 87 could provide benzosiloles as well (eq. 
(28)) [87]. 

 
(26) 

  (27) 

  (28) 

Shimizu and co-workers [88] reported a novel palladi-
um-catalyzed intramolecular coupling of 2-[(2-pyrrolyl)silyl] 
aryl triflates 88 through 1,2-Pd migration and 1,2-silicon 
migration. Most of the Si-bridged 2-phenylindoles exhibit 
strong and highly efficient blue fluorescence in the solid 
state (eq. (29)). The metal-catalyzed Si–C reconstruction 
can also be used to prepare polymers. Barton et al. [89] re-
ported MoCl5 or WCl6 catalyzed skeletal rearrangement and 
polymerization of Si-tethered terminal diynes. One of the 
core structures of these deep colored polymer 90 is the si-
lacyclobutene moiety (eq. (30)). 

  (29) 

  (30) 
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3  Summary and outlook 

The purpose of this review has been to highlight the new 
method to synthesize silacycles. Halosilanes have played 
important roles in this area for long time, as can be see from 
the cited examples, the metal catalyzed or mediated Si–C 
bond activation of stable and easy accessible silanes provide 
alternative methods to prepare various silacycles. Compared 
with metal catalyzed Si–C bond transformation of strained 
silacycles, the catalytic Si–C bond activation of acyclic 
silanes is less developed, and it is highly desirable to find 
more efficient catalysts for these transformations. The 
chemoselectivity between Si–Csp2 and Si–Csp3 bonds may 
provide more interesting applications of Si–C activations in 
synthetic chemistry. From a mechanistic point of view, the 
pentaorganosilicate has been proposed as a key intermediate 
in some reactions, but more efforts needed to understand 
these reactions. This fundamental research is often difficult 
to achieve but indispensable, for example, design more effi-
cient catalytic system and intermolecular activation of Si–C 
bonds of acyclic silanes. Exciting novel discoveries with 
Si–C activation are anticipated and certain to lead to novel 
application in the organic synthesis and silicon based mate-
rials. 

This work was supported by the National Natural Science Foundation of 
China (21072179). 

1 Yamaguchi S, Xu C H, Okamoto T. Ladder -conjugated materials 
with main group elements. Pure Appl Chem, 2006, 78: 721–730 

2 Yamaguchi S, Xu C H. The chemistry of silicon-containing ladder 
-conjugated systems. J Synth Org Chem Jpn, 2005, 63: 1115–1123  

3 Yamaguchi S, Tamao K. Cross-coupling reactions in the chemistry of 
silole-containing -conjugated oligomers and polymers. J Organomet 
Chem, 2002, 653: 223–228 

4 Hissler M, Dyer P W, Reau R. Linear organic -conjugated systems 
featuring the heavy group 14 and 15 elements. Coord Chem Rev, 
2003, 244: 1–44  

5 Yamaguchi S, Tamao K. Silicon-Containing Polymers: The Science 
and Technology of Their Synthesis and Applications. Dordrecht: 
Kluwer Academic Publishers, 2000. 461–498  

6 Chen J W, Cao Y. Silole-containing polymers: Chemistry and optoe-    
lectronic properties. Macromol Rapid Commun, 2007, 28: 1714– 
1742  

7 Liu J Z, Zhong Y C, Lam J W Y, et al. Hyperbranched conjugated 
polysiloles: Synthesis, structure, aggregation-enhanced emission, 
multicolor fluorescent photopatterning, and superamplified detection 
of explosives. Macromolecules, 2010, 43: 4921–4936 

8 Mao L Y, Wan J H, Li Z F, et al. Silole derivatives-based 
electroluminescent materials (in Chinese). Prog Chem, 2009, 21: 
2153–2163   

9 Ma Q Y, Guan R F, Li G Z, et al. Progress in the synthesis and 
applications of silole compounds (in Chinese). Chin J Org Chem, 
2011, 31: 1395–1405 

10 Liu J H, Zhang A G, Zhang W X, et al. Synthesis of six-membered 
silacycles (in Chinese). Prog Chem, 2009, 21: 1475–1486 

11 Zhang A G, Liu J H, Zhang W X, et al. Reactivity of six-membered 
silacycles (in Chinese). Prog Chem, 2009, 21: 1487–1493 

12 Liu J H, Zhang A G, Zhang W X, et al. Synthesis and reactivity of 
four-membered silacycles (in Chinese). Chin J Org Chem, 2009, 29: 

491–503 
13 Dubac J, Laporterie A, Manuel G. Group 14 metalloles. 1. Synthesis, 

organic chemistry, and physicochemical data. Chem Rev, 1990, 90: 
215–263  

14 Chen R F, Fan Q L, Zheng C, et al. A general strategy for the facile 
synthesis of 2,7-dibromo-9-heterofluorenes. Org Lett, 2006, 8: 203–205  

15 Hudrlik P F, Dai D, Hudrlik A M. Reactions of dilithiobutadienes 
with monochlorosilanes: Observation of facile loss of organic groups 
from silicon. J Organomet Chem, 2006, 691: 1257–1264  

16 Ishikawa M, Tabohashi T, Sugisawa H, et al. Chemistry of siloles. 
The reactions of siloles with organolithium reagents. J Organomet 
Chem, 1983, 250: 109–119  

17 Gilman H, Gorsich R D. A silicon analog of 9,9-diphenylfluorene. J 
Am Chem Soc, 1955, 77: 6380–6381 

18 Kira M, Sakamoto K, Sakurai H. Photochemistry of dibenzo-1,1,2,2- 
tetramethyl-1,2-disilacyclohexa-3,5-diene and the germanium analog. 
Exclusive extrusion of the divalent species. J Am Chem Soc, 1983, 
105: 7469–7470 

19 Moser W H. The Brook rearrangement in tandem bond formation 
strategies. Tetrahedron, 2001, 57: 2065–2084 

20 Hiyama T, Shirakawa E. Organosilicon compounds. Top Curr Chem, 
2002, 219: 61–85  

21 Tsuji J. Palladium Reagents and Catalysts. Chichester: Wiley, 2004. 
201–229 

22 Gilman H, Gorsich R D. Cyclic organosilicon compounds. I. 
Synthesis of compounds containing the dibenzosilole nucleus. J Am 
Chem Soc, 1958, 80: 1883–1886 

23 Gilman H, Gorsich R D. Cyclic organosilicon compounds. 11. 
Reactions involving certain functional and related dibenzosilole 
compounds. J Am Chem Soc, 1958, 80: 3243–3246 

24 Wittenberg D, Gilman H. An intramolecular cleavage-cyclization 
reaction of silicon-containing organolithium compounds. J Am Chem 
Soc, 1958, 80: 2677–2680 

25 Seyferth D, Damrauer R, Washburne S S. Insertion of CCl2 into the 
silicon-carbon bond of silacyclobutanes. J Am Chem Soc, 1967, 89: 
1538–1540 

26 Seyferth D, Damrauer R, Andrews S B, et al. Halomethyl metal 
compounds. XLIV. Reactions of phenyl (bromodichloromethyl) 
mercury-derived dichlorocarbene with silacyclobutanes. A novel ring 
expansion reaction. J Am Chem Soc, 1971, 93: 3709–3713 

27 Ando W, Konishi K, Migita T. Reactions of carboalkoxycarbenes 
with alkylsilanes. J Organomet Chem, 1974, 67: C7–C9 

28 Takeyama Y, Oshima K, Utimoto K. Base induced reaction of 
silacyclobutane with aldehyde or epoxide. Tetrahedron Lett, 1990, 31: 
6059–6062 

29 Matsumoto K, Oshima K, Utimoto K. Stereoselective formation of 
silacyclopentanes by the reaction of silacyclobutane with lithium 
carbenoids. Tetrahedron Lett, 1990, 31: 6055–6058 

30 Matsumoto K, Aoki Y, Oshima K, et al. Lithium carbenoids induced 
ring enlargement of silacyclobutane into 2-halo-1-silacyclopentane 
and its use in organic synthesis. Tetrahedron, 1993, 49: 8487–8502 

31 Nakadaira Y, Sato R, Sakurai H. Preparation and structure of 
silacycloheptatriene. Organometallics, 1991, 10: 435–442 

32 Van Klink G P M, de Boer H J R, Schat G, et al. Carbanions as 
intermediates in the formation of Grignard reagents. Organometallics, 
2002, 21: 2119–2135 

33 Wang Z H, Fang H Y, Xi Z F. Cleavage of C–Si bond by 
intramolecular nucleophilic attack: Lithiation-promoted formation of 
siloles from 1-bromo-4-trisubstituted silyl-1,3-butadiene derivatives. 
Tetrahedron Lett, 2005, 46: 499–501 

34 Hudrlik P F, Dai D H, Hudrlik A M. Reactions of dilithiobutadienes 
with monochlorosilanes: Observation of facile loss of organic groups 
from silicon. J Organomet Chem, 2006, 691: 1257–1264 

35 Yu N, Wang C Y, Zhao F, et al. Diverse reactions of 1,4-dilithio- 
1,3-dienes with nitriles: Facile access to tricyclic 1-bipyrrolines, 
multiply substituted pyridines, siloles, and (Z,Z)-dienylsilanes by 
tuning of substituents on the butadienyl skeleton. Chem Eur J, 2008, 
14: 5670–5679 

36 Wu W, Xu L, Shi J W, et al. “One-Pot” reaction involving ring 



314 Wang L L, et al.   Chin Sci Bull   January (2013) Vol.58 No.3 

formation of silole, thiophene ring-opening alkynylation, and S−S 
coupling. Organometallics, 2009, 28: 1961–1964 

37 Xi Z F. Reaction chemistry of 1,4-dilithio-1,3-diene and 1-lithio-1,3- 
diene derivatives. Eur J Org Chem, 2004, 13: 2773–2781 

38 Wang C, Luo Q, Sun H, et al. Lithio siloles: Facile synthesis and 
applications. J Am Chem Soc, 2007, 129: 3094–3095 

39 Luo Q, Gu L, Wang C, et al. Synthesis of functionalized siloles from 
Si-tethered diynes. Tetrahedron Lett, 2009, 50: 3213–3215 

40 Luo Q, Wang C, Gu L, et al. Formation of a-lithio siloles from 
silylated 1,4-dilithio-1,3-butadienes: Mechanism and applications. 
Chem Asian J, 2010, 5: 1120–1128 

41 Xi Z F. 1,4-Dilithio-1,3-dienes: Reaction and synthetic applications. 
Acc Chem Res, 2010, 43: 1342–1351 

42 De Keijzer A H J F, de Kanter F J J, Schakel M, et al. Lithium 2,2′- 
biphenyldiyltrimethylsilicate: First observation of pentaorgano-     
silicates. Angew Chem Int Ed, 1996, 35: 1127–1128 

43 De Keijzer A H J F, de Kanter F J J, Schakel M, et al. In search of 
stable lithium pentaorganylsilicates; Special role of five phenyl 
ligands and of ligands containing the 1,4-(1,3-butadienediyl) unit. J 
Organomet Chem, 1997, 548: 29–32 

44 Couzijn E P A, Schakel M, de Kanter F J J, et al. Dynamic 
configurational isomerism of a stable pentaorganosilicate. Angew 
Chem Int Ed, 2004, 43: 3440–3442 

45 Dema A C, Lukehart C M, McPhail A T, et al. Transformation of 
Ph2Si(C≡CCMe3)2 to a 4-alkylidene-1-silacyclobut-2-enyl ligand by 
Pt-H addition and rearrangement reactions. J Am Chem Soc, 1989, 111: 
7615–7616 

46 Xi Z F, Fischer R, Hara R, et al. Zirconocene-mediated intramo-     
lecular carbon-carbon bond formation of two alkynyl groups of bis 
(alkynyl)silanes. J Am Chem Soc, 1997, 119: 12842–12848  

47 Takahashi T, Xi Z F, Obora Y, et al. Intramolecular coupling of 
alkynyl groups of bis(alkynyl)silanes mediated by zirconocene 
compounds: Formation of silacyclobutene derivatives. J Am Chem 
Soc, 1995, 117: 2665–2666 

48 Pellny P M, Peulecke N, Burlakov V V, et al. Reactions of 
tetraalkynylsilanes (RC≡C)4Si (R=Ph, t-Bu, SiMe3) with titanocene 
and zirconocene complexes. Organometallics, 2000, 19: 1198–1200 

49 Pirio N, Bredeau S, Dupuis L, et al. Intramolecular coupling of 
acetylenic groups of bis(alkynyl)phosphanes and silanes mediated by 
benzynezirconocene: A route to new mono- and tricyclic heterocycles. 
Tetrahedron, 2004, 60: 1317–1327 

50 Horacek M, Stepnicka P, Gyepes R, et al. Nonclassical bonding in 
titanasilacyclohexadiene compounds resulting from highly methyl- 
substituted titanocene-bis(trimethylsilyl)ethyne complexes and bis 
((trimethylsilyl)ethynyl)silanes. Organometallics, 2005, 24: 6094– 
6103 

51 Yan D C, Mohsseni-Ala J, Auner N, et al. Molecular optical switches: 
Synthesis, structure, and photoluminescence of spirosila compounds. 
Chem Eur J, 2007, 13: 7204–7214 

52 Jin C K, Yamada T, Sano S, et al. Stereoselective synthesis of 
unsymmetrical conjugated dienes and trienes utilizing silacyc-     
lobutenes. Tetrahedron Lett, 2007, 48: 3671–3675 

53 Zhang W X, Zhang S G, Xi Z F. Zirconocene and Si-tethered diynes: 
A happy match directed toward organometallic chemistry and organic 
synthesis. Acc Chem Res, 2011, 44: 541–551 

54 Yu T, Deng L, Zhao C J, et al. Alkyne and ketone induced novel 
cleavage of a CC bond and a CSi bond in zirconacyclobutene- 
silacyclobutene fused ring compounds. Tetrahedron Lett, 2003, 44: 
677–679 

55 Yu T, Sun X H, Wang C Y, et al. Zirconocene-mediated 
intermolecular coupling of Si-tethered diynes with alkynes, ketones, 
aldehydes, and isocyanates by means of novel skeletal rearrangement 
of zirconacyclobutene-silacyclobutene and zirconacyclohexadiene- 
silacyclobutene fused-ring intermediates. Chem Eur J, 2005, 11: 
1895–1902 

56 Takahashi T, Xi Z F, Yamazaki A, et al. Cycloaddition reaction of 
zirconacyclopentadienes to alkynes: Highly selective formation of 
benzene derivatives from three different alkynes. J Am Chem Soc, 

1998, 120: 1672–1680 
57 Liu J H, Zhang S G, Zhang W X, et al. Star-shaped silacyclo-    

butene-containing -systems: Synthesis and optical properties. 
Organometallics, 2009, 28: 413–417 

58 Liu J H, Zhang W X, Guo X Y, et al. Isolation and synthetic 
application of 2,5-bis(alkynylsilyl) zirconacyclopentadienes. Organo-    
metallics, 2007, 26: 6812–6820 

59 Sun X H, Wang C Y, Li Z P, et al. Zirconocene-mediated 
intermolecular coupling of one molecule of Si-tethered diyne with 
three molecules of organonitriles: One-pot formation of pyrrolo[3,2- 
c]pyridine derivatives via cleavage of C≡N triple bonds of organoni-    
triles. J Am Chem Soc, 2004, 126: 7172–7173 

60 Zhang S G, Sun X H, Zhang W X, et al. One-pot multicomponent 
synthesis of azaindoles and pyrroles from one molecule of a Si- 
tethered diyne and three or two molecules of organonitriles mediated 
by zirconocence. Chem Eur J, 2009, 15: 12608–12617 

61 Zhang W X, Zhang S G, Sun X H, et al. zirconium- and silicon- 
containing intermediates with three fused rings in a zirconocene- 
mediated intermolecular coupling reaction. Angew Chem Int Ed, 
2009, 48: 7227–7231  

62 Zhang S G, Zhang W X, Xi Z F. Efficient one-pot synthesis of 
N-containing heterocycles by multi-component coupling of silicon- 
tethered diynes, nitriles and isocyanides via intramolecular cyclization 
of iminoacyl-Zr intermediates. Chem Eur J, 2010, 16: 8419–8426 

63 Zhang S G, Zhao J, Zhang W X, et al. One-pot synthesis of 
pyrrolo[3,2-d]pyridazines and pyrrole-2,3-diones via zirconocene- 
mediated four-component coupling of Si-tethered diyne, nitriles and 
azide. Org Lett, 2011, 13: 1626–1629 

64 Zhang S G, Zhang W X, Zhao J, et al. Cleavage and reorganization of 
Zr–C/Si–C bonds leading to Zr/Si–N organometallic and heterocyclic 
compounds. J Am Chem Soc, 2010, 132: 14042–14045 

65 Zhang S G, Zhang W X, Zhao J, et al. One-pot selective syntheses of 
5-azaindoles through zirconocene-mediated multicomponent reactions 
with three different nitrile components and one alkyne component. 
Chem Eur J, 2011, 17: 2442–2449 

66 Sakurai H, Imai T. Novel [+] cycloaddition of silacyclobutanes 
with acetylenes catalyzed by palladium complexs. Chem Lett, 1975, 
891–894 

67 Takeyama Y, Nozaki K, Matsumoto K, et al. Palladium catalyzed 
reaction of silacyclobutanes with acetylenes. Bull Chem Soc Jpn, 
1991, 64: 1461–1466 

68 Kende A S, Mineur C M, Lachicotte R J. Benzosilacyclohexadienones: 
Synthesis and reactivity. Tetrahedron Lett, 1999, 40: 7901–7906 

69 Agenet N, Mirebeau J H, Petit M, et al. Synthesis of 4,5-benzo- 
1-cobalta-2-silacyclopentenes and their reactions with alkynes and 
alkenes: An expedient route to silicon-containing polycyclic frame-     
works. Organometallics, 2007, 26: 819–830 

70 Liu J H, Sun X H, Miyazaki M, et al. Synthesis of multiply 
substituted alkylidene silacyclohexadiene derivatives via palladium- 
catalyzed insertion of alkynes into alkylidene silacyclobutenes. J Org 
Chem, 2007, 72: 3137–3140 

71 Tanaka Y, Yamashita H, Tanaka M. Palladium- and platinum- 
catalyzed reactions of silacyclobutanes with acid chlorides affording 
cyclic silyl enol ethers and/or 3-(chlorosilyl)propyl ketones. Organo-     
metallics, 1996, 15: 1524–1526 

72 Hirano K, Yorimitsu H, Oshima K. Nickel-catalyzed reactions of 
silacyclobutanes with aldehydes: Ring opening and ring expansion 
reaction. Org Lett, 2006, 8: 483–485 

73 Hirano K, Yorimitsu H, Oshima K. Palladium-catalyzed formal 
cycloaddition of silacyclobutanes with enones: Synthesis of eight- 
membered cyclic silyl enolates. Org Lett, 2008, 10: 2199–2201 

74 Palmer W S, Woerpel K A. Stereospecific palladium-catalyzed 
reactions of siliranes with alkynes. Organometallics, 1997, 16: 1097– 
1099 

75 Palmer W S, Woerpel K A. Synthesis of silirenes by palladium- 
catalyzed transfer of silylene from siliranes to alkynes. Organo-    
metallics,1997, 16: 4824–4827 

76 Anderson L L, Woerpel K A. Formation and utility of azasilacyc-    



 Wang L L, et al.   Chin Sci Bull   January (2013) Vol.58 No.3 315 

lopentadienes derived from silacyclopropenes and nitriles. Org Lett, 
2009, 11: 425–428 

77 Franz A K, Woerpel K A. Development of reactions of silacy-    
clopropanes as new methods for stereoselective organic synthesis. 
Acc Chem Res, 2000, 33: 813–820 

78 Ventocilla C C, Woerpel K A. Silylene-mediated polarity reversal of 
dienoates: Additions of dienoates to aldehydes at the -position to 
form trans-dioxasilacyclononenes. J Am Chem Soc, 2011, 133: 406–408 

79 Prévost M, Woerpel K A. Insertions of silylenes into vinyl epoxides: 
Diastereoselective synthesis of functionalized, optically active trans- 
dioxasilacyclooctenes. J Am Chem Soc, 2009, 131: 14182–14183 

80 Ager B J, Bourque L E, Buchner K M, et al. Silylene transfer to 
allylic sulfides: Formation of substituted silacyclobutanes. J Org 
Chem, 2010, 75: 5729–5732 

81 Buchner K M, Woerpel K A. Palladium- and nickel-catalyzed 
carbon-carbon bond insertion reactions with alkylidene-silacyclo-    
propanes. Organometallics, 2010, 29: 1661–1669  

82 Tobisu M, Onoe M, Kita Y, et al. Rhodium-catalyzed coupling of 
2-silylphenylboronic acids with alkynes leading to benzosiloles: 
Catalytic cleavage of the carbon-silicon bond in trialkylsilyl groups. J 
Am Chem Soc, 2009, 131: 7506–7507 

83 Liang Y, Meng T H, Zhang H J, et al. Palladium-catalyzed, one-pot, 

three-component approach to -alkynyl indoles from o-bromo-(2,2- 
dibromovinyl) benzenes, terminal alkynes and arylamines. Synlett, 
2011, 7: 911–914 

84 Liang Y, Zhang S G, Xi Z F. Palladium-catalyzed synthesis of 
benzosilolo[2,3-b] indoles via cleavage of a C(sp3)–Si bond and 
consequent intramolecular C(sp2)–Si coupling. J Am Chem Soc, 2011, 
133: 9204–9207 

85 Liang Y, Geng W Z, Wei J N, et al. Palladium-catalyzed inter-     
molecular coupling of 2-silylaryl bromides with alkynes: Synthesis of 
benzosiloles and heteroarene-fused siloles via catalytic cleavage of 
the C(sp3)–Si bond. Angew Chem Int Ed, 2012, 51: 1934–1937 

86 Liang Y, Geng W Z, Wei J N, et al. Palladium-catalyzed silyl C(sp3)– 
H bond activation. Org Biomol Chem, 2012, 10: 1537–1542 

87 Shirakawa E, Masui S, Narui R, et al. Iron-catalyzed aryl- and 
alkenyllithiation of alkynes and its application to benzosilole 
synthesis. Chem Commun, 2011, 47: 9714–9716 

88 Mochida K, Shimizu M, Hiyama T. Palladium-catalyzed intra-    
molecular coupling of 2-[(2-pyrrolyl)silyl]aryl triflates through 
1,2-silicon migration. J Am Chem Soc, 2009, 131: 8350–8351 

89 Barton T J, Ijadi-Maghsoodi S, Pang Y. Thermal and catalytic 
polymerization of diethynyldiphenylsilane. Macromolecules, 1991, 
24: 1257–1260 

 
Open Access This article is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution, and reproduction 

in any medium, provided the original author(s) and source are credited. 

 


