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The development of efficient Si–O bond formation reaction with 100% atom-economy, excellent functional group tolerance, and
broad scope under mild conditions is highly desired due to the prevalence of silanol, silyl ether, and their derivatives in synthetic
chemistry and materials science. Here, we have realized the Pd-catalyzed Si–O formation reaction via a Si–C activation approach
with 100% atom-economy by employing silacyclobutanes (SCBs) and various hydroxy-containing substrates, including water,
alcohols, phenols, and silanols. This protocol features a broad substrate scope, remarkable functional compatibility and mild
conditions, providing a series of silanols, silyl ethers in high efficiency. Notably, this protocol could also be used for selective
protection of hydroxy functionalities, and for the access of a class of novel polymers containing Si–O main chain. Preliminary
mechanistic studies unveiled that this reaction underwent a Pd-catalyzed concerted ring-opening mechanism.
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1 Introduction

Silicon-oxygen bond formation reactions have received tre-
mendous attention due to the prevalence of silanol, silyl
ether, and their derivatives in organic chemistry, pharma-
ceuticals, and materials science [1–11]. Basically, the sili-
cone industry is built upon the silicon-oxygen formation
reactions, and the global silicone market size was valued at
USD 18.59 billion in 2021. In addition, silyl groups (such as
iPr3Si–,

tBuMe2Si–, and
tBuPh2Si–) are the valuable pro-

tecting groups of the hydroxyl functions in synthetic organic
chemistry due to their good balance between the stability in
the reaction procedure and easy removal afterwards [12,13].
Traditional construction of Si–O bond has been achieved by

the reaction of hydroxy functionality with moisture-sensitive
and corrosive chlorosilanes. This process normally requires
the stoichiometric amount of a hydrochloric acid scavenger,
resulting in a large number of unwanted wastes, and is not
compatible with the base-sensitive functional groups [14–
16]. An alternative approach via the catalytic dehy-
drogenative coupling of alcohols with hydrosilanes has
merged by virtue of the rapid development of the transition-
metal catalysis, where H2 is the only byproduct [17–26].
However, this process remains several limitations, including
the incompatibility with alkenyl and carbonyl groups in most
of cases due to the high reactivities of transition-metal-cat-
alyzed hydrosilylation event. Hence, to develop a general
approach for the efficient construction of Si–O bond with
100% atom-economy, excellent functional group tolerance
and broad scope under mild conditions is highly desired in
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both industry and academic sectors.
Transition-metal-catalyzed silicon-carbon activation has

received increasing attention due to the efficient construction
of various silicon-containing compounds with remarkable
structural diversity [27–30]. For example, silacyclobutanes
(SCBs) and their derivatives are known as versatile synthetic
blocks to access organosilane compounds via various ring-
opening or ring expansion reactions [31–52]. However, the
efficient formation of Si–O bond via the transition metal-
catalyzed silicon-carbon activation of SCBs is under-
developed, and largely limited to silacycles formation [53–
63]. For example, Shintani et al. [61] reported a Rh-cata-
lyzed synthesis of Si-stereogenic dibenzooxasilines via the
Si–C(sp2) activation. Recently, Zhao et al. [62] have devel-
oped Pd-catalyzed ring expansion process of SCBs to pro-
duce seven-membered cyclic silyl ether where the hydroxyl
group in the substrate assists Si–C(sp3) bond cleavage. The
sole example for the preparation of acyclic silanols has been

demonstrated by the Gu’s group [63] via a Rh-catalyzed aryl-
Narasaka acylation of distorted five-membered sila-
flyoroenes, in which the chiral silanols were produced by the
hydrolysis of the acylated cyclic intermediate. During the
preparation of this manuscript, Xu and coworkers [64] also
reported an elegant Rh-catalyzed hydrolysis of SCBs with
water for the preparation of silanols. Here, we demonstrated
the Pd-catalyzed intermolecular Si–O bond formation of
various hydroxy-containing substrates via a Si–C bond ac-
tivation approach for the first time (Scheme 1d) [65]. A
variety of hydroxy-containing compounds, including water,
alcohols, phenols, and silanols, could be silylated by SCBs
with 100% atom-economy under mild conditions, thus pro-
viding a practical method for the preparation of silyl ethers
and silanols. Given 1,1-dimethylsilacyclobutane and 1,1-di-
phenylsilacyclobutane being commercially available, this
protocol provides a highly synthetic useful procedure with
remarkable functional group tolerance for the installation of

Scheme 1 (a) Well-established Si–O bond formation reactions. (b) Transition-metal-catalyzed Si–C activation for Si–O formation with phenol. (c) Access
of silanols via transition-metal-catalyzed Si–C activation. (d) This work: Pd-catalyzed intermolecular Si–O formation via Si–C activation (color online).
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two novel silyl protection groups (nPrMe2Si– and
nPrPh2Si–)

for alcohols and phenols. Detailed studies on the reaction
rates with different hydroxyl functionalities indicate our
newly established protocol could be employed for the se-
lective protection of polyols bearing complex structures.
Furthermore, the versatility of this reaction was demon-
strated by the synthesis of a class of novel polymers con-
taining Si–O units. The preliminary mechanistic studies
revealed that a concerted ring-opening process might be in-
volved in this reaction, and the kinetic studies indicate the
concerted step is the rate-determining step for this reaction.

2 Results and discussion

As our continuous interests on developing efficient ap-
proaches for the construction of functional organosilanes
[66,67], we wondered that the silanols and silyl ethers could
be efficiently prepared with 100% atom economy via the
coupling of SCBs with hydroxy-containing substrates.
Hence, we first explored the feasibility of the Si–O formation
reaction by conducting the reaction with commercially
available 1,1-diphenylsiletane (2) and water as the model
substrate, due to the importance of silanols in synthetic
chemistry [68,69]. After systematic evaluation of the catalyst
system, we found a Pd(OAc)2/DavePhos combination was
efficient for this Si–O formation reaction, giving the targeted
silanol 3a in 80% 1H nuclear magnetic resonance (NMR)
yield (entry 1, Table 1), while other transition metal catalysts

were inefficient under current conditions (for details, see the
Supporting Information online). The efficiency of the reac-
tion was decreased when bulkier monophosphine ligands
(SPhos or tBuDavePhos) were used (entries 9 and 10). Bi-
dentate ligands, such as diphosphine ligands and 1,10-phe-
nanthroline ligand, were also investigated, affording silanol
in low to moderate yields (entries 11–14). The screening of
the solvents indicated both nonpolar and polar solvents
provided the target product 3a in acceptable yields except for
dichloromethane (entries 2–4). The yield was further im-
proved to 94% in a higher concentration with a shorter re-
action time (entry 5). Notably, the control experiments
indicate both palladium catalyst and DavePhos are essential
to the reaction. Without the assistance of a monophosphine
ligand, only 6% 1H NMR yield of desired product was ob-
tained (entries 6 and 7).
Under the optimal reaction conditions, the generality of

this Pd-catalyzed Si–O formation reaction via Si–C activa-
tion was evaluated regarding the hydroxy-containing sub-
strates (Table 2). In general, this protocol was suitable for a
wide range of the substrates containing hydroxy function-
ality, affording the desired silanols and silyl ethers in good to
excellent yields. The reaction of 2 with water gave the cor-
responding silanol 3a in 85% yield. A variety of alcohols,
including primary and secondary alcohols (1b–1k and 1l–
1p), underwent this Si–O formation process to afford the
corresponding silyl ethers in 70%–97% yields. Although the
reaction with tertiary alcohols is not efficient, this protocol
could tolerate tertiary silanols (1q–1t), probably because the

Table 1 Evaluation of reaction parameters a),b)

Entry Deviation from conditions Yield (%) Entry Ligand Yield (%)

1 None 80 8 PCy3 36

2 Hexane instead of toluene 44 9 SPhos 18

3 DMA instead of toluene 71 10 tBuDavePhos 42

4 DCM instead of toluene 7 11 c) dppe 61

5 Toluene (0.2 M), 6 h 94 12 c) dppf 20

6 No Pd(OAc)2 <1 13 c) XantPhos 6

7 No DavePhos 6 14 c) Phenanthroline 37

a) Reaction conditions: 1a (1.0 mmol, 10 equiv.), 2 (0.1 mmol), Pd(OAc)2 (1.1 mg, 5.0 mol%), DavePhos (7.9 mg, 10 mol%), toluene (1.0 mL), 60 °C,
12 h. b) Yield was determined by 1H NMR using CH2Br2 as the internal standard. c) Ligand (5.0 mol%) was used.
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silanols have a loosen steric environment in comparison to
tertiary alcohols due to the longer Si–C bond (Si–C vs. C–C,
ca. 1.87 Å vs. ca. 1.53 Å). It is noteworthy that this protocol

is also suitable for the alcohols bearing basic heterocycles
and functionalities, including pyridine (1j) and tertiary amine
(1k), which normally resulted in the corresponding salts

Table 2 Pd-catalyzed coupling 2 of with water, alcohols, phenols, and silanols a),b)

a) Reaction conditions: 1 (0.2 mmol), 2a (0.2 mmol, 1.0 equiv.), Pd(OAc)2 (2.2 mg, 5.0 mol%), DavePhos (7.9 mg, 10 mol%), toluene (1.0 mL), 60 °C,
6 h. b) Isolated yield. c) 100 °C, 12 h. d) Pd(MeCN)2Cl2 (2.6 mg, 5.0 mol%), 100 °C, 12 h.
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under the typical silyletherification reaction with silyl
chlorides. Both various electron-rich and electron-deficient
phenols were evaluated, and the electronic properties of
phenol derivatives did not significantly affect the efficiency
of this reaction. The desired silyl ethers (3u–3ac) were ob-
tained in 82%–96% yields. Regarding the bulky ortho-dis-
ubstituted phenols (1ad and 1ae), a higher temperature was
required for maintaining the high reactivity. It should be
pointed out that the reactions of the bisphenols (1ag–1aj),
including BINOL (1ai) and SPSiOL (spirosilabiindane diol,
1aj) [66] afforded the monosilylated products in 82%–85%
yields using 1.0 equiv. of 2, indicating the high potency for
selective protection of symmetric diphenols. Under the es-
tablished mild conditions, this reaction also shows good
functional group compatibility, where the substrates con-
taining methoxy (1b, 1ae), chloro (1d, 1w), alkenyl (1e),
benzyl (1g), amino (1x, 1aa), naphthalene (1ab) or pyrenyl
(1ac) were all tolerated. The generality of the protocol was
further demonstrated by conducting this reaction with com-
plex natural products. The silylation of L-menthol (1ak),
(−)-Corey lactone benzoate (1al), cholesterol (1am), L-tyr-
osinate derivative (1an), and estrone (1ao) proceeded
smoothly to provide the corresponding products with high
efficiency.

Next, we turned our attention to check the substrate scope
of SCBs with water as the model substrate, which could open
a new avenue for efficient preparation of silanols. As shown
in Table 3, various 1,1-diarylsiletanes with either electron-
rich (4a, 4b, 4f) or electron-deficient (4c–4e) aryl group all
successfully participated in this Pd-catalyzed Si–O formation
reaction in up to 95% yield. The reaction also proceeded
smoothly with 1-methyl-1-arylsiletanes (4h–4l), affording
the corresponding silanols containing diverse functional
groups such as dibenzo[b,d]furan (5k) and indole (5l). 1,1-
Dibenzylsiletane (4m) was also compatible with this Pd-
catalyzed process. It is noteworthy that the C–Si activation
happened solely on C(sp3)–Si bond when spiro SCBs con-
taining both C(sp3)–Si and C(sp2)–Si bonds (4n, 4o) were
used, giving the cyclic silanols in moderate to good yields.
Polyaromatic pyrene and tetraphenylethylene (TPE) frag-
ments are key scaffolds widely presented in organic optoe-
lectronic materials. The introduction of the Si–O unit in such
molecules might alter the photophysical properties. SCBs
attached with pyrene (4p) or TPE (4q) reacted with water
efficiently, providing a new approach for the construction of
silicon-oxygen containing optoelectronic materials. Notably,
the access of Si-stereogenic silanols via this Pd-catalyzed Si–
O formation reaction has also been preliminarily evaluated

Table 3 Scope of SCBs a),b)

a) Reaction conditions: 4 (0.2 mmol, 1.0 equiv.), water (0.2 mmol, 1.0 equiv.), Pd(OAc)2 (2.2 mg, 5.0 mol%), DavePhos (7.9 mg, 10 mol%), toluene
(1.0 mL), 60 °C, 6.0 h. b) Isolated yield. c) 100 °C, 12 h. d) 100 °C, 8.0 h. e) The reaction was conducted on 10 mmol scale.
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by using chiral ligands or L-menthol, and only less than 5%
ee was obtained (for details, see the Supporting Information
online).
To demonstrate the scalability of this method, we have

conducted the reaction on 5.0 mmol scale with 0.1 mol% of
Pd(MeCN)2Cl2 as the metal precursor. To our delight, the
desired product 5g was obtained in 92% yield with a pro-
longed reaction time (48 h). Given the importance of silyl
protection group in organic synthesis, the development of
efficient Si–O formation reaction with remarkable functional
group tolerance under mild conditions might also lead to the
development of novel silyl protection groups [13–18]. With
commercially available 1,1-diphenylsilacyclobutane as the
silyl source, we first investigated the reaction rates with re-

gard to various hydroxy functionalities. The exploration of
the order of the reaction rates with different alcohols and
phenols will provide a guiding principle for selective pro-
tection using our newly developed Si–O formation reaction.
As listed in Scheme 2b, the order of the reaction rates for
difference hydroxy functionalities with 1,1-diphenylsilacy-
clobutane 2 is PhOH >> BnOH > MeOH > H2O > iPrOH.
Based on this principle, the selective protection of polyols
containing different hydroxy functionalities has been
achieved (Scheme 2c and d). With β-estradiol (6b) contain-
ing both phenolic hydroxyl and alcoholic hydroxyl groups as
substrate, the silylations of either commercially available
SCBs (2 or 1,1-dimethylsiletane) were occurred selectively
on phenolic hydroxy, delivering the corresponding products

Scheme 2 Gram-scale reaction and applications of Pd-catalyzed intermolecular Si–O formation (color online).
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(7b and 7b′) in high selectivity. The similar selective pro-
tection of o-desmethylvenlafaxine (6c) has also been realized
using our protocol. For the polyols including different alkyl
hydroxy groups, the less sterically hindered hydroxy group
could be selectively protected (6d). Moreover, the silylation
on the primary alcohol of 7a was realized in high yield with
the secondary alcohol untouched under the standard condi-
tions using 1.0 equiv. of 2, and the full protection could also
be achieved by slightly modifying the reaction conditions
using Pd(MeCN)2Cl2 as the catalyst at higher temperatures.
To further demonstrate the synthetic utility of this newly

developed methodology, we performed the polymerization
reaction by using diols and bis-SCBs, which could provide a
novel polymer containing the Si–O units (Scheme 2e). The
polymerization reaction was conducted between 9 containing
two SCB fragments and the diol (8), and the high conver-
sions were reached under our reaction conditions at a higher
temperature (100 °C). The high MW values (14,316 and
15,066 g/mol) were reached when 1,4-benzenedimethanol
(8a) or (1,1′-biphenyl)-4,4′-diol (8b) was used as the hy-
droxyl source. The Si–O–C linkages in the polymers are
susceptive in acidic condition which has potential utilization

for triggered degradation in biomedicine [70].
To better understand the reaction mechanism, the reaction

was first performed with CD3OD under the standard reaction
conditions (Figure 1a). The deuterium on the product 3b-d
only appeared at the terminal position of nPr group, revealing
no β-H elimination occurred during the ring-opening pro-
cess. The parallel kinetic isotope effect (KIE) experiments
indicated that the O–H cleavage might be involved in the
rate-determining step (kH/kD = 2.61/1.0) (Figure 1b). Fur-
thermore, the kinetic studies were conducted, showing that
this reaction is first order in alcohol, SCB and palladium
catalyst, which indicated that both substrates and catalyst
were all involved in the rate-determining step (Figure 1c).
The reaction process was also monitored by 1H NMR. The
fact that no detection of Si–Pd–C species when the reaction
was heated at 60 °C without alcohol and after the addition of
alcohol might rule out that the reaction was initiated by
oxidative addition of Pd(0) to SCB or alcohol, although the
reason for the inertia of SCBs in the presence of Pd catalyst is
unclear. According to the aforementioned mechanistic ex-
periments, a proposed reaction pathway was depicted in
Figure 1e. The Pd(0) species was formed by the in-situ re-

Figure 1 (a) Deuterium scrambling experiments. (b) Parallel KIE. (c) Kinetic analysis. (d) The reaction process monitored by NMR. (e) Proposal
mechanism (color online).
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duction of Pd(OAc)2 in the presence of phosphine ligand,
which could coordinate with both alcohol and SCB. Next, the
concerted ring-opening process was proceeded to deliver the
intermediate II, which underwent reductive elimination to
give the final product 3 and release Pd(0) species. Given the
observation of secondary kinetic effect in alcoholic O–H
cleavage, the concerted hydroxy group assisted ring-opening
process was the rate-determining step in this reaction.

3 Conclusions

In summary, we have demonstrated a Pd-catalyzed inter-
molecular Si–O bond formation reaction via a C–Si activa-
tion approach using SCBs as silicon source. The present
catalytic system is compatible with various types of hydroxy
functionalities, including water, alcohols, silanols, and phe-
nols. This reaction features 100% atom-economy, a broad
substrate scope, and mild conditions. Moreover, selective
protection of complex compounds containing multiple types
of hydroxy functionalities has been realized with commer-
cially available SCBs, providing a synthetically useful pro-
tecting strategy with novel silyl protecting groups in organic
synthetic chemistry. This protocol has also been valued in the
synthesis of the novel polymers bearing Si–O units, in-
dicating the potential utilization in materials science.

Acknowledgements This work was supported by the National Key R&D
Program of China (2023YFF0723900), the National Natural Science
Foundation of China (22371293, 22171277, 22101291, 21821002), the
Program of Shanghai Academic/Technology Research Leader
(23XD1424500), the Strategic Priority Research Program of the Chinese
Academy of Sciences (XDB0610000), Shanghai Institute of Organic
Chemistry (SIOC), and State Key Laboratory of Organometallic Chemistry
for financial support. We also thank F.-H. Gou at SIOC for verifying the
reproducibility of this work.

Conflict of interest The authors declare no conflict of interest.

Supporting information The supporting information is available online at
chem.scichina.com and link.springer.com/journal/11426. The supporting
materials are published as submitted, without typesetting or editing. The
responsibility for scientific accuracy and content remains entirely with the
authors.

1 Bols M, Skrydstrup T. Chem Rev, 1995, 95: 1253–1277
2 Hiyama T. Organosilicon compounds in cross-coupling reactions. In:

Diederich F, Stang PJ Eds. Metal-Catalyzed Cross-Coupling Reac-
tions. New York: Wiley-VCH Verlag GmbH, 1998. 421–453

3 Denmark SE, Regens CS. Acc Chem Res, 2008, 41: 1486–1499
4 Miller RD, Michl J. Chem Rev, 1989, 89: 1359–1410
5 Jones RG, Ando W, Chojnowski J. Silicon-Containing Polymers: The

Science and Technology of Their Synthesis and Applications. London:
Kluwer Academic Publishers, 2000

6 Clarson SJ, Owen MJ, Smith SD, Van Dyke ME. Advances in Sili-
cones and Silicone-Modified Materials. Washington: American Che-
mical Society, 2010

7 Kamino BA, Bender TP. Chem Soc Rev, 2013, 42: 5119–5130

8 Franz AK, Wilson SO. J Med Chem, 2013, 56: 388–405
9 Ramesh R, Reddy DS. J Med Chem, 2018, 61: 3779–3798
10 Sivaramakrishna A, Pete S, Mandar Mhaskar C, Ramann H, Venkata

Ramanaiah D, Arbaaz M, Niyaz M, Janardan S, Suman P. Coord
Chem Rev, 2023, 485: 215140–215191

11 Wu M, Chen YW, Lu Q, Wang YB, Cheng JK, Yu P, Tan B. J Am
Chem Soc, 2023, 145: 20646–20654

12 Kocieñski PJ. Protecting Groups. Thieme: Stuttgart, 2004
13 Wuts PGM, Greene TW. Greene's Protective Groups in Organic

Synthesis. New York: Wiley, 2007
14 Brook MA. Silicon in Organic, Organometallic and Polymer Chem-

istry. New York: Wiley, 2000
15 Osterholtz FD, Pohl ER. J Adhes Sci Tech, 1992, 6: 127–149
16 Wakabayashi R, Sugiura Y, Shibue T, Kuroda K. Angew Chem Int Ed,

2011, 50: 10708–10711
17 Corriu RJP, Moreau JJE. J Organomet Chem, 1976, 120: 337–346
18 Szafoni E, Kuciński K, Hreczycho G. Green Chem Lett Rev, 2022, 15:

757–764
19 Schmidt DR, O′Malle SJ, Leighton JL. J Am Chem Soc, 2003, 125:

1190–1191
20 Weickgenannt A, Mewald M, Muesmann TW , Oestreich M. Angew

Chem Int Ed, 2010, 49: 2223–2226
21 Grajewska A, Oestreich M. Synlett, 2010, 2010: 2482–2484
22 Satoh Y, Igarashi M, Sato K, Shimada S. ACS Catal, 2017, 7: 1836–

1840
23 DeLucia NA, Das N, Vannucci AK. Org Biomol Chem, 2018, 16:

3415–3418
24 Seliger J, Dong X, Oestreich M. Angew Chem Int Ed, 2019, 58: 1970–

1974
25 Zhu J, Chen S, He C. J Am Chem Soc, 2021, 143: 5301–5307
26 Kuciński K, Stachowiak-Dłużyńska H, Hreczycho G. Coord Chem

Rev, 2022, 459: 214456
27 Li L, Zhang Y, Gao L, Song Z. Tetrahedron Lett, 2015, 56: 1466–1473
28 Zhang QW, An K, He W. Synlett, 2015, 26: 1145–1152
29 Zhao WT, Gao F, Zhao D. Synlett, 2018, 29: 2595–2600
30 Mu QC, Chen J, Xia CG, Xu LW. Coord Chem Rev, 2018, 374: 93–

113
31 Huang J, Liu F, Wu X, Chen JQ, Wu J. Org Chem Front, 2022, 9:

2840–2855
32 Huang WS, Wang Q, Yang H, Xu LW. Synthesis, 2022, 54: 5400–

5408
33 Liu M, Qi L, Zhao D. Chin J Org Chem, 2023, 43: 3508
34 Tanaka Y, Yamashita H, Tanaka M. Organometallics, 1996, 15: 1524–

1526
35 Hirano K, Yorimitsu H, Oshima K. J Am Chem Soc, 2007, 129: 6094–

6095
36 Shintani R, Moriya K, Hayashi T. J Am Chem Soc, 2011, 133: 16440–

16443
37 Ishida N, Ikemoto W, Murakami M. J Am Chem Soc, 2014, 136:

5912–5915
38 Zhang QW, An K, Liu LC, Guo S, Jiang C, Guo H, He W. Angew

Chem Int Ed, 2016, 55: 6319–6323
39 Zhang QW, An K, Liu LC, Zhang Q, Guo H, He W. Angew Chem Int

Ed, 2017, 56: 1125–1129
40 Okumura S, Sun F, Ishida N, Murakami M. J Am Chem Soc, 2017,

139: 12414–12417
41 Zhao WT, Gao F, Zhao D. Angew Chem Int Ed, 2018, 57: 6329–6332
42 Chen H, Chen Y, Tang X, Liu S, Wang R, Hu T, Gao L, Song Z.

Angew Chem Int Ed, 2019, 58: 4695–4699
43 Wang XB, Zheng ZJ, Xie JL, Gu XW, Mu QC, Yin GW, Ye F, Xu Z,

Xu LW. Angew Chem Int Ed, 2020, 59: 790–797
44 Wang X, Huang SS, Zhang FJ, Xie JL, Li Z, Xu Z, Ye F, Xu LW. Org

Chem Front, 2021, 8: 6577–6584
45 Zhang L, An K, Wang Y, Wu YD, Zhang X, Yu ZX, He W. J Am

Chem Soc, 2021, 143: 3571–3582
46 Zhang J, Yan N, Ju C-, Zhao D. Angew Chem Int Ed, 2021, 60: 25723–

25728

2668 Liu et al. Sci China Chem August (2024) Vol.67 No.8

 https://engine.scichina.com/doi/10.1007/s11426-024-1951-0

http://chem.scichina.com
http://link.springer.com/journal/11426
https://doi.org/10.1021/cr00037a006
https://doi.org/10.1021/ar800037p
https://doi.org/10.1021/CR00096A006
https://doi.org/10.1039/c3cs35519e
https://doi.org/10.1021/jm3010114
https://doi.org/10.1021/acs.jmedchem.7b00718
https://doi.org/10.1016/j.ccr.2023.215140
https://doi.org/10.1016/j.ccr.2023.215140
https://doi.org/10.1021/jacs.3c07839
https://doi.org/10.1021/jacs.3c07839
https://doi.org/10.1163/156856192X00106
https://doi.org/10.1002/anie.201104948
https://doi.org/10.1016/S0022-328X(00)98043-4
https://doi.org/10.1080/17518253.2022.2133554
https://doi.org/10.1021/ja0283201
https://doi.org/10.1002/anie.200905561
https://doi.org/10.1002/anie.200905561
https://doi.org/10.1055/s-0030-1258055
https://doi.org/10.1021/acscatal.6b03560
https://doi.org/10.1039/C8OB00464A
https://doi.org/10.1002/anie.201813229
https://doi.org/10.1021/jacs.1c01106
https://doi.org/10.1016/j.ccr.2022.214456
https://doi.org/10.1016/j.ccr.2022.214456
https://doi.org/10.1016/j.tetlet.2015.01.184
https://doi.org/10.1055/s-0034-1380458
https://doi.org/10.1055/s-0037-1610266
https://doi.org/10.1016/j.ccr.2018.06.015
https://doi.org/10.1039/D2QO00410K
https://doi.org/10.1055/a-1929-4890
https://doi.org/10.6023/cjoc202306019
https://doi.org/10.1021/om950786n
https://doi.org/10.1021/ja070938t
https://doi.org/10.1021/ja208621x
https://doi.org/10.1021/ja502601g
https://doi.org/10.1002/anie.201602376
https://doi.org/10.1002/anie.201602376
https://doi.org/10.1002/anie.201609022
https://doi.org/10.1002/anie.201609022
https://doi.org/10.1021/jacs.7b07667
https://doi.org/10.1002/anie.201803156
https://doi.org/10.1002/anie.201814143
https://doi.org/10.1002/anie.201913060
https://doi.org/10.1039/D1QO01386F
https://doi.org/10.1039/D1QO01386F
https://doi.org/10.1021/jacs.0c13335
https://doi.org/10.1021/jacs.0c13335
https://doi.org/10.1002/anie.202111025


47 Qin Y, Li L, Liang JY, Li K, Zhao D. Chem Sci, 2021, 12: 14224–
14229

48 Huo J, Zhong K, Xue Y, Lyu MM, Ping Y, Liu Z, Lan Y, Wang J. J
Am Chem Soc, 2021, 143: 12968–12973

49 Huo J, Zhong K, Xue Y, Lyu MM, Ping Y, Ouyang W, Liu Z, Lan Y,
Wang J. Chem Eur J, 2022, 28

50 Tang X, Zhang Y, Tang Y, Li Y, Zhou J, Wang D, Gao L, Su Z, Song
Z. ACS Catal, 2022, 12: 5185–5196

51 Chen S, He X, Jin C, Zhang W, Yang Y, Liu S, Lan Y, Houk KN,
Shen X. Angew Chem Int Ed, 2022, 61: e202213431

52 Wang XC, Li B, Ju CW, Zhao D. Nat Commun, 2022, 13: 3392–3403
53 Seiser T, Cramer N. Angew Chem Int Ed, 2010, 49: 10163–10167
54 Nakao Y, Takeda M, Matsumoto T, Hiyama T. Angew Chem Int Ed,

2010, 49: 4447–4450
55 Hoshimoto Y, Yabuki H, Kumar R, Suzuki H, Ohashi M, Ogoshi S. J

Am Chem Soc, 2014, 136: 16752–16755
56 Kumar R, Hoshimoto Y, Yabuki H, Ohashi M, Ogoshi S. J Am Chem

Soc, 2015, 137: 11838–11845
57 Zhou Q, Meng R, Xing J, Yao W, Dou X. ACS Catal, 2023, 13: 8516–

8524
58 Lee D, Shintani R. Chem Sci, 2023, 14: 4114–4119

59 Zhou H, Han JT, Nöthling N, Lindner MM, Jenniches J, Kühn C, Tsuji
N, Zhang L, List B. J Am Chem Soc, 2022, 144: 10156–10161

60 Guo W, Li Q, Liu Y, Li C. Sci China Chem, 2023, 66: 2797–2802
61 Shintani R, Maciver EE, Tamakuni F, Hayashi T. J Am Chem Soc,

2012, 134: 16955–16958
62 Qin Y, Han JL, Ju CW, Zhao D. Angew Chem Int Ed, 2020, 59: 8481–

8485
63 Feng J, Bi X, Xue X, Li N, Shi L, Gu Z. Nat Commun, 2020, 11: 4449
64 Zhu WK, Zhu HJ, Fang XJ, Ye F, Cao J, Xu Z, Xu LW. Org Lett,

2023, 25: 7186–7191
65 Liu S, Chen YS, Wu Y, Wang P. ChemRxiv, 2023, doi: 10.26434/

chemrxiv-2023-z5bsp
66 Chang X, Ma PL, Chen HC, Li CY, Wang P. Angew Chem Int Ed,

2020, 59: 8937–8940
67 Huang Y-, Wu Y, Zhu Z, Zheng S, Ye Z, Peng Q, Wang P. Angew

Chem Int Ed, 2022, 61: e202113052
68 Chandrasekhar V, Boomishankar R, Nagendran S. Chem Rev, 2004,

104: 5847–5910
69 Jeon M, Han J, Park J. ACS Catal, 2012, 2: 1539–1549
70 Cheng C, Watts A, Hillmyer MA, Hartwig JF. Angew Chem Int Ed,

2016, 55: 11872–11876

2669Liu et al. Sci China Chem August (2024) Vol.67 No.8

 https://engine.scichina.com/doi/10.1007/s11426-024-1951-0

https://doi.org/10.1039/D1SC04180K
https://doi.org/10.1021/jacs.1c05879
https://doi.org/10.1021/jacs.1c05879
https://doi.org/10.1002/chem.202200191
https://doi.org/10.1021/acscatal.1c05831
https://doi.org/10.1002/anie.202213431
https://doi.org/10.1038/s41467-022-31006-y
https://doi.org/10.1002/anie.201005399
https://doi.org/10.1002/anie.201000816
https://doi.org/10.1021/ja510089c
https://doi.org/10.1021/ja510089c
https://doi.org/10.1021/jacs.5b07827
https://doi.org/10.1021/jacs.5b07827
https://doi.org/10.1021/acscatal.3c01856
https://doi.org/10.1039/D2SC06425A
https://doi.org/10.1021/jacs.2c04261
https://doi.org/10.1007/s11426-023-1643-7
https://doi.org/10.1021/ja3076555
https://doi.org/10.1002/anie.202001539
https://doi.org/10.1038/s41467-020-18273-3
https://doi.org/10.1021/acs.orglett.3c02611
https://doi.org/10.1002/anie.202002289
https://doi.org/10.1002/anie.202113052
https://doi.org/10.1002/anie.202113052
https://doi.org/10.1021/cr0306135
https://doi.org/10.1021/cs300296x
https://doi.org/10.1002/anie.201606282

	Pd-catalyzed intermolecular Si–O formation via Si–C activation 
	Introduction� ion�
	Results and discussion� ion�
	Conclusions� ons�


