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כֿ ᾼ

C
Carbon

ᶊᶳᵍ χ0.02%

כּ ớχ2.50

ᴝḒᴁỂχ77 pm

[He]2s22p2                  12.0107

Si
Silicon

ᶊᶳᵍ χ28%

כּ ớχ1.74

ᴝḒᴁỂχ117 pm

[Ne]3s23p2                  28.0855

C-C bond

1.57 Å

Si-C bond

1.84 Å

(~20% longer)

јᵃ￼֫Ḓ‗
ᵙ ⱶӐּז₩Ẫ

ҙ ớ
logPPhSiMe3

= 4.7

ҙ ớ
logPPhCMe3

= 4.0

јᵃ￼
ớᵙ ᾦ

כּ ớ
ε2.50ζ

јᵃ￼ ‖ớ
ᵙקḙᴦẔớ

Ӊּכ ớ
ε1.74ζ

C-H  C-C

C=C  C=O
é

Stable

Si-H  Si-Si

Si=C  Si=Si
é

Labile

јᵃ￼֫Ḓ
ḧớᵙᶺ‾ớ

a) Franz, A. K.; Wilson, S. O. J. Med. Chem. 2013, 56, 388; b) Tomooka, K.;Igawa, K. Farumashia 2020, 56, 411 (doi: 10.14894/faruawpsj.56.5_411). 4

ΝCᵘSiᴜḑ ₦
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כֿ ᾼ

ⱳ◓ת

ᵍ ⱶ

ᵍ ᾳ
éé

ῑῡ

Ӡἴᶢ

Peterson ק

Fleming-Tamao ק

Hiyamaӱ

ᴿởצḘ

éé

ῥᾔ Ḙ

≥ ‴

ק €

ӌ €
éé

ừ ῑῡ

CPLῥᾔ

a) Nozaki, K. et al. Chem. Sci. 2016, 7, 1205; b) Xu, L.-W. et al. Chem. Asian J. 2017, 12, 1730; 

c) Wang, P. et al. Angew. Chem. Int. Ed. 2020, 59, 8937; d) He,C. et al. J. Am. Chem. Soc. 2021, 143, 5301.

ừ Ӌ ῾

ừ ᴿ◓

Νᵌ ֪ḑַײẓⱴ



כֿ ᾼ
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Νїᵂ▄ừ ᴝḽײַ צ ꜝ

Νừ ῶẤַײἹỢ

a) Chiral Silicon Molecules. In Organosilicon Chemistry: Novel Approaches and Reactions; Hiyama, T., Oestreich, M., Eds.; Wiley-VCH Verlag

GmbH & Co. KGaA, 2019; pp 495ï532; b) Belzner, J. et al. Tetrahedron 1998, 54, 8481; c) Xu, L.-W. et al. Catal. Commun. 2020, 138, 105950.
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כֿ ᾼ

a) Kipping, F. S. J. Chem. Soc., Trans. 1907, 91, 209.

Ν ӔSi-Ѧịừ

b) Sommer, L. H. et al. J. Am. Chem. Soc. 1959, 81, 1013;

c) Sommer, L. H. el al. J. Am. Chem. Soc. 1964, 86, 3271.

Ν Ӕєᴧҥ ừײַ Ἓ֪

Ν Ӕ▄ừ ᵹᴧҥ ᴝḽײַ צ

d) Klebe, J. F.; Finkbeiner, H. J. Am. Chem. Soc. 1966, 88, 4740.
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כֿ ᾼ

a) Corriu, R. J. P.; Moreau, J. J. E. Tetrahedron Lett. 1973, 14, 4469.

Ν Ӕ▄ừ ײַ ᴝḽצ ᴥẓצ

Ν҆₮ ḽ їḽײַ ᴥẓצ₮

b) Corriu, R. J. P.; Moreau, J. J. E. J. Organomet. Chem. 1974, 64, C51;

c) Kumada, M. et al. Tetrahedron Lett., 1974, 15, 331;

d) Takaya, H. et al. J. Chem. Soc., Chem. Commun. 1994, 2525.
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ῢ♩ צ∟ +

Song, Z. et al. Angew. Chem. Int. Ed. 2019, 58, 4695.

ΝῡⱣὒ Ḫ

Νᴴ ײַ ♩ệצ

Ν ֪Ẕ◓ ᵿ



11Jiang, R.; Song, Z. et al. Org. Chem. Front. 2021, 8, 5941.

ῢ♩ צ∟ +
Νⱳ◓∟ ֪ḑ(-)-sila-mesembranolַײїḽ Ԅᴿở

ΝἍἉ ∟ : (-)-sila-mesembranol vs. (-)-mesembranol

5ÅHOAc  5ÅHOAc  

(-)-sila-mesembranol￼ἰἬ

╗ớ῎ῘҸ҈(-)-mesembranol
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ῢ♩ + 

Xu, L.-W. et al. Org. Chem. Front. 2021, 8, 6577.

Ν ֪Ẕ◓ ᵿ
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ῢ♩ + 

Νᴴ ᴥẓῡⱣΝὔֹḪײַ
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2- ᶡ ᶡ ῢ♩ ŕ ẉ

Zhao, D. et al. Angew. Chem. Int. Ed. 2021, 60, 25723.

Ν ֪Ẕ◓ ᵿ Ν2eᵘ2fַײӾḘ◕ כֿ

(R,R)-2f

(S,S)-2f

glum[(R,R)-2f] = 4.86Ö10-4

glum[(S,S)-2f] = -3.28Ö10-4

Ḿ҈ ￼ ᴅῶ ⱶχ

10-5<glum<10-3

2
e 2
f

2e

2f
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2- ᶡ ᶡ ῢ♩ ŕ ẉ

ΝῡⱣὒ Ḫ Νᴴ ᴥẓῡⱣײַ

ᴥẓ ᴖїᴴ ┌ɓ-Hײַ
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ῢ♩ + 

Ν ֪Ẕ◓ ᵿ Ν ῢ♩ַײḤ צ

Su, Z.; Song, Z. et al. ACS Catal. 2022, 12, 5185.
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ῢ♩ + 

ΝῡⱣὒ Ḫ

a) +[Pd]

b) ῢ♩ +[Pd]

Νᴴ ᴥẓῡⱣײַ

֗ ₉



different alkynes
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ῢᴤ♩ + 

Ν ֪Ẕ◓ ᵿ different alkynessame alkynes

Lan, Y.; Song, Z. et al. Angew. Chem. Int. Ed. 2022, 61, e202212889. 
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ῢᴤ♩ + 

ΝDFT כֿ ᴥẓ Ӌὔֹᵻ

12.9

10

20.5

12-TS

8.4

1411.0

11

17.5

13-TS

6.0

15

Migration insertion

(R)-product

(S)-product

(A) DFT calculation

12-TS

13-TS

(B) 2D-Contour maps (C) Ligand structure

ȹȹGTS = 3.0 kcal/mol 
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ᶡ҆₮ ᴝḽײַ ᴥẓצ

Ν ֪Ẕ◓ ᵿ

He, C. et al. J. Am. Chem. Soc. 2020, 142, 13459.
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ᶡ҆₮ ᴝḽײַ ᴥẓצ

ΝῡⱣὒ Ḫ

(a)

(b) (c)

C-H∟צ/ Ѭצ Ӌὔֹ₉

₉ Ԋ Ѧ Ӌ6ַײ ὑ ᴥẓҠ ײַ חᴥẓᵎצ₮
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ᶡ҆₮ ᴝḽײַ ᴥẓצ
ΝῡⱣὒ Ḫ

(d) KIEḪ

kH/kD = 1.08

(e) NMRֿכ

31P NMR (243 MHz, d8-toluene)
1H NMR (600 MHz, d8-toluene)

resting state

C-H∟צΊᴟјᴥẓ֗ ₉
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ᶡ҆₮ ᴝḽײַ ᴥẓצ
Νᴴ ᴥẓῡⱣײַ
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ᴤ ҆₮ ᴝḽײַ ᴥẓצ

Ν ֪Ẕ◓ ᵿ Νᴿởẓⱴ

Νừ Ӌ ῾ᴿở

Li, C.-Y.; Wang, P. et al. Angew. Chem. Int. Ed. 2020, 59, 8937.
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҆₮ ₯ײַ ᴥẓαRhצ βצ

ΝῡⱣὒ Ḫ

(a)

(b)

︢ Ғ◓ѦOΎ╟҇₯֪ḑ

ὑ ₯֪ḑ ӽјRhI ᴥẓ

(c)

RhI ₮ј҆־צ Si-Hײַ ởѬᴴוצ

He, C. et al. Angew. Chem. Int. Ed. 2022, 61, e202204912.



(d)
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ΝῡⱣὒ Ḫ

₮Ѭᴴ

(e) KIEḪ

kH/kD = 1.2

Si-Hᾘ їᾴᴥẓַ֗ײ ₉

kH/kD = 2.1

O-Hᾘ ᾴᴥẓַ֗ײ ₉

Νᴴ ᴥẓῡⱣײַ

҆₮ ₯ײַ ᴥẓαRhצ βצ



28

҆₮ ₯ײַ ᴥẓαCuצ βצ

Gu, Q.-S.; Liu, X.-Y. et al. Angew. Chem. Int. Ed. 2022, 61, e202205743.

Ν ֪Ẕ◓ ᵿ ΝҒ◓ ⱳצḪ



29

҆₮ ₯ײַ ᴥẓαCuצ βצ

Νᴴ ᴥẓῡⱣײַ
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ᴤ ᶡ ײַ ₮ ᴥẓצ

Ν ֪Ẕ◓ ᵿ

ΝҒ◓ ⱳצḪ

Cui, Y.-M.; Xu, L.-W. et al. Chem. Asian J. 2019, 14, 2082.
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ᴤ ᶡ ᴤײַ ᴥẓצ

Xu, Z.; Xu, L.-W. et al. Chem. Commun. 2020, 56, 4188.

Cplx2-cis-S

-20.3

Cplx2-cis-R

-21.2

TS-cis-S

-11.3

TS-cis-R

-12.5

D-cis-R

-20.5

D-cis-S

-20.7

Ν Ӌ αAr-NNPsβ ΝDFT כֿ ῡⱣ

ȹGÍ= 8.7 kcal/mol

ȹGÍ= 9.0 kcal/mol
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ᴤ ᶡ ײַ צ₮

Ν ֪Ẕ◓ ᵿ

a) Xiong, T.; Zhang, Q. et al. Angew. Chem. Int. Ed. 2020, 59, 11927;

b) Denmark, S. E. et al. J. Am. Chem. Soc. 2010, 132, 1232.

ΝҒ◓ ⱳצḪ

*es: enantiospecificity b)

eeproduct

eestarting material

e.s. =                           Ö100%
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2- ῢ ҆ їḽײַ ᴥẓצ

Ν ֪Ẕ◓ ᵿ

Xu, L.-W. et al. Catal. Commun. 2020, 138, 1105950.

ΝגחḘḪ
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ᴤ ᶡ צ∟ḑԒC-H֪ײַ

Zhang, H.; Zhao, D. ACS Catal. 2021, 11, 10748.

Ν ֪Ẕ◓ ᵿ

Ν Ѧịừ ײַ Ӆ◓ᴿở
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ᴤ ᶡ צ∟ḑԒC-H֪ײַ
ΝҒ◓ ⱳצᴢ ẓⱴצ
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ῢ♩ צ♩ḑԒHeck֪ײַ

Ν ֪Ẕ◓ ᵿ

Li, B.; Zhao, D. et al. ACS Catal. 2022, 12, 13999.

ΝҒ◓ ⱳצḪ
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ῢ♩ צ♩ḑԒHeck֪ײַ
ΝDFT כֿ ᴥẓ Ӌὔֹᵻ
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҆ ј҆₮ ײַ ₮Ӱ

Ν ֪Ẕ◓ ᵿ

Li, Y.; He, C. et al. ACS Catal. 2022, 12, 8476.

ΝҒ◓ ⱳצḪ

Ν3hӾḘ◕ כֿ

glum[(S)-3h] = -1.8Ö10-3

glum[(R)-3h] = 2.0Ö10-3

(S)-3h

(R)-3h
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҆ ј҆₮ ײַ ₮Ӱ
ΝDFT כֿ ῡⱣ

a) ᴴ ᴥẓῡⱣײַ b) ᴥẓם ᶂ

֗ ₉

Ӌ Ἤ ὔֹ₉



III

PART



(a)

42

ừ Bronsted ừײַצ ᴿở

Ν ֪Ẕ◓ ᵿ ΝῡⱣὒ Ḫ

5cїᾴᴥẓѦ Ӌ

ὑ ֪ḑ ₮ײַ ᶡצ ề

5aᾴᴥẓַײѦ Ӌε♩צ
Ӌὔֹ₉

(b)

Si-OַײẺởѬ Ӌὔֹ₉

(c)

List, B. et al. J. Am. Chem. Soc. 2022, 144, 10156.
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Si-C bond 

cleavage

Si-O bond formation

Νᴴ ᴥẓῡⱣײַ

ừ Bronsted ừײַצ ᴿở
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NHC ᴤצ ᶡ ײַ ᴝḽצ צ

Ν ֪Ẕ◓ ᵿ

Chi, Y. R. et al. ACS Catal. 2022, 12, 7781.

ΝῡⱣὒ Ḫ

For 1a(H)Ÿ3a(H):

84%, 96:4 er

(a)

(b)

ҥẔ◓1a(D)ᴴӏѬ⁴ᶙẔ◓

ᴉḴוởῑ Ӌ Ἤ εӆ
їᾴ Ӌὔֹ₉

Detected by LC-HRMS
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NHC ᴤצ ᶡ ײַ ᴝḽצ צ

Conformation B 

ѕΉῑֶ

₉צ Ѭᴥẓ

ײַ Ӌὔֹ₉

Νᴴ ᴥẓῡⱣײַ


