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ᾼ֪

ᵩ֥ ɻΊ Ҙ҅Ỹ ꜗ RNAɼ ᴂ ᵩῪ Ņⅎ
ņЇ ꜠ ש ɻDNA ┼ɻḪ ᴶ ɼ

ᶟת Ὅớ ӌ

Ὅớ ḙק Ὅớ

Ὅớ

ẂᶈẂ□ Ẃᴙ
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ў￼ □ ᴙ ⅝ι

ז῭ Ӡע
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ᾭ︣єּה ᾭєқӤ

ᾦꞌ

∟

ꜗ : ꜙԓ ᵩ Ї ᴂ
             Ỹ ɻ ҟ ֥ ɼ

: ɻ ╛ pHҐ ɼ

װ ᶕ : Ғ ה ᵩ Ҳⅎ ɼ

ɼ
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ғ ɼ
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2005-2009 Ї ;

Research

⌐ ה Ї∕ ꜗ Їה

┼ Їװ ᾟ ɻ

ɼ
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Research

Ҙ ԓ ЇװỸ ҲҒ ɻΊ ᵩ

Ѓ ЄɼῚ ԋ ɻ

ғ Ї ᾩ Ỹ Ỹ .
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σ֒רּ ᶽ▒ ה ᵎᴦַײ -vs²צ ₮ Ӏ ҆צ ֪σC-N/S

¸ ҅ Ҳ Ї ᵲҿ ῇῚל ῗ ╦ᵩɼ

¸ ᴶ ᶳ Ņ ņ Ѓ ɻ ɻ ש ЄЇ Ї ɼ

¸ C(sp³)ĿH Їᵜ ╦ ῇ Ḧ ɼ

¸ Ỹ Їᵜ׃ ԓ ⅎ Ї ⅎ ד ɼ

Jia, Z.-J. et al., J. Am. Chem. Soc. 2024, 146, 24863.
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σ֒רּ ᶽ▒ ה ᵎᴦַײ -vs²צ ₮ Ӏ ҆צ ֪σC-N/S

Jia, Z.-J. et al., J. Am. Chem. Soc. 2024, 146, 24863.
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σ֒רּ ᶽ▒ ה ᵎᴦַײ -vs²צ ₮ Ӏ ҆צ ֪σC-N/S

Jia, Z.-J. et al., J. Am. Chem. Soc. 2024, 146, 24863.
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σ֒רּ ᶽ▒ ה ᵎᴦַײ -vs²צ ₮ Ӏ ҆צ ֪σC-N/S

Jia, Z.-J. et al., J. Am. Chem. Soc. 2024, 146, 24863.

ü Ỹ ╛ғ ╛” ЕFeIICl Pc + 

Ŭ ᴮᾨC(sp³)ïH ЖFeSO + 

╛ Ŭ ᴮᾨC(sp²)ïH ɼ

ü ꜠Ⱶ ᵣ ЕKIE = 2.0Ї CïH

” ɼ

ü ЕTEMPO ┼ Ї

└TEMPOꜘ Ї ┼ɼ

ü ᵩ Еה └ ᵩḦ

֥ Ї Ѓ~100 psЄЇ

Ņ ņ CïN ɼ

Å ɻ C(sp³)ςH

Å ɻ

Å

Å

Å -
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σ֒רּ צ їḽײַ є ᶡᴫ ҆צ ֪σC-N/S

¸ BsQueD 3- -1-

¸

¸

Jia, Z.-J. et al., Angew. Chem. Int. Ed. 2025, 64, e202423507.
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σ֒רּ צ їḽײַ є ᶡᴫ ҆צ ֪σC-N/S

Jia, Z.-J. et al., Angew. Chem. Int. Ed. 2025, 64, e202423507.

ɹ ɺ
ɺ

ɺ
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σ֒רּ צ їḽײַ є ᶡᴫ ҆צ ֪σC-N/S

Jia, Z.-J. et al., Angew. Chem. Int. Ed. 2025, 64, e202423507.

҅Е‼ Ỹ ╛ -  ┼ Ņ ņ
ᾫ Е ῇ└

ᵩЃ pET- 28a(+)ЄҲɼ ү ᵩ ἥ҅
үŅ ֥ ņЇת ᵫ ֥
ᴂ ɼ

Е ɼ

ᶕ ҅ ҿŅ22- ņ Ї
ᵣ Ѓ E241Єҏ֥
Ї ҅ү ᵩ ɼ

Ѓ96 ЄЕ Ҳ

ῠ Ї IPTG
ɼ Ғ ᵩ Ὴ

Ỹ ╛ɼ
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σ֒רּ צ їḽײַ є ᶡᴫ ҆צ ֪σC-N/S

Jia, Z.-J. et al., Angew. Chem. Int. Ed. 2025, 64, e202423507.

ԑЕ Ỹ ╛ -  Ї └ ᶉ
V Ѓ96 ЇῊ ЄЕ ɼ

V Е Ҳ Ї ῗ Ї ҿ ᴰ ┼ ᶳ Fe(II) ɼ

V ⅎЕ Еᵲҿ Ỹ ╛ɼ

V &Fe(NHϞ)Ϝ(SOϞ)Ϝ: ԓ Ҳ Fe(II) , ꜡Togni ╛ ɼ

V NaNЕ ; Ӟ &Togni ╛Е CFϝ ╦ᵩɼ

V ғⅎ Е Ї ╛ ֥ Ї GC- MSЃ Є GC- FIDЃⅎ Є

ⅎ ɼ ҅ ה ҏҌү ᵩҲ ₴֥ ɻ Ņ ņɼ

ҎЕ Ỹ ╛ -  ғ
V ғ Ѓ ЄЕ ₴ ᶉ ᵩЃ BsQueD- CFϝЄ ῠ ɼ

V ⅎ Ѓᶕ ЄЕ ᴌᴮ ᶕ ‼ ɼ

Еᶕ ש Ὴ Ї ꜘῇԋ ╛TPGS- 750Mɼ ᶕ ᵩ ‰ɻ Ї
ԋ ש ɼTPGS- 750M Ї Ѓ Ӟ Togni's ╛Є
Ҳ Їה ֥ Ѓ5%~ה 57%Єɼ
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σ֒רּ צ їḽײַ є ᶡᴫ ҆צ ֪σC-N/S

Jia, Z.-J. et al., Angew. Chem. Int. Ed. 2025, 64, e202423507.
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σ֒רּ ◕Ầ ◓צ -Ɩצ їḽ ᶡ҆צ ֪σC-N/S

Jia, Z.-J. et al., Angew. Chem. Int. Ed. 2025, 64, e202509359.

ɹ ɺ

ɹ

ɺ

P450

ɹ ɺ

Iіhі

ɺ
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σ֒רּ ◕Ầ ◓צ -Ɩצ їḽ ᶡ҆צ ֪σC-N/S

Jia, Z.-J. et al., Angew. Chem. Int. Ed. 2025, 64, e202509359.
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σ֒רּ ◕Ầ ◓צ -Ɩצ їḽ ᶡ҆צ ֪σC-N/S

Jia, Z.-J. et al., Angew. Chem. Int. Ed. 2025, 64, e202509359.
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σ֒רּ ◕Ầ ◓צ -Ɩצ їḽ ᶡ҆צ ֪σC-N/S

Jia, Z.-J. et al., Angew. Chem. Int. Ed. 2025, 64, e202509359.
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σᾂ֒רּ Ḫ♪ ײַ ᴤḤצ ᵼצᴥẓ҆ ֪σC-N/S

ԋ҅ ŀŀ 2,3- ꜘ Їװ ɻ

Ỹ Ҏ Ғ ɼ Ї ₴҅ ᴮ

BsQueD ᵩЇ ֥ 2- ɻ2- 2- Ї ֥

72%Ї ᵩ 99:1ɼ

Jia, Z.-J. et al., JACS Au 2025, 5, 4472.
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σᾂ֒רּ Ḫ♪ ײַ ᴤḤצ ᵼצᴥẓ҆ ֪σC-N/S

Jia, Z.-J. et al., JACS Au 2025, 5, 4472.
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σᾂ֒רּ Ḫ♪ ײַ ᴤḤצ ᵼצᴥẓ҆ ֪σC-N/S

Jia, Z.-J. et al., JACS Au 2025, 5, 4472.
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σᾂ֒רּ Ḫ♪ ײַ ᴤḤצ ᵼצᴥẓ҆ ֪σC-N/S

3ү ҅ү ᵣ
Е ԋ ֙ ғ

ᵣ Ї ֙ ᵩ
Ỹ
Ίᵩ Е
ü ҿ Ҟ Їה

ᵣ ⅎ⌡ ҿ 4- 3-

Ѓ ԋ ᵩЄɼ
ü Ҏү Ҳ ҅үⅎ⌡ ҿҞ

Ї ԋҎ Ғ 2- - 1-
ᵣ ɼ

Е √ ᵣ Ỹ ꜗ
ЇῚ Ғ ɼ

Jia, Z.-J. et al., JACS Au 2025, 5, 4472.



26

σᾂ֒רּ Ḫ♪ ײַ ᴤḤצ ᵼצᴥẓ҆ ֪σC-N/S

Jia, Z.-J. et al., JACS Au 2025, 5, 4472.

BsQueD-AF үῗ ЕS116R, T118A, T71L, 

L51V ҅ү ȹK174

ü R116 Ҟ ɼ
ü L71 V51ⅎ⌡ Ҟ ɼ
ü Ї BsQueD-RALV ᵩЃ

Їᵜ Ὴ Єɼ
Е Ҳ Ғ ┼ ᵲ Е
Ѓ S116RЄ ғ ⌡Ж Ѓ T71L, L51VЄ

Ӏ ₉ᵫ Ж Ѓ
ȹK174Є ᴮ ᵩ ɼ
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σ Ḧᵆ ♪Ḫצ ⱳ◓ ⱶᶡὓגF+vs²,ɆH ᴫ ᴥẓ҆צ ֪σC-N/S

Huang, X. et al., Science , 2022, 376, 869.
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σ Ḧᵆ ♪Ḫצ ⱳ◓ ⱶᶡὓגF+vs²,ɆH ᴫ ᴥẓ҆צ ֪σC-N/S

Huang, X. et al., Science , 2022, 376, 869.

ɹ ɺ
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σ Ḧᵆ ♪Ḫצ ⱳ◓ ⱶᶡὓגF+vs²,ɆH ᴫ ᴥẓ҆צ ֪σC-N/S

Huang, X. et al., Science , 2022, 376, 869.



30

σӾ ᴜ јצ ṝ גּצ ᴿḪ♪ḽᾰ Ἤ Cצ N3ᵘ SCN Ẻở҆ ֪σC-N/S

Huang, X. et al., Nat. Catal. 2024, 7, 1394.
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σӾ ᴜ јצ ṝ גּצ ᴿḪ♪ḽᾰ Ἤ Cצ N3ᵘ SCN Ẻở҆ ֪σC-N/S

Huang, X. et al., Nat. Catal. 2024, 7, 1394.
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σӾ ᴜ јצ ṝ גּצ ᴿḪ♪ḽᾰ Ἤ Cצ N3ᵘ SCN Ẻở҆ ֪σC-N/S

Huang, X. et al., Nat. Catal. 2024, 7, 1394.
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σӾ ᴜ јצ ṝ גּצ ᴿḪ♪ḽᾰ Ἤ Cצ N3ᵘ SCN Ẻở҆ ֪σC-N/S

Huang, X. et al., Nat. Catal. 2024, 7, 1394.

ῇ Ї ⌡ V189AЃ ŬҞ Їᶽ Є Q255AЃ

ŬҞ Їᶽ ЄЇ ԋ ᵣ Ҳ ᶽ , ԋ
ᵣ ɼ ү ∕ ᵩ
װ

ⅎ ԋ ᵣ Ҳ Ї Ὶғ
ԝᵲ ɼ

ғ ЕS230Y ЃҢ Ŭ Ї ῇ
Єғ P243 F359҅ Ї ԋ҅ү ɼ ү

ЇᶕῚᵣԓ H270 ᵣ ɼ ғ

Ҳ └ Ņ ņ ᵒɼ
┼ Е ꜡ԓ ⅎ ‼ Ҳ Ї ֙
∆ᶕ si Ї ֥

ŅSņ
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σӾ ᴜ јצ ṝ גּצ ᴿḪ♪ḽᾰ Ἤ Cצ N3ᵘ SCN Ẻở҆ ֪σC-N/S

Huang, X. et al., Nat. Catal. 2024, 7, 1394.
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҆ ֪σ C-N/S σᾚᶙ ṝ Ӌצ Ḫ♪ є ᶡ ⱶᶡᴤḤ ᵼצ

Huang, X. et al., J. Am. Chem. Soc. 2024, 146, 34878.
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σᾚᶙ ṝ Ӌצ Ḫ♪ є ᶡ ⱶᶡᴤḤ ᵼצ

Huang, X. et al., J. Am. Chem. Soc. 2024, 146, 34878.

Ԏ Е
ԎЕ Ԏ ҲЇ

ᶕSCN Ї ֥ ד Ӏ Ї

N Ὺ ẘ ɼ

꜠Е SCN ҐЇ ֥

Ґ ɼ SCN └

Ҳ Ї ԋFe(III)-NҲ ᵩ

ᵣ Їה ԋ”

ɼ

҆ ֪σ C-N/S
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σᾚᶙ ṝ Ӌצ Ḫ♪ є ᶡ ⱶᶡᴤḤ ᵼצ

Huang, X. et al., J. Am. Chem. Soc. 2024, 146, 34878.

üN SCN ғ
Fe(II)Ҳ

Ї ᾩ
Ї Cl∑Ғ ɼ

ü N SCN

Ї֥ ԋ
ғ ҅

Ғ ᾩ
Ḫ Ї ҩ
ΐ
Ҳ
֥ ԋ
꜠Їҿ Ԏ
Ҳ └

꜠ ᶱ
ԋ ɼ

҆ ֪σ C-N/S
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σ ⱳ◓ צ ᴤḤ ᵼצᴿởừ 2-ᴫ

Huang, X. et al., Angew. Chem. Int. Ed. 2025, 64, e202423403.

҆ ֪σ C-N/S
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σ ⱳ◓ צ ᴤḤ ᵼצᴿởừ 2-ᴫ

Huang, X. et al., Angew. Chem. Int. Ed. 2025, 64, e202423403.

҆ ֪σ C-N/S
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ῬỶσ ײַצ ᴥẓσ ᶽ▒ ᶡ їḽײַ ᴿở

Yang, Y. et al., Nat. Chem. Biol.2025, DOI: 10.1038/s41589-025-01953-w.

҆ ֪σ C-N/S
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ῬỶσ ײַצ ᴥẓσ ᶽ▒ ᶡ їḽײַ ᴿở

Yang, Y. et al., Nat. Chem. Biol.2025, DOI: 10.1038/s41589-025-01953-w.

҆ ֪σ C-N/S
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ῬỶσ ײַצ ᴥẓσ ᶽ▒ ᶡ їḽײַ ᴿở

Yang, Y. et al., Nat. Chem. Biol.2025, DOI: 10.1038/s41589-025-01953-w.

҆ ֪σ C-N/S
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ῬỶσ ײַצ ᴥẓσ ᶽ▒ ᶡ їḽײַ ᴿở

Yang, Y. et al., Nat. Chem. Biol.2025, DOI: 10.1038/s41589-025-01953-w.

҆ ֪σ C-N/S
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ῬỶσ ײַצ ᴥẓσ ᶽ▒ ᶡ їḽײַ ᴿở

Yang, Y. et al., Nat. Chem. Biol.2025, DOI: 10.1038/s41589-025-01953-w.

҆ ֪σ C-N/S
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ῬỶσ ײַצ ᴥẓσ ᶽ▒ ᶡ їḽײַ ᴿở

Yang, Y. et al., Nat. Chem. Biol.2025, DOI: 10.1038/s41589-025-01953-w.

҆ ֪σ C-N/S

ȹGenantioselectivity :

ש ԋ ҲЇ ԓ ҏ╦ ҏ ҩү ᵣ  HR HS Ὺ ẘ ɼ

҅ү╦ ֘ -/Iі- Ҳה ҅ү ɼ

Ҳ Ὴ Ї Ӎ HR HS ҅ Ї ȹGenantioselectivity = 0ɺ

Ҳ Ņẘ ņ ῚҲ҅ү HR Ӎ ү ᴰ ᵤЇ

ȹGenantioselectivity ҅ү ẅ ҿȹG = -RT ln(K) ᵤ∑K ɲGҿ ɺ

ȹGKIE :

ש ԋ ɻ ꜠Ⱶ ᵣ ɼ ԓ Е ҅үC- H vs ҅ү C- D

Ὺ ɼ ҅ү Ї ҏ ⅎ Ҳᴑᵫ ҅ ɼ

҅ү ‼ẅɼ ᴂЇ Ї ה Ї H D Ѓᵩ

ҿ ᵤ Єɼ
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ῬỶσ ײַצ ᴥẓσ ᶽ▒ ᶡ їḽײַ ᴿở

Yang, Y. et al., Nat. Chem. Biol.2025, DOI: 10.1038/s41589-025-01953-w.

҆ ֪σ C-N/S

ȹGKIE +ȹGenantioselectivity:

Ẑ ẘ Pro-R Hɺ

(S)-1a-d  үⅎ Ҳ  Pro-R ᵣ ҏ  Pro-S r ҏ ɺ

HATЇ ҹҩү Е

Pro-Srה HЕ ẘ КҒЇ ẘ Pro-Rᵣ ɼ װ Ғ ẘ Ї ᾫ

ȹGenantioselectivity ɼ

Pro-Rᵣה DЕ ẘ Їᵜ ᾫ KIE ȹGKIE ɼ

ⅎ Е

1Ѓ HЇᵜᵣ Ғ Є = ȹGKIE +ȹgenantioselectivity

 ȹGKIE Еש KIE ɼ

+ȹGenantioselectivity Е ҿ ԋ ẘ ɼ

ҏЇ ү῎ Ņ H ņ ԓŅ D ņ ɼ ‟ҐЇҩ ᶕ H Ї װ

ᴂ ꜘЇ └ KIEẅ ɼ
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ῬỶσ ײַצ ᴥẓσ ᶽ▒ ᶡ їḽײַ ᴿở

Yang, Y. et al., Nat. Chem. Biol.2025, DOI: 10.1038/s41589-025-01953-w.

҆ ֪σ C-N/S

ȹGKIE -ȹGenantioselectivity:

Ẑ ẘ Pro-R Hɺ
(S)-1a-d  үⅎ Ҳ  Pro-R r ҏ  Pro-S r ҏ ɺ

HATЇ ҹҩү Е
Pro-Rᵣה HЕ ẘ Ї ᾭԋKIE Ѓ ҿ HЄɼ ɼ

Pro-Srה DЕ Ғ ẘ Ї KIE ɼ

ⅎ Е

1Ѓ HЇᵣ Є = ȹGKIE -ȹGenantioselectivity

 ȹGKIE Еש KIE ɼ
-ȹGenantioselectivity Е ҿ ẘ Ї װ ⁯ ԋ ҅ ⅎɼ ẘ ꜡ᾫ ԋ҅

ⅎ KIE ɼ

‟ҐЇ ⅎ ԋKIE Ї └ KIEẅ ɼɼ
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ῬỶσӾ- ṝ ᴂᵂїḽ σצ ₲ḽẓײַצ ⱶᶡ ᴫ צ
јẦצ ᴥẓצ

Yang, Y. et al., Angew. Chem. Int. Ed. 2025, 64, e202506361.

҆ ֪σ C-N/S
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ῬỶσӾ- ṝ ᴂᵂїḽ σצ ₲ḽẓײַצ ⱶᶡ ᴫ צ
јẦצ ᴥẓצ

Yang, Y. et al., Angew. Chem. Int. Ed. 2025, 64, e202506361.

҆ ֪σ C-N/S
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ῬỶσӾ- ṝ ᴂᵂїḽ σצ ₲ḽẓײַצ ⱶᶡ ᴫ צ
јẦצ ᴥẓצ

Yang, Y. et al., Angew. Chem. Int. Ed. 2025, 64, e202506361.

҆ ֪σ C-N/S
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σ Ḫ♪ḽᾰ Ἤ F+vs²,-F ῶẤ

Huang, X. et al., Angew. Chem. Int. Ed. 2025, 64, e202423403.

є ֪σ C-F
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є ֪σ C-F σ Ḫ♪ḽᾰ Ἤ C-F ῶẤ

Huang, X. et al., Nat. Synth. 2024, 3, 958.

/

ᶳ ЃFDHsЄ

ᶳ ЃV-HPOsЄ

ᶳ ЃHaem-HPOsЄ

ᶕ O H O ЃCl , Br , IЄ ЃHOXЄЇ

ᵲҿְ ╛ɼ Ҳ ЃLysЄ Ҳ ᵩ

꜡ ɼ

ЃNHFe halogenasesЄ

Fe(IV)=O-X  ᴍ - - Ҳ ᵩɼ Ҳ ᵩ װ

Ї Ї Ї

C-X ɼ

5' - ש Ѓ5'-ClDA 

synthaseЄ

ЃClЄᵲҿְ ╛Ї -SAMЃSש

Єⅎ Ҳ Ї C-Cl ɼ

┼ C-ClɻC-BrɻC-I Їᵜ ֙ ┼₉ӓҒ ԓC-F Ї ҿ

Ὶ ЇҙῚ ᵲ Ї ᵲҿְװ ╛ɼ
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╦ ҅ C- F ŀŀ

╛ ЃFЄЇ

Ὶ ‼ ᵣ└ SAMЃS-

Є Ҳ ɼFְ Ҳ Ї ש

Ї ֥ 5'- ש Ѓ5'-FDAЄɼ

ָ - ԓC- F Ѓ ᵩ Є
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