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Our Research Programs: Selected Recent Examples
Base-Metal Catalysis

ACIE 2023, 62, e202301006.

Hypervalent Iodine Chemistry

Chem 2025, 11, 102527.

Small-Ring Chemistry

ACIE 2025, 64, e202511646.

JACS 2024, 146, 3910.

Co/Al cooperative catalysis for C–H activation

Ring-retentive functionalization of cyclopropanols

Organoiodine(III) as nucleophilic organometalloids

Stable atropisomerism about a carbon–iodine bond
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䫒碟氳僗嚀⴫㰢溿狒עכ
˝ 㵸ם׈鷿⽰䚉׷碛儢ם橎ゖ׼־㡎׾ױ

˝ 㲔꽦؅鵟י׋二ַ׊⹚䑴䓪׷⮆㯸מ⭳⚡ֹ

˝ 杼鉮כ哭䒝⴫יז׻מյ二םג溿狒ס孱ֿ׿榟׾׿ױ

ն־؀ֹדס׾ֹ׊ג䏔Ⱏ؅冽םֹ׻סלעյꄈ㯸⴫㰢銶畀יַֽמ鷨爊ס׆

˝ ׾ֿ┕ה啶鵰ֿ玮סյ溿狒יז׻מ׊鲭׽筝סא
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僗嚀ꉘ⹚䑴Ⰺ׾׻מ憇碛̿憇碛磵⺬䎬䡗⹚䑴

Yoshikai, N.; Nakamura, E. Chem. Rev. 2012, 54, 11107.

٬㰢鼧僗嚀⴫㰢ס㓹灄氳僗嚀ꄋ㷯٬⪦䏔♀ⱶ姲劬糋䬵˟㛡喋םCˑC磵⺬䎬䡗⹚䑴
٬⹚䑴嚀啶ע鎋ׂ׊鏤ַם׿׼

儖韬עCu(I)/Cu(III) تؠشغٝס



嚀啶杼鉮R2CuLi٤أٞـ׾׻מ⴫סٜؼل糋䬵
Path A:ַ׾׹؂ꁁ⴫氳♀ⱶ䨯⪌麃⩕氳聰ꦕPath B: Cu/Li⶜⥸氳ն˘Cuֿ䥨׊鱮ײLiֿ䌕׀䥁ׂ˙

Path Bֿ٭؟ٜؾ٬ؙ氳מ僗⮵٬13C鵭䈱鑜氳⺱⛣⛮Ⲗ冽ס
㲔꽦٬銶畀׵׼־䶹䧏

Yoshikai, N.; Nakamura, E. JACS 2004, 126, 12264.

ّثؼ؜孨䓪⴫ْס׆!
˟d10鹜燯ꄋ㷯鉴㨥⹚䑴מ㷣
ꝧ־ַם׀ך



⺬杼錃銶ٜآشؼ鉴㨥شن׾׻מ⴫ؓٛסٜ٭挪榹ء٤ٛوش؜

Yoshikai, N.; Mashima, H.; Nakamura, E. JACS 2005, 127, 17978.

٬⪯㑔氳ٜآشؼם鉴㨥עך㲜峪ל؆כ׮ך⹚䑴ֿ鶟车٬"ַם׊PO鿥⛣㯸ס㰆㏇┖עךGrignard鍱話ס幍┖מ׵ככ갻蜷ם氦掂#

PhˑXסBDE (kcal/mol)I (67) < Br (84) < Cl (97) << F (127)



⺬杼錃銶ס㵣爊כ꡾槡ꉘ鉴㨥؛ز٤ػؙ׾׻מ鹟䥃氳⪦䏔♀ⱶ

Hajra, A.; Yoshikai, N.; Nakamura, E. Org. Lett. 2006, 8, 4153.

注◍⛼榫כOٜؼٍٜ؜ע◛ꈉכC=Cע٬ꉘ׾׌┙♀┘乇梪㗞؅׊鿥糋מ糋⛣ם⮉ꈉ؅鸵◛כPON鿥⛣㯸٬ꉘٜٚ؞
٬䎎侇עי׊כ奂鬳氳ꦘַ׊㓹韬泡ꑷ٤ؿؙסמ㵚׊냕ַؙ؛ز٤ػ鹟䥃䓪
荁䷉ס┕䋝Ꝏ稗ס䑴⹚ס仴湳ךױֵׂ׊־׊˟$



⺬杼錃銶׼־䫒碟٬氦釤׫ꇠ鉴㨥CˑHٜؓٛ٭⴫

Norinder, J.; Matsumoto, A.; Yoshikai, N.; Nakamura, E. JACS 2008, 130, 5858.
Nakamura, E.; Yoshikai, N. JOC 2010, 75, 6061.

˟׼־氦釤ס؆׈㰢榟׾ֵ%

&嫫媫?ס僃鸵⴫؅磬י˟
٬䘶㲊嚀啶٬鉴㨥עٜؠؕئ閱鑜׊־׊٬׾׀ך杼鉮ס׆٬ַםעך؂ׄ׾ַי׊㕔⼔♓꡸ꇠ鉴㨥CˑH孨䓪⴫⹚䑴סꝧ氦ֿ鷨⸻10䇗♓┕㛻ׂ׀氦㷣
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啶ֻס鉴㨥CˑH孨䓪⴫䫒碟氳鉴㨥⹚䑴ꝧ氦عٜفؤ

Account for early studies: Gao, K.; Yoshikai, N. Acc. Chem. Res. 2014, 47, 1208.

ַםיⳏ׵יז✳٬Pd/Rh؅׾٤؅鹴ׄٔب٭؛غشٝסCˑH孨䓪⴫1鞕ꄋ㷯عٜفؤ׏ם
2րRh׼ם׾׀ךמCo׍ע׾׀ך׵ךց٬Co̜Rh׾ֵעնסאף׼ם鴫3׵◀峮┘耆3םdꄋ㷯סꄇ䓪٬⺬杼錃銶؅䣆䷑׌

٬杼鉮٬◀峮י׋؆⩝מ⹚䑴׳־ח؅



⴫ٜ٭ٛؓٞغك糋⮆㹎㑔⛣鿥⛣＝⯆䐒٬ס٤ٝزت

Gao, K.; Yoshikai, N. JACS 2011, 133, 400.Kim, Y. H. et al., J. Chem. Soc. Perkin 1 1996, 2201.



杼鑜銶畀׾׻מ⹚䑴磬饟כ鹟䥃䓪氦杯釐㍔ס吾鋀

Fu, Y. et al., Chem. Eur. J. 2013, 19, 12093.

٬CˑHꁁ⴫氳♀ⱶٜؓ٤آ䨯⪌麃⩕氳聰ꦕ٬䏱鵭٬⛣糋鹟䥃䓪婊㲊壿꣪ע麃⩕氳聰ꦕ
!㲔꽦磵冽כ湟泳ֿדֹא׈םע˟



杼鉮٬錃銶׾׋؆⩝מ鿥⛣＝狜ꝴס䫒碟

Lee, P.-S.; Yoshikai, N. ACIE 2013, 52, 1240.

⮆ⶇךPPh3ׂםעך䑴PCy3⹚ג٤鿥⺸㓹؅榫ַِةٜؓ

زشؕت鹟䥃䓪ֿךء٤ؼ٭ٖزס٤ؔنتٌٜ٭ٛؓٛع䑴⹚ג٤鿥⺸㓹؅榫ַِزآ

Dong, J.; Lee, P.-S.; Yoshikai, N. Chem. Lett. 2013, 42, 1140.Xu, W.; Yoshikai, N. ACIE 2014, 53, 14166.



Well-definedם鉴㨥樟׾םCˑH孨䓪⴫嚀啶ס䬠そ

Petit, M. et al. JACS 2015, 137, 2448.

Ligand-to-LigandHydrogen Transfer (LLHT)

"CˑH⮉了٤؞ٜؓכ䨯⪌ֿ┉妳מ颯׾׆嚀啶

!Fuס׼銶畀עך釤鷨ׇגַי׿׈



Well-definedם鉴㨥樟׾םCˑH孨䓪⴫嚀啶ס䬠そ

Suslick, B.; Tilley, T. D. JACS 2020, 142, 2448.

ꎬ⛮⺬䡗յ鵭䈱鑜鉮冪յ侇ꝴ⮆鉮31P NMR⺱⛣⛮嘅閁յKIEյHammett˟#
⁉┙泡䫘꞊מ٤ֿCˑH孨䓪⴫ؔنتٌ$
&杼鑜銶畀׾׻מ吾錞ע车ַםַי׿؂
伺┘ע־׾׀ך芗⴫┉ךױ׆ל&
&鉴㨥ꝧ氦מ㵚׾׌炐〝ע˟



辐㷺氳儖韬氳ע舙┉ס׆CˑH孨䓪⴫סٜ٭دؓ

Ding, Z.; Yoshikai, N. Org. Lett. 2010, 12, 4180.

Nakao, Y.; Kanyiva, K. S.; Oda, S.; Hiyama, T. J. Am. Chem. Soc. 2006, 128, 8146.

!CoכNiעמյ⛰׼׊־⪦鵟׾׌⹚䑴䓪ֵַֿם׿׊׵־ס׾˟



10䇗飈ؔطمؔظ٤ٝجס׊ٌِّٜؓסغCˑHٜٜؓؼآ⴫
While exploring [2+2+2] cycloaddition…

Hydrocarbomoylation of alkyne by Ni/Al catalysis 

Nakao, Y.; Idei, H.; Kanyiva, K. S.; Hiyama, T. J. Am. Chem. Soc. 2009, 131, 5070.

Reviews: Nakao, Sakaki Chem. Rec. 2016, 16, 2405; Ackermann Chem. Rev. 2019, 119, 2192.



⴫ٜؼآCˑHٜؓ׾׻מꁁ鉴㨥ت٬ٜؕعٜفؤ

Wang, C.-S. et al. J. Am. Chem. Soc. 2020, 142, 12878. 

Pyridones Pyridines and azinesFormamides

Imidazo[1,2-a]pyridines

Thiazoles Oxazoles



CˑH孨䓪⴫׾׻מꁁ鉴㨥LLHTت٬ٜؕعٜفؤ

M06L(SMD,heptane)/6-311++G(2df,2p)-SDD(Co)//M06L/6-31G(d)-SDD(Co)

.溿狒縖Prof⺱⪧٬ַג׊מ־׼伺׵יַחמLLHT嚀啶ֿ䬠そնCoעך٬Ni(0)/LAتئ٤ج٤ؤס㲊┉מ榟䡗ס٤䓪Co(I)牊؛ز؜ס׼־銶畀٬CoXn/Me3Al׏ם Chen Wangמ㡦鋔!
Wang, C.-S. et al. J. Am. Chem. Soc. 2020, 142, 12878. 



Ni/Al鉴㨥؅⯆䐒׾׌◅㲆耆䓪鿥⛣＝

Ye, M. et al. ACS Catal. 2021, 11, 4606. 

Site control of C–H activation

Ye, M. et al. Nat. Commun. 2022, 13, 2938. 

Site control with NHC/hydroxy hybrid

Ye, M.; Yu, J.-Q. et al. Nat. Chem. 2021, 13, 1207. 
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⺬杼錃銶ס׫ր㍑䅯ցCo/Al鉴㨥ס鿥⛣＝錃銶

Nakao/Hiyama Ye, Cramer

Saito, Y.; Kikuchi, J.; Wang, C.; Yoshikai, N. Angew. Chem. Int. Ed. 2023, 62, e202301006. 



PSPO鿥⛣＝׾׻מCˑH孨䓪⴫ס⛣糋鹟䥃䓪⯆䐒

Imidazo[1,2-a]pyridine

Pyridone

L4

Ph2P HP
O
tBu

Saito, Y.; Kikuchi, J.; Wang, C.; Yoshikai, N. Angew. Chem. Int. Ed. 2023, 62, e202301006. 



DFT銶畀㲔꽦磵冽׾ם׼׈כع٭َئס遨䍚

٬PSPOֿCoכAl؅鸵⮉מ鿥糋٬LLHT嚀啶ס┉芗䓪٬KIEס㲔꽦⡁כ銶畀⡁ס┉舙٬dppp鿥⛣㯸סכ鷿ַ磵⺬⮉了٬榟䡗י׬׌ע┉ꄆꯁך鶟车with Prof. Wang
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䡗⺬ٜ٭غ聰姡碛梪⴫ؕ٤ס٤ِؕ׾׻מPd鉴㨥ء٭ٞٞو

Wei, Y.; Deb, I.; Yoshikai, N. 
J. Am. Chem. Soc. 2012, 134, 9098.

! α-ّؗةٚق⴫ِؕ٤˟⮆㯸ꝴ⹚䑴מ㷣ꝧ־ַם׀ך

E X

N Ar’
Ar

E



飃⸉＝❫ٙؗ碛ַֹכ樟⮆＝◀䘶㛙٤ٚنס⺬䡗

˟⛮┉ע׿׆$
٬C͜C磵⺬סꝧ逰׳⻠؅㛻䫇ם׽־磵⺬磝ײ䬵ֻ
٬鵟䅻聰ꦕ㓹غ٭ׂٙ⥸י׊כ㱦䕛꺜ꁁ鼧⛣ס⹦鱮ײ
٬ꄈ鑜氳עמ㱭⪒1:1ם⹚䑴

Lu, B.; Wu, J.; Yoshikai, N. J. Am. Chem. Soc. 2014, 136, 11598.



萶׊碏ס(?)׿⹚䑴嚀啶

Lu, B.; Wu, J.; Yoshikai, N. J. Am. Chem. Soc. 2014, 136, 11598.

٬⹚䑴嚀啶ֽם☪ע┘伺׊־׊٬յ⺨⸉㯸ס车亠ٜيٚ⛮⛣⺱ע㲔꽦׽׻מ㱭⪒מ澬㲊٬杼鑜銶畀˟ע嫫媫׾ױעמ⺎耆䓪ֿ냕ַךס䣆׍׈⭳؅
!⹚䑴ꝧ氦縖סי׊כ浓浌憠עյ鎋碷ם嚀啶؀׊׳׽׻⺬䡗嫎סי׊כ⯆꡾



嚀啶杼鉮ע⹚䑴ꝧ氦ס䑒ꯄ兢♭׍׼ֵמ└䡗⮆٤ٚن⺬䡗ס׫㷣ꝧ

Wu, J.; Yoshikai, N. Angew. Chem. Int. Ed. 2015, 54, 11107.

I O

CF3
CF3 + +

N
Ar cat. Pd(OAc)2

toluene, rt

O

CO2H

'⹚䑴嚀啶ס杼鉮ע䑒׵׊׍岐ַםַיזױ
(⺬䡗嫎עو٭ؤتסי׊כ㛻ׂ׀䇶ֿגז



嚀啶杼鉮ס鍱׼־ײ玮׾ֵֿה二⹚䑴1,2-ٙؗ碛(III)鬇⛣

˟כ׾׿⪋٤؅ةٛمמց׽ր算؂ס٤ِؕ$

cf. Nicolai, S.; Erard, S.; González, D. F.; Waser, J. Org. Lett. 2010, 12, 384; Ariafard, A. Organometallics 2014, 33, 7318. 

'ِؕ٤؅ꢜַٜ٭ٞع٤ؤג㲔꽦˟



1,2-ٙؗ碛(III)鬇⛣؅磬ب؞ٍٜ؜ٞغك-1,1׾⴫

Wu, J.; Deng, X.; Hirao, H.; Yoshikai, N. J. Am. Chem. Soc. 2016, 138, 9105.

IO
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Wu, J.; Deng, X.; Hirao, H.; Yoshikai, N. J. Am. Chem. Soc. 2016, 138, 9105.

1,2-ٙؗ碛(III)鬇⛣嚀啶

B3LYP/B2//B3LYP/B1
B2: def2-TZVP
B1: SDD for Pd, 6-31G* for the rest

with Prof. Hirao
׽ⳏ畀ֵעמ䑴嚀啶⹚ס׆յֿג׿׈嫫媫ֿ◀䘶ע嚀啶ס䡗⺬٤ٚن(



⴫㰢סٙؗ碛(III)姲꧅＝Ⰺמ碛ֿ╚䏔ؗٙ־מꝴסחַ

Ding, W.; Chai, J.; Wang, C.; Wu, J.; Yoshikai, N. J. Am. Chem. Soc. 2020, 142, 8619.

Ding, W.; Wang, C.; Tan, J. R.; Ho, C. C.; Leon, F.; Garcia, F.; Yoshikai, N. Chem. Sci. 2020, 11, 7356.

Iodo(III)etherification of unactivated alkynes

C–H Iodanation of electron-rich arenes



ゖַ׾׿ױ榟׼־٤٘ب٭ٝعتٚن

Ding, W.; Chai, J.; Wang, C.; Wu, J.; Yoshikai, N. J. Am. Chem. Soc. 2020, 142, 8619.

)䏼全嫎עך酸ꦘגזד㛡糋䬵סٜط٭ؙٜؼل玮⛮鹟䥃氳⺬䡗ֿ⺎耆מ

'䢥鎁յء٤ٛوش؜تٞؠ⹚䑴ס荁ַ聰ꦕ㓹ؗٙכז׵˟־碛(III)סעך׼ם⹚䑴䓪־סַםע?



└❫ٙؗ碛סր3╈䑏4꧅＝磵⺬ց؅⫋縒׾׌

ӥRˑIכIˑY磵⺬ע鵟䅻סⶡ磵⺬׽׻䍏ַӥ I┕מ塜꧅蕔ֿ㷀㏇⴫׾׌ӥRכY┕מ靷꧅蕔ֿ⮆丆׾׌ӥ磵冽י׊כ ˘R(δˑ)-I(δ+)ˑY(δˑ)˙כ⮆哕
" RˑI(III)ע ˘RˑX˙ ׂםעךי׊כյ˘RˑM˙ עךס׾ֹ׀⥸י׊כ?



飃⸉＝❫ٙؗ碛姲劬氳僗嚀ْغؕٞذ

M06-2X/def2TZVP (SDD for I)

䑴注䣆⹚ם؆לעך˟؀ֹ־םע姲劬䓪סל׮僗嚀ꄋ㷯ס俊鵟מֿ׌׈յַֻעכ˟!

NPA charge: As negative as silyl alkyne

Proton affinity: As high as silyl alkyne



ؓٚؕ٤냕姲꧅＝氳C͜C⴫㰢牊

Selected reviews: Lopez, Greaney, Chem. Soc. Rev. 2016, 45, 6766; Li et al. Chem. Rev. 2021, 121, 3892. 
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… and many other precursors



EBXٜؗٙؼ؞ٜؓס٤ؕٚؓ׾׻מ碛(III)⴫

Arakawa, C. et al. J. Am. Chem. Soc. 2024, 146, 3910.

Houk, Garg
JACS 2014



VBXٜؗٙؼل׾׻מ碛(III)⴫מ˟

J. Am. Chem. Soc. 2024, 146, 3910; Beilstein J. Org. Chem. 2024, 20, 891 (synthesis of VBXs: J. Am. Chem. Soc. 2020, 142, 8619).
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ArBXٜؗٙ٭ٛؓ׾׻מ碛(III)⴫׵

J. Am. Chem. Soc. 2024, 146, 3910 (synthesis of ArBXs: Chem. Sci. 2020, 11, 7356).
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磬饟ס碛(III)⴫ٜؗٙؼ؞ٜؓ

M06-2X/6-311++G(2df,2p)-SDD(for I)/SMD(MeCN)//M06-2X/6-31G(d)-SDD(for I)/SMD(MeCN)

• Four-centered TS
• Single-step bond reorganization
• Distortion & polarization of benzyne
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洠注ס碛(III)⴫氦釤٬㷣ꝧٍٜؗٙ؜ס٤ؕٚؓ
" VBXסC=C磵⺬٤ؕا٤يכյ[2+2]梪⴫؅颯ם־ַם׈׆
#氦釤ס碛(III)⴫ٜؗٙؼل̜
עךס׌䑴䓪؅炐⹚ס喋⺱׵ArBX׷EBXםյ꧅㯸雛㳪עכ׆ַֹכ!
$㷣ꝧס׫碛(III)⴫ٜؗٙ٭碛(III)⴫յٜؓٛؗٙؼ؞ٜ̜ؓ
˟ם׾ַיז艵׾䨕ׂכׇס䑴յٙؗ碛(III)⴫⺬擻ֿ僗嚀ꄋ㷯⹚ס׼׿׆%
杼㷍׾ׄ♀؅䑒釐ֵֿ׾˟EBXס䓪韬؅銶畀ך釤泡־׾ײי׊"
̜EBXٜؼ؞ٜؓס憇碛ע䙫㛙כ靷꧅蕔؅䧏הյ٤عٞو鈐⽰䓪׾ֵ׵&
˟דֹא׀ך䅯磵כ׫䓪韬ס⺬յ3╈䑏4꧅㯸磵ע׿׆'



䫒碟氳僗嚀⴫㰢溿狒כꄈ＝⴫㰢銶畀
˝ 䫒碟עյ二ַ׊杯霄׼־ַ⚡⭳סכ㡎׾ױ

˝ ꄈ㯸⴫㰢銶畀עյסא杯霄מ嚀啶氳٬哭䒝氳ם䙫⽏׾ֻ┙؅

˝ 䐂ג׿׼杼鉮עյ域ס䫒碟ס䧗ꄠ׾םכ

䫒碟٬杼鉮٬哭䒝⴫ס䐠梪יז׻מյ溿狒ס啶鵰ע䏲׼־玮׾ֿ┕ה

˝ 銶畀ע泘氳ׂםעךյ䫒碟溿狒؅䶹ֻ׾ꄆ釐ם䣆壿׾ֵךחכץס


