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‘ Personal Profile

Education
1991

BS from Tokyo University of Science, Department of Science, Applied Chemistry.
1996

PhD from Tokyo Institute of Technology, Graduate School of Science and

Engineering.

1993 ~ 1996

JSPS Research Fellow.
April 1996

Assistant Professor at the University of Tokyo, Graduate
Department of Chemistry.
1999-2000

Harvard University PhD Researcher (Professor Eric N. Jacobsen

2002 l‘ V]
Lecturer at the University of Tokyo, Graduate School of Science, Department of :
Chemistry.

Since January 2006

Full Professor at the University of Kyoto, Institute for Chemical Research.
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‘ Background

(2) Features of iron catalysts
Valence state
Abundance
50000 ppm in earth’s crust Fe(0) Fe(ll) Fe(lll) Fe(IV) Fe(Vl)
Good biocompatibility
Low toxicity; exist in HGB
Ph  Ph
Small atomic radius N= Cl_”
172 A T é;;"dy’;
Electronic configuration Ph. Fe _Ph
152 25%p® 352p°d6 452 - Ph
Ph
Multiple oxdation state [PPFIP-CI],
Fe(-2) to Fe(+6)
: . . \ T10 OTf — /
Spin effects in reaction /NQ\ NG 2N —on)
High spin N N
Low spin/\ C ] C Ad = 1-adamantyl
(S.S)-Me2N1

L.-J. Li, Y. He, Y. Yang, J. Guo, Z. Lu, C. Wang, S. Zhu, S.-F. Zhu, CCS Chemistry 2024, 6, 537-584.
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‘ Background
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Representive iron-catalyzed Reactions

3.1 Cross-coupling reactions
QX + OM

3.2 C-H bond functionalization reactions

@
4

)

Q-H + X-FG Fel— Q-FG

G

3.3 Hydrometalation reactions of alkenes and alkynes

Q—=—0 + H-M H

3.4 Carbometalation reactions of alkenes and alkynes

C M
Q—=0O + cMm -—C;:%

)

@
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L.-J. Li, Y. He, Y. Yang, J. Guo, Z. Lu, C. Wang, S. Zhu, S.-F. Zhu, CCS Chemistry 2024, 6, 537-584.
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In cage / Out of cage mechanism
X I_Fe”\X Ar/Alkyl—M
R1J\R2 X .
Transmetalation
M—X
Halogen abstraction
R'R? -
LFe'—X LFe—ar/Alky!
In cage
— _
Ar/Alkyl | Ar/Alkyl
A LFe!! ’
R" "R? \rR1
R']
Product
)
LFe!'==Ar/Alkyl
. Out of cage
._)
R OR!
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o R
cng§;>Pcu2 n—? lee\mm—

(a) ArMgBr (6 equiv), =78 to 25 °C, 4 h,

then HyO* 1(R = t+-Bu): 59 % vyield
(b) FeCl,*4H,0, EtOH, 90 °C, 6 h 2 (R = SiMey): 54% yield

‘ sp2-sp? crossing-coupling

Selected bond lengths Selected angles

Fe-Cl1 2.2190(14) A Cll-Fe=CI2 122.16(6)°
Fe-CI222172(18) A P1-Fe-P2 80.63(4)°
Fe-P1 2.4623(14) A

Fe-P2 2.4404(13) A

UB3LYP/ X-ray crystal

6-31G(d) structure
Fe-ClI 2259 A 22190(14) A
Fe-CI2 2238 A 22172(17) A
Fe-P1 2495 A 24623(14) A
Fe-P2 2484 A 2.4404(13) A
Cll-Fe-Cl  123.507° 122.16(6)°
Pl1-Fe-P2  81.557° 80.63(4)°

T. Hatakeyama, T. Hashimoto, Y. Kondo, Y. Fujiwara, H. Seike, H. Takaya, Y. Tamada, T. Ono, M. Nakamura,
Journal of the American Chemical Society 2010, 132, 10674-10676.
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‘ sp2-sp? crossing-coupling

Condition table
_ catalyst
G Bul., EP additive o
+ -
3a 25°C, 4 h a
yield  recovery
entry®  catalyst (3 mal %) additive (mol %) (9%)° (2%)°
1 FeCl; TMEDA (200)) 0 =049
2 Fe(Cl; TMEDA (2(4)) + MgBr; (20) 0 =44
3 FeCl:(dppbz); none 0 =0N
3 FeCl(dppbz), MgBr; (20) 14 83
5 complex 1 MgBr; (20) 93 0
6 complex 2 MgBr; (20) 91 0
TTOTIC )

T. Hatakeyama, T. Hashimoto, Y. Kondo, Y. Fujiwara, H. Seike, H. Takaya, Y. Tamada, T. Ono, M. Nakamura,
Journal of the American Chemical Society 2010, 132, 10674-10676.
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- 1 or2 (1-5 mol %)

R.. O MgBr, (0 or 20 mol %)

R'—X + B, = R'—Ar
A O THF, 0-40 °C
(1.5-2.0 equiv)

R' = 1°,2° alkyl, R = Et, Bu, t-Bu, Ar = aromatic group, M = Li or MgBr

o) (o)
entry® Alkyl-X coupling product yield (%)? 1
, — E:oJ\H?‘ Br EIOJL("K\ Ph
I 99 (R"=H)
B 98 (R" = OMe) NC
3 , 94 (R"=NMe,) . NC ’
4 c-Hept—Br c-Hept R' 77(R" = CI) 122 B "

sdef 90 (R" = COyMe)

_—
e
*, The Yang Research Group

4 Precise Synthesis Lab at Tongji University

96

Me
e 81 (R" = COqE) , 0 0
7d.ef F T4 (R™ = CO41-Pr) 13¢ /'*A’J\ /'Lt\a/L .
Ph 4 "Br Ph 4 Ph
8 c-Hept F 83
14te Ac0—<:>-»-8r AcO—Qw@—OPiv 83’
F
F cl cl CO,i-Pr
N N 154/ I | 86

. 16 A/
10/% c-Hept—Cl GHGD!—@ 93h Br m
174 c-Hept—Br oHept@
N

73

T. Hatakeyama, T. Hashimoto, Y. Kondo, Y. Fujiwara, H. Seike, H. Takaya, Y. Tamada, T. Ono, M. Nakamura,

Journal of the American Chemical Society 2010, 132, 10674-10676.
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‘ sp2-sp? crossing-coupling
Plausible Mechanism

Halogen abstraction

(\
Felll Out of cage
X—R P Ar

B
P, -Cl borate R Ar
Fell = Eell Ar-R
< , \ — > P/ \Ar
iron complex 1 or2
( Fe”
+ LiX MgB
BUPII’I Bu,,
determined by B/ Li+
NMR & GC-MS Ar/ Ke)
Transmetalation

T. Hatakeyama, T. Hashimoto, Y. Kondo, Y. Fujiwara, H. Seike, H. Takaya, Y. Tamada, T. Ono, M. Nakamura,
Journal of the American Chemical Society 2010, 132, 10674-10676.
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Precise Synihesis

the first example of iron-catalyzed cross-coupling-based methylations of arylboron compounds

Plausible Mechanism

. Ar(R)Bpin-M+
Buli
i (1.9 noubd) :© RBpin + M| RBpin + M| 2
L g THF/hexane :@ Ar(R)Bpln‘M+ C I:)\|:ell/ }4
~78°C, 30 min P~ Ar MgBr; P
° Seall”
(2.0 equw) 0°C, 30 min MgBr, A C =k i |
CH3—| D
1

FeClg (5 mol %) _ _

ligand (X mol %) ) X |

MgBr, (20 mol %) ( SEell” R CH;-

CHs-l +  2a > N CH, p” ] P\Fem/ 13
1 THF, 40 °C, 90 min 5 in cage P~  Ar / |out of cage
D ~
(1.06quv) (1.9 equiv) i favorable B unfavorable P/Fel—x
/\ fallp® ;
Ar—fH3 - solvent cage — Ar—CH;
A 4
S. Nakajima, H. Takaya, M. Nakamura, Chemistry Letters 2017, 46, 711-714.
‘—] ’ j 7N ( %9
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‘ sp2-sp? crossing-coupling

the first examples of iron-catalysed enantioselective couplingsof organoboron reagents

R t-Bu, _Me
i Bu O -Li. Fe cat. Ar,"‘ _Ot-Bu N\ P
#~ Ot-Bu “ef .- Cr) @ ,I
Br A( N MgBrz N AP\
13 examples
(@) 1 P Iy p
< Fe!
e ~
2 P PP A % 2
( I:’\"Fe”/CI —— SFel'—X
P~ Cl P
A B L
A‘l' * "CO,t-Bu (*F’\ “/Ar
. /Fe\
P o 3 p
Fe! c
I ”
*P_ | _Ar
l SEell
-
P
nonselective b  CO,tBu
background reaction
b .
2 C + alkyl- D AG*=11.8 _ B + product
(0.0) (-14.1) (-22.6)

T. Iwamoto, C. Okuzono, L. Adak, M. Jin, M. Nakamura, Chemical Communications 2019, 55, 1128-1131.
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‘ sp2-sp? crossing-coupling

Origin of enantioselectivity (c)

—_ A
[=] 5
-E_ ¢kH/'DLEU _ __
o P Br -
U] T = £C1C2C3Fe = 144.1°
<] - *p'l"'Fe: . i
LTS o
@]
Me" \f-Eu o /k
C(s=2) (
0.0 - A =
- \ \+p - CO,%Bu TS5 (5 =3/2)
y I"- '2.3
I: /I\H/DLBU (d)
. D(s=3p) 18 & PN I
L”r ._+_ ________ l‘ *P.,.
(*P_,.Fe-—Br
1~1 B (5 =3/2)
=228

T. Iwamoto, C. Okuzono, L. Adak, M. Jin, M. Nakamura, Chemical Communications 2019, 55, 1128-1131.
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The first iron-catalysed cross coupling of propargyl electrophileswith lithium alkenylborates

RZ

Si(i-Pr)s
. Z

oy T \/
3a, 87%, 2.92g, >99% Z°

Si(i-Pr)s

\

3¢, 93%, >99% Z

Si(i-Pr)3
CoHis~_ .

3e, (50%), >99% £59
82%, >99% £

ek

Bu

S!(Ir-Prh
BnO .7 \/
3b, 68%, >99% 2
Si(i-Pr)y
3d, 95%, >99% Z
R
Si(i-Pr)

R = OMe: 31, 78%, >99% £
R = CFy: 3g, 86%, >99% £

R3 R4
R4 Cat.FeCls/Mg Rl 4
> ~
up to >99%
R2
18 examples
Regioselective & Stereospecific
Functional group tolerance
Ligand-free condition
__SiMeg /_/SIM83
Ol =_7 =_ 7
N B0~
3h, 82%, >99% Z 3i, 81%, >99% Z
(3h:4h = 93:7)°
/\/CN A CO;ME
= ’L‘/') L/I
CGH1J\/\ o C5H13\/\.
3, (83%) 28%, >99% EY 3k, 56%, >99% E
_~_OMe MeO., _:,,:-\l
e Y
// >
CGH‘B\/\ CSH‘U\.»/‘\/"’/
31, 57%, >99% E 3m, 52%, >99% E

R. Agata, S. Lu, H. Matsuda, K. Isozaki, M. Nakamura, Organic & Biomolecular Chemistry 2020, 18.
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. 3 4
R3 - Li* R4 Cat.FeCls/Mg RMR
0 - R~
R% I + X/ up to >99%
o) 2

18 examples R

Regioselective & Stereospecific
Functional group tolerance
Ligand-free condition

x\/o

2

. o
— —
|||/R AERAEE ",X
L—Ftle t L—Fel_
D X O%O B
Il 12 3

Bu-Bpin
+ LiX (R = alkenyl)

2/

“: The Yang Research Group

Precise Synthesis Lab of Tongji University

R. Agata, S. Lu, H. Matsuda, K. Isozaki, M. Nakamura, Organic & Biomolecular Chemistry 2020, 18.
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‘ sp2-sp? crossing-coupling
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I-Bu

The first iron-catalyzed regioselective Suzuki—Miyaura +By, +Bu
. . +Bu— A | 1.4 J'-'j"!-Bu
cross-coupling of secondary propargyl electrophiles 8oy P hp\ .
with lithium organoborates e O 9 eeu
Ar/Alkenyl-(B) ---./
“a‘/ /I\rr'A'kcnyI :

cat, Fe'-SciPROP-TB
cat. MgBr3

R- 0J§<
~NF N Li*

h TIPS
Bu 0 X/
R1
t-Bu, o tBu
N P
vaU')\."L,FL T N Z~t.Bu
tBu—=j~ ‘pe - t-Bu
. o' o X
t-Bu t-Bu
FeCl,(SciPROP-TB)

Si P, M Ar/Alkenyl

’ \
iy s Alkonyl.'nr/ i,
/\/ H1 — \‘
R’ 3 "
e > 30 examples
* up to 99% yields
H1
A /Alkenyl Y H'3 2 1))

\ FOH -l \

)_

/P /Ar.";'\lkenyl

It
‘I'\_ P / Fe ~ X ~— — + Mng;)
v -
. _— 0~
Bu-Bpin | Alkenyl/Ar-_ 7 .
+ LiX B N |U
Bu

1

S. Lu, R. Agata, S. Nomura, H. Matsuda, K. Isozaki, M. Nakamura, The Journal of Organic Chemistry 2024, 89, 8385-8396.
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‘ sp2-sp? Cross-coupling

(P\Fu,Br PhMgBr
» ©-.5, " Transmetalation 2pner

Primary and Secondary Alkyl Halides with

Aryl Grignard Reagents o *28r8r

4TS9

6.8 (4.6)
[T 15728 \ PP
5
FeCls (5 mol%) Zprer
_ P_ |/Br
TMEDA (1.5 equiv) m\Q C _F€. 4
> P "'THF TS2
Bng\O 25 °C 41Br-THF 9.9 (-137)
99% yleld 0.0 (0.0)
(1.5 equiv)
4TS3 P 111Br
Oph 13.3 (-17.1) ( Srel

-43.9 (-44.3) THF 43PhBrR

-26.4 (-30.0)

M. Nakamura, K. Matsuo, S. Ito, E. Nakamura, Journal of the American Chemical Society 2004, 126, 3686-3687.
R. Agata, S. Lu, H. Matsuda, K. Isozaki, M. Nakamura, Organic & Biomolecular Chemistry 2020, 18.
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‘ sp2-sp? crossing-coupling

the first example of iron-catalyzed enantioselective cross coupling

Fe(acac); (3 mol %)

simple hydrolysis

ArMgBr PRI ]

% Me, JBu R z
JP P = CO-H

i 6mol%) ~  Ar“+COR H
. THF,0°C _

Cl CO2R 28 examples Dexibuprofen; er >99:1
racemic up to 92% yield and 5 more examples

a-Haloalkanoates

Jﬁ(otBU
Br

o) o)

1a R' = Bu: 1b
R' = Pr.1¢c
R'=Et: 1d

OR'
oy

upto 919 er

R'=Me: 1e R' =Et 1f
R'=Bu:1g R'=MeOCH,: 1h

Ligand

Bu Bu
tBU/@; 2 @\’Bu

7

*, The Yang Research Group

Precise Synthesis Lab of Tongji University

M. Jin, L. Adak, M. Nakamura, Journal of the American Chemical Society 2015, 137, 7128-7134.
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‘ sp2-sp? crossing-coupling
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Fe{acac); (3 mol %) R

School of Chemical Science and Engineering

*. The Yang Research Group
Precise Synthesis Lab ol Tongji Universi ty

L)

fe-th + ArMgBr2 (2.0 equiv) =1 (6mol%) _ N"ﬁrm . om F O
racemic slow addition (1 h) THF, 0°C ) 5 /@’ﬁ]’ T8 (8R:12) 19 @ W B9 (W 10)
3(R = Theptyl) MeH 0 “
F =
F . OR
; QR
entry  product  %yield(en® ety  product  S%yield(er) ,@ﬁﬂ’ T8(E612) 20 FI;IT =0
" el © F
A~ OR O ~_OR : . _OR
! © W 82(90:10) 15 \rr 31 (58:42) atl ' oom .r«Tr
o 3 7 \@ ““n' TR 11} 21 ] 5 83 (91:9)
s S
2 Q’ﬁ( 90 (86:14) 16 O N s a6 oR ) s'“Tr*:'F‘
o o O o 8 @ 0 (A 22 0 88 00)
i
: : cl
~_OR ~_-OR -
¢ g 75 (87:13 17 ' 87 (91:9 ' §
’ w \!f e F@ \g, e 9 /@”"Tm 89(87:13) 23 -x",ﬂﬁ 42 (77:23)
; O
i ~__OR -
A~ -OR [ j : =
4.-.‘90 T METIY) 8 \[or 83 (91:9) 10 \@.x[run B4 881 24 @ﬁ\rﬂn 67 (85:12)
F ) ] o
: F _OR : Et
OR : :
5 /@ W 78 (88:12) 19 ©/\[0r 89 (90:10) 1 'ﬂ‘-llljﬁ 38 (Bd:18) 75 .-"“'\]_l/'nn &9 (0 10)
Me o
N 1 o) E 8!
M. Jin, L. Adak, M. Nakamura, Journal of the American Chemical Society 2015, 137, 7128-7134.
3] f T #17 7



:37

-
.
*, The Yang Research Group
Precise Synthesis Lab af Tongji University

Rl i% 4 F asassruagn

School of Chemical Science and Engineering

‘ sp2-sp? crossing-coupling
Mechanism

Transmetalation MgBrCl

ArMgBr
& \ COR'
pr. X _
C Fell X
p*~ "Cl *« | .,
D cycle 1 CP “Felll cycle 2 E
in-cage = = Ar out-of-cage
favorable

N

r” > CO,R

Ar” COR'

M. Jin, L. Adak, M. Nakamura, Journal of the American Chemical Society 2015, 137, 7128-7134.
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‘ sp2-sp? crossing-coupling

Mechanism
Fe(acac); (3 mol %) :
o (2.0 equiv) THF, 0°C &
1e slow addition (1 h) 3
racemic
(a) (b)
mBo—product —s—substrate ——biphenyl ——product —s—substrate
100 100
80 80 72_ = - 4 - " 83
S 60 £ 60
3 3
2 40 40
-
20 20
e 0 0
0 2 = 0 -mu=m = o = = o r—
0 0.5 1 1.5 0 0.5 1 1.5
PhMgBr (equiv) PhMgBr (equiv)

M. Jin, L. Adak, M. Nakamura, Journal of the American Chemical Society 2015, 137, 7128-7134.
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‘ sp2-sp? crossing-coupling

Mechanism

Fe(acac); (3 mol %)

* 0, 3 I
(R, R)-BenzP*(6 mol %) g y=0.2173x— 0.5449 P
Z ¢ slow addition (1 h) Ph /m/ N OR ' ' o
e THF, 0°C o Ph O 2 -
1i 5 6 © -
12% (85:15 er) 40% (racemic) . 1.5 1 il
! anti/syn= 58/42
: A , 1
; : : 2
i 0.5 -
e - ,J/\.H(OR — 0 ¢« | |
I s OR 0 5 10 15
T 7 catalyst (mol %)

M. Jin, L. Adak, M. Nakamura, Journal of the American Chemical Society 2015, 137, 7128-7134.
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C-Cl activation
\—COOR ° . .
¥ High activation
Lower activation Cl
(P\F:e 5 ,Ph 1\
Pl 6 y
P }‘COOR ( :Fq---CI COOR
TS17q-1ci-2cic1 | Cli P2
S1 445 (-11.5) ( \F:e/Ph TS8-2phpn-3phphci
N o — ; P~ Sph  -21.3(-35.5)
— L S ‘J_\‘
1.0 (-10.9) "L/lz T51'2PhPh'3PhPhcr
0.0 (0.0) .‘ g -25.5 (-41.9) /, /, T M
44 cl 44 CIS1 ",‘ S, ‘:.’; \\\.“ SZ
P | E S19.8 N
( “Fe—Cl )~COOR 1 E \’" = J
= | Cl 1 400 (-42 )i - |
! : 39 '/ ! 3\
( :Fe,,/ P2¢ic) Phl" e | (P\FlgyPh
S *2phph \ P ph
-28.8 (-27.1) -45.3 (-43.4) e
(P\Fg/CI _i_Ph -49.8 (-51.2)
P F
P (p/ ®~ph
A. K. Sharma, W. M. C. Sameera, M. Jin, L. Adak, C. Okuzono, T. Iwamoto, M. Kato, M. Nakamura, K. Morokuma
Journal of the American Chemical Society 2017, 139, 16117-16125
3] & T
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‘ sp2-sp? crossing-coupling

School of Chemical Science and Engineering Precise Synthes's Lob of Tongii University

9.7 kcal /mol

Transmetaltion . _I f o _| r
SN[V 4 P/

(" >Fe--rn “Fe---Cl
P” \ N _THF P™ § i oTHF
9.9 kcal/mol L Mg~ RNy g
\ N N\
8 Br Br

-18.9 (-22.6) (P\ ILPh  -28.0(-312) (P\ ILePh

- F i ]
P~ e"'fzc| 7\ P et e

f!/
Ph
2¢c PhMgBr MgCIBr. PhMgBr MgCIBr 52PhCI
-28.8 (-27.1)

-~

52PhCI
-37.7 (-36.1)

-45.3 (-43.4)

7.6 kcal/mol
8.9 kcal/mol

STS-2c10-2pncr-PhMgBrTHF STS-ZClPh-zphPh-PhMg‘ﬁrTHF

A. K. Sharma, W. M. C. Sameera, M. Jin, L. Adak, C. Okuzono, T. Iwamoto, M. Kato, M. Nakamura, K. Morokuma,
Journal of the American Chemical Society 2017, 139, 16117-16125.
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‘ sp2-sp? crossing-coupling

School of Chemical Science and Engineering Precise Synihesis Lub ol Tongii Universty
C-C bond formation
’CI
P<
" C ("Fe—ci
~ ' '
JFe= P< : Ph---
(P \Ph COOR (P,Fe\ ,."J\COOR | -13.0 ﬂ.zs) COOR
" Ph ; y TS1-3pncici-2cicl
TS42;32;h(C E?P;)Cm “TS1-3pper-1c EROOC>' ;
"J—:'—[.‘ -31.2 ('464) i 282“?{’ 156 “.‘\ Ph
ROOC, / | f 05 B § P8 /LcooR
2g : . Lo /'\ : ; ' L
2/ 82} £oi COOR ! : :
o /8.8 i/ QU
’ i 4 | -26.6 (-27.0)
— ke B 40 ; (':1 o
37.7(36.1) == - ;(P\Fe‘/
& 40.0 (-56.6) e ~ph ‘
P cl ": L —
(P}FL" P T ' 5 3phcic -93.8 (-95.0)
Phcl Ph pn COOR  665(66.7) | (P‘jpg'
"3pncir P. P %
(P Fe—Cl %2¢i)
4 :
%2pnci + 28, g le *Bpncict * *82 — *2¢iy
Fell-inner-Sphere (favored) ' Fe'-outer-Sphere

A. K. Sharma, W. M. C. Sameera, M. Jin, L. Adak, C. Okuzono, T. Iwamoto, M. Kato, M. Nakamura, K. Morokuma,
Journal of the American Chemical Society 2017, 139, 16117-16125.
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sp2-sp? crossing-coupling

Free energy profile for the favorable reaction pathway (Fel/Fell/Felll pathway)

2TS-1¢12cici
S1 24889
S,

- \
—

3 .
¢ *TSsqp-1ci2cisi ~">COOR

1.5 kecal/mol 19.8(200) 153 (05) .
x_ 909, 8.2 kcal/mol

)\ // \\ '

\
COOR //4TS1Td'1CI'ZCIC}\\\
S, <} 1.5 (-11.5)

8.8 kcal/mol

4T — Ny B 2
o O—(O o \ , \—'( Y TS1-3pncir-1ci
2. \ i \ TS-2pnci-3pheir -6.3 (-24.6)
1¢) \ -1.3(-1.7)PhMgBr . -16.0 (-31.1) —_—
o ) \ TS9-2ppci-3pycir . J %
& \ \ 7 i \
— \ 7 {
(P/Fe Cl \ S1s o\ MgBIC K T8 2pncr 10y
2 cicIéPhet \ W /-16.8 (-32.6) \
\ -18.9 (-22.6) '4 3 / —, 9
1 : i PhCIR i

3
Zpnei PhCIR -

295(-438) T
— . 3phcR

SN 234 (-39.7)
5

\ ’
\ , N
\ et N_ 69
P_ 1 ClI — . N . S €
9.9 kcal/mol C tFe“\ -~ # SeEER N ’ \ | -38.8 (-37.4)
P Cl -37.7 (-36.1) S, *3pncir S \ 24
-40.0 (-56.6) \ —c
P_ 1l \Cl COOR . -49.4 (-49.7)
( Fe' R N
P" “ph \m % 4
P—Fe —Ta
t Ve -66.2 (-66.7)
(¢]]
-« P\ I
Cl atom-transfer Transmetalation Fe-C Coordination C-C Coupling C /Fe—CI
P

A. K. Sharma, W. M. C. Sameera, M. Jin, L. Adak, C. Okuzono, T. Iwamoto, M. Kato, M. Nakamura, K. Morokuma,
Journal of the American Chemical Society 2017, 139, 16117-16125.
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‘ sp2-sp? crossing-coupling
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Origin of Enantioselectivity
#*
#
_ By
Me I !Bu‘ H \\TIM \
% Me\ ,© Fe\e\P/©
Me e\ P) \ l
):’ Me = ''Bu
B - TSR )
) TSS

i ZC|—F€-CPh =134°
ZCl-Fe-Cpy, = 127° £PyFe-Cgy = 118°
ZP1-FG-C‘32 =106°

4 4TS2-3ppcir-1c1-R
TS1-3ppcir-1c1-S

A. K. Sharma, W. M. C. Sameera, M. Jin, L. Adak, C. Okuzono, T. Iwamoto, M. Kato, M. Nakamura, K. Morokuma,
Journal of the American Chemical Society 2017, 139, 16117-16125.
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‘ sp2-sp? crossing-coupling

School of Chemical Science and Engineering Precise Synthes's Lob of Tongii University
Mechanism
Pl
cl C S PhMgBr
/j\co 2 P” Cl
s, 2 - MgBrCl
P\ | CO2R P\ n_Cl
( ,Fe—Cl S2 ( "Fel
P P" “Ph
1ci 2ppe
CcO
Ph p 2
/V\ 5 \Fm
—Fe
P, Coh . “Ph
3Ph0|n

A. K. Sharma, W. M. C. Sameera, M. Jin, L. Adak, C. Okuzono, T. Iwamoto, M. Kato, M. Nakamura, K. Morokuma,
Journal of the American Chemical Society 2017, 139, 16117-16125.
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‘ sp2-sp? crossing-coupling

Stereoselective Anomeric Arylation of Glycosyl Radicals

MeSi SiMej
AcO Ar
Co_ﬁm Me38|‘®\ Q ﬁj‘SiMeg, -

M838|GP\ E,P\@Sil\ﬂes
Me3Si | 9 SiMe;
| B-selectivity
cat. FeCl,(TMS-SciOPP) 64—84% yield
AcO At AcO
AcO THF, 0 °C or rt Acm
ACOCI or Br)

alf = 1/>99 to >99/1

R =H, CH,0Ac 61-98% vyield

41 examples

L. Adak, S. Kawamura, G. Toma, T. Takenaka, K. Isozaki, H. Takaya, A. Orita, H. C. Li, T. K. M. Shing, M. Nakamura,
Journal of the American Chemical Society 2017, 139, 10693-10701.
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‘ sp2-sp? crossing-coupling

Scope 1 AcO
RO
AcO
AcO Br
4-6
AcO—,  OAc ACO—. oA
AcO 0 AcO 0
AcO AcO
4a
98% (a/f = >99/1)° ab OMe

60% (a/p = >99/1)cd 96% (a/ff =>99/1)

AcO—  oAc AcO
AcO 0 o
Acoﬁﬁ A0 Qo
OMe ACOO o]
©/ AcO
AcO p,
4d 6a

72% (a/p = >99/1)¢ 88% (P = 82/18)¢

B i+ % esossrasn o/

Ar,Zn(tmeda)-2MgBrCl (1.7 equiv)

FeCly(TMS-SciOPP) (3 mol %)

THF, 0°C
AcO OAc
AcO -0
AcO
AcO
(a) onq
g T QL2 oac
90% (a/p = >99/1) OAc
AcO OAc
AcO -0
AcO
- 4
Mannopyranosyl radical-
C, conformer
F
4c

90% (a/p = >99/1)

School of Chemical Science and Engineering

AG = 3.2 keal/mol

.
*, The Yang Research Group
Precise Synthesis Lab at Tongji University

AcO
RO O
AcO
AcO Ar
4a-6a

Mannopyranosyl radical-
“C, conformer

L. Adak, S. Kawamura, G. Toma, T. Takenaka, K. Isozaki, H. Takaya, A. Orita, H. C. Li, T. K. M. Shing, M. Nakamura,
Journal of the American Chemical Society 2017, 139, 10693-10701.
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Precise Synthesis Lab at Tongji University

School of Chemical Science and Engineering

Cl .
Ar,Zn(tmeda)-2MgBrCl (1.7 equiv)

Scope 2 ﬁ\oj FeCl,(TMS-SciOPP) (5 mol %) AcO ’?\&/ Ar
OAc =

‘ sp2-sp? crossing-coupling

AcO " ° OAc THF, rt Aco OAc
2 B-selectivities, 2a-2I
af =1/599

2a 86%®° 2b 84% 2c 83% ;g
n H
0
oahe
AcO

AC  OMe Aco OAc
2g 65% 2h, 74% 2| 78%

AG =1.38 kcal/mol

!VIe
N / -
cO 0 ) AcO 0 4/ AcO 0 o | Ribopyranosyl radical- Ribopyranosyl radical-
N 'C, conformer “C, conformer

2j, 82% 2k, 90% 2l, 68%°

L. Adak, S. Kawamura, G. Toma, T. Takenaka, K. Isozaki, H. Takaya, A. Orita, H. C. Li, T. K. M. Shing, M. Nakamura,
Journal of the American Chemical Society 2017, 139, 10693-10701.
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‘ sp2-sp? crossing-coupling

School of Chemical Science and Engineering

Scope 3 AcO o  AnZn(tmeda)2MgBICl (1.7 equiv) AcO =
Agg&ﬁ FeCl,(TMS-SciOPP) (3 mol %) i Az?o&
Sl THF, 0 °C AcO
. 3a-3h

96% (o = 73/27) 2
51% (a/p = 68/32)0¢ 95% ( a/ﬁ 74/26) 96% (affp = 56/44) OAc  OAc OAc

AcO

AcO 0
AcO AcO AcO

AcO

OAc
0
© AcO AcO S 2y
3a OAc AcO H AcO L
OMe (a] H AcO H

AcO F
AcO 0o AcO Glucopyranosyl radical-‘C,
AcO AcO
AcO LAG g
c, <, 46y
o, B
90% (a/p = 46/54) 76% (“/‘; 25/75)d Glucopyranosyl radical-'C, AGy=0.25kealinol A0 =0.57 kea¥mol Glucopyranosyl radical-B2%

L. Adak, S. Kawamura, G. Toma, T. Takenaka, K. Isozaki, H. Takaya, A. Orita, H. C. Li, T. K. M. Shing, M. Nakamura,
Journal of the American Chemical Society 2017, 139, 10693-10701.
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‘ sp2-sp? crossing-coupling

School of Chemical Science and Engineering Precise Sythesis Lab of Tongii University
Scope 1 AcO—_ 0_ ,C Ar,Zn(tmeda)2MgBrCl (1.7 equiv) ACO— _O_ Ar
FeCl,(TMS-SciOPP) (5 mol %)
A0 OAc THF, 0 °C A0 OAc
1 p-selectivities, 1a—1i
a/f =1/>99
8
H
OAc AcO OAc OAc
1a 81% 1b, 84% 1c 76% AcO
OAc
OAc OAc X_ZS
1d 75% 10 80% 1. 78% B

Ribofuranosyl radical

L. Adak, S. Kawamura, G. Toma, T. Takenaka, K. Isozaki, H. Takaya, A. Orita, H. C. Li, T. K. M. Shing, M. Nakamura,
Journal of the American Chemical Society 2017, 139, 10693-10701.
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‘ sp2-sp? crossing-coupling&ty
Mechanism

Scheme 1. Cross-Coupling Reaction Using Radical Probe 8

AcO Ph,Zn(tmeda)-2MgBrCl (1.7 equiv) AcO AcO
Ao 2 -Sci AcO O AcO 0
o FeCl,(TMS-SciOPP) 0 Aco'%
0 (3 mol % or 21 mol %) o + o §
_\Br THF. 0°C o _Ph Ph
8 A ' 9 g \ -
66% (3 mol %) 0% -
86% (21 mol %) 0% y = 0.1897x + 0.2958!

R* = 0.98931!

Scheme 2. Cross-Coupling Reaction Using Model Radical
Probe 10

Ratio 11/12!

Ph,Zn(tmeda)-2MgBrCI (1.7 equiv)

Qi 0
M\Br FeCl,(TMS-SciOPP) (3 mol /.;)= /\H{\Ph N O/\Ph

THF, rt, 14 h r

10 e 1 12 0" ” - & g "
42.5% 44.6%
‘ Catalyst (mol %)!
13'

L. Adak, S. Kawamura, G. Toma, T. Takenaka, K. Isozaki, H. Takaya, A. Orita, H. C. Li, T. K. M. Shing, M. Nakamura,
Journal of the American Chemical Society 2017, 139, 10693-10701.
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‘ sp2-sp? crossing-coupling

School of Chemical Science and Engineering

Mechanism
R._O_X
B | R
ACOLJ:OAC C ,Fell AraZn
P X
OAc Ar,ZnX
halosugar
W
CP\FeI_x ACOI}OAC /P\Fe" X
P’ OAc P’ ™A
. A
P O
p_..\FeIII (0]
R_O.Ar ;< it

B
AcO OAc
OAc P Q
\n
product P—Fe \\,
\
X

"Ar
c

=/

*—
-
.
*, The Yang Research Group
Precise Synthesis Lab it Tongji University

L. Adak, S. Kawamura, G. Toma, T. Takenaka, K. Isozaki, H. Takaya, A. Orita, H. C. Li, T. K. M. Shing, M. Nakamura,

Journal of the American Chemical Society 2017, 139, 10693-10701.
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‘ sp2-sp? crossing-coupling

A full account of the synthetic scope andmechanistic study of the iron fluoride/SIPr-
catalyzed alkyl-aryl coupling reaction

@7?‘1 N% FGFa F--ggx

1 R | PN
s cat. FeFs cat. EIPr HCl A L2fef
{7 —Cl + AlkyiMgX ¢ Y Aikyl n RMgX Ar=Cl | &

= (X =Cl, Br) \—=/ SIPr B \

. . ) . @
ArCl: including deactivated aryl chlorides F----MgX F----MgCIX
AlkyIMgX: with or without i-hydrogens ,F RMgX t '
L—Fe" L—Fe"—F L—FeV-F
\ | £\
FeF5 (5 mol %) F R R Ar
| S = SIPr-HCI (15 mol %) 4 5

Z MY MgCIX
ﬁ‘l (1.5 equiv) THF, 60 °C, 36 h
( L =gIPr ) Rng F F
X=Cl, ay e,
X e = L— Fe"/ ‘MgCIX L —Fe"/ .MgCIX
| + + . . L
= Me

F F
~Me Me ,—( —A
2ka 2kb 2ke 9 e n Al
>99% (NMR yield) not observed not observed r

Figure 2. Radical probe experiment.

R. Agata, T. Iwamoto, N. Nakagawa, K. Isozaki, T. Hatakeyama, H. Takaya, M. Nakamura, Synthesis-Stuttgart
2015, 47, 1733-1740.
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sp2-sp? crossing-coupling

DFT calculation
®
Ph-Cl F--MgCl
Me Al Y
o L—Fe!
L—Fe”/F\ \
?:’ ~-MgClI
5', q
6'
5'1 + Ph—CI +2.4
+1.0

0

@
F--MgCl

L—Fe!'F

Relative Gibbs free energies (AG, kcal/mol)

54+ Ph-Cl

Fl i+ 5 wssesrusa

School of Chemical Science and Engineering

- Tt ¢
F- -l\/'IAg '[:_ -l\'/‘Ig‘
~\\CI I H ‘CI L—F ”_F' Cl
F---Mg L—Fel'-F S
+23.5 Vo L—FelV' F %;| Me- Me A
o \
AGH=235 1\ i i | @ a
]
N TS,
\‘\\‘ 7'q red_t ~\C|
r ® \‘:\\ TSred t F-- -Mg
Mgel [T 7 -8.2 I F\
: \ j———oou L—Fe"
of Fl . 12,0 — .‘
L_I;e\” /Cl \‘_ & / Tsrediq \\\\ Me |‘
— i
Me 7'1 e ‘\‘\ @
-17.3 W 84
TSox+ - M.-Q' cn ¢\\ 8
r 7 --Mg ) Ly =36.
@MgCI uE | % F---Mg B! 365
' L—FeV-f C! [ EN k
©:F L—FeV ' Cl 5 8
L—rFel Ol Mé I i a
[T Me- Y -49.3
Me@ @
7'
Tsoxéq TSred_q

=
*. The Yang Research Group

Precise Synthesis Lab at Tongji University

Ph-Me

/F‘ c
S rnCl
_ral Mg
L—Fel
F c
9'q

9, + Ph-Me
-33.2

9', + Ph-Me
-48.2

R. Agata, T. Iwamoto, N. Nakagawa, K. Isozaki, T. Hatakeyama, H. Takaya, M. Nakamura, Synthesis-Stuttgart

2015, 47, 1733-1740.
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cat. Fe(OAc), [ Ph
Alkyl-X cat. Bn-h}il;antphos r!:
+ Alkyl-Alkyl
RoAl-Alkyl (x =Cl,Br ) up to 90% 0
R = Alkyl or i-Bu 14 examples Ph,P PPh,
| Bn-Nixantphos 1
¢ high functional group tolerance: CN, CO,R, CO,H, OH, NHR
Alkyl
Nky‘_x K[(Alkyl)3AIF)
Fe" >\—
(Nkv!)zNF
xlxlkyl
2. | 0
Fe' >_ Alkyl « < Fell ?—
PP o
C
>\ < ~Alkyl
Fe -~ 7N
Nky‘ P P
Alkyl=Alkyl Bn-Nixanthos
. ° (X = Br, Cl)
R. Agata, S. Kawamura, K. Isozaki, M. Nakamura, Chemistry Letters 2018, 48, 238-241.
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L ]
.

cat. FeF3, SIPreHCI
ArCl + AlkylMgX Ar—Alkyl
(X=Cl, Br) up to >99% yield

broad scope!

ArCl: including deactivated electron-rich aryl chlorides
OMe MeQ,

MeQ
AlkyIMgX: Me, Me3SiCHa, 1° alkyl, 2° alkyl Grignard reagents even without g-hydrogen

FeF; (5 mol%)

N IPr-HCI (1 %
Cl (1.5 equiv) 60°C,36h
(1.0 mmol)
\
+ +
Me
Me Me
>99% not observed not observed
(NMR yield)

R. Agata, T. Iwamoto, N. Nakagawa, K. Isozaki, T. Hatakeyama, H. Takaya, M. Nakamura, Synthesis-Stuttgart 2015, 47,
1733-1740.
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‘ Carbometalation reactions of alkenes andalkynes {3 [ Yong tarch G

The first iron-catalyzed carbosilylation of alkynes

Pr—=—~Fr 1a (1.0 equiv)
FeBr, Ph™ ~Cl 2a (1.1 equiv)
(10 mol %) PhMe-Si-Bpin (1.1 equiv) Ph Pr
+ - ar
THF THF, 60 °C, 12 h Pr SiMe,Ph
LiOMe a ' '
B0 °C, 0.5 h -
(1.1 equiv) (E)-3a

3% yeld, antilsyn = 73:.27

® No need for fouctional group on either alkynes or electrophiles
® Use of alkyl as electrophiles

T. Iwamoto, T. Nishikori, N. Nakagawa, H. Takaya, M. Nakamura, Angewandte Chemie-
International Edition 2017, 56, 13298-13301.
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‘ Carbometalation reactions of alkenes andalkynes T B e

the first iron-catalyzed carbosilylation of alkynes

amwiﬂfv

R2" 7S
: Si-B + LiOMe
anti-adduct MeO-B + LiX
alkylo FelX,
) % R1
Xz[Fe] R‘ [Fe]SiX I |
S’ R'_ _alkyl R?
iﬂ: alkyl-X
R?™ Si
syn-adduct
N X[Fe] R R1  [FelX
alkyl—=X
—va
Si e— — R2Z7G|
—

T. Iwamoto, T. Nishikori, N. Nakagawa, H. Takaya, M. Nakamura, Angewandte Chemie-
International Edition 2017, 56, 13298-13301.
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‘ Mechanism

PhMe,Si-Bpin (1.3 equiv) Ph,(MeQO)Si-Bpin (2.0 equiv)

FeBr, (10 mol %) Rl-=R? FeBrz (10 mol %)
Pr—=—=—Pr DPPE (20 mol%) . LiOMe (2.0 equiv) Ph Si(OMe)Ph,
1a LiOMe (10 mol%) H SiMe,Ph A~
¥ - = P Cl THF, 80 °C, 24 h R'" R?
MeOH THF, 60 °C,20 h Pr Pr (2.0 equiv)
(2.0 equiv) 95% (antilsyn = 32:68) Ph Si(OMe)Ph, Ph Si(OMe)Ph, Ph Si(OMe)Ph,
without DPPE : 95% (antilsyn = 2:98) _>=< 3.=<
- e e P Pr PH  Ph Ph  Bu
s S 3q 82%, >99:1 3r87%, 96:4  3s 72%, >99:1, (89:11)
Scheme 5. Iron-catalyzed syn-selective carbosilylation of internal
alkynes.
Si—Fe Si  Fe Si  R? Akyl-x Si R?
l— 2 - = — o >
R—R /—\ N\ ;
R" R? R" Fe R Alkyl
A B

Scheme 4. Proposed mechanism for anti-selective carbosilylation.

T. Iwamoto, T. Nishikori, N. Nakagawa, H. Takaya, M. Nakamura, Angewandte Chemie-
International Edition 2017, 56, 13298-13301.
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‘ Carbometalation reactions of alkenes andalkynes C
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cat. FeCl, )
o cat. Chiraphos ,¢\8°° Ar E* ’:\B°° Ar 3 \/
i :\N | + AraZn == N s N
(SR (CR S ! Ph,P PPh,
= > "Zn" - E
(S,S)-chiraphos
FEC|3
(227 ?IitEAr
i N ArZn N .
Ry £ e e /{ Ligand P P = (S, S)-Chiraphos
E
)
E R /P Boc
B 5 N
ocC : A
P Ar Ar Ar e _:@
by, + A i
e ZnAr
D
Transmetalation

)
AraZn ’:A‘Boc

Ar
5 @:Ar B
L P
o - I
i Te/\P> —/
C

Ar Olefin insertion

L. Adak, M. Jin, S. Saito, T. Kawabata, T. Itoh, S. Ito, A. K. Sharma, N. J. Gower, P. Cogswell, J. Geldsetzer, H
Takaya K. Isozaki, M. Nakamura, Chemical Communications 2021, 57, 6975-6978.
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‘ C-N construction

MgBr
Ar. Ar N
Ar 2 Br
oxidative addition \N 7 N L
MgBr Fe\ " Fe
R N “ Ar FAN N—Ar
Y= AN Ar ) . 1,3-shift of Br-
H N Ar
N " '; " (valence comproportionation)
Ar'” A = s B
Oligomers via ' MgBr
metal cat. C-N homo coupling % o N
Ar Ar
Ar \F Ar Bry, \ ¢
NRH NRH Y car™e o AL
N—Fe\N’Fe —N\ ‘.F,ul Fe'“
Ar r \ Ar Ar _N\ ‘N\ N ~—Ar
Ar Ar Arf AF  Ar \Ar
X N A
Arl” AP : Cc
transmetalation
” \ A Ar reductive elimination
AroNMgBr ~ 2 \ , MgBr
*MgBrBr f\ N '
complex N—Fe"l \Fe'—BI' - Q/N .
2(Ar,NMgBr ‘ : ;
AMgeY) 7/ N AN
Ar  Ar |
D Ar

Y. Aoki, T. Toyoda, H. Kawasaki, H. Takaya, A. K. Sharma, K. Morokuma, M. Nakamura, Asian Journal of
Organlc Chemistry 2020, 9, 372-376.
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One-Pot and Regioselective! ,
R

B X P
@}@\ 1) EtMgBr (1 equiv) R O i V4
NH Et,O, 25 °C, 10 min A AA

“ 2) FeCl, (5 mol %) 25NN

Y BICH,CH,Br (2 equiv) SRS

R? toluene, 100-120 °C R2

54-91% yield, 20 examples R'=R? = Me, F, Cl, Br

1st C-F amination

. Ar 2 FeCl, Ar, A
Ar\ N N : Ar Ar, Ar

Ar /N‘ y v
N-Mg_ Mg—N LY N-Fe  _Fe—N  __. N 5
Ar ,N. _@ e Ar \a/ ‘\_@ / e "_:’@
A Ar F 2M AL F
R A R
A B

2nd C-F amination

D E DADHP

Rl %+ F agsgszugn

"+ The Yang Research Group

Ll Precise Synthesis Lab ot Tongii University

Y. Aoki, H. M. O’Brien, H. Kawasaki, H. Takaya, M. Nakamura, Organic Letters 2019, 21, 461-464.
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School of Chemical Science and Engineering PrecisoSynvasis ob o Tngi Uniersty
LFe!
X
R1J\LG R™NLG Radical capture
In cage
Halogen abstraction
MnX, LFe”'<X
X R? R? R1J\LG
LFe'T I—X
~x LFe hvd
Mn
M
MnX, n
SET
Mn -
LFe”/X MnX, X=LG,I,Br
I
R1

RZN

E) fF & F 544



9 : T\;:Z
R (4% # '?4&%%%5:-%1%% "7

o—e
.
* *, The Yang Research Group
Precise Synthesis Lab at Tongji University

N 3 3 =
5 School of Chemical Science and Engineering

Thank you for listening

e 7 ESHIm: 7S #u%

3+ & T




