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1. Metal or Ligand Radicals? -intro-

Rh, Ir as diamagnetic complexes ~C-H bond activation by Rh(lll) and Ir(lll)~

Rhodium(lll)-Catalyzed Arylation of Boc-Imines
Bergman, R. G et al., JACS, 2011, 133, 1248

\ -
| . 10% [Cp*RhCl,];
Ir:’ = NBoc 400/0 AngFG
¢ + | >
R | Ph CH,Cl,
R/\ 2a

Rh, Ir as diamagnetic complexes ~H-H bond activation by Rh(l)~
Enantioselective Direct Reductive Coupling via Rh cat. Asymmetric Hydrogenation

M, J. Krische, JACS, 2006, 128, 718

Ir(COD),BARF (2 mol%) Et O
R DPPF (2 mol%) Et
/ ‘m* o ~ B om,
Ph3CCO,H (2 mol%) Ry OH
H, (1 atm)
2a-2f PhCHa, 60 °C 3a-3f

the reaction using Rh, Ir(L,lll) cat. mainly was reported, much less is known of the structure,
reactivity and physical properties of their of their paramagnetic analogs



1. Metal or Ligand Radicals? -intro-

Bas de Bruin, JACS, 2005, 127, 1895

Paramagnetic complex : low-spin 17- or 19-VE (valence electron) species with the
of Rh, Ir, Co unpaired spin-density located at the metal

If complexes containing d-accepting ligands such as CO and olefins.......
leaving the metal in the usual 16- or 18-VE closed-shell configuration

n+ (n+1)+
Me M
— K

R1 R1 Bas de Bruin, Eur. J. Inorg. Chem. 2007, 211
R2 R2
_‘ ot
/ Py’ R1 R1 _— R ] =
PY'< | 0
( ™Ir "/ R1 R1 “\M__..f'" |
/
Py' | Py'
= R2 R2
R1 R1 - _
N4-Ligand Ir'" Complexes M = Rh, Ir M = Rh, Ir
[M!'(par)]

N;-Ligand Ir'" Complexes
Por.-Ligand Ir'' Complexes



1. Metal or Ligand Radicals?
1.1. Ns-Ligand M' Complexes.

Bas de Bruin, Organometallics 2002, 21, 4312

Q. Ol
(| ||
P L 4
N [Fe]* N N s
W | — - | [ | ﬁ |} ﬁ
N TN N LN 1 SR
~ ~ & p & < N
=N—" R =N—1" R NI N
\%' $ N = n{? = AL .?‘J“" N4 i ﬁa /
S ~ e Ty P
R=Me: 1" R= Me: 12* A CROE A . DA
R=H: 2 R=H: 2% ey, g P
B = M- P & X
[Fc]=ferrocenium hexafluorophosphate (Fc(PF6)) " =
1
weakening of the Ir-ethene interaction by oxi.
1* [(Meastpa)lr(ethene)]* 1% [(Mestpa)lr(ethene)J**
Ir1—Cl ! 2.042 (9) 2.136 (6) 1*is distorted trigonal bipyramid
Irl1—C2 2.143 (9) 2.149 (6)
Irl1—N1 2.075 (7) 2.071 (5)
Irl—N2 2.043 (8) 2.062 (5)
Ir1—N3 2.260 (7) 2.136 (5)
‘1N 2.15¢ 146 (5 . .
E}_iﬁ 154 ®) 2146 3) 12* s square pyramidal
Cl1—-C2 1.451 (13) 1.380 (9) due to the olefin moves to a position
gf:ﬁf—m 1733 3) 172.0 (2) trans to the third pyridine group
C2—Ir1—N3 132.8 (3) 150.2 (2)
N5—Ir1—N3
Ir1—-N5—05

n back donation decrease by oxi.



1. Metal or Ligand Radicals?
1.1. Ns-Ligand M' Complexes.

Formation of Ethylene Bridged Dinuclear Species in Acetonitrile X-ray structure of 4b**.

3% R1=Me, R2 = Me, R3 = Me
4a** R1=H,R2=H, R3=Me
4b**R1=H,R2=Me,R3=H

No reaction in weakly coordinating solvents such as acetone

The reactivity with MeCN of 22* increased over the more hindered analogue 1%*

U

an associative step in the reaction mechanism, either as the ratelimiting
step or in a (concentration limiting) pre-equilibrium



1. Metal or Ligand Radicals?
1.1. Ns-Ligand M" Complexes.

Formation of 72* from 12* and TEMPO

Table 5. Selected Bond Lengths (A) and Angles (deg) of 82+

X-ray structure of 82*.

H
NCM Me
e ? }4_
LN ...0
) H
2L
g2+

82+
Irl N1 2.113 (5)
Ir1—N2 2.101 (3)
Ir] —N3 TI3T79)
Ir1—N4 l 2.055 (9)
Irl N5 2.073 (5)
N6 EH—02 1.423 (6)
C1-N5 1.310 (7)
Cc1-C2 1.514 (2)
Ccl1-01 1.263 (2)

Ne6....01 2.646

01....02 3.333
r1-N5-C1 138.25 (16)
Ir1-02—N6 129.10 (11)
C2—C1-N35 117.7(7)
C2-Cl1-01 117.9 (0)
N5—-C1-01 1243 (2)
C3-N6-C7 116.7 (2)
C3-N6—02 1095 (9)
C7-N6-02 109.4 (1)

feature of reduced N-O bond

n'-non-reduced N-O bond :1.265(7)

82*: This fragment should be regarded as an
N-protonated TEMPO anion coordinated to Ir'' rather than
an organic radical coupled to an Ir' metalloradical.
Transition metal n'-complexes with reduced TEMPO
ligands are rare




1. Metal or Ligand Radicals?
1.1. Ng-Ligand M" Complexes.

o1 O

A (A
N\‘*|r“/N N\ll/NQ
:: Nf"‘ éﬁ:—h’

12+ 62+

the structure of 62+ is fairly similar to that of 1*
Ir-N5-05: 174.5 °C I:> NO act as 1e reductant

NO act as 1e reductant : isoelectronic with CO

NO act as 1e oxidant : isoelectronic with '0,

Xray of 6%*

Proposed Mechanism

Q=
| N
é’? !E |® @ Ir NGl
NCMe HRNCME 102+
\\,—I#@
<N 1 °N TEMPO
aes Q1
N
VIS
..--'|I'_\
N Ll) NCMe

72

A5

dimerization of 92* and reaction of 92* with Tempo was not observed.

{

the density of 92* should be low



1. Metal or Ligand Radicals?
1.2. Por.-Ligand M" Complexes.
Structure of Neutral 17-VE M'(alkene)(por) Radicals

Porphyrinato Rh" and Ir'' complexes

Size: TTiPP >TTEPP >TMP >TXP >TTP >TPP >OEP

[M{CEP)] By TXP in por. of the size, dimerization
MUTPP)] RT = R2 = H
M<Rh | {m..%’?}ﬂ' 211 - Ezglﬂ?m = Me Cobalt(ll) porphyrins are invariably monomeric species
=Rh. Ir [MYTTEPP)]: R1 = R2 = Et
[MI(TTIPP): R1 = R2 = iPr
Reactivity of [Rh'(por)] and [Rh"'(por)(H)] towards alkenes J Halpern, JACS, 1985, 107, 4333

+H,
[((OEP)RhI, T2 2 [(QEP)RhI-H]

- H2
2 OlEL . | " [Rh'(por)] species have low
HOER)RNY] ——= (0EP)Rh— || L -— (OEF’)R“_\_ affinity toward alkenes and

high reactivity

+ (OEP)Rh'I-H OEP)Rh” ] .
using [Rh"(por)(H)] - [(OEP)RN'] [(OEP)RA'] using [Rh'(por)]

(OEP)Rh I
_>—R (OEP)Rh—>7 m

H Rh(CEP)
R



1. Metal or Ligand Radicals?
1.2. Por.-Ligand M" Complexes.

Activation of unstrained aliphatic carbon-carbon bonds

RF
i, R
- 70-110°C
Rh(tmp)*  + N—O" = Rh(tmp)R
s benzene
R' R R = Me, Et
Temperature/ Yield of
Entry Nitroxide °C Time/h  Rh(tmp)R (%)
] TMINO 70 4 73
2 TMINO-CD, 70 4 68
3 TEMPO 70 4 68
4 DMPNO 110 46 86
5 TEINO 110 40 40

&

‘

(two doublets)

N

spin
change

K, S, Chan, J. Chem. Soc Dalton Trans 2001, 510

e O

D3 CD3

R = Me, TMINO TMINO-CD4
R = Et, TEINO

Me Me

Me Ph
N—O" N—O
MeMe ph Me
TEMPO DMPNO

Fig. 1 Structures of nitroxides.

Carbon-Carbon Bond Activation of 2,2,6,6-Tetramethyl-piperidine-1-oxyl

o
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Bas de Bruin et al., JACS, 2008, 130, 2051

both pathways are consistent with
the experimental kinetic data



1. Metal or Ligand Radicals?
1.2. Por.-Ligand M" Complexes.

Metalloradical-Catalyzed Aliphatic Carbon-Carbon Activation of Cyclooctane

K, S, Chan, JACS, 2010, 132, 6920
120 °C

Rh(ttp)H + Rha(ttp); + c-octane — = — = Rh(tip)(c-octyl) + Rn(itp)(n-octyl) (12) CCA catalyzed by [RR']
3 5 T2 2 i
2[Rh]—H =—— [Rh]; + H, (8)
Yield 1 Yield 2 Total yield
Entry" 35 (ofio) (%) (ofo) [Hh]g i 2[Rh] (9)
1b 1:0 0 21 21 i CHA
2 2:1 60 18 78 Rh [Rh]c-octyl + [Rh]H (10}
3 5:1 53 26 79 A |iveca-sy2
4 10:1 0 73 73 " . v [Rh]H
[Rh] = Rh'(ttp) [Rhln-octyl* . [Rhjn-octyl (11)
6 -[Rh] * 2

Summary 1

Stability:  [(Ns-ligand)M'(ethene)]?* >> [(por)M'(ethene)]

Reactivity: [(Ns-ligand)M'(ethene)]?* << [(por)M"(ethene)]

Why the reactivity is so different ?



1. Metal or Ligand Radicals?

Stabilization by Aminyl Radical

Bas de Bruin, Chem. Eur. J. 2007, 13, 3386
R R

T ll . [
R=N: = M" <> R—N- =M
- Fi
R R
metallo-radical amine radical

- N @ Y & 1. DFT spin density plots reveal that the spin density is substantially
i/_ r"“* —Ira N R 7 delocalized over the Ngine donor (15~18%)and the metal (73~78%).

, 7~ 2.The pyridylmethyl groups shield the vacant position trans to the amine

2+  X-RavforR=Me

Activation of [M'(por)] Reactivity

The planar [MII(por)] species have the half-filled

PR S d,? orbital and the higher lying empty p orbital available for
4z 47 alkene—metal ¢ bonding, further are involved with he alkene
“H‘ fragment sensitive to radical reactions.
" Filled C=C

-H— 7 bond



2. New activated species ~intro~

the case of general 9 metal carbenoid |[————> 2‘;2”;2}:%? SLeriZEZr d??nrsﬁ;;)tiiin

H

S

A
o/@

HsC 1: (aR,R), L=CH3CgH.,
\]/ 5: (aR,S), L=CHsCgH4
CHg 6: (aR,R), L=CgHs
Doyle-type dinuclear,acetate-bridged, mononuclear diamagnetic Ir(lll) catalysts
Rh(Il)-Rh(ll) species
=— C-H activation, cyclopropanation etc.. —— mainly regioselective cyclopropanation
P. Doyle et al, Chem. Rev. 1998, 98, 911 Katsuki et al, ACIE. 2007, 46,3889

But, the reactivity of both mononuclear (diamagnetic) M(l) and mononuclear
(paramagnetic) M(ll) complexes (M=Rh,Ir) towards diazo compounds
has received almost no attention !!!



2. New activated species using diazo compound

2.1. Metal carbene radical

Ir(ll) ethene complex with Diazo compounds

C(O)OEt

hig
AL oL+
N MeCN N
- ethene
R S
{,—Qb”’!{ : Favs éﬁ—' “NCMe

1 e 0O

0

MeCN 0
= ethenel Kovs? Et I/J- N
MeCN—7 r\J

oL

&:\Q </ [

| W@j) L

C(O)OEt

Y

Conceivable pathways to the species 4

_]2*
( \ir
MeCNl
o T e P
N N
(N(i!:;N EDA (N’I‘N G (N:‘!"N EDA (N’T_N
ZI™n N : 71N
" K/L I\ N/kcooa
‘N7 CooE
P AN
—|2+ \ / \ _‘2+
i\ErIL/N coon:t_l4+ ,f: _N

( /"\N N, /N_/—<N i~
N \ ") N k”
N1—/". N—J(—N
kL R
9 \ 4 S N 7

r Rh Por. with Diazo compounds

benzene

K, S, Chan, Organometallics 2007, 26, 679

Rh(tmp) + RCHN,
2a, 3a

< room temp. 30 min

R = COOEt (2a,b), Si(CH,), (3a,b)

Rh(tmp)CH,R  + N, (2)
2b (75%), 3b (70%)




2. New activated species using diazo compound

2.1. Metal carbene radical

Co Por. with Diazo compounds

FT-IR and Theoretical Analysis of the Characteristic Bonding of Co porphyrin

(b)

AN
A,,,,,g ‘J‘“Cé:%l\r 2
< —:.—'i-i e =
A S
3
2: Co(TPP): Ar=Ph 215
6: Co(Por) : Ar=H 6280'0 — o T ¢
" 1 1 1 -
10: Co(Por)(CHCOOMe)NH, Wavenumber

4

V c=0 (N,ChCO,Me) : 1692-1694 cm™
normal Carbenod complex : 1646 cm™
abnormal Carbenod complex : 1597 cm™”
dietyl maleate and fumalate : 1742 cm™

.

T, Yamadaet al, chem lett, 2004, 140

(c)
A l’x\
. El\!\f

3: Co(TPP)CI: Ar=Ph 1
7: Co(Por)Cl : Ar=H ]
11: Co(Por)(CHCOOMe)C| 18

%Absorbance

(d) o (ECHCOOE), 3742 0
Ar | (
. -;rc}ﬁ;x H. . C.~ Et Y\\\\\ §92 "'*q{c\oﬁt
—F 3 ‘
T | N — 30.0
I e
8 = &
4: Ru(TMP)CO: Ar=Mes 5§ | &
8: Ru(Por)CO : Ar=H o S
12: Ru(Por)(CHCOOMe)CO 1900 = 1800 1700 1600 cm '
Wavenumber

Co-carbene complexes were significantly shifted ca. 50 cm™' downward

U

the surplus electron was delocalized between the carbene carbon and carbonyl group



2. New activated species using diazo compound
2.1. Metal carbene radical

Carbene radicals was proposed by Bruin Bas de Bruin, JACS, 2010, 132, 10891

0
o
H .
| OEt + Co(ll)(por) OEt

o o) C ;
p
H H_e vz y
O/ | O/ _________
\-N \N‘-\ -\N E \N"-\ O \\\R1
SN2 R S CoH) ©2 SN R A, B as singlet carbene:
NP NP Ib d:* sp 0 > | intramolecular electron transfer from
cobalt to the carbene
CO”, d7 COI" dS
d,? d,?
4 somo .
o S e
SOMO /T~ A
+ — — ! ; C as triplet carbene: Formation of a Co-
Py A C c-bonding pair from the unpaired
% —H— % -ﬂ-‘ / electrons in the cobalt do orbital and
dy de ' T unpaired electron in the py orbital
Co 03 Co C




2. New activated species using diazo compound
2.1. Metal carbene radical

EPR Spectroscopy
X-band EPR spectrum of [Co(3,5-DitBu-ChenPhyrin)]
g-value
86 4 3 2
X-band EPR spectrum of [Co(3,5-DitBu-ChenPhyrin)]
without EDA | before (top) and after (bottom) addition of EDA.
Spectra were recorded in frozen toluene at 40 K.
<
2 _
©
PO aae indicating the presence of
2-3 paramagnetic cobalt species y .
Co(3,5-Di'Bu-ChenPhyrin}
1000 2000 3000 4000 5000
B [Gauss]
Individual components |, Il, and Ill contributing to the EPR spectrum
g-value
3 25 2
JNWWWMW
3 1 I
% a mixture of three species |, Il, and Ill in a rough

1]

ratio of 5:1:0.8 as derived from the spectral simulations

2400 2800 3200 3600
B [Gauss]

" 4000



2. New activated species using diazo compound
2.1. Metal carbene radical

EPR Spectroscopy

Table 1. Experimental® and DFT Calculated® EPR Parameters®

gx gy gz AOO)( ACoy ACOZ AHX . AHZ
I¢ 2.558 2.520 2.004 255 208 270 - - -
Co(TPP)(H,0)* 2.505 2.505 2.014 265 265 315
I 2.228 2.120 2.005 110 115 300 - — -
Co(por)(CHCOOMe) ‘bridging carbene™® 2.332 2.183 2.070 -39 234 491 - — -
I 2.060 2.048 2.030 40 56 nr 160 40 nr
Co(por)(CHCOOMe) ‘terminal carbene’™ 2.010 2.002 1.975 —67 —-19 6 =77 —50 —13
@ Parameters from spectral simulations. ” Orca, b3-lyp/TZVP. ¢ Hyperfine couplings in MHz. ¢ nr = not resolved. ¢ Taken from reference 24.

Free radical : g=2.00232
A is in proportion to lone paire density

the bridging carbene and terminal carbene exist in dynamic equilibrium with each other in solution



2. New activated species using diazo compound
2.1. Metal carbene radical

Bas de Bruin, X, P, Zhang, JACS, 2011, 133, 8518
Homodimerization via C-C Bond Formation

[Co(TPP)]
(1.0eq)

+

N, (4.0 eq)
ethyl styryldiazoacetate |,

ﬁ 3: a-radical

The detailed structure of 4 was unveiled by single-crystal

X-ray diffraction. [Co(TPP)]
C-H abstraction at a,y—C from toluene didn't occur (1.0eq)
+ Ph
TEMPO
(100eQ) ooy,
+ 80 °C
Ph 3h

| 7: 74% yield
The structure of 7 was unveiled by NMR and MS WYCO:U

j N,

(4.0 eq)




2. New activated species using diazo compound
2.1. Metal carbene radical

First report of using cobalt(ll) porphyrin complexes for cyclopropanation reactions
S, Cenini, Eur. J. Inorg. Chem. 2003, 1452

R 0 CO2R"
R.__C.___ Co(TPP) R
N I N " °
+ ﬁ OR" o >
N, ~N2
(D

Table 1. Reactions of EDA with olefins catalyzed by Co''(porphyrin)

Entryl?l Substrate Catalyst t/ht®) Cyclopropane yield%ol! trans/cis ratiol®]
1 styrene Co(TPP) 21 62 (1) 85:15
2 styrene Co(p-CITPP) 22 99 (1) 75:25
3 styrene Co(p-OMeTPP) 22 80 (1) 76:24
4 styrene Co(OEP) 24 71 (1) 83:17
5 1.1-diphenylethylene Co(TPP) 7 99 (3) -

6 1. 1-diphenylethylene Co(p-CITPP) 10 88 (3) -

7 1.1-diphenylethylene Co(p-OMeTPP) 19 85 (3) -

8 1.1-diphenylethylene Co(OEP) 20 65 (3) -

9 u-methylstyrene Co(TPP) 19 95 (5) 70:30
10 a-methylstyrene Co(p-CITPP) 17 91 (5) 75:25
11 a-methylstyrene Co(p-OMeTPP) 20 72 (5) 77:23
12 a-methylstyrene Co(OEP) 21 65 (5) 85:15

In the control, diethyl maleate reacts with Co(TPP) to give the corresponding cyclopropane in low yields.
there has never been reported with other catalytic systems based on metal-porphyrin complexes!!



2. New activated species using diazo compound

2.1. Metal carbene radical

X, P, Zhang, J. Org. Chem. 2003, 68, 8179 -First asymmetric cyclopropanation using Co Por.
X, P, Zhang, JACS, 2004, 126, 14718 -Ligand improvment
X, P, Zhang, JACS, 2010, 132, 12796- Great Stereoselective Cyclopropanation

scheme : synthesis of Chiral Cobalt Porphyrin

R @)
H
Br /™~ // Br ”R)LN
=N HN — b2
4 N\ 4
~NH N /_> Pd(OAc),/XantPhos
Br S~ Br ; Cs,CO;4
R
R* *R Rw *R
0= R =0 0= =0
NH/ = ~7HN N-H HN
CoCl, =N N4 _
— Co. p—
2 6-lutidine NN — N7
__(N-H\ N UH‘N}ZO NH H—NFO
O- 4 0=
= R R R* ‘R4

Effect of stabilization by hyrogen bond

& stabilizad metallocarbene intermediate
bring about good regioselectivity

[Co(P1)] Potential Double H-Bonding Interaction
(P1 = 3,5-Di'Bu-ChenPhyrin) in Postulated Carbene Complex of [Co(P1)]4

@ For clanty, the 3,5-di-t-Bu-phenyl group in the back of the ligand is omitted.



2. New activated species using diazo compound
2.1. Metal carbene radical

Asymmetric Cyclopropanation with olefin

Performed in one-time fashion for 24 h using 1 mol % [Co(P1)] under N2 with 1.0 equiv of styrene and
1.2 equiv of R-cyanodiazoacetates.

Co(P1)] (1 mol % R

1.0 equiv 1.2 equiv one-time protocol 1

entry R solvent temp (°C) vyield (%)? E:Z¢ ee(%)?

1 Et CHyCl, 25 99 84:16 62
2 Et CgHsClI 25 92 84:16 66
3 Et CoH4Clo 25 99 81:19 71
4 Et CgHsMe 25 94 85:15 70
5 Et N-CgHq4 25 99 88:12 74
6 FBu  n-CgHy4 25 89 >99:1 91
7 EBu  n-CgHyy4 0 83 >99:1 95
8 £Bu  n-CgHyy —20 96 >99 1 98

Co cat. is durable to various solvent!!

previous report : diazoacetate, Diazosulfones, a-
nitrodiazoacetates as diazo reagents




2. New activated species using diazo compound
2.1. Metal carbene radical

Great substrate scope

entry cyclopropane yield (%)? EZ° ee(%)? [a]®
electron-rich and -poor aromatic olefins
1 E:rq;‘mﬁ“ 96  >991 98 ()
CN 1a
CO2EBU
og % b 88 >99:1 99 (-)
CN
MeO
CO5Bu
39 D 1c 81 >9911 98 (1)
CN ¢
FAaC
O-N
a9 ° ‘gq»?ooﬁ” 9  >991 98 (9
CN 1d
F
F CO,Bu
5h % e 73 >99:1 99 (-
CN e
F F
F electron-deficient nonaromatic olefins
O
6 Me” \(Q;COQ’B“ 90 >0011 88 ()
fo) CN 1f
0O
7 Et’ W(Q;COJB“ 79 991 92 (9
lo] CN 19
Me,
o Me’NW(qr;CO?’B” 99 001 87 (1)
0o CN 1h
H\
gk H,N\(q,.cozfsu 72 >99:1 82 (=)
Me
10/ = COBu g 5991 92 (1)
o] CN 1j
11 NC'<],,‘COZTB” 99 7228 82 ()
CN

1k

simpie aliphatic and electron-rich olefins

12/ E:/Vq; CO,Bu

86 >99:1 =967 (-)
13! Bu/\’qg COMBU 75 sg9n 2027 (o)
14/ Ph’vq; CO,Bu o 90 %91 91 ()
o CN
16m Me)KOv'Q‘ CO,Bu 97 >99:1 71 (4
% 10
0
17! ,_Bu)ko'q; CO,Bu 86 >99:1 82 (4
o ecn P
18/ Ph)ko'q‘; CO/Bu 80  »991 88 ()
cn 19
transformation
COLBu NaBH, CHLOH
® (1)
CN THF/H,0 CN
1a: 98% ee 75% vyield 2a: 98% ee
Ph/\’q‘ CO,Bu NaBH, Ph/vq‘ CHo0OH
» THF/H,0 D @
1n: 91% ee N 75% yield 2n: 919% ee ON
Ph/\/<].. CO,'Bu _NaBH/CoCly Ph/\/<]4 COZBu
S MeOH % ©)
1n: 91% ee N >81% yield 3n: 91% ee CHoNH;



2. New activated species using diazo compound
2.1. Metal carbene radical

Formation of the Carbene Complexes by DFT calculation

The calculated free energies for the reaction of MDA with Co(por) and Co(porAmide)

black blue
1143, 1.136 HN
2 =" o> : O
1.882 /
A He S
H COOMe (' «4CO0Me
\C/ 1.907. 1.905 E 281 Co(por) Co(porAmide)
l bm
AG® (298K) N r’w\
[ 1
(keal mol™) " [ ..'\
N N /f AG°=+18.9 Y\
2 'H 0
—' Hr L
= 1.328 B i ! H_ COOMe
E Go=+89 W c 193
3 B' H COOMe ~ AGT=+89 W H COOMe
< i 1
wi AG® = +5.1 + jpemeem——— < W N /
—_— ¥OAGP=+7.2
———
AGO =448

1.932
. AG°=6.8
i i 1832
‘I‘|
}
— 1338 N W . N
ooy = ]
Meo\ /\ A 1.337 ¢N 1.143, 1,142 ) 2
I N age=0 H< acoome

9]

-

c
2.338,2.349

o CE
N
-

AG®=-9.2
@,/N
N
H

/s
COOMe

e‘ )
o)
°
]
'
D
- t
-
("]
°
I
w
N
+
z
381

COOMe
®

S

.._,.l




2. New activated species using diazo compound
2.1. Metal carbene radical

Computed pathways for trans-cyclopropanation

A
AG® (298K) H R H
1.346 ! A
-1 -
(keal mol™) 1.352 [ 1.474,1.472, 1470 /% 2.179,2.069, 2.099
CH, 347 i 2\ 5
" .
i AGOpg = +21.3% K
Y, 8
- + AG®s7 = +18.2 ‘..‘-‘ 1.534, 1.521, 1.529 /‘-C COOMe
= o = i H
] £ He _Co0Ne AGTwa =TS Y H” 47 2151,2280.2.192
= '
<9 " [}
= i 1839 W
’ Com>
i ‘ll\:‘. TS3¢rans
- Me n AG%g=-1.3
R l\)/[L C AGP = +1.5 ||“:\ /\GDPR =-20 A PR . ‘
Ph R H W AG® 28§
~ | —— -
COOMe :j '|‘ Ao = 4.3 . MA ‘
1.374,1.373, 1371 i T AG%r=-6.5 \
' AG%sr =-9.1 \
2313.24472384 % ) aCOOMe Dyrans \ R H
H’C i 1,500
1.893, 1.877, 1.870 1506
v c cn c 57
@ R . H 3 150 / 1532, 1.544, 1.538
) ///,”,
1527
1.490, 1.496, 1.489 5 81 g C
TS2¢rans J | 2.401, 2.450, 2.467 1515/ ~wcooMe
Z 1.509 H
1.543,1.541, 1.547 = COOMe
C‘

-
H | 2.042, 2,027, 2.009

the diastereoselectivity of cyclopropanation is predetermined
in the C-C bond-forming transition state TS2.

+

Aﬁosr =-344

/\GOPR =.35.5
E

/\GOMA =-35.9
because the barrier for rotation of a C-C bond in propane is about 3 kcal/mol



2. New activated species using diazo compound

2.1. Metal carbene radical

A

Computed pathways for cis-cyclopropanation

H R
H 3 e & g ~ 2
o 1.346 : d 1.475, 1.475, 1.471 % 2.179, 2.071, 2.089
AG® (298K) 1.352 — 4
N 7 .
(keal mol™) CH, 1347 3 AG%p = +21;5\"~' ",
+ i AGoya = +19.9) 153215191527 " -4ACOOMe
- L] o - 1 H
3 H /COOMe I AGTsr=+18.5 3, H” 37 211822302, 2209
E - W
] 3 X i i
g i 1.839 ! W
' it
w N (B
&> ; v TS3.s
r 1
1 v 1}
R AG®ya = 0.3
R=Me c R AL AGopp=-1.3 - .
Ph AG°=+1.5 i -zr " i
. H R ! o AG%Rr=-1.3 u
COOMe \ AG°mp=-26 ) H
[] ] P
1.373, 1.373, 1.371 33 \ e AG%sr=-61 \u 1501
) AG%s7=-8.5 % 1503
.
2.326,2457.2.391 * LACOOMe

TS2;s

H R W
* n

L1

"

1.492, 1.498, 1 4‘)3\6 2.412,2.451,2.490 W

Z
Z
Z

1.540, 1.540, 1.537

4
\
1
= # 4COOMe |
-C

H | 2.046.2.027. 2.005

(X S
W 7,
— “.' ) l/,,l”
H‘:xw. 1.879, 1.875 W .

1.542, 1.559, 1.535

AG%gr = -31.2

Calculated and Experimental trans:cis Ratios

E
olefin AGians AGes frans:cis expt.
methyl acrylate 17.5 19.9 98:02 99:01¢
styrene 18.2 18.5 68:32 75:25%
propene 21.3 21.5 55:45 n.d.
@ Co'(3,5-Di'Bu-ChenPhyrin), ref 4d. ? Co'(TPP), ref 4a.

AGya =-31.3
AGOg = - 33.7



2.1. Metal carbene radical

2. New activated species using diazo compound

Suppression of Side-Product Formation by Carbene Dimerization

AG® (298K)
(keal mol")

—)
5 keal mol™

N2

H COOMe

AG®° =15

TS4

H

*
*

2.206 %, _aCOOMe
H-§

1.903

TS4'

AG® =+23.1
| ———

1}
1

1}

L

1}

1

H 1.905 \
1

\

i

1

1

A

\

1

i

1]

A
1
1

/ AGe=+230}
!

1
1
]
L
\
\
1
]
1
1
\
\
\
L]
i
AN

H

COOMe

COOMe

+

AG°

-74.9

One of the advantages of using Coll(por)

catalysts for cyclopropanation is their markedly
suppressed carbene dimerization activity

]

the calculated barrier for dimer formation is higher
than the barriers for radical addition of C to olefin
due tot he steric influence between the porphyrin
ring and the attacking diazoacetate, carbene
dimerization is expected to be suppressed



2. New activated species using diazo compound
2.1. Metal carbene radical
Reaction mechanism

R'_e H H. _COOR
T o TN
H £.coor N N
=T TNL S N N ./N =
>—N_ | _N=
8 L Col. 2
p LN __N “ C
TS2 H.e COOR
\‘k},‘w-—\
o
S N-CO N~
SN — o

~

TS1




2. New activated species using diazo compound
2.2. Application

Application to amintion - Chemoselective intramolecular allylic C-H amination
Chem. Sci., 2011, 2, 2361, X, P, Zhang
The amination of Du Bois - selectivity is low.....

Q Rnjesply 92 W
BocN/ \NHz (1mol %) BocN NH + BocN
I\/\/ Phl('(i)Ac)gl W
MgO; ProAc 20%  (Ref.2j) 51%
The amination using Metal carbene radical
Q2 [Co(Por)] Q2 2
BnN” \N3H (2mol%)  BnN"""NH + BnN’ " + N T
<" Tcagaams LA~ ’
1a 40°C; 20 h 2a 3a

[Co(TPP)] [Co(P1)] (P1: 3,5-Di'Bu-IbuPhyrin)
yield: 43%; 2a/3a: > 99/1 yield: 99%; 2a/3a: > 99/1




2. New activated species using diazo compound
2.2. Application

Reaction mechanism

S 8
N, @ RNKi/Ni/ %
L SRR i /\R' (P)Coe RN o
' : 4

2

i R ‘ :
SN |
2 Co(P) RN RN’ 2 NH 2 .Co(P)
‘(RN g ’ R' J ‘\ 4 WR' RN’g N

_— H
C= : W "
& Kf -~ Aziridination Syi Amination A 2 R)
: "
axation ( 8 CO(P ( 3 H Co(Pﬂ ik N

—» RN’ —J L RN’ i
G I\/\ C I\MRJ

7/

The study of KIE

0, [Co(P1)] 0, 0,
Bn. ..S. G (2 mol %) BH\N,S\ Bn\N,S\ Kk

— = + . Rh,(OAc), : KIE=1.9
W CeHs W W ko o2 A &
H

ir D 40°C;20h 2r-H p 2r-D



2. New activated species using diazo compound

2.2. Application
Formation of Nitrene Radical -another metal-

Iron-catalysed Intramolecular Allylic C-H Amination B.

H
. | w i 1
M. C. White, JACS, 2012, 134 )\ . PPN ©/\ PR

A. allylic C—H 3°C—H relative rate of Fe-catalyzed -
00 0,0 C—H amination

\\ 4y W/

A

C—H bond strength

61"*?3/\)\» SR

H  OSO.NH [FePc] - SbF, 0
cata.'yzed- allylic vs. 3° C—H U’\/?\SO2NH2 Fgél?jti}isgt. HN'S‘O . HN'S‘O

R, R, C—H amination 0,0 L W
R (0], solvent % /\M

I n

HN" O H (+)-20 (+)-Z-21 (+)-E-21
§ < >20:1 Z:E Rho(OAc), >20:1 ZE

[FePc]-SbF 9:1ZE

O

Catalytic C-H Bond Amination from High-Spin Iron Imido Complexes T, A Betley, JACS, 2011, 133, 4917

Fe''CI(OEty)] (1
Mes Radical [Fe'CIOEL) (1) Ligand exchange

recombination

[FeCI(L)] . _@ . n

~ ” N
Fe toluene to its perdeuterio
R Solv/ (I;I R [FeCI(NHAG)] [FeCI(N;Ad)] analogue : KIE=12.8
* H
H.» + H,
R = 'Bu (62%), (BYL)FeCl(thf) e 0

Ad (58%), (*9L)FeCI(OEt,) (1)
Ar (46%), (*"L)FeClI (2)

H-atom transfer Imido formation




2. New activated species using diazo compound
2.3. My desired reaction

Using Carbene radical and Carbenoid, most problematic point is......... via diazo
compounds !!

the other approach of carbenoid formation

Metal Vinylidenes through transition-metal activation of terminal alkynes
M. G. Finn, JACS. 1995,117, 8045

B ]
\ OaMe @ OEM.
s ' [ ) ()
CpRuU(PMe,),C1, NHPF, M'aP/7 e Q)
— T PFs - -
x . CH30M, 25°C MegP y 100 °C, 4 h, CH,CN
1
| \ l 2 | -
Mechanism
ML, . . .
. I ’ in case of[RhCK{P(iPr);},], left mechanism
"\
~L, 13 |H [12] o
R—=—M-H — | =+=ML, R—==—H
9



2. New activated species using diazo compound
2.3. My desired reaction

the other approach of carbenoid formation

1: Generation of Furyl and Pyrrolyl Carbenoids: Cyclization S, Uemura, J. Org. Chem. 2003, 68, 8505
| , ‘/ @) 0 __, catalytic ' ()
S \ cyclopropanation
S =[M]
[M] [M]

2: Generation of Vinylcarbenoids: Migration

+

o "0 M 0] O)\O

(0] .
‘/ o) cat?lytlc . (b)
Cyclopropanation
N S N\ _ yEOPTEP
/ N [M]
(M) M| A |
Path 1 Path 2
OAc 2 5 mol% cat.
Scheme 5 4\\ + ZTPh toluene 60 °C >: _/
Ph Ph 3 (5 equiv)
t. ML, - s
o + 2 py cal. Ma O o entry cat. time yield  cisitrans  allene
N THF, 1 [RUCl5(CO)l 18h 86%  80:20 5%
1ic 24 [RUC'z(CO)alz 18h 99% 87:13 0%
cat. (5 mol%) time  vyield (cis:trans) [Rh(OCOCF,),), 30 min trace —_— 99%
Cr(CO)s(THF) 14h 85% (74:26) [IrCl(cod)]> 18h 37%  70:30 7%
Mn(CO)sBr 24 h 21% ( 9:91) 5b AuCls 10 min 63% 79:21 26%
[(pcymene)RuChl,  2h 85% (33:67) 6 PICl, 1h 93% 7822 7%
[Rh(OAC)l> Th  93%( &6e) 72 PICl, 10h 74% 8020  23%
PtCl, 1h 81% (23:77)

an CICH,CH,Cl at 50 °C. b1 mol% of AuCls was used at room temperature.

But this method is only applied to teminal alkyne



2. New activated species using diazo compound

2.3. My desired reaction
Summary 2

Application so far Nucleophilic character via a stepwise radical process

0 R + Co(ll)(por)

Cyclopropanation C-H amination

Difference between Fisher-Carbenoid and M-C radical

A
\i

M=Co
Fisher-Carbenoid M-C radical
electronic number 6 7
characteristic electrophilic, competitive nucleophilic, stepwise

generation via diazocompound via diazocompound
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