Transition-Metal-Catalyzed Additions of C-H bond to C-
X (X =N, O) Multiple Bonds via C-H Bond Activation
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1 Background

1. Nucleophilic addition of organometallic reagents to carbonyl compounds and their derivatives

° OH
)J\ Ar)\Ph
Ar H
O OH
Mgx )J\ (1) Et,0, 0 °C )<R
Ar” R — Ar” Ph
(2) HsO*

M e

Ar H
Ar Ph

Drawbacks: (1) strict anhydrous conditions
(2) imperfect functional group tolerance
(3) prefunctionalization of nucleophilic coupling partners
(4) unwanted formation of stoichiometric salt waste




1 Background

2.Rhodium-catalyzed 1,2-addition reactions of organoboronic acids to aldehydes

3 mol% [Rh(acac)(CO),] OH
3 mol%Dppf
ArB(OH), + RCHO - L
DME/H,0,80 °C,16 h Ar R

M. Sakai, M. Ueda, N. Miyaura, Angew. Chem., Int. Ed. 1998, 37, 3279-3281.

3.Transition metal-catalyzed addition reactions of C-H bond to alkene and alkyne
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D. A. Colby, A. S. Tsai, R. G. Bergman, J. A. Ellman, Acc. Chem. Res. 2012, 45, 814-825
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1 Background

NHBoc N \HBoc
———————————————

Ar Ar

Rh(ll1)
Electrophilic deprotonation pathway

D. A. Colby, A. S. Tsai, R. G. Bergman, J. A. Ellman, Acc. Chem. Res. 2012, 45, 814-825



2 Addition of C-H bonds to aldehydes

—
O + R?NH,

: J\\ _R?
b3 Re(l)
Rl Rl
2.5 mol% [ReBr(CO)s(thf)],
S _R? MS4 —

N +R’CHO  ppe, 115°C, 24h ~
3 6] Re H
Rl =Ph, R2=Ph, R®=Ph, 95% R
R!=Ph, R?=Bn, R®= Ph, 95%
R!=Ph, R?=Ph, R®= 4-MeOCgH,, 76%
R!=Ph, R? = Ph, R®= 4-MeCg¢H,4, 94%
R!=Ph, R? = Ph, R®= 4-CF;CsH,, 98% R!
R!=Ph, R?=Ph, R®= 2-MeCg¢H,, 90% R3CHO

3
Rhenium has some properties of early and late transition metals R

Notes: (1) carbon-rhenium bonds show nucleophilicity of early transition metals
(2) the rhenium complex can also take place reductive elimination of late transition metals

Y. Kuninobu, Y. Nishina, C. Nakagawa, K. Takai, J. Am. Chem. Soc. 2006, 128, 12376-12377.



2 Addition of C-H bonds to aldehydes

\/> 5 mol% [MnBr(CO)s)] N
N +RCHO +HSiEt;
PhMe, 115 °C, 24h R

4-MEOC6H4, 89% OSlEt3
4-CF3CgH,4, 89%

2-MeCgH,4, 60%

n'C8H17, 79%

2-Thiophenyl, 50%

2-Furyl, 67%

Cyclohexyl, 57%

A 0007100710
I

Notes: (1) polarity of the manganese—carbon bond

N/\> N N
~ \N
N
R Mn(1) Ej/L
HSIEt ©\/<\ ]
3 ,N
Mn

(2) asymmetric transformation using an aromatic compound with a chiral substituent

Y. Kuninobu, Y. Nishina, T. Takeuchi, K. Takai, Angew. Chem. Int. Ed. 2007, 46, 6518-6520.



2 Addition of C-H bonds to aldehydes

[Ir4(CO)15]/ Phen + HSiEt;

R
OSiEt; l | AN
2 mol% [Ir4(CO)15] H

N 4 1 2 .

2 - —~

R_:K + ArCHO * HSiEt, —2-mol% Phi” o N A _ L,Ir-SiEtg N
N Benzene, 135°C, 12 h KN/ HSiEt, A
OSiEty OSiEt;

Ln\ /H

R . R Ir
Ph \@)\Ar \@)\ph Lplr-H \(j/ \SIEts
S ~
N N N
OSiEt;
Ar = C6H5, 73% B
Ar = 2-MeCgHy, 78% R = 4-FCgHy4, 68%
Ar = 4-MeOCgH,, 57% R = 4-MeOCgH,, 66%
Ar = 4-FCgHy, 74% R = Me, 61%
Ar = 4-CICgH,, 62% R =Bn, 66% n \ /
A

Ar = 2-Naphthyl, 72% R = OMe, 53% ; ArCHO
Ar = 2-Benzofuryl, 55% R =0Bn, 55%

/

olet3

Notes: (1) trialkylsilane was essential for the reaction
(2) a silyl iridium complex might be the active catalytic intermediate
(3) unusual meta selectivity
(4) without directing group

B.-J. Li, Z.-J. Shi, Chem. Sci. 2011, 2, 488-493.



2 Addition of C-H bonds to aldehydes

o 8 mol% [Cp*RhCl,], o
40 mol% AgOTf
2 eq. Ag,CO 1
AN OH + R2CHO 4292228, Rl 0
Rl—: Dioxane, 150 °C, 48 h =
% 2
OMe O R
e
NI 10 mol% [Cp*RhCl],
20-40 mol% AgSbFg o CF3
OMe + RCHO R1=4-OMe, 42%
(o) ’
DCE, 110°C, 20h = R =3,4,5-(OMe)3, 74%
R o RL = 2,4-(Me),, 68%

o R=CgHs, 69% cr, R!=3-Me, 55%
R =4-CICgH,, 76% = Ri = 4-Me, 71%
R = 4-CF5CgH4, 84% \ / Rl =4-OH, 46%

2 R = 4-NO,CgH,, 81% |

R = 4-CO,MeCgH,, 78% R?

R R = 2-FCgHs, 71% e

R =3-FCgHg, 73%

o o o o Br 0~ ON\_ (CH,)sCH; O~_ON__CO,Et
o) cy O o i-Pr O t-Bu 00
OBn
OMe OMe
OMe

MeO OMe MeO OMe
54% 61% 53% 52% MeO OMe

63% 10% 60%

Notes: Synthesize biologically important phthalides in a single step.

Y. Lian, R. G. Bergman, J. A. Ellman, Chem. Sci. 2012, 3, 3088-3092. X. Shi, C.-J. Li, Adv. Synth. Catal. 2012, 354, 2933-2938.



2 Addition of C-H bonds to aldehydes

-t
2 mol% Ru . R [BulEEH
10 mol% CSA “

{ \ . 2 eq. HCOOH
. RCHO

PhMe, 140 °C, 18 h N
I

B
Source .
H
+—7
N D -O X
H5 72% k +

C H

4°BrCgH,, 75% o Ph [\

4-CICgHy, 77% N

4- MeOC6H4,80% C

1-Naphthyl, 82% H20 7 ‘\-< kPh
Notes: (1) sp3 C-H bond activation

(2) highly regioselective transformation
(3) camphor sulfonic acid was essential for the reaction

-Naphthyl, 81% R = CgHs, 82%

R=
R=1 R=
R = 4-BrCgH,, 76% R = CgHy3, 86% R=
R=4 R

R

-NEt,CgHg, 80% R = C4Hg, 75%

B. Sundararaju, M. Achard, G. V. M. Sharma, C. Bruneau, J. Am. Chem. Soc. 2011, 133, 10340-10343.



3 Addition of C-H bonds to ketones

DG

1 e R! he Ac 1
0, *
OxR" 5mol% [Ir(cod),|BARF O_ gt B MoI%[CpHrCly, R
5 mol% Rac-BINAP AN 10 mol% AgSbFg
— N g2 R i 5 mol% Cu(OAc), gsf NN =
2 g — o
X~ "RZ  PhCl,135°C, 24 h X o R2 — P

R3 = 5-OMe, 91%

Ac = Ac Ac Ac
t-Bu Ph Me Ac Me R®=6-OMe, 99%
R®=7-OMe, 91%
N\ \ N Ny —Me Rl SN RP=5CL,87%
o o] o o L 5 R3=6-Cl, 89%

= = = = R =7-Cl, 89%
Ac Ac Ac
COMe 1o NHAC o A Me A ph Me Me
©j\g ©j\g AN N \ Ny —Me N\ p-anisyl

o o o
N N
S o H H

99% 97% 87%

82% 84% 97% 83%

Notes: (1) Ketones are less reactive than aldehydes in this tpye addition reactions
(2) directed C-H bond cleavage or electrophilic metalation

K. Tsuchikama, Y. Hashimoto, K. Endo, T. Shibata, Adv. Synth. Catal. 2009, 351, 2850-2854.
T. Shibata, Y. Hashimoto, M. Otsuka, K. Tsuchikama, K. Endo, Synlett 2011, 14, 2075-2079.



4 Addition of C-H bonds to imines
| b NPG 10 mol% [Cp*RhCl,], | \N pesedprat? Rh(l1) @_Q
J

~
40 mol% AgSbFg NHPG

+
H CH,Cl,, 75°C, 20 h = H

Ar = CgHs, PG = Boc, 82% \ 7 =

Ar = 4-C|C6H4, PG = BOC, 77% N \ /

Ar = 4-NOZC6H4, PG = BOC, 77% Ar N

Ar = 4-CNCgH,4, PG = Boc, 50%

Ar = 4-CF3CgH,, PG = Boc, 95% N—Rh(I11) (HRh
Ar = 2-MeCgH,, PG = Boc, 92% BOC/

Ar = CgHs, PG = Ts, 40% X
Ar = CgHs, PG = Ns, 51%

NBoc

I

Ar
Notes: (1) electrophilic deprotonation \ Q>_§\_/>

(2) concerted metalation-deprotonation (CMD)- Boc. R

J

Ar B

A. S. Tsai, M. E. Tauchert, R. G. Bergman, J. A. Ellman, J. Am. Chem. Soc. 2011, 133, 1248-1250.



4 Addition of C-H bonds to imines

\ +[Rh]
N
= .
| ~ | Desired product j 2
N NT ~N
= S NHTs . \ K
)k 5 mol% [Cp*Rh(MeCN)3(SbFg),] H MecN.sM S~ N, o
+ Ar MecN"" H*
H =
N | t-BUOH or PhMe, 90°C, 10-48hg = | A
X R =H, Ar = 4-MeCgH,, 62% N 7 = *
= , — 6 A 0 —
R = H, Ar = 4-BrCgH,, 76% I \ |
R = H, Ar = 4-CICgH,, 83% =N, _cp* \ h{
R =H, Ar = 4-FCgH,, 83% RRZ e
R =H, Ar = 3-FCgHy, 82% N\:/ = MeCN™ \
R = H, Ar = 2-Thiophenyl, 82% " /% Cp
R = 4-OMe, Ar = CgHs, 81% A
R = 4-OH, Ar = C¢Hs, 86% NTs
R = 4-Cl, Ar = CgHs, 73% )J\
R = 4-Br, Ar = CgHs, 74% . At H
R = 4-OCONMe,, Ar = CgHs, 70% = \ |
R = 4-CO,Me, Ar = CgHs, 78% N/
N”/
Ts— RN MeCN
: . : _— oo
Notes: mild conditions and without any additives e

Y. Li, B.-J. Li, W.-H. Wang, W.-P. Huang, X.-S. Zhang, K. Chen, Z.-J. Shi, Angew. Chem. Int. Ed. 2011, 50, 2115-2119.



4 Addition of C-H bonds to imines

=
NTS 5 mol% [Cp*Rh(MeCN)5(SbFg),] N
= 20 mol% PivOH NHTs
Al
2 H  tBuOH, 110°C, 48 h
Ar
) AT = Cells, 09% The first example of direct alkenyl C-H
= 4- 3CeHg, 0 -, = -
N \HTs AT =4-FCeH,, 71% addition to imines and aldehydes.
Ar = 3-FCgH,, 66%
Ar = 2-FCgH,, 58%
Ar  Ar=3-MeCgH,, 63%
Ar = 2-MeCgH,, 33%
= = Z
_ K A |
NS NS N
N . NHTs NHTs = NHTs
Ph Ph N Ph S
\
6]
84% 36% 55% 49%

Y. Li, X.-S. Zhang, Q.-L. Zhu, Z.-J. Shi, Org. Lett., 2012, 14, 4498-4501.



4 Addition of C-H bonds to imines

Desired
product
N N
| ! \pyp 10 mol% CoBr |
. LSeq.bBuCHZMgQT
A
Z - H  THF, 60°C, 6h = Ar
R— | R— |
NS NS
R = H, Ar = 4-MeCgH,,85% R = H, Ar = 2-CgHsCgH4,41%
R=H, Ar = 4-MeOCgH,, 78% R = H, Ar = Cg4Hs, 81%
R = H, Ar = 4-CIC4H,, 83% R = 4-OMe, Ar = CgHs, 76%
R = H, Ar = 4-FCgH,, 26% R = 4-F, Ar = CgHs, 64%
R = H, Ar = 3-MeCgH,4, 77% R = 4-NMe,, Ar = CgHs, 28%
R = H, Ar = 2-MeCgH,, 77% R = 5-Me, Ar = CgHs, 47%
R =H, Ar = 2-MeOCgHy, 53% R = 6-OMe, Ar = CgHs, 70%

This mechanism is different from that of the

rhodium(l11)-catalyzed reaction of 2-arylpyridines with aldimines

MgX
|
=
-~ |
E AN~

[Co]-R
RMgX\j/E////';szBUCHZ
N A
| [Co]
~N RN
N—Ar |
—~N
\
Ph [Co]—R
D H
B E
~N /(
\
[Co]
NAr

R-H
H™ “Ph ¢

K. Gao, N. Yoshikai, Chem. Commun. 2012, 48, 4305-4307.



Ar

CN

+

NTs

Notes:

4 Addition of C-H bonds to imines

5 mol% [Pd] NHTs
1.0eq. NaHCO3 4,

oc:oc:F3

Ar = CgHs, 99%, dr = 2:1

Ar =2-FCgHy4, 95%, dr =4.6:1

Ar =2-CICgHy4, 99%, dr =8.4:1
Ar =2-BrCgHy, 83%, dr = 10:1
Ar =2-1CgHy,, 99%, dr = 10:1

Ar =2-MeCgHy, 92%, dr = 4:1

Ar =2-CF3CgHy, 84%, dr =4:1
Ar =2-MeOCgH,4, 91%, dr =5.6:1

(1) mild conditions
(2) high regioselectivity
(3) new palladium-pincer complex

Ar
Desired product <
thP—Pd—PPhZ CN
CF3COy” CF3COy
e OCOCF3 32
O O o o
| |
Ph P_Pd_Pth Ph,P——Pd—FPPh;
NTs N
I1
NC
" = )C\
Ar HY = SAr
H
? ?
PhZP—IIDd—PPhZ Base
NTs

J. Aydin, C. S. Conrad, K. J. Szabg, Org.

Lett., 2008, 10, 5175-5178.



4 Addition of C-H bonds to imines

LN
N/ + j Pd (OAC)2

Desired product

5 mol% Pd(OAc),
| = '\llTS 5 mol% Phen | ~ Ar HOAC AcO— Pd HOAc
_ + k > o / o
N Ar THF, 120 OC, 24-30 h N NHTs

A CH3

Ar = C6H5, 82%
Ar =4-CICgH4, 92%
Ar =4-BrCqH,, 85%

Ar =4-CF3CgHy, 91% N — N/
Ar =4-MeOCgH,, 41%
Ar =2-BrCgH,, 86% PdOAc PdOAc
Ar =2-CICgH,4, 91% B

= NTs

Notes: (1) mild conditions
(2) sp3 C-H bond activation

AcO- F/’d*\/_Ph g
O\ / \' /
>S~ S=
Ar” \O C Ar/ (@]

B. Qian, S. Guo, J. Shao, Q. Zhu, L. Yang, C. Xia, H. Huang, J. Am. Chem. Soc. 2010, 132, 3650-3651.



5 Addition of C-H bonds to iIsocyanates

NHt-Bu
L~
R-— NR? \ N By
NS
NHt-Bu Y Re(l)
X _t-Bu 2.5 mol% [ReBr(CO)5(thf)], =
SHE N~ +R2NCO ~Rl— NR2
L PhMe, 115°C, 24h N
t-Bu
Rl =H, R2=Ph, 97% o “N—Re—H
Rl =H, R?= 4-MeOCgH,, 81% A\
R N—t-Bu
R! = H, R? = 4-CF3CgH,, 94% N ’
R! = 4-OMe, R? = Ph, 80% R _ NR? R/e
R! = 4-Me, R? = Ph, 92% H
Rl =4-CF;, R?=Ph, 87% c O
\ R2NCO
10
R |
Notes: mild conditions and without any additives S

Y. Kuninobu, Y. Tokunaga, A. Kawata, K. Takai, J. Am. Chem. Soc. 2006, 128, 202-209.



5 Addition of C-H bonds to iIsocyanates

NHAC NHAc O
/\/ 9 5 mol% [Cp*Rh(MeCN)3(SbFg),] J\)k
17 + R3NCO RN 3
R THF, rt or 75 °C, 16 h R NHR |
R? =
R _N
NHAc O _
NHAc O
NHAc O ~ RI— |
~ NHPh S
Ph NHPh  Ph NHCy
96% 84% 80%
NHPh NH(n-hex) NH(n-hex)
Me
CFs3

60%

44% 97%

BN
5 mol% [RuCl,(p-cymene)], ~N
30 mol% NaOAc o)
(6] »
o-xylene, 80°C, 24 h _ NHR2
RS |
NS

Rl =H, R2=Ph, 90%

Rl =4-Me, R?=Ph, 81%

Rl =4-OMe, R2=Ph, 79%
Rl = 4-Br, R? = Ph, 83%
R1=4-CN, R?=Ph, 63%
Rl =4-CHO, R?=Ph, 61%
R =H, R? = 4-MeCgH,, 86%
R =H, R?=4-CIC¢H,, 81%

K. D. Hesp, R. G. Bergman, J. A. Ellman, J. Am. Chem. Soc. 2011, 133, 11430-11433.
K. Muralirajan, K. Parthasarathy, C.-H. Cheng, Org. Lett., 2012, 14, 4262-4265



5 Addition of C-H bonds to iIsocyanates

—_—pl

N/OMe [::j::gN B X _OMe
| R2 N

RZ

5 mol% [Cp*Rh(MeCN)5(SbhFg),]
| + RINCO >~ Rh(ll)Lg

DCE, 100°C, 12 h
2L +HF

R,
N/OMe
| N—A < > N OMe
NHR?! Rh(lll)
0
Ar =4-MeCgHy, 86%  Ar =4-CO,EtCgHg, 82% oz 4Cf/|15c 13% — c RINCO
Ar =4-MeOCgH,, 82%  Ar =4-BrCgH,, 92% Al sy et Ul OMe
Ar =4-NO,CgHy4, 84%  Ar :4'C|C6H4, 93% Ar =4-FC<H 662%
Ar =4-CF,CeHg, 87%  Ar =4-FCgH,, 80% =4-FCel,
L

Ar =2-Naphthyl, 55% Rh(III)

Notes: (1) mild conditions and without any additives
(2) high regioselectivity and excellent functional group tolerance B

W. Hou, B. Zhou, Y. Yang, H. Feng, Y. Li, Org. Lett., 2013, 15, 1814-1817



6 Addition of C-H bonds to nitriles

O(NH)
N 10 mol% Pd(OAc Ar
R-I + R2CN 6 Pd( )2> Ll =3 R2 TFA I
= DMSO/TFA, 90°C, 24 h L L—F|>d—|_
O,CCF4
ArH A

OMe O

/‘\)J\‘ L,Pd(O,CCF3),
MeO OMe Me

t-Bu

71% 66% 80% Ar
0,CCF5
|
L—I|3d—L
Ar

62% 60% 55% c R

Notes: the reaction can even be improved dramatically
by adding only a catalytic amount of DMSO

RCN

C. Zhou, R. C. Larock, J. Am. Chem. Soc. 2004, 126, 2302-2303



6 Addition of C-H bonds to nitriles

5 mol% Pd(OAc),
6 mol% 2,2'-Bipyridine

RZ
AN
RL O 1 N 2 TN
5mol% [ ReH7(PPh3)2] R ©j> RN — oA R N
+ R3CN N ~N

fo) 0.2 eq. H20
R2” OH THF, 150°C, 5 h NMA, 120°C, 36 h
HN =
) O
o (@)
Desired_H20 N\
product
o NH2 - NHo NH, H N Pd(l)
OMe OMe OMe H*
97% 92% 76% Pd(ll)
o o o o (II)Pd’N\ R
HN \
NS NH2 X NHZ N NH2 ’\T C
H

OMe OMe CO,Et
Pd(II)
88% 76% 59% ©j\g
N

H. Takaya, M. Ito, S.-1. Murahashi, J. Am. Chem. Soc. 2009, 131, 10824-10825.
T.-S. Jiang, G.-W. Wang, Org. Lett., 2013, 15, 788-791




7 Addition of C-H bonds to isocyanides

Cu(OAc),  Cul) 9
NT
S ;4‘ N/Ts
o o \R2 Rh()

2 mol% [Cp*RhCl,]; Rh(ll)

S NS 2 eq.Cu(OAc), H,0 AN
H + R2NC | NTs
S DCE, 130°C,20h .~
Rl

NR?
R1 H, Me, OMe, F, CF;  40-81% 5 @4
= Alkyl, Aryl (i
NT
| S
Rh(Ill)
|
N\R2
C

Notes: N-H and C-H activation

NTs
Rh(III)
R2NC

B
C. Zhu, W. Xie and J. Falck, Chem.—Eur. J., 2011, 17, 12591



7 Addition of C-H bonds to isocyanides

NHR2
Cu(OAc),  Cul)

Desired — A\ ;4\ A
Product
Pd(0
N © PA(IIL, N

0 R!
NHR?
5 mOl% Pd(OAC)Z (”)pd/OAC
AN 1.0 eq. Cu(OACc),, 5.0 eq.H,O AN
+ R2NC = = ren OH 2\
N 1.2 eq. TFA, THF, 70°C, 1-8 h N s N
Rl Rl L
N
R=H, Bn, Et, Allyl, R =t-Bu, i-Pr, Cy, etc. 58-96% y =
R2? \
(6] / R
N\ c
Ac
R2NC
N
L
\ e
AcO
NHR?
The presence of acid as additive is crucial for the e N
product formation b v
S Rt
B B

J. Peng, L. Liu, Z. Hu, J. Huang and Q. Zhu, Chem. Commun., 2012, 48, 3772



8 Addition of C-H bonds to carbon monoxide

(@]
0 2.5 mol% Pd(OAc), (e O O
1 N | N R2 2eq. Ky,S,0g Rl N | N R? KZSZOS TFA
— _ = P

CO(1 atm) =
TFA,50°C, 2-6 h

0
Rl = 4-Me, R2=4-Me, 96% O
Rl =4-Me, R?=4-t-Bu, 82%
R!=4-Me, R?=4-CF3, 56%
o}
C

’ @( \©
PdOTFA
Notes: (1)double C-H functionalization o PdOTFA‘_/
i i B

(2) a simple catalytic system co

Pd (OTFA)2 ;

R! = 4-Me, R?=4-CO,Et, 51% Pd
Rl =4-Me, R2=4-Br, 70%
Rl =4-Me, R?=4-COMe, 58%

H. Zhang, R. Shi, P. Gan, C. Liu, A. Ding, Q. Wang, A. Lei, Angew. Chem. Int. Ed. 2012, 51, 5204-5207.



8 Addition of C-H bonds to carbon monoxide

Cu (OAC)Z

N o |
©;(Y = =
O Pd(0) ©/
Pd(OAc), +co
RZ ||Q2 O/
| 5 mol% Pd(OAc),

NH Ny P
AN 2.2eq.Cu(OAc)2‘R1_| \’4

\ H
R 0.2 eq KI, CO(1 atm) _— e) N~pdoac |
Z MeCN, 60 °C o N,
Rl =H, R?= Me, 85% o qy/o @ \
e} Pd—\-
E
CcO

R! = 4-Me, R?= Me, 76%
R =4-Br, R>= Me, 86%
R =3-NO,, R%=Me, 63%
R =4-CO,Et, R>= Me, 85%
Rl =H, R?=Et, 84%

1- 2_ 0
Cu(OR0)

) N\ —~H
Rl=H, R2=Cy, 51% | _H N N

\
@:’/’Pdmc Pd(OAC), Pd(0) Pd—0OH
|
o 0
B
! | >/
D

NH
lodide compounds have been shown to improve the @

efficiency of Pd-catalyzed carbonylations —

Z.-H. Guan, M. Chen, Z.-H. Ren, J. Am. Chem. Soc. 2012, 134, 17490-17493.



9 Addition of C-H bonds to carbon dioxide

/>—cozK

y />
X 3 mol% [(IPr)AuOH] X
. 1.05 eq. KOH M
R— ) +co,——=%4 R— ,>—COOH
k|\|> THF, 20 °C, 20 h KN/ Au
Then HCl(aq)

[>7COOH \\%COOH \\%COOH />—COOH

@: />7 COOH @: />—COOH r\;[ >—COOH
N N/ 0

76% 74% 91% ,\} J

The carboxylation of carbo- and heterocycles with high Co,
regioselectivity at the most acidic C-H bond position

I. I. F. Boogaerts, S. P. Nolan, J. Am. Chem. Soc. 2010, 132, 8858-8859.



O Addition of C-H bonds to carbon dioxide

3 mol% [(IPr)CuOH]
1.1 eq. CsOH
Ar-H + C02 ArCOzH
THF, 65°C,8h
Then HCl(aq)

[O/>7COOH @:O/%COOH @is)fcom
N N N

77% 90% 82%
F F F
F F HOOC F
COOH F COOH F COOH
F F F
85% 93% 80% (2.2 eq. CsOH)
_ o 1) 5 mol% [(IPr)CuCl], CO,(1 atm) 5 o
1.1 eq. KOt-Bu, THF, 80 °C
R— > 9. _Q[ )—CO,CqHy3
NS 2) 2.0 eq. CgHy3l, DMF,80 °c AN N

G. C. Fortman, M. R. L. Furst, C. S. J. Cazin, S. P. Nolan, Angew. Chem. Int. Ed. 2010, 49, 8674-8677.
L. Zhang, J. Cheng, T. Ohishi, Z. Hou, Angew. Chem. Int. Ed. 2010, 49, 8670-8673.



O Addition of C-H bonds to carbon dioxide

X | N

| _N 5 mol% [Rh(coe),Cl], ~N

12 mol% PCy;

2.0 eq. AIMex(OMe)  TMSCHN,
- %
a0 | COzlatm) DMA ELO-MeOH,0°C gL |
S 70 °C, 8h N
= | =
O NS
\ |
CO,Me CO,Me
73% 69% 88%
N= COZMeN
CO,Me CO,Me

57% 23% 67%

CO,Me

L Rh(I)Cl + MeAlX, =
ArC02A|X2 \N
E L,Rh()Me
MeAlX,
N
O
D O—Rh(I)L,
\ Z |
N
N CH,
CO, /
Rh(IL,
C

H. Mizuno, J. Takaya, N. Iwasawa, J. Am. Chem. Soc. 2011, 133, 1251-1253



10 Conclusions and outlook

(1) Noble metals: rhodium, ruthenium, rhenium, iridium and palladium.

(2) Most subsrtates with directing group.

(3) Reactions with chiral ligands could realize the asymmetric catalysis.




Thank you for your attention




Answers of questions

Ph
Ph 2 o
~ _Ph 2.5 mol% [ReBr(CO)4(th
= + pheho * |l N—Me [ (CO)5(thf)], N—Me
(1) PhMe, 115 °C, 24h
6] )

\ Ph o D-A
—
O + N—Me

Ph 0O




NTs 5 mol% Fe(OAc),

(2)
Ar PhMe, 120 °C, 24 h

ESEe— $

Ar C-H and C-N cleavage N

N
| (N HTs
=
N A Ar
X

nl_M\X(»H




@)

N
[\
N/>'+RCHO + HSiEt,Me 16 MoI% DMAD
|

2 mol% [Iry(CO)15] N

PhMe, 110 °C, 1-4 h |

Me Me
H
2 Ir-SiR3
HSIR, RICHO
Ir-H Ir R’
OSiR;

L3 - r /
|

N Me
! OSiRg

(3

OSiEtzMe




