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Abstract Transition-metal-catalyzed C—H functionalization emerges as an atom-economical and highly efficient strategy
in the synthetic organic chemistry. In this regard, oxidative Heck reaction, pioneered by Fujiwara and Moritani, represents a
great evolvement to the traditional Heck reaction by obviating the substrate preactivation. While palladium was routinely
adopted as the catalyst of choice because of its well established catalytic activities, other transition metals, especially rhodium
also proved to be suitable candidate in pursuit of such oxidative C—H alkenylation because of its low catalyst loading, high
efficiency and function group tolerance. Under such circumstance, the Rh(IlI)-catalyzed oxidative C—H alkenylation has
witness a great advancement in the past decade, with many functionalities such as -COOH, -CONHR, CO,Et, NHAc efc.
being explored as suitable directing groups for the initiation of C—H activation. However, most of these directing groups
needed prior installation. With our continuing interest in Rh(III)-catalyzed C—H functionalization, herein we would like to
present a nitrile based bimetallic Rh/Ag catalyzed C—H alkenylation reaction. In this protocol, nitrile was assumed to
transform into imine which then took part into the Rh(III) catalyzed C—H bond olefination reation. With such reaction
cascade, a library of ortho-alkenylated benzamides could be directly obtained from benzonitriles in one pot fashion. All the
substrates are commercially available and easy to obtain. A general procedure for the bimetallic Rh/Ag catalyzed C—H ole-
fination of benzonitriles: an oven-dried 10 mL Schlenk tube was charged with nitrile 1 (If the nitrile was solid, 0.2 mmol),
[RhCp*Cl,], (6.2 mg, 0.01 mmol), AgSbF¢ (13.8 mg, 0.04 mmol) in sequence, followed by refilling with N,. Then olefins 2
(0.5 mmol), nitriles 1 (If the nitrile was liquid, 0.2 mmol) and AcOH were added through syringe. After stirring at 120 ‘C for
24 h, the reaction mixture was cooled to room temperature and filtered through a celite plug. The solvent was removed in
vacuo and the residue was purified by column chromatography to afford the desired product 3.
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Table 1 Optimization of reaction condition”

5 mol% [RhCp*Cly],
20 mol% AgSbFg

Oxidant/2.1 equiv.
Solvent, 120 °C, Ny, 24 h

CN
©/ + Z > Ph
1a 2a
O
7 Ph
3aa

Entry Oxidant Solvent Yield/%
1 Cu(OAc),*H,0  AcOH 32
2 AgOAc AcOH 58
3 AgCO; AcOH 66
4  AgO AcOH 47
5 PhI(OAc), AcOH NR
6 Ag,CO; AcOH/DCE (1 © 1) trace
7 AgCO; AcOH/t-AmylOH (1 © 1) NR
8 Ag,CO; AcOH/DMF (1 : 1) trace
9 Ag,CO; AcOH/Toluene (1 : 1) NR

10 Ag,CO; AcOH/THF (1 © 1) trace

© 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

¢ Unless otherwise noted, the reactions was carried out at 120 ‘C using la
(0.2 mmol), 2a (0.5 mmol), [RhCp*CL,], (0.01 mmol), AgSbFe (0.04 mmol),
oxidant (0.42 mmol) in solvent (1 mL) under N, and stirred for 24 h with
isolated yield.
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Table 2  Substrate scope of the reaction”

5 mol% [Rth*CI2]2

o AN 20 mol% AgSbFe RS NH
R~ + R—— , L~
= = Ag,C0O3/2.1 equiv. N
1 2

AcOH, 120 °C, N,, 24 h | /\
3 R
CONH, mmm FSC\CC:jiHZ
> pny > ph “ph
3ba, 73% 3ca, 38% 3da, 35%
/©/\0in ml—b /©;CiH2
MeO > pny “ph Br Zph
3ea, 54% 3fa, 43% 3ga, 49%
o S ooy s
/
O,N " > ph O
3ha, 41% 3ia, 46% 3ab. 74%
! CONH, ! CONH, l CONH,
T T
F Br cl
3ac, 43% 3ad, 67% 3ae, 71%
CONH,

CONH,
CONH, O
=
s
CF3

3af, 67% 3ag, 41%

CONH,
Ph

3ai, 49%

!

3ah, 31%

“Unless otherwise noted, the reactions were carried out at 120 “C using 1 (0.2 mmol), 2 (0.5 mmol), [RhCp*Cl,], (0.01 mmol), AgSbFs(0.04 mmol) and Ag,CO;
(0.42 mmol) in AcOH (1 mL) under N, atmosphere for 24 h. Yield of isolated products are given.
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5 mol% [RhCp*Clyl,
20 mol% AgSbFg

Ag,CO3/2.1 equiv.
2a AcOH-d, 120 °C, N,, 6 h
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T 24 AT ER oK 2R R S E AN 5] 2% 44 T N B B
WS, FRATTARILE SRS A Rh(IDECE Ag(DRS, 2K H i
HARER A S, WA 4R FELE R/ Ag(D)Fifh 4
JEIZEAE T, R G A2 DA i 10 7= 2 3 A g 25 PR Ik i

(Eqs. 4~6).
CN
NH
@ ©)L ()
Not observed

20 mol% AgSbFg

Ag,CO3/2.1 equiv.
AcOH, 120 °C, Ny, 24 h

0]

Not observed

5 mol% [RhCp*Cly],

CN
©/ AcOH, 120 °C, Ny, 24 h

5 mol% [RhCp*Cl,], 0

20 mol% AgSbFg ©)LNH2
(6)

Yield: 87%

Ag,CO3/2.1 equiv.

Cr
AcOH, 120 °C, Ny, 24 h
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A T S50 E R AN RN, 13 EIF Ak V. &t
B-HIERIEREG, 192 E 4 vV A Rh@)H R4, HE
PV KRR, 133 R4 H) 74 3aa. T Rh(I)H [E]
AR BRI A 2 S5, BT AR Rh(II) i M 1k
I, AT 56 A DGR (B 1).

3 e
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i E BT e R B, TR TE —f R B
TR IS Ak A5 1) B A 280 A0 A7 445 255 0 11 28 FR B e 2%
fIEY.
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Figure 1 Proposed reaction mechanism
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