Chinese Chemical Letters 32 (2021) 1717-1720

Contents lists available at ScienceDirect

Chinese Chemical Letters

journal homepage: www.elsevier.com/locate/cclet

Communication

Selective annulation of benzamides with internal alkynes
catalyzed by an electron-deficient rhodium catalyst

®

Check for
updates

Ping Zhang?, Wenju Chang®, Hongyun Jiao®, Yanshang Kang?, Wenxuan Zhao",

Peipei Cui?, Yong Liang®, Wei-Yin Sun?, Yi Lu®*

2 Coordination Chemistry Institute, State Key Laboratory of Coordination Chemistry, School of Chemistry and Chemical Engineering, Nanjing National
Laboratory of Microstructures, Collaborative Innovation Center of Advanced Microstructures, Nanjing University, Nanjing 210023, China
b State Key Laboratory of Coordination Chemistry, Jiangsu Key Laboratory of Advanced Organic Materials, School of Chemistry and Chemical Engineering,

Nanjing University, Nanjing 210023, China

ARTICLE INFO ABSTRACT

Article history:

Received 27 October 2020

Received in revised form 10 January 2021
Accepted 13 January 2021

Available online 20 January 2021

Keywords:
Electron-deficient rhodium
C—H activation
Annulation

Benzamide

Alkyne

An electron-deficient [CpERhCl, ], catalyzed annulation of N-pentafluorophenylbenzamides with internal
alkynes was successfully established under mild reaction conditions, with the assistance of Lewis acid
silver salt. Particularly, electron-deficient benzamide substrates were smoothly transformed into the
desired products in this catalytic system. The catalytic system showed a broad tolerance for different
substituents on the aromatic rings or aryl, alkyl-substituted alkynes.
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The synthesis of small molecules through rhodium-catalyzed
C—H activation has been greatly developed in the past few years
[1-4]. Generally, a commercially available [Cp*RhCl,], (Cp* =
pentamethylcyclopentadienyl) and its cationic complex are nearly
universally considered to be privileged catalysts for these trans-
formations [5-15]. It attributes the success to the strong 7-electron
donating ability of the Cp* ligand to obtain labile intermediates
such as cationic or high-valent metal species [16,17]. Recent
studies have showed that some sterically or electronically tuned Cp
ligands can dramatically induce significant changes in reactivity, as
well as chemo-, regio- and diastereo-selectivity for different
reactions. Satoh and Miura groups reported that the addition of
phenyl-substituted Cp used as ligands improved the reactivity and
changed the chemo-selectivity in rhodium-catalyzed C—H bond
activation [18-20]. With the development of the steric and
electronic manipulation of Cp ligands, [Cp*Rh] catalysts have
been used in rhodium-catalyzed C—H bond functionalization [21-
24]. Tanaka group demonstrated that electron-deficient CpF ligand
could improve reaction reactivity in rhodium catalytic system
(Scheme 1a) [22]. Chang [16] and co-workers reported that
tuning the electronic property of Cp ligand could also change the
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chemo-selectivity (Scheme 1b). At the same time, enantio-
selective Rh-catalyzed C—H functionalization reactions promoted
by the introduction of chiral Cp ligands were disclosed by Cramer
[25-30], Li [31-34], You [35,36] and others [37-40].

The nitrogen-containing heterocycles in biologically active
molecules have attracted much attention for their synthesis and
functionalization in rhodium catalytic systems [6-11,41-46].
Recently, the development in Rh chemistry has demonstrated
that CpERh!'complex bearing two ester groups could successfully
realize the construction of heterocycles through C—H activation
[16,22-24,47-50]. Based on these progresses and our previous
work [51-55], we developed an oxidative selective annulation of
benzamides with alkynes catalyzed by the electron-deficient
rhodium complex CpERh™ in the air under mild conditions, with
the assistance of Lewis acid silver salt.

On the basis of our work [55], we tried to employ an electron-
deficient [CpERhCl,], as a catalyst in place of [Cp*RhCl,], in CH5CN
solvent at 100 °C (Table 1, entry 2). To our delight, it afforded a
single isomer 3aa in 28% yield. Subsequently, we were pleased to
find that the yield was improved dramatically when CF3CH,OH
was applied as solvent (entry 7). Investigation of oxidants proved
that Ag,CO3 was most effective (entries 8-11). Generally speaking,
[CpERNCl, ], was not suitable for the C—H bond functionalization of
electron-deficient substrates according to the literature [23].
However, in this work, electron-deficient benzamides were
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Scheme 1. Cyclopentadienyl ligands in Rh(III)-catalyzed C—H activation reactions.

smoothly transformed into the desired products with the catalyst
[CPERNCL,],, while catalysts with Cp* and Cp*® decreased the
chemo-selectivity (entries 14 and 15). It is probably because of the
electronic effect of N-pentafluorophenyl, which enhances the
acidity of the hydrogen atom on the N—H bond. With the
assistance of carbonate anion from Ag,COs, the nitrogen anion is
more readily coordinated to the electron-deficient rhodium(III)
complex. Moreover, tests of several substrates with different
directing groups proves the importance of electronic effects as well
(Table S5 in Supporting information). Compared to the substrates
with electron-donating N-methyl and -benzyl groups, the

CuFs Ph

[CPERNCL], (5.0 mol%)
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Table 1
Screening of reaction conditions for 3aa.

a

n-Cefs
H
1a [CP"RhClyl; (5.0 mol%)
———————————
* Oxidant, Solvent
Ph—=—Fh 100 °C, Air, 24 h

2a

Entry Catalyst Oxidant Solvent Yield (%)°
3aa 4aa

1¢ [Cp*RhCl,]» Ag>CO5 CH5CN 1 84
2 [CpERACL, ], Ag>CO3 CH;CN 28 0
3 [CPFROCL]» Ag>CO5 DCE 15 2
4 [CPFRKCL]5 Ag2C05 MeOH 16 0
5 [CPERNCL, > Ag>CO5 EtOH 6 0
6 [CpERhCl,], Ag,C05 HFIP 16 0
7 [CPFRKCL ], Ag>CO5 CF5CH,0H 96 0
3 [CPERNCl, > AgOAc CF5CH,0H 57 0
9 [CPFRKCL,]» Ag,0 CF3CH,0H 64 0
10 [CPFRKCL ], AgOPiv CF5CH,O0H 52 0
1 [CPERNCl, > Cu(OAc), CF5CH,0H 52 0
124 [CPERNCl,]» Ag>CO5 CF3CH,0H 87 0
13¢ [CpERhCl,], Ag,CO0s CF3CH,0H 95 0
14¢ [Cp*RhCl, ], Ag,CO5 CF5CH,0H 42 54
15¢ [CP*YRNCl,]» Ag>CO5 CF5CH,0H 52 46

2 Reaction conditions: 1a (0.1 mmol), 2a (0.15 mmol), [Cp*RhCl, ], (5.0 mol%), and
Ag>CO5 (1.0 equiv.) in CF3CH,OH (1.0 mL) at 100°C in oil bath for 24 h under air.

b The yield was determined by 'H NMR analysis of crude product using 1,3,5-
trimethoxybenzene as an internal standard.

€ 60°C in oil bath for 24 h.

480°C in oil bath for 24 h.

€ 80°C in oil bath for 36 h.

substrate with N-methoxy group is relatively easier to be
deprotonated by carbonate ion in this catalytic system. The steric
and electronic properties of substrates with N-phenyl group are
similar to the one with N-methoxy group. In the presence of

Ag>CO3, CF3CH,0H
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Scheme 2. Scope of benzamides.
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Scheme 3. Scope of alkynes. For compound 3ah, 1-phenyl-3,3-diethoxy-1-propyne was used.

strongly electron deficient N-pentafluorophenyl group, hydrogen
proton is more easily removed with the assistance of carbonate ion,
providing the best result for this transformation.

With the optimized reaction conditions in hand, we explored
the scope of this approach for products 3 by employing different
substituted benzamides under the optimal reaction conditions
(Scheme 2). Various substituted benzamides 1 were treated with
2a to give the isoquinolone derivatives in moderate to excellent
yields. Both electron-donating (3aa-3ea) and electron- withdraw-
ing (3fa-3ka) groups at the para position on the substrates were
well tolerated. Substrate 1 with methoxy-group at the para
position showed the highest reactivity. The structure of 3aa was

—- Ag(l)

\C' Ag(0)

h
INT-N-Ag5

N-directed Annulation

N X

I INT-N-Ag-1 |5
o ar
--Rh—Cp*
phﬂﬁhph X .\

TS-N-Ag-2

INT-N-Ag-3

Rh(IIXaL
1d

N
©/L' i 9 . ;
o Rh—Cp ©/L’é\h —cpE O-directed Annulation

| P
15.9 CE\N'N @‘/‘"LRH‘Cp @Rh G W
Rh
o--

confirmed by single-crystal X-ray analysis (Section 2.5 in
Supporting information). 2-Fluorobenzamide afforded 3ma in
moderate yield (65%), whereas 2-methylbenzamide showed a
slightly decreased efficiency (3la). It is noteworthy that benza-
mides possessing different substituents, such as methyl, trifluor-
omethyl, acetyl, methoxycarbonyl, and phenyl groups at the meta-
position could lead to the formation of a single regioisomer (3na-
3qa), attributing to the steric effects [56]. Furthermore, hetero-
aromatic benzamides also turned out to be compatible (3ra, 3sa).

As shown in Scheme 3, the catalytic system was not only
available to diphenylacetylene (2a) but also suitable for aryl- or
alkyl-substituted alkynes. Symmetrical diaryl or dialkyl alkynes
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Scheme 4. Proposed mechanism. Numbers associated with molecules are DFT-computed relative Gibbs free energy (kcal/mol) in CH5CN.
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led to the products in moderate to good yields (3ab-3ag).
Intriguingly, unsymmetric 1-phenyl-3,3-diethoxy-1-propyne was
applied as a coupling partner, and it proceeded smoothly to afford
3ah (CCDC: 2050115) in 84% yield with high regioselectivity
(Section 2.5 in Supporting information). However, when 1-phenyl-
1-pentyne was applied, a mixture of regioisomers 3ai and 3ai' was
produced.

To understand the chemo-selectivity of this reaction, we
performed a series of density functional theory (DFT) calculations
using 1,2-diphenylacetylene (2a) and amide 1d as the substrates
[57-61]. The calculations demonstrated that the reaction pro-
ceeded through a C-H activation, alkyne insertion, and metal-
lallylcarbenoid annulation (Scheme 4, for computational details,
see Section 2.6.2 in Supporting information) [62]. The chemo-
selectivity was determined in the C—H activation step via
transition states TS-N-Ag-1 (17.6kcal/mol) and TS-0-Ag-1
(22.2 kcal/mol). Therefore, the N-directed pathway was favored
over O-directed pathway by 4.6 kcal/mol, in agreement with that
only N-cyclization product 3da is observed in the presence of
CpERh catalyst. In the N-directed pathway, the C—H activation step
(via TS-N-Ag-1) is 1.7 kcal/mol higher than the alkyne insertion
(via TS-N-Ag-2) indicating an ambiguous kinetic isotope effect. The
kinetic isotope experiments were conducted with 1d and 1d-ds
under standard reaction conditions (parallel experiment:
ku/kp=1.50 and intermolecular: ky/kp =1.55), which were consis-
tent with DFT calculations.

In summary, we have successfully developed a selective N-
annulation of benzamides with internal alkynes under mild
reaction conditions with an electron-deficient catalyst
[CPERNCl,],. The electronic effect of ligand played a vital role in
controlling the chemo-selectivity of this transformation.
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