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Abstract: An electrophilic amidation via a cationic
rhodium(III)-catalyzed C(sp?)~H activation has
been developed with the commercially available N-
fluorobenzenesulfonimide as the amino source
under external oxidant-free conditions. This amida-
tion requires only a catalytic amount of base and
exhibits excellent functional group tolerance and re-
gioselectivity, providing a new avenue in direct C-
(sp*)—H amidation.

Keywords: amidation; C(sp*)—H activation; cationic
rhodium(IIT); N-fluorobenzenesulfonimide

The prevalence of the arylamine motif in natural
products, pharmaceuticals, agrochemicals and materi-
als has positioned C(sp®)—N bond formation high on
the agenda of synthetic chemists.!! The classical syn-
thesis of aromatic amines/amides relies on the cross-
coupling of aryl (pseudo)halides with amines/amides
as exemplified by the Ullmann-Goldberg? and Buch-
wald-Hartwig couplings® [Scheme 1 (a)]. With the
rapid advances of transition metal-catalyzed C—H ac-
tivation, the direct C(sp?)~—H amination/amidation ap-
pears to be highly appealing, especially if high regio-
selectivity can be achieved, which either employs
parent amines/amides in the presence of external oxi-
dants” [Scheme 1 (b)] or utilizes activated amino pre-
cursors® such as chloramines or their analogs
[Scheme 1 (c)]. While these routes complemented
each other to make C(sp”)~N bond formation avail-
able for most substrates, the majority of them were
realized under cross-coupling or nitrene insertion®l
mechanisms. Herein, we report a new C(sp®)—N bond
formation reaction based on the electrophilic substitu-
tion pathway using N-fluorobenzenesulfonimide
(NFSI) as the amino source [Scheme 1 (d)].
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(a) Ullmann and Buchwald-Hartwig coupling

R'"  cu,Pd,Ni R’
Ar=X + H=N —>=  Ar=N
R2 ligand, base R2
(b) Oxidative C—H amination/amidation
1
R Cu, Pd, Co R
Ar=H + H-N — AN
R2 oxidant R2
(c) Direct amination/amidation with chloroamine
R' Cu, Pd, Rh R'
Ar=H + X=N — > Ar=N
R2 ligand, base R2
(d) This work: direct amination/amidation with NFSI
SOzPh H
Ar=H + F=N ﬂ Ar=N
SO,Ph SO,Ph

Scheme 1. Various routes for C(sp®)—N bond formations

N-Fluorobenzenesulfonimide (NFSI) is a well-
known fluorination reagent and oxidant in C—H trans-
formation reactions.”’ Recently, it was found to be an
efficient amino source in both sp? and sp> C—H ami-
dations catalyzed by PdP® ! or Cul*¥). As part of our
continuing interest in developing facile and efficient
nucleophilic reactions, we recently reported the
Rh(III)-catalyzed C(sp?)~H activation and nucleo-
philic addition to aldehydes™ or a,B-unsaturated car-
bonyl compounds!"” under mild conditions. Other
groups!'! also reported similar C(sp?)—H addition to
aldimines. Based on these results and the mechanistic
study!"'? by Shi et al., we postulated that C(sp?)—H ac-
tivation and nucleophilic substitution should take
place when the C=0O and C=N unsaturated bonds
were replaced by suitable reactive polarized covalent
bonds. These considerations led us to envision a
Rh(III)-catalyzed C(sp?)—H activation and electro-
philic amidation with NFSL.!"?
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Table 1. Optimization of the rhodium-catalyzed C(sp®)—H amidation.

] AN | X ! | AN E
P N _ :
N SOPh - phan) o Q‘s’? e $OPh
+ F-N — N. + PhOF N .
SO,Ph SOzPh ! “SO.Ph !
1a NFESI 2a 2a'
Entry Catalyst (mol%) Additive (10 mol%) Temp. [°C] Solvent Yield [%]®
1 [Cp*RhCl,] (1.25) Cs,CO, 100 DCE 65
2 Rh* (2.5) Cs,CO;, 100 DCE 81
3 Rh* (5.0) Cs,CO, 100 DCE 83
4 Rh* (2.5) Cs,CO; 80 DCE 56
5 Rh* (2.5) Cs,CO, 60 DCE 48
6l Rh* (2.5) Cs,CO; 100 DCE 68
7 Pd(OAc), (2.5) Cs,CO; 100 DCE 0
8 Cu(OAc), (2.5) Cs,CO, 100 DCE 0
9 Rh* (2.5) K,CO, 100 DCE 55
10 Rh* (2.5) - 100 DCE 49
11 Rh* (2.5) CH,CO,H 100 DCE 44
12 Rh* (2.5) Cs,CO, 100 THF 62
13 Rh* (2.5) Cs,CO; 100 toluene 55
14 Rh* (2.5) Cs,CO, 100 CH;CN 39
15 Rh* (2.5) Cs,CO, 100 DMF <5

[} Conditions: 1a (0.2 mmol), NFSI (0.4 mmol), additive, solvent (0.2 mL), reacted for 24 h under argon unless otherwise

noted; Rh* = (CH;CN);Cp*Rh(SbFy),.
] The yield of isolated product is reported.
[l NFSI (0.24 mmol) was added.

To begin our study, we first examined the reaction
of 2-phenylpyridine (1a) and NFSI using rhodium cat-
alyst based on our early work. Unexpectedly, product
2a was isolated instead of the desired N-arylbenzene-
sulfonimide (2a’) in moderate yield (Table 1, entry 1),
likely because product 2a was less sterically hindered
and stabilized by the intramolecular hydrogen bond-
ing with the nitrogen of the directing pyridine motif.
The cationic Rh(III) catalyst, (CH;CN);Cp*Rh(SbFy),
(Rh*, Cp* =pentamethylcyclopentadienyl) turned out
to be more reactive and the yield of 2a was increased
to 81% in 1,2-dichloroethane (DCE) at 100°C
(entry 2). The by-product of NFSI was characterized
by GC-MS, 'H NMR and “C NMR as benzenesulfon-
yl fluoride (PhSO,F) in 84% isolated yield.""! While
doubling the catalyst loading exerted little improve-
ment on the yield (entry 3), decreasing the reaction
temperature gave much inferior yield (entries 4 and
5). An excess of NFSI was required to promote the
complete consumption of 2-phenylpyridine; thus the
yield diminished considerably when 1.2 equiv. of
NFSI were added (entry 6). Surprisingly, other transi-
tion metal catalysts such as Pd(OAc), and Cu(OAc),
were completely ineffective in this C(sp?)~—H amida-
tion reaction (entries 7 and 8). A catalytic amount of
Cs,CO; was essential for the high yield, and replacing
it with K,CO; or acetic acid led to a dramatic de-
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crease of the yields (entries 9-11), which implys that
a catalytic amount of base can accelerate the deproto-
nation step in the rhodium-catalyzed C(sp*)—H activa-
tion. The influence of the solvent on this reaction was
studied next and the most satisfactory yield was ob-
tained in low polarity DCE. Other common solvents
such as THF, toluene and acetonitrile were also appli-
cable; however displayed lower yields. More polar
DMF was ineffective.

Under the optimized conditions (Table 1, entry 2),
the substrate scope of this novel rhodium-catalyzed
C(sp*)—H activation and electrophilic amidation with
NFSI was explored. As shown by the results in
Table 2, all the 2-phenylpyridine analogs tested (la—
1m) reacted with NFSI smoothly to produce the cor-
responding sulfamides efficiently, regardless of wheth-
er the phenyl group was substituted by electron-with-
drawing or electron-donating groups. We were
pleased to observe that functional groups such as
alkoxy (2b), acetoxy (2¢), halides (2i-2k) and
methoxycarbonyl (21) were all tolerated. The influ-
ence of substituents at different positions of the
phenyl ring was also examined. To our delight, this
C—H amidation demonstrated a high regioselectivity.
While the less hindered C(sp*)—H of the meta-methyl
substrate 1f reacted with NFSI in good yield, the
more sterically hindered ortho-methyl substrate 1g

Adpv. Synth. Catal. 2013, 355, 869 -873
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Table 2. The C(sp?)—H amidation of 2-phenylpyridine analogs with NFSL[
DG
DG H
7] SO:Ph 5 mole Rh* 7 soPh
N v PN 100°C, 24 h >
[ "R SO,Ph , [ "R
7 ta-tr 7 gaar
Rh* = (CH3CN)3Cp*Rh(SbFe)s
la: R=H 1b: R=p-CH;0 1c: R=p-AcO
1d: R=p-t-Bu le: R=p-CH, 1f R=m-CH,
1g: R=0-CH; 1h: R=p-Ph 1li: R=p-F
1j: R=p-Cl 1k: R=p-Br 11I: R=p-CO,Me
1m: R =p-CF, In: 2-(B-naphthyl)-pyridine 10: 2-( a-naphthyl)-pyridine
1p: 2-methyl-6-phenylpyridine 1q: 2-phenylpyrimidine Ir: 1-phenylpyrazole
® S
X
_N | _N | | X
H H N _N
M-s0,Ph N-s0,ph N H
’ “SOzPh N-s0,ph
OCH
2a, 81 % ’ OAc Bu
2b, 73 %
2c,75 % 2d, 71 %
N X
| N | N | = X
= |
H H 2 H N
“SO2Ph N-s0.ph HoC N N
’ ’ "80zPh N-s0,ph
HaC
CHs
20,78 % 21,76 % . e
29,35 % 2h, 76 %
® ~
~-N | N X
H N | _N | N
N\SO Ph H H g
2 ~SO,Ph N. H
SOzPh “SO,Ph
F cl I
i % COOCH
2i, 69 % 2i, 67 % 3
%, 70 % 21,69 %
X
| N N X
H | ~N | ~-N
“SO,Ph H H
OO “SO,Ph >SO,Ph
CFs
2m, 73 %
20, 66 % zp, 73 %

T
P4

SOzPh ©/ “SO.Ph

29,58 % 2r,32 %

[l Conditions: (CH;CN);Cp*Rh(SbFy), (0.005 mmol, 2.5 mol% ), 1a—1r (0.2 mmol), NFSI (0.4 mmol), Cs,CO; (0.02 mmol),
DCE (0.2 mL), reacted for 24 h under argon unless otherwise noted. The yield of isolated product is reported.
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gave a much lower yield. Likewise, 2-f-naphthylpyri-
dine (1n) and 2-a-naphthylpyridine (1o) were also ap-
plicable in this reaction with the former providing
only the monoamidation product 2n. Pyridinyl direct-
ing group with a methyl substituent at C-6 (1p) also
showed good reactivity, giving 2p in 73% yield. Other
nitrogen-containing heterocyclic substituents such as
pyrimidinyl and pyrazolyl can also act as the directing
group,’¥ albeit the corresponding C—H amidation
products 2q and 2r were obtained in lower yields.

A plausible mechanism to rationalize this novel
rhodium-catalyzed C(sp?)—H activation and electro-
philic amidation with NFSI is illustrated in Scheme 2.

1a + Rh*
N., I
vo N\B
Rh 1)

CsHCO3+ 13//

082003

\\\&\R;’CSHCOS

=N c _Rh(Il) N
A0 “Rhll)
1 °$=0
S ph 6 4
£
N.
Bs
(NFSI)
QL
= Sspp

Scheme 2. Tentative mechanism for the rhodium-catalyzed
C(sp?)—H activation and electrophilic amidation.

First, the coordination of rhodium catalyst (Rh*) to 2-
phenylpyridine and subsequent electrophilic substitu-
tion generates the arylrhodium complex 3 and one
equivalent of proton,"'?! which is captured by the
Cs,CO;. Then, the fluorine atom on the NFSI coordi-
nates to the arylrhodium complex 4 to produce arylr-
hodium complex 5, which is followed by the substitu-
tion of the F in the polarized N—F bond by the nucle-
ophilic C(sp®)~Rh to yield the N-arylbenzenesulfoni-
mide complex 6.'” Due to the steric hinderance and
instability of this N-arylbenzenesulfonimide, the fluo-
ride will further substitute the sulfonyl group to re-
lease the benzenesulfonyl fluoride (7)Y and the N-ar-
ylbenzenesulfonamide anion, to provide the product
2a and regenerate of the rhodium catalyst (Rh*) after
protonation.

In summary, we have developed an efficient C-
(sp*)~H activation—electrophilic amidation strategy
with NFSI as the commercially available amino
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source. This reaction does not require any external
oxidant and only a catalytic amount of base was
needed. The amidation could tolerate a wide range of
functional groups such as alkoxy, acetoxy, halides and
methoxycarbonyl and was highly regioselective, occur-
ring exclusively at the less hindered ortho-position
relative to the 2-pyridyl (even in the presence of
other potential chelate groups). The detailed reaction
mechanism and applications of this novel amidation
are under investigation.

Experimental Section

General Experimental Procedure

An oven-dried reaction vessel was charged with
(CH;CN);Cp*Rh(SbFy), (Rh*, 4.2 mg, 2.5 mol%,
0.005 mmol), DCE (0.2 mL), 2-phenylpyridine (1a, 31 mg,
0.2 mmol), Cs,CO; (0.02mmol), and NFSI (126 mg,
0.4 mmol) under argon. The vessel was sealed and heated at
100°C (oil bath temperature) for 24 h. The resulting mixture
was cooled to room temperature, filtered through a short
silica gel pad and transferred to silica gel column directly
and eluted with hexanes and ethyl acetate (3:1) to give
products 2a (yield: 50 mg, 81%) and benzenesulfonyl fluo-
ride (yield: 27 mg, 84%).
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