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An efficient and concise one-pot protocol to synthesize sulfonylated quinoline N-oxides via copper-catalyzed C—H bond activation has been
developed. Commercially available and less expensive aryl sulfonyl chlorides were used as the sulfonylation reagents. Various 2-aryl sulfonyl
quinolines were obtained in up to 91% yields in chemo- and regioselective manners.

The heterocyclic aromatic sulfone skeleton has proven
to be a useful building block in organic synthesis,
medicinal chemistry, and natural products.' It exists
widely in pharmaceutical molecules, such as enzyme
inhibitors® and biological activity antagonists,® which
are exemplified in Figure 1. Compound a was found to
be a novel potent and highly selective HIV-1 non-
nucleoside reverse transcriptase inhibitor.* Compounds
b and ¢ are potent and selective serotonin 5-HT6 receptor
(5-HT6R) antagonists.’
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Figure 1. Examples illustrating the importance of heterocyclic
aromatic sulfone.

The wide usefulness of compounds containing this
skeleton has resulted in the development of synthetic
methodologies to construct them. The conventional
methods have typically involved a nucleophile substitu-
tion reaction of halide with thiol, followed by oxidation of
the corresponding sulfide.® Recently, a “one step” proto-
col was explored from the cross-coupling of sulfinate salts
with halides catalyzed by metal’ or tetrabutylammonium
chloride.® However, some halogenated heterocyclic aro-
matic compounds are not commercially available and are
problematic to prepare. Therefore, a rapid, efficient, and



practical access to heteroaromatic sulfone compounds is
highly desired from a synthetic practicality viewpoint.
Recently, significant progress has been made in transition-
metal-catalyzed C—H bond functionalization.” Sub-
stantial growth in carbon—heteroatom bond formation
based on the transition-metal-catalyzed C—H bond acti-
vation has been observed.'® Nevertheless the development
of effective C—S bond formation reactions is still under-
developed compared to C—N'! and C—0'? bond forma-
tion. Until very recently, several representative examples
were reported by Doi and Dong involving intra- and
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intermolecular reactions to generate the C—S bond.'?
Quinoline N-oxides are widely present in biologically
active compounds,'* and they are important intermediates
for the syntheses of substituted quinoline as motifs in
biologically active compounds.'> Moreover, N-oxide
could serve as a directing group and allow C—H function-
alization to occur at the 2-position.'® In our continuing
effort to develop versatile C—X (X = C, O, S, N) bond
formations based on metal-catalyzed C—H activation of
quinoline N-oxides,'” we embarked on the development of
C—-S bond formation. Herein, we disclose a highly prac-
tical procedure to build 2-aryl sulfonyl quinolines in one
step from quinoline N-oxides with aryl sulfonyl chloride
catalyzed by a cheap metal, copper.

We initiated our investigation on the model reaction of
quinoline N-oxides with p-tolylsulfonyl chloride to opti-
mize the critical reaction parameters (Table 1). To our
delight, the direct C,-sulfonylation took place in the pres-
ence of Pd(OAc), (10 mol %) and K,COj3 (2 equiv) in
toluene under air, affording compound 3a in 47% yield
(entry 1, Table 1). Compound 3a was identified by 1D and
2D NMR spectra. Inspired by this result, various catalysts,
such as PdCl,, Pd(PhCN),Cl,, Pd(PPh;),Cl,, Pd(TFA)s,,
Cul, CuCl, and CuBr, were screened (entries 1—8, Table 1).
10 mol % Cul provided product 3a in the highest yield
(73%, entry 8, Table 1). A 41% yield was obtained in the
absence of catalyst (entry 9, Table 1). It was found that
the solvent played a crucial role in this transformation.
Among the solvents examined (toluene, dioxane,
C,Hs;OH, NMP, DMAc¢, CH;CN, DME, DCE, DMA,
and DMF, entries 10—18, Table 1), DCE was the best,
affording 3ain 91% yield (entry 18, Table 1). The base also
played an important role in the reaction. No product was
detected in the absence of any base (entry 26, Table 1).
K,CO; was superior to other bases, such as Na,COs,
NaHCO3, KHCO3, C52C03, CSF, KOAC, and Et3N
(entry 18 vs entries 19—25, Table 1). The yield decreased
to 79% when the catalyst loading was reduced to 5 mol %
from 10 mol % (entry 27, Table 1). After surveying a
variety of catalysts, bases, solvents, and catalyst loadings,
we found that the combination of 10 mol % of Cul and
2 equiv of K,CO5 in DCE at 100 °C for 24 h served as the

(12) (a) Jiang, T. S.; Wang, G. W. J. Org. Chem. 2012, 77, 9504. (a)
Guin, S.; Rout, S. K.; Banerjee, A.; Nandi, S.; Patel, B. K. Org. Lett.
2012, 14, 5294.

(13) (a) Inamoto, K.; Hasegawa, C.; Hiroya, K.; Doi, T. Org. Lett.
2008, /0, 5147. (b) Inamoto, K.; Arai, Y.; Hiroya, K.; Doi, T. Chem.
Commun. 2008, 43, 5529. (¢) Zhao, X. D.; Dimitrijevié, E.; Dong, V. M.
J. Am. Chem. Soc. 2009, 131, 3466.

(14) Stich, H. F.; San, R. H. C.; Kawazoe, Y. Nature 1971, 229, 416.

(15) Xi,P.H.; Yang, F.; Qin, S.; Zhao, D. B.; Lan,J. B.; Gao, G.; Hu,
C.W.;You,J. S. J. Am. Chem. Soc. 2010, 132, 1822.

(16) (a) Campeau, L. C.; Rousseaux, S.; Fagnou, K. J. Am. Chem.
Soc. 2005, 127, 18020. (b) Leclerc, J. P.; Fagnou, K. Angew. Chem., Int.
Ed. 2006, 45,7781. (c) Cho, S. H.; Hwang, S. J.; Chang, S. J. Am. Chem.
Soc. 2008, 130, 9254. (d) Campeau, L. C.; Schipper, D. J.; Fagnou, K.
J. Am. Chem. Soc. 2008, 130, 3266. (¢) Wu, J. L.; Cui, X. L.; Chen, L. M.;
Jiang, G.J.; Wu, Y. J. J. Am. Chem. Soc. 2009, 131, 13888. (f) Campeau,
L. C.; Stuart, D. R.; Leclerc, J. P.; Bertrand-Laperle, M.; Villemure, E.;
Sun, H. Y.; Lasserre, S.; Guimond, N.; Lecavallier, M.; Fagnou, K.
J. Am. Chem. Soc.2009, 131,3291. (g) Xiao, B.; Liu, Z.J.; Liu, L.; Fu, Y.
J. Am. Chem. Soc. 2013, 135, 616.

(17) Wu, J. L.; Cui, X. L.; Chen, L. M.; Jiang, G.J.; Wu, Y. J. J. Am.
Chem. Soc. 2009, 131, 13888.

1271



optimal conditions for this transformation. These results
indicated that this transformation was facile and practical,
as it did not require the use of strong bases, an expensive
catalyst, and the rigorous exclusion of air.

Table 1. Direct 2-Sulfonylation of Quinoline N-Oxide with
p-Tolylsulfonyl Chloride

N %o
o+ ci—s? __catalyst, base @(j\
N Q solvent s:
| / \

[

o o
1a 2a 3a
entry catalyst base solvent yield (%)°
1 Pd(OAc), K,CO;3 toluene 47
2 PdCl, KyCO3 toluene 60
3 Pd(PPh3)2Clz KzCO3 toluene 55
4 Pd(PhCN),Cly KsCO3 toluene 61
5 Pd(TFA), K,CO3 toluene N.R.
6 CuCl K,COs3 toluene 72
7 CuBr KyCO3 toluene 62
8 Cul K,;COs3 toluene 73
9 - K,CO;3 toluene 41
10 Cul KsCO3 dioxane N.R.
11 Cul KyCO3 DMF N.R.
12 Cul KyCO3 NMP N.R.
13 Cul KyCO3 DMAc N.R.
14 Cul KyCOg3 CH3CN N.R.
16 Cul KyCO3 DME N.R.
17 Cul KyCO3 C,H;OH N.R.
18 Cul K;COg3 DCE 91
19 Cul KHCO; DCE 23
20 Cul Na2C03 DCE 58
21 Cul NaHCOj3 DCE 31
22 Cul Cs2CO3 DCE 81
23 Cul CsF DCE <5
24 Cul KOAc DCE 38
25 Cul Et;N DCE <5
26 Cul - DCE N.R.

“ Reaction conditions: 1a (0.2 mmol), 2a (0.8 mmol), catalyst (10 mol %)
and base (2 equiv), solvent (3 mL), under air, 100 °C, 24 h, sealed tube.
bTsolated yields. ¢ Catalyst (5 mol %).

With the optimized reaction conditions in hand, the
scope of substrates was examined. The results were sum-
marized in Figure 2. A series of functional groups on the
phenyl ring of sulfonyl chlorides were tested. Both the
electron-donating and -withdrawing groups were compat-
ible. The products were isolated in 61—91% moderate to
excellent yields (3a—3i, Figure 2). Generally, the reaction
efficiency was slightly sensitive to the electronic property of
the sulfonyl chlorides. Electron-donating compared to
electron-withdrawing groups gave slightly higher yields.
The quinoline N-oxide derivatives with electron-donating
methyl groups at the 4- and 6-positions smoothly under-
went sulfonylation at the 2-position with arenesulfonyl
chlorides (3j—3o, Figure 2). This catalytic system was also
applied to isoquinoline N-oxide. However, C4-substituted
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product 3p was obtained in 88% yield (Scheme 1). No
products were afforded when N-oxides derived from pyr-
azine, pyrimidine, 1-methyl-imidazole, pyridine, and their
derivatives were utilized as the substrate.
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Figure 2. Copper-catalyzed sulfonylation of quinoline N-oxides.
Reaction conditions: 1 (0.2 mmol), 2 (0.8 mmol), Cul (10 mmol %),
K,COj3 (0.4 mmol), DCE (3 mL), under air, 100 °C, 24 h, sealed
tube. Isolated yields.

Scheme 1. Copper-Catalyzed Sulfonylation of Isoquinoline
N-Oxide

Qo Cul (10 mol %) o

4 J
N0 c—%7 K2COs (2 equiv) SN
* y =
Z @ DCE, 100°C, 24 h
/SAQ
“
%

3p, 88%

A plausible reaction mechanism was outlined according
to the literature and reaction results in Scheme 2. First, the
Cul electrophilic attack at the 2-carbon of the quinoline
N-oxides afforded intermediate A.'® The following oxida-
tive addition of arene sulfonyl chloride to the intermediate
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Scheme 2. Plausible Reaction Mechanism
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A formed the Cu(III) intermediate B.'"” Then, the inter-
mediate B produced intermediate C with coordination of
the copper atom with the oxygen atom of N-oxide. Finally,

Org. Lett, Vol. 15, No. 6, 2013

the intermediate C provided the target product as well as
CuCl. Then CuCl underwent an anion exchange process
and regenerated the Cul to finish the catalytic cycle.

In conclusion, an efficient approach for the direct
C,-sulfonylation of quinoline N-oxides has been developed
based on a copper-catalyzed C—H bond activation. This
novel method provides easy access to sulfonylated hetero-
cyclic compounds using commercially available, inexpen-
sive aryl sulfonyl chlorides as the sulfonylation reagents
and cheap copper as the catalyst.
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