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alyzed synthesis of aryl sulfonate
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A simple and efficient approach is established for the iodobenzene-catalyzed synthesis of aryl sulfonate

esters from aminoquinolines via remote radical C–O cross-coupling in the absence of any transition

metal catalysts. This unexpected reaction reveals superior reactivity, target products are obtained in

good to excellent yields at room temperature.
Introduction

Aryl sulfonate esters are always deemed as attractive molecules
for chemical researchers due to their special bioactivities.1

Additionally, sulfonate esters are oen used as functional
groups or substrates in photochemistry,2 materials3 and
synthetic chemistry.4 Hence, valid approaches for the synthesis
of these signicant bioactive compounds containing sulfonate
ester blocks are highly valuable (Fig. 1).
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Traditionally, aryl sulfonate esters are generally synthesized
by reacting an appropriate sulfonyl chloride with the suitable
alcohol or phenol in view of the direct transformation of
sulfonic acid to the corresponding sulfonate esters is indeed
difficult to full (Scheme 1). These protocols, however, oen
suffer from a lot of limitations,5 such as harsh reaction condi-
tions, dreary reaction routines, numbers of side reactions and
low yields. Therefore, the conventional and available substrates
direct convert into valuable aryl sulfonate esters products
through C–H sulfonation is undoubtedly an efficient and energy
saving method.6

Recently, the advance of C–O bond formation via C–H bond
functionalization has attracted much attention.7 Majority of the
researches on regioselective C–O bond formation are almost
limited to hydroxylation.7a–f acetoxylation,7g–k benzoxylation7l–n

and etherication.7o–s Despite these great advances, these
methods generally undergo metal catalysts, high reaction
temperatures, and acid or basic additives.
Scheme 1 Approaches towards the synthesis of aryl sulfonate esters.
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Quinolines are prevalent in many natural products and
pharmaceuticals.8 For this purpose, plenty of investigations
were proceeded employing quinolines as building blocks.9

Especially, the functionalization of quinolines on C5 position
has also got a lot of attention lately.10 However, most of these
kinds of reactions were relying on metal catalysts including
Fe,10a Co,10b Ni,10c Cu,10d–n Ag10o and Pd.10p Although various
reactions including carbon–carbon and carbon–heteroatom
bonds cross-coupling have been reported, the methodology for
the C-5 selective formation of C–O bond under transition-metal-
free condition has never been established.

In consideration of the importance of aryl sulfonate esters
and quinolines, a much more simple and efficient C–O bond
formation method is required to access these worthy sulfonate
esters. Importantly, no metal catalyst was required in the
procedure.11 As we have seen, the direct sulfonation of quino-
lines on C5 position with aryl or alkyl sulfonic acids has not yet
been achieved. Herein we report the rst example of the
synthesis of aryl sulfonate esters through iodobenzene-
catalyzed direct sulfonylation of aromatic compounds with
aryl or alkyl sulfonic acids in the presence of peracetic acid as
a terminal oxidant at room temperature.

Results and discussion

Firstly, 8-aminoquinoline 1a and p-toluenesulfonic acid 2a were
selected as a model compound to explore the optimized reac-
tion conditions with iodine(III) at room temperature (Table 1).
Interestingly, omission of metal catalyst and running the
Table 1 Screening of reaction conditions for C–O couplinga

Entry PhIX2 (equiv.) Oxidant Solvent Yieldb/[%]

1 PhI(OAc)2 (2) — Dioxane 68
2 PhI(TFA)2 (2) — Dioxane 75
3 PhI (0.2) m-CPBA Dioxane 26
4 PhI (0.2) TBHP Dioxane 0
5 PhI (0.2) H2O2 Dioxane 0
6 PhI (0.2) CH3CO3H Dioxane 42
7 PhI (0.2) K2S2O8 Dioxane Trace
8 PhI (0.2) CH3CO3H Toluene 37
9 PhI (0.2) CH3CO3H DCM 0
10 PhI (0.2) CH3CO3H MeCN 15
11 PhI (0.2) CH3CO3H HFIP 93
12 PhI (0.2) CH3CO3H HFIP 81c

13 PhI (0.2) m-CPBA HFIP 85
14 PhI (0.1) CH3CO3H HFIP 71
15 PhI (0.2) — HFIP 0

a Reaction conditions: 1a (0.2 mmol), 2a (1.5 equiv.), PhIX2 (X equiv.),
oxidant (1.0 equiv.), solvent (1.0 mL), stirred at rt, 1 h, under air, m-
CPBA ¼ m-chloroper benzoic acid, TBHP ¼ tert-butyl hydroperoxide,
HFIP ¼ 1,1,1,3,3,3-hexauoro-2-propanol. b Isolated yields. c Stirred at
50 �C.

This journal is © The Royal Society of Chemistry 2017
reaction in dioxane under air was successful when 2 equivalents
of phenyliodine diacetate (PIDA) or phenyliodonium
bis(triuoro-acetate) (PIFA) were used as oxidant (entry 1 and
entry 2, Table 1). Then we tried to promote the C–O coupling by
in situ generated PIDA by using PhI (0.2 equiv.) as an iodine
source with m-CPBA (1.0 equiv.) as an oxidant product 3a was
obtained only in a 26% yield (entry 3, Table 1). To further
improve the yield, various oxidants, including TBHP, H2O2,
CH3CO3H and K2S2O8 were examined, and CH3CO3H increased
the yield of 3a to 42% (entries 4–7, Table 1). We then studied the
solvent effect on the reaction and found that the solvents such
as toluene, DCM, DMSO, MeCN and HFIP have signicant
effects on the reaction (entries 8–11, Table 1). Delightedly, the
yield was up to 93% by using HFIP as solvent (entry 11, Table 1).
The reaction was moderately sensitive to temperature, with
poorer results obtained at higher temperatures (entry 12, Table
1). Whenm-CPBA was used as oxidant, the sulfonated quinoline
amide was obtained in a lower yield (entry 13, Table 1). Lastly,
we reduced the amount of PhI from 20 mol% to 10 mol%, the
yield of the isolated product dropped to 71% (entry 14, Table 1)
and no product was detected in the absence of oxidant (entry 15,
Table 1).

With the optimal condition in hand, then the scope of
sulfonic acids was tested (Table 2). Numbers of sulfonic acids,
including aliphatic and aromatic sulfonic acids revealed excel-
lent reactivity, corresponding products were gained in good to
excellent yields. Aryl sulfonic acids such as benzenesulfonic
acid, p-chloro benzenesulfonic acid and b-naph-
thalenesulphonic acid converted to the corresponding products
in 94%, 92% and 90% yields, respectively (3b–c). Allyl sulfonic
acid and methanesulfonic acid are suitable substrates for this
Table 2 Substrate scope of sulfonic acida

a Reaction conditions: 1a (0.2 mmol), 2 (1.5 equiv.), PhI (20 mol%),
CH3CO3H (1.0 equiv.), HFIP (1.0 mL), stirred at rt, 1 h, under air,
isolated yields.
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Scheme 2 Investigation of steric hindrance effect on the reaction.
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transformation (3e, 3f). Excitedly, triuoro methanesulfonic
acid also revealed good reactivity, and desired product was got
in satisfactory yield (3g).

Subsequently, the reaction generality was investigated with
various 8-amino quinolines. The results are summarized in Table
3 and this transformation demonstrated remarkable functional
group tolerance. N-(Quinolin-8-yl)benzamide with multifarious
substituted groups such as Me, Ph, Cl and NO2 on the benzene
rings proved higher reactivity, and the desired products (3h–n)
were received in good yields. The carboxamides with aliphatic
group (t-butyl, cyclohexyl, phenylethyl) and heterocyclic ring (2-
furyl, 2-pyridyl, 2-thienyl, tetrahydro-2-furyl) equipped C5-
sulfonated quinolines amides (3o–u) in high yields. Moreover,
N-(quinolin-8-yl)benzamide with Me and MeO on the quinoline
rings also revealed reasonable reactivity (3v–w). Sadly, the
substrate with hydroxyl group could not translate into relevant
product due to the inuence of reactive hydrogen (3x).

To prove the high reaction activity and selectivity of this
method still further, the reactants with bigger steric hindrance
such as camphorsulfonic acid (2j) and ethyl 8-benzamido-4-
chloroquinoline-3-carboxylate (1s) were tested, respectively
(Scheme 2a). The moderate to good yields of products 3y and 3z
were obtained. And the molecular structures were further
conrmed by X-ray crystallography. Critically, sulfonated qui-
nolone derivate 3z was got in valuable yield (Scheme 2b), which
with a potentially broader range of uses in biological and
Table 3 Substrate scope of quinoline amidea

a Reaction conditions: 1 (0.2 mmol), 2a (1.5 equiv.), PhI (20 mol%),
CH3CO3H (1.0 equiv.), HFIP (1.0 mL), stirred at rt, 1 h, under air,
isolated yields.

49438 | RSC Adv., 2017, 7, 49436–49439
pharmacological elds. In addition, given the easy availability
of the raw materials and the operational simplicity of this metal
free method, we performed the reaction on a gramscale
obtaining the sulfonic acid ester 3a in 88% yield (Scheme 2c).
Conclusions

We have developed an efficient protocol for the iodobenzene-
catalyzed synthesis of aryl sulfonate esters from aminoquino-
lines via remote radical C–O cross-coupling in the presence of
peracetic acid as a terminal oxidant at room temperature. This
C–O coupling reaction proceeds under simple and mild condi-
tions, reveals high efficiency and affords the sulfonated prod-
ucts in good to excellent yields with high selectivity.
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