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One-pot access to sulfonylated naphthalenediols/
hydroquinones from naphthols/phenols with
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’ '.) Check for updates ‘

Cite this: DOI: 10.1039/d0nj05285j

Lingxin Meng,® Ruike Zhang,® Yugiu Guan,” Tian Chen,’® Zhigiang Ding,®
Gongshu Wang,? Aikebaier Reheman,*® Zhangpei Chen (2 ** and Jianshe Hu{?
A one-pot method towards sulfonylated hydroquinones/naphthalenediols in an aqueous medium has
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been developed with up to 97% yield. The whole reaction requiring no transition-metal catalysts could
proceed smoothly with hypervalent iodine compounds as the oxidant. Both naphthols and phenols were
viable with inexpensive and readily available sodium sulfinates as the sulfonylation reagents under an
ambient atmosphere. This procedure is scalable, and the products could be easily obtained without
column chromatography isolation.
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Introduction

Naphthalenediol and hydroquinone derivatives are important struc-
tural motifs and omnipresent in many bioactive pharmaceuticals,
agricultural drugs, dyestuffs, antioxidants, and materials." Among
them, the sulfone-containing hydroquinones have been found to
possess potential pharmacological activities.> As depicted in Fig. 1,
sulfone-containing hydroquinones 2-tosylnaphthalene-1,4-diol A
and 2-tosylbenzene-1,4-diol B are potent inhibitors of p-Ketoacyl-
ACP-synthase III (FabH), an essential condensing enzyme in bacter-
ial fatty acid bio-synthesis.? The alkylsulfuryl diverged hydroquinone
C is the inhibitor of coenzyme Q systems* and the quinoline based
sulfones D exhibited good activities as liver X receptor agonists.’
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Fig.1 Examples of bioactive sulfone-containing naphthalenediols and
hydroquinones.
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Consequently, the preponderance of sulfone-containing
hydroquinones has expedited the exploration of reliable meth-
ods for their preparation.® Some classical approaches include
oxidation of sulfides and electrophilic sulfonylation of arenes.”
However, the limited substrate scope and tedious synthesis of
the starting materials impeded their further applications. Sub-
sequently, the method of conjugate addition of arylsulfinic acids
to benzoquinones in ionic liquid solvents was developed by
Yadav and co-workers (Scheme 1a).® Similarly, the addition
reactions of arylsulfinic salts with benzoquinones were also
achieved by using trifluoroacetic acid (TFA) or NH,I as the
promoter, respectively (Scheme 1b).>'° In 2017, the Wu group
developed Cu and Mn synergistically facilitated sulfonylation of
quinones with aryl(alkyl)sulfonyl hydrazides as the sulphur
source (Scheme 1c).'* In the same year, Wei and co-workers
found that water and heat could also promote this transforma-
tion, providing the desired sulfonylated products with moderate
to excellent yields."” Another approach was based on transition-
metal-catalyzed C-H sulfonylation of quinones with copper,
rhodium, palladium, and iridium as the catalyst and sulfonyl
chloride as the sulphur source, and then followed by reduction
(Scheme 1d)."* Although these reported procedures are generally
reliable, the development of more efficient and greener synthetic
approaches to versatile sulfone-containing hydroquinones still
remains highly desirable.

Considering that the quinones are generally obtained by oxidation
of hydroquinones,' directly converting hydroquinones into the corres-
ponding sulfonylated hydroquinones in one-step would provide an
efficient, step-economic and attractive protocol for these compounds.
Herein, we report our findings toward the construction of various
sulfonylated naphthalenediols and hydroquinones from naphthols or
phenols with sodium sulfinates in an aqueous medium (Scheme 1e).
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Scheme 1 Synthetic strategies for sulfonylated naphthalenediols or
hydroquinones.

Results and discussion

Our initial study began with the sulfonylation reaction between the
1-naphthalenol 1a and sodium 4-methylbenzenesulfinate 2a as
model substrates to optimize the reaction conditions (Table 1).
The easy available and widely used (diacetoxyiodo)benzene (PIDA)
was selected as the in situ oxidant to facilitate the one-pot reaction.
As shown in entry 1, when we mixed 1a and PIDA in water for 1 h
first, then added 1.2 equivalent of 2a to the mixture and stirred the
reaction for another hour, the desirable product 3a was obtained
with 28% isolated yield. Subsequently, we carefully studied the
solvent effects on the yields, including the mixture solvents of
methanol (MeOH), dichloromethane (DCM), dimethylsulfoxide
(DMSO) and acetonitrile with water (entries 2-5). To our delight,
with the employment of CH;CN/H,O (volume ratio 2:1) as the
reaction medium, the reaction could proceed smoothly, providing
3a with 76% yield. However, further altering the volume ratio of
acetonitrile and water failed to promote the yield (entries 6 and 7).
It is worth mentioning that subjecting the substrates with PIDA in
one portion to the solvent and stirring the mixture for 4 h could
also obtain the desired product with a slightly lower yield of 66%
(entry 8). Then, we investigated the effect of other oxidants on the
yield of this sulfonylation, including 3-chloroperoxybenzoic acid
(m-CPBA), [bis(trifluoroacetoxy)iodo]benzene (PIFA), H,O,, K,S,05
and tert-butyl hydroperoxide (TBHP), and the PIFA showed the best
result of 80% yield (entries 9-13). Disappointingly, prolongation of
the reaction time failed to increase the yield, and this may be
attributed to the favouring of side reactions according to the
previous results (entry 14)."* Documents have demonstrated that
acids or bases could promote sulfonylation reactions;™"” therefore,
we turned our attention to evaluating the effects of various
additives (entries 15-20). After a systematic screening, the com-
monly used hydrochloric acid was proven as the best choice,
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Table 1 Condition optimization

OH
(1) Oxidant (2.2 eq.), Solvent, 1 hor 0.5 h OO \C
I some
(2) Additive, Time, rt. OH
1a " 2a(1.2eq) 3a
€

Entry” Oxidant Solvent Additive Time (h) Yield® (%)
1 PIDA H,O — 1 28
2 PIDA MeOH:H,0=2:1 — 1 50
3 PIDA DCM:H,0=2:1 — 1 22
4 PIDA DMSO:H,0=2:1 — 1 37

5 PIDA CH,CN:H,0=2:1 — 1 76
6 PIDA CH,CN:H,0=1:1 — 1 70
7 PIDA CH,CN:H,0=1:2 — 1 68
g PIDA CH,CN:H,0=2:1 — 1 66
9 m-CPBA CH,CN:H,0=2:1 — 1 20
10 PIFA CH;CN:H,0=2:1 — 1 80
11 H,0, CH,CN:H,0=2:1 — 1 N.R.
12 K,S,05 CHsCN:H,0=2:1 — 1 N.R.
13 TBHP CH3;CN:H,0=2:1 — 1 N.R.
14 PIFA CH;CN:H,0=2:1 — 5 82
15 PIFA  CH,CN:H,0=2:1 CH,;COOH 3 89
16 PIFA CH;CN:H,O0 =2:1 TFA 3 89
17 PIFA CH3;CN:H,0 =2:1 TsOH 3 89
18 PIFA  CH,CN:H,0=2:1 Et;N 3 80
19 PIFA CH;CN:H,O0 =2:1 NaHCO; 3 74
20  PIFA  CH,CN:H,0 =2:1 HCI (aqua.) 3 91
219  PIFA  CH,CN:H,0=2:1 HCI (aqua.) 3 85

¢ Reaction conditions: 1a (0.30 mmol), oxidant (0.66 mmol, 2.2 equiv.),
and solvent (3.0 mL) were added to a flask and stirred at room
temperature for 1 h under air; then the additive (0.30 mmol, 1.0 equiv.)
and 2a (0.36 mmol, 1.2 equ1v) were added, and the mixture was stirred
for another certain time to generate the product b Isolated yields after
column chromatography; N.R. means no reaction. ¢ 1a, 2a, solvent and
the oxidant were added together and the mixture was stirred for 4 h.

4 Reaction time of the oxidation process (step 1) was reduced to 0.5 h.

providing 3a with 91% yield (entry 20). Notably, reducing the
oxidation process to 0.5 h, the yield decreased slightly, providing
3a in 85% yield (entry 21). Thus, the optimized reaction conditions
were established as 1a (1.0 equiv.), PIFA (2.2 equiv.) and CH;CN/
H,0 = 2:1 (3.0 mL), stirred for 1 h first and then aqueous HCI
(1.0 equiv.) and 2a (1.2 equiv.), stirred for another 3 h at room
temperature.

After establishing the optimal conditions, we examined the
substrate scope of this sulfonylation reaction and the results
are summarized in Scheme 2. Gratifyingly, a variety of sodium
arylsulfinates were smoothly coupled to the 1-naphthalenol
scaffold, delivering the corresponding sulfonylated naphthalene-
diols in 78-96% yields (3a-h). Various substituents on the
phenyl group of sodium arylsulfinate are tolerated in this
reaction, including tertiary butyl, trifluoromethyl, and halogen.
The electronic properties of the substituted groups in the
phenyl group of sodium arylsulfinates had little effect on the
reactivity and a phenyl group bearing an ortho-fluorine atom
was also tolerated giving 94% isolated yield (3h). It was noted
that the sulfonylation reaction with alkyl substituted sodium
sulfinates also occurred with high yields (3i-j). Significantly,
the sulfonylation of various phenols was also viable (3k-r). For
phenols, the scope of sodium arylsulfinates, including phenyl
groups bearing various electron-donating groups or electron-
withdrawing substituents, proved to be broad, and all of the
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Scheme 2 Substrate scope of one-pot sulfonylation reactions®?. ?Reaction
conditions: phenols 1 (0.30 mmol), PIFA (0.66 mmol), CHsCN:H,O =2:1
(3.0 mL), r.t., air, 1 h, and then aqueous HCL (0.30 mmol), sodium sulfinate 2
(0.36 mmol), r.t, air, 3 h. ? Isolated yields after column chromatography.
€ 4.0 equiv. of sodium 4-methylbenzenesulfinate 2a, 80 °C.

corresponding products were isolated in 68-77% yields.
Notably, the nitro group remained intact in this reaction,
leading to the sulfonylated product 3o with 74% yield. In
addition, the transformation with alkyl substituted sodium
sulfinate also worked well, affording the desired product
in 72% yield (3p). Moreover, dimethyl substituted phenol
2,5-dimethylphenol was also demonstrated as a suitable substrate,
affording the corresponding sulfonylated product 3q in 80%
yield; meanwhile, with a higher temperature and an excessive
amount of sulfonylation reagent, the 2,6-dimethylphenol could
also be transformed into the corresponding product 3r in
68% yield.

To further simplify the sulfonylation procedure, the transfor-
mation of hydroquinone 4 with sodium sulfinates was conducted
in one step. By introducing PIDA as the oxidant and water as the
solvent, the whole reaction proceeded immediately after charging
all reagents in one flask together (conditions optimization see
ESIY). As shown in Scheme 3, a variety of aryl and alkyl substituted
sodium sulfinates were smoothly coupled with the hydroquinone
and furnished the corresponding products in good to excellent
yields (70-97%). It was noted that the best result of 97% yield
was achieved when sodium 4-methylbenzenesulfinate 2a was
employed as the sulfonylation reagent.
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Scheme 3 Sulfonylation reactions with hydroquinone 4%°. “PIDA
(0.33 mmol), hydroquinone 4 (0.30 mmol), H,O (3.0 mL), aqueous HCl
(0.30 mmol) and sodium sulfinate 2 (0.36 mmol) were added to a flask and
stirred at room temperature for 5 min under air. © Isolated yields.
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Scheme 4 Sulfonylation of 4-methoxyphenol in water.

Interestingly, on exposure of 4-methoxyphenol 5 to the mixture
of PIDA, sulfonylnation reagent and aqueous HCI, the product 31
was achieved in 61% yield (Scheme 4). According to the litera-
ture,'® this result may be ascribed to the effect of solvent. Water
was supposed to be involved in the oxidization process, the
excessive amount of H,O promoted the formation of p-quinone
and was then followed by sulfonylation with sodium sulfinates to
afford the product 31.

To further estimate the application possibility, the gram-
scale synthesis studies were carried out. As shown in Scheme 5,
both 1-naphthalenol 1a and hydroquinone 4 were transformed

OH
(1) PIFA (2.2 eq.), CHsCN/H,0, 1 h
OO (2) 2a (1.2 eq), HCl (aqua.), 3 h, r.t. \©\
1a
1.46 g (10 mmol)

OH
PIDA (1.1 eq.) g
HCI
N SO,Na (aqua 6
H,0, 10 min, rt.
Me
OH

2a (1.2 eq) 3l
2.56 g, 97% yield

2864, 91% yield

4
1.23 g (10 mmol)

Scheme 5 Gram-scale synthesis.
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into the corresponding products successfully with excellent
yields under the optimized conditions, respectively. Signifi-
cantly, the products could be easily isolated through a simple
work-up process of filtration, washing with water and hexane.

Conclusions

To sum up, we have developed a one-pot method towards various
sulfonylated hydroquinones and naphthalenediols in an aqueous
medium with up to 97% yield. This metal-free transformation
occurred smoothly with hypervalent iodine compounds as the
oxidant. Both naphthols and phenols were viable with inexpensive
and readily available sodium sulfinates as the sulfonylation
reagents under an ambient atmosphere. This procedure is scal-
able, low-cost, experimentally simple, and the products could be
easily obtained without column chromatography isolation. Further
investigations of the synthesis and utility of these sulfonylated
compounds are underway in our lab.
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