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An atom-economic sulfonylation of unsaturated benzylic alcohols
in water is described. In this transformation, dual roles of sulfonyl
hydrazides serving as both sulfonyl source and reductant have
been demonstrated, which enabled a facile and green method to
synthesize alkyl sulfones from unsaturated benzylic alcohols.
Moreover, this approach provides a practical access to deuterated
alkanes from the corresponding alkenes by employing the
combination of sulfonyl hydrazides and the solvent D,0.

Atom economy is regarded as one of the most important
principles of green chemistry, which generally requires
maximal incorporation of all materials used in the process into
the final product.1 In other words, fully utilizing an organic
reagent in the transformations is the ultimate goal of organic
chemists. Given this requirement in modern organic chemistry,
recent efforts have focused on the exploitation of multiple
functions of a versatile reactant in a single reaction.’ Among
various synthetically useful reagents, sulfonyl hydrazides have
been extensively explored to construct sulfonyl- or sulfenyl-
containing compounds,3"5 which are prevalent in diverse
biologically valued molecules.® However, in most of these
protocols, sulfonyl hydrazides were always treated as the
sulfonylating or sulfenylating reagents, the functions of
hydrazine moiety in sulfonyl hydrazides were not used
simultaneously. In 2014, the dual functions of sulfonyl
hydrazides was reported by Wan and coworkers in a cobalt-
catalyzed reaction to access fully substituted pyrazoles
(Scheme 1).2 Dispite this advance, the development of new
reactions exploiting the multifunctions of sulfonyl hydrazides
in a green manner is still highly desired.
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Scheme 1 The dual roles of sulfonyl hydrazides in the synthesis of substituted pyrazoles.

Sulfonylation of alcohols as a conventional approach to
construct sulfones typically needs preactivation of hydroxy
group into halide or mesylate.7 To avoid the tedious steps,
direct sulfonylation of alcohols catalyzed by Pd(ll) or Fe(lll) was
disclosed by Chandrasekhar® and Sreedhar groupsg,
respectively (Scheme 2a). Tian and coworkers also described a
byproduct-catalyzed sulfonylation of benzylic and allylic
alcohols using sulfinyl chlorides as the sulfonylating reagents
(Scheme 2b).10 Promoted by these backgrounds together with
the reported results that sulfonyl hydrazides could serve as
reduc:tants,11 we envisioned that the dual roles of sulfonyl
hydrazides would be achieved for the reaction with
unsaturated alcohols (Scheme 2c). Herein, we report a catalyst
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Scheme 2 Direct sulfonylation of benzylic alcohols.
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free sulfonylation and simultaneous reduction of unsaturated
benzylic alcohols with sulfonyl hydrazides to furnish a wide
array of alkyl sulfones in water."> Moreover, this protocol also
provides a practical route to access deuterated alkanes from
the corresponding alkenes with the combination of sulfonyl
hydrazides and the solvent D,0.

Initially, the solvent effect on the direct sulfonylation of
unsaturated alcohol 1a with p-toluene sulfonhydrazide 2a was
investigated. As shown in the Table 1, the protonic solvent
ethanol and water proved to be superior to other solvents
(3aa). To conduct the reaction in a greener version, the
environmentally benign water was chose as the optimal
solvent. With these optimized conditions identified, the scope
of benzylic alcohols was examined in the direct sulfonylation
reaction (Table 1). Firstly, a range of readily accessible ortho-
hydroxyl substituted homoallylic alcohols were tested. It was
found that the reaction performance is largely independent
from the arene substitution pattern in the substrates. For
instance, electron-rich substituents as well as bromide group
at the aryl group are well tolerated delivering the products
3aa-3fa with moderate to excellent vyields. Ortho-amino
substituted substrate also tolerated well to furnish the product
3ga in 87% yield. Changing the hydroxyl group to para position
led to formation of product 3ha in 73% vyield. Replacing of
hydroxyl group with dimethyl amino group gave the
corresponding product 3ia in 75% yield.

Table 1 The scope of unsaturated alcohols in the direct sulfonylation.

OH Ts
)\/\ H,0 (2.5 mL) )\/\
A XN+ Ts—NHNH, Ar
120°C, 12h
0.5 mmol 1 mmol
2a 3

Solvent: H,0, 82% yield
EtOH, 81% yield
THF, trace
Tol, trace

Ts
Ph\d\/\
OH

3da, 70% yield

Ts
@i:A

3aa, 82% yield

Ts
MeO\@f\/\
OH

3ca, 93% yield

3ia, 75% yield

3ba, 78% yield

Ts
OH

3ea, 75% yield

3fa, 81% yield 3ga, 87% yield 3ha, 73% yield

9The reaction of 1 (0.5 mmol) with 2a (1 mmol) was performed in water at 120 €
for 12 h. The product was isolated by column chromatography.

Subsequently, we probed the generality of sulfonyl
hydrazides in the reaction with the homoallylic alcohol 1a. As
shown in Table 2, the reaction was tolerant of electronically
and sterically diverse substituents on the phenyl ring, giving
sulfones 3ab-3am in 65-90% vyields. The multiple substituted
sulfonyl hydrazides proved to be compatible in this reaction,
providing the desired products 3an and 3ao in 62% and 67%
yields, respectively. Additionally, the fused ring substituted
product 3ap was also readily afforded in 83% vyield. It is
noteworthy that aliphatic hydrazide was also a suitable
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substrate under the standard conditions, affording othe
corresponding product 3aq in 63% yield. DOI: 10.1039/C7GC01847A

Table 2 The scope of sulfonyl hydrazides in the direct sulfonylation.’

§
OH OH 0=s=0
+ ReNninp, eO@SmL)
N i ? T420°C, 12h
0.5 mmol 1 mmol OH
1a 2 3
O/ n-Pr
0=s=0 S= 0=s=0

§
C?

©f\/\

3ad, 80% yield

3ae, 71 % yleld

:

0=S=0 0=8=0

cL

3ai, 70% yield

OH

3ab, 78% yield 3ac, 72% yield

t-Bu OCF3

O 8

Rio.
i

3af, 78% yield 3ag, 65% yield 3ah, 65% yield

CF3

O
~-

0=8S=0 0=8=0

&
CEK/\

3am, 75% vyield

S

O—S—O

't
it
C?@

OH

3aj, 90% yield 3ak, 67% yield 3al, 70% yield

cl FsC.

Cl

3e
<
%

0=S=0 = O—S—O

o
193
|

R
C?

- OH OH

3an, 62% yield 3ao0, 67% yield 3ap,83% yield 3aq, 63% yield

9 The reaction of 1a (0.5 mmol) with 2 (1 mmol) was performed in water at 120 €
for 12 h. The product was isolated by column chromatography.

In order to expand the utility of this methodology,
homopropargyl, allyl and non-allyl alcohols were also tested
under the standard conditions (Scheme 3). For homopropargyl
alcohol 4, the reaction underwent smoothly to give alkyl
sulfone 3aa in 63% yield; In the case of non-allylic alcohol 5,
the corresponding sulfone 6 was obtained in 71% vyield. With
respect to the allyl alcohol 7, an unexpected reductive
dehydroxy alkane 8 was obtained with 80% vyield. This
exceptional result might be attributed to the conjugation
effect of the olefin moiety.

This journal is © The Royal Society of Chemistry 20xx
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Scheme 3 Other types of substrates.

To shed light on the reaction mechanism, control
experiments were performed as shown in Scheme 4. First, the
reactant sulfonyl hydrazide was replaced with sulfinic acid 9 to
investigate the possible intermediate in the reaction (Scheme
4a). A direct sulfonylation product 10 was detected without
reduction of the carbon-carbon double bond in the substrate,
even under the hydrogen atmosphere. These results illustrate
that the sulfinic acid is a key intermediate in the sulfonylation
process, while the hydrazine moiety in sulfonyl hydrazide
would play an important role in the reduction process. To
identify the reduction role of sulfonyl hydrazide, deuteration
reaction were subsequently perfomed. When unsaturated
alcohol 1a was reacted with deuterated sulfonyl hydrazide 11
in H,O, product 3aa was obtained in 82% vyield (Scheme 4b);
when unsaturated alcohol 1a was reacted with sulfonyl
hydrazide 2a in D,0, deuterated product d’-3aa was obtained
in 81% vyield (Scheme 4c). These results may attribute to the
H,D-exchange between the reactive intermediates with water.

Ph

OH |
0=S=0
(a) A H0
SO,H ———» X
+ 120 °C
OH
OH
1a 9 Standard conditions:

10, 71% yield
Under H, atmosphere: 10, 70% yield

Ts H
(b) N H,0
H
—_—
+ TsNDND, 120°C
OH
OH

1"
3aa, 82% yield

1a
OH Ts D
A D
DO
(c) +  TsNHNH, - T e
OH OH

120 °C

1a 2a d?-3aa, 81% yield

Scheme 4 Control experiments.

On the basis of the control experiments and the related
report,A'a"r’a a plausible reaction pathway for the formation of
d’-3aa was proposed (Scheme 5). Initially, the tosylhydrazide is
decomposed into active species sulfinic acid (TsH) and diimide
via an elimination process under high temperature. The in-situ
generated TsH and diimide could readily undergo H,D-
exchange with D,O to give TsD and d*-diimide. Protonation of
alcohol 1a gives intermediate 12, which undergoes a

This journal is © The Royal Society of Chemistry 20xx
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subsequent nucleophilic  substitution reactign, @0, ;A
simultaneous reduction reaction by d’RfiiMfIE306C B 1htA!
product d*-3aa.
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Scheme 5 Plausible reaction pathway for the formation of d*-3aa

Conclusions

In conclusion, dual roles of sulfonyl hydrazide as sulfonyl
source and reductant have been achieved in the reaction with
unsaturated benzylic alcohols in water. The environmental-
benign medium, catalyst-free reaction conditions, and high
atom-economy make this reaction a green and practical
approach to sulfones synthesis. Moreover, this protocol also
provides a straightforward route to access deuterated alkanes
from the corresponding alkenes by using the combination of
sulfonyl hydrazides and the solvent D,0.
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