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Abstract A facile and efficient method has been developed for the
construction of multisubstituted α,β-enones through the direct selec-
tive iodosulfonylation of alkylynones with sulfonylhydrazides and iodine
pentoxide. The present methodology offers a simple and attractive ap-
proach to various multisubstituted α,β-enones in moderate to good
yields with excellent stereo- and regioselectivities under the metal- and
peroxide-free conditions.

Key words multifunctionalized α,β-enones, iodosulfonylation, alkyly-
nones, sulfonylhydrazides, iodine pentoxide

α,β-Enones represent a common structural motif in
many useful reactions.1 Furthermore, they frequently serve
as important bifurcations for the construction of drug-like
heterocyclic libraries.2 In particular, functionalized α,β-
enones have drawn particular interest from chemists be-
cause of their widespread applications in synthetic and me-
dicinal chemistry. To date, various approaches towards the
synthesis of α,β-enones have been developed, such as aldol
condensation,3 dehydration of α-hydroxy carbonyl com-
pounds,4a isomerization of propargylic alcohols,4b and
Horner–Wadsworth–Emmons (HWE) reaction.5 Neverthe-
less, most of these methods mainly focus on the synthesis
of unfunctionalized α,β-enones. Direct and efficient meth-

ods for the preparation of multifunctionalized α,β-enones
with defined substitution patterns are relatively rare, and
they usually involve harsh reaction conditions and multiple
steps.6

Sulfone groups are extremely valuable functionalities
that are frequently found in various natural products, bio-
logically active compounds, and materials.7 Thus, the incor-
poration of sulfone groups into organic frameworks to con-
struct various organic sulfones has attracted increasing at-
tention from chemists.8 Over the past several years, the
halosulfonylations of alkynes have been developed to ac-
cess β-halovinyl sulfones,9,10 in which both halogen and sul-
fone groups could be simultaneously introduced into or-
ganic molecules. However, most of these methods are re-
stricted to terminal alkynes, and only a few successful
strategies have been developed for the halosulfonylation of
internal alkynes in a highly regioselective manner because
of steric and electronic issues.11,12 With our continued in-
terests in the construction of sulfone-containing com-
pounds,13 herein, we wish to describe a convenient and effi-
cient synthetic method for the construction of multifunc-
tionalized α,β-enones through selective iodosulfonylation
of alkylynones with iodine pentoxide and sulfonylhydra-
zides (Scheme 1). This protocol provides an attractive ap-
proach to various multisubstituted α,β-enones in moderate
to good yields with excellent stereo- and regioselectivities
under the metal- and peroxide-free conditions.

Scheme 1  Iodosulfonylation of alkylynones with sulfonylhydrazides and I2O5

O

+

O

S

I

S NHNH2

O

O OO

Ar

+  I2O5Ar
R1 R2

R1

R2

DME, 80 °C

air, 9–12 h
© Georg Thieme Verlag  Stuttgart · New York — Synlett 2018, 29, A–E

Imprimatur


B

H. Cui et al. LetterSyn  lett

D
ow

nl
oa

de
d 

by
: C

al
ifo

rn
ia

 In
st

itu
te

 o
f T

ec
hn

ol
og

y 
(C

A
LT

E
C

H
).

 C
op

yr
ig

ht
ed

 m
at

er
ia

l.
In an initial experiment, we started our investigation by
choosing 1,3-diphenylprop-2-yn-1-one (1a) and benzene-
sulfono-hydrazide (2a) as model substrates to optimize the
reaction conditions in the presence of I2O5 (1 equiv) (Table
1). When the model reaction was carried out in 1,2-dime-
thoxyethane (DME) at room temperature, the desired prod-
uct 4aa was obtained in only 10% yield (entry 1). To our de-
light, the efficiency of the reaction clearly improved with an
increase in the reaction temperature (entries 2–4), and a
good yield (83%) was obtained when the reaction was car-
ried out at 80 °C (entry 3). The structure of 4aa was further
unambiguously confirmed by single-crystal X-ray analysis
(Figure 1). Solvent screening studies established that the
use of 1,2-dichloroethane (DCE) also resulted in good yield
(81%) ((entry 5), and other solvents such as THF, CH3CN, tol-
uene, MeOH, and H2O gave low to moderate yields (entries
6–10). No transformation was observed when either DMF
or DMSO was used as solvent (entries 11 and 12, respec-
tively). Furthermore, replacing I2O5 with other iodine re-
agents such as I2, KI, NaI, or TBAI all resulted in low reaction
efficiency (entries 13–16), indicating the important role of
I2O5 in the present reaction system. Either reducing or in-
creasing the amount of I2O5 slightly decreased the yields
(entries 17 and 18). In addition, the substrate ratio was also
examined, and the appropriate proportion of 1a, benzene-
sulfono-hydrazide 2a, and I2O5 was 1:3:1 (entries 19 and 20).

Figure 1  The crystal structure of 4aa. ORTEP drawing of C21H15IO3S 
with 50% probability ellipsoids, showing the atomic numbering 
scheme.

After establishing the optimal reaction conditions for
the iodosulfonylation of alkylynones, the scope of the reac-
tion with various alkylynones and sulfonylhydrazides was
examined. Firstly, the impact of substitution variation at
the keto terminal of the ynone was investigated. As shown
in Scheme 2, aromatic ynones containing either an elec-

tron-donating group or an electron-withdrawing group all
reacted with sulfonylhydrazide to give the corresponding
products 4aa–ga in good yields.

In general, electron-donating group substituted alkyly-
nones (1b, 1d) showed higher activity than those bearing
electron-withdrawing groups (1e–g). Furthermore, the re-
action efficiency was also affected by steric effects; sub-
strates bearing a methyl group in the meta-position of the
phenyl ring resulted in slightly lower yield than those sub-
stituted on the para-position of the phenyl ring (4ab vs.
4ac). Moreover, haslide substituents such as F, Cl, and Br
groups were compatible with this reaction, leading to the
corresponding products 3ea–ga, which could be used for
further structural modifications. Subsequently, the impact
of alkyne end substitution on the reaction was studied.
Similarly, arylynones including an electron-donating group

Table 1  Optimization of Reaction Conditionsa

Entry Iodine reagents (equiv) Solvent Temp. (°C) Yield (%)b

 1 I2O5 (1) DME  25 10

 2 I2O5 (1) DME  60 77

 3 I2O5 (1) DME  80 83

 4 I2O5 (1) DME 100 82

 5 I2O5 (1) DCE  80 81

 6 I2O5 (1) THF  80 62

 7 I2O5 (1) CH3CN  80 40

 8 I2O5 (1) toluene  80 27

 9 I2O5 (1) MeOH  80 10

10 I2O5 (1) H2O  80 20

11 I2O5 (1) DMF  80  0

12 I2O5 (1) DMSO  80  0

13 I2 (1) DME  80 10

14 KI (1) DME  80 35

15 NaI (1) DME  80 24

16 TBAI (1) DME  80 15

17 I2O5 (0.5) DME  80 49

18 I2O5 (1.5) DME  80 77

19 I2O5 (1) DME  80 30c

20 I2O5 (1) DME  80 57d

a Reaction conditions: 1a (0.125 mmol), 2a (0.375 mmol), iodine reagent 
(0.125 mmol), solvent (2 mL), 25–80 °C, under air, 12 h.
b Isolated yield based on 1a.
c 1a (0.125 mmol), 2a (0.125 mmol).
d 1a (0.125 mmol), 2a (0.25 mmol).
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or an electron-withdrawing group were all suitable for this
reaction, and the corresponding products 4ha–la were ob-
tained in good to excellent yield. In addition, compounds
with a terminal alkyne such as phenylacetylene was also
compatible with this reaction, leading to the corresponding
product 4ma in 84% yield. Finally, with respect to sulfono-
hydrazides, in addition to benzenesulfonohydrazide 2a, a
series of arylsulfonohydrazides bearing both electron-do-
nating groups (Me) and electron-withdrawing groups (F,
Br) could also be smoothly transformed into the corre-
sponding products 4ab–ad. However, none of desired prod-
ucts were detected when a more sterically hindered sulfo-
nylhydrazide such as 2,4,6-triisopropylbenzenesulfonohy-
drazide or a alkylsulfonohydrazide such as methane-
sulfonohydrazide were employed in the present reaction
system.

To gain further insight into the mechanism, a radical
capture experiment was carried out. As shown in Scheme 3,
when 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) was
added into the reaction system, the model reaction was ex-
tremely inhibited and only a trace amount of desired prod-
uct 4aa was detected, suggesting that a radical pathway
might be involved in this transformation.

Scheme 3  Preliminary mechanistic study

Scheme 2  Results for the reactions of iodosulfonylation of alkylynones with sulfonohydrazides and I2O5. Reagents and conditions: 1 (0.125 mmol), 2 
(0.375 mmol), 3 I2O5 (0.125 mmol), DME (2 mL), 80 °C, under air, 9–12 h (isolated yields based on 1).
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Based on the above results and on previous reports,9–12,14

a possible reaction pathway is proposed as shown in
Scheme 4. Initially, sulfonyl radical 5 and I2 are generated
from the single-electron oxidation of sulfonylhydrazide 2
by I2O5.14 Subsequently, the selective addition of sulfonyl
radical 5 to alkylynone 1 gives vinyl radical 6. Finally, the
interaction of radical 6 with molecular iodine would lead to
the formation of the desired product 4.

Scheme 4  Postulated reaction pathway

In summary, a new and efficient iodosulfonylation of al-
kylynones with iodine pentoxide and sulfonylhydrazides
leading to multisubstituted α,β-enones has been devel-
oped.15 The present protocol, which utilizes simple and
readily available starting materials, as well as metal- and
peroxide-free conditions, provides an attractive approach
to various multisubstituted α,β-enones in moderate to
good yields with excellent stereo- and regioselectivities.
Further studies on the scope and application of this reac-
tion are under way in our laboratory.
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