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Cyclic sulfones from double conjugate addition of
Rongalite
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ABSTRACT
Cyclic sulfones are obtained in up to 92% yield by double conjugate
addition of Rongalite (sodium hydroxymethyl sulfinate) to dienones.
The major product in each case is the kinetic trans-isomer of the 3,5-
disubstituted ketosulfone. Eleven examples, including aryl and alkyl
substituted substrates, are reported. The advantages of the method
are its experimental simplicity, tolerance for both protic and oxida-
tion-sensitive functional groups, and sterically challenging substrates.
The work also significantly expands the scope of Rongalite as a con-
jugate nucleophile.
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Introduction

The sulfonyl group is among the most common in licensed drugs.[1] Consequently,
there is ongoing interest in practical and sustainable methods for the preparation of
these important compounds, including reagents that behave as SO2 equivalents and
green free-radical-based methods.[2,3] However, still the most common approach to sul-
fones is to use a low-valent sulfur nucleophile and oxidize the resulting sulfide to the
corresponding sulfone.[4]

RongaliteTM is a low-cost commodity chemical used as a bleaching agent in the dye-
ing industry.[5,6] It has seen increasing use in the synthetic laboratory as a reducing
agent or radical initiator,[7–11] as a C1 synthon,[12–14] and also as a doubly nucleophilic
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sulfur source, specifically as an equivalent of the unstable hyposulfite (SO2
2�) ion

(Fig. 1).[15,16]

Although the first reports of its use in the preparation of sulfones were now more
than 50 years ago,[17] the reagent was left largely unexplored until the early years of this
century.[5,6] It is now known to react with a wide variety of electrophiles. Derivatization
of the Rongalite hydroxyl group has led to useful reagents for the installation of various
sulfonyl functional groups.[18,19]

Despite the widespread use of sulfur nucleophiles for conjugate additions, there is a
paucity of reported conjugate additions with Rongalite (Scheme 1), and the process is
not general.[17,20]

This may be due to its effectiveness as a conjugate-reducing agent under certain cir-
cumstances.[20] In our laboratories, the focus has been on the use of unmodified
Rongalite for unexplored transformations. We reasoned that a suitable double

Figure 1. Rongalite as an equivalent of the unstable hyposulfite ion.

Scheme 1. Progression of Rongalite conjugate additions.
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electrophile would produce cyclic sulfones directly upon reaction with Rongalite and so
we chose to study the reaction of Rongalite with dibenzalacetone.

Results and discussion

The earliest report by Kerber and Starnick[17] of two-directional conjugate addition
(Scheme 1) used an excess of monosubstituted electron-deficient alkenes and a pH 4
acetate buffer as the solvent. This was our starting point for the model reaction, and we
were pleased to note that some of the expected diastereomeric sulfones were formed
under these conditions (Table 1, entry 3). Further experimentation showed that the buf-
fer was less effective for this reaction than simply an acetic acid/water mixture (entries
1 and 2). A solvent screen or the use of TBAB as a phase transfer catalyst did not result
in any further improvement in yield (entries 4–7).
The sulfones were readily separated by chromatography and the major isomer 1a had

characterization data that were identical to those presented by Detty,[21] when the trans
and cis-sulfone 1a and 1b were separated for the first time (see electronic Supporting
Information). The yield here compares favorably to that reported by the two-step pro-
cedure (75% overall) and in practical terms the reaction is much more straightforward.
The diastereoselectivity is similar to that in the earlier work.
Having verified the structure of the major diastereomer, we searched the literature in

search of an explanation for the diastereoselectivity. We suspected that the major prod-
uct would be formed under kinetic control because the minor cis-product was thought
likely to be more stable (both phenyl groups can be equatorial simultaneously in the
chair conformation). By subjecting the major product 1a to our original reaction condi-
tions, we established that any isomerization from trans to cis was very slow (<2% iso-
merization by 1H NMR after 24 h at 80 �C). Both phenyl groups can be in equatorial
positions in a chair conformation in 1b (Scheme 2), but not in the major product 1a,
where one must always be axial. Despite this, there is precedent for a related

Table 1. Optimization of Rongalite addition to dibenzalacetone.

Entry Solvent Time/h Temp/�C Equiv. Rongalite Yield/% dr

1 aq. AcOH 3 80 1.5 75 6:1
2 aq. AcOH 18 50 1.5 88 7:1
3 pH 4 acetate buffer 3 80 1.5 30 6:1
4 aq. DMSO, K2CO3 18 50 1.5 9 7:1
5 aq. DMSO 18 50 1.5 28 7:1
6 aq. DMSO/AcOH 1 50 1.5 28 7:1
7 aq. EtOH 2 50 1.5 23 7:1

Other aprotic solvents, e.g., ethyl acetate, DMF, THF, dioxane, diethyl ether gave negligible yields (<3%) by 1H NMR of
the crude reaction mixture. Addition of tetra n-butylammonium bromide had no obvious effect in this case.
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stereochemical outcome in related cyclizations involving sulfur.[22,23] A boat-like transi-
tion state has been proposed by these workers, but a full rationalization of the diastereo-
selectivity is yet to be established.
We next explored the substrate scope (Scheme 3). The reaction was compatible with

various substituents on the aromatic ring and with both electron-donating and electron-
withdrawing groups. The number of equivalents of Rongalite were adjusted according
to the reactivity observed by some substrates, and some substrates reacted better at
80 �C (see electronic Supporting Information). In particular, substituents containing
acidic protons (10a/b), alkyl substituents (sulfones 8a/8b), and oxidation-sensitive
groups (4a/4b, 6a) are also tolerated. The reaction is also particularly tolerant of steric
bulk at the b-position, as shown by the success in preparing sulfone 5 from phorone,
which has two fully substituted carbons on either side of the sulfone. This represents a
very significant increase in scope for Rongalite conjugate addition.
To determine whether there was an observable benefit from the use of the dienone

substrates, instead of other standard enones, we tested the reaction of Rongalite with
mesityl oxide 12 and found no trace of product formation. This indicates that the
second intermolecular conjugate addition of the hindered sulfinate 13 is too slow to be
useful, in contrast to the intramolecular reaction of presumed intermediate 16 to give
5[24] (Scheme 4). Work-up of this reaction at partial conversion led only to the

Scheme 3. Substrate scope for double conjugate addition (50 �C, 16 h or 80 �C, 3 h). aCombined yield
of both diastereomers. bYield of major isomer only—minor isomer impure. cIsomers were not sepa-
rated as they co-eluted in chromatography.

Scheme 2. Chair conformers of diastereomeric products 1a and 1b.
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observation of starting materials and final products, which may indicate that the first
conjugate addition is subject to an unfavorable equilibrium and that the overall process
is driven to completion by the irreversible elimination of formaldehyde, perhaps driven
by acetate ion formed following the formation of 17 and subsequent cyclization of 18 to
give sulfone products (1a/1b illustrated here) (Scheme 5).

Summary

We have developed a one-pot synthesis of cyclic sulfones from Rongalite and readily
available dienones. This circumvents the need for oxidation of a sulfide intermediate,
such that protic groups and oxidation-sensitive functionality are readily tolerated. The

Scheme 4. Contrasting reactions of mesityl oxide 12 and phorone 15.

Scheme 5. Sequence of possible reaction intermediates.
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reaction is practically straightforward to carry out, with no need for inert atmosphere
techniques. This represents a significant expansion in scope for the reactivity of
Rongalite, allowing the preparation of sterically congested sulfones. Further studies of
this reaction, as well as other reaction development using Rongalite are underway in
our laboratory.

Experimental

General information

Melting points were obtained in open capillary tubes and are uncorrected. 1H NMR
spectra were recorded on a Bruker Spectrospin 400 spectrometer at 400MHz and refer-
enced to residual solvent. 13C NMR spectrum were recorded using the same spectrom-
eter at 100MHz, respectively. Chemical shifts (d in ppm) were referenced to
tetramethylsilane (TMS) or to residual solvent peaks (CDCl3 at dH 7.26). J values are
given in Hz and s, d, dd, ddd, t, dt, q, m, br, and app. abbreviations correspond to sing-
let, doublet, doublet of doublet, doublet of doublet of doublet, triplet, triplet of doublet,
quartet, multiplet, broad, and apparent, respectively. High resolution mass spectra were
obtained using a Q ExactiveTM Plus Hybrid Quadrupole-OrbitrapTM Mass Spectrometer
(Montclair State) or an LTQ Orbitrap (Purdue Univ.). Infrared spectra were obtained
on Perkin-Elmer Spectrum Two FT-IR Universal ATR Sampling Accessory, deposited
neat or as a chloroform solution to a diamond/ZnSe plate. Flash column chromatog-
raphy was carried out using Matrix silica gel 60 from Fisher Chemicals and TLC was
performed using Merck silica gel 60 F254 precoated sheets and visualized by UV
(254 nm) and stained by the use of aqueous acidic KMnO4. Eluting solvents are indi-
cated in the text. The apparatus for inert atmosphere experiments was flame-dried
under a stream of dry argon.

General procedure A for double conjugate addition
Glacial acetic acid (4.7ml/mmol substrate) was added to dienone substrate (1–2mmol)
in an open round bottom flask, followed by water (0.8mL/mmol Rongalite) and
Rongalite (1.5–3 equiv.) The mixture was stirred (350 rpm) at 50 �C for 18 h. Equal vol-
umes of ethyl acetate (25mL/mmol substrate) and water (25ml/mmol substrate) were
added and the mixture was extracted twice more with ethyl acetate (25mL/mmol). The
combined organic extracts were washed with saturated aq. NaHCO3 (25mL/mmol sub-
strate) and water (25mL/mmol substrate). The organic layer was separated and dried
(Na2SO4) and the solvent was removed at reduced pressure. The product diastereomers
were separated by column chromatography on silica gel (EtOAc/hexanes). The major
trans-isomer invariably eluted with a higher Rf.

General procedure B for double conjugate addition
Glacial acetic acid (4.7ml/mmol substrate) was added to dienone substrate (1–2mmol)
in an open round bottom flask, followed by water (0.8mL/mmol Rongalite) and
Rongalite (1.5–3 equiv.) The mixture was stirred (350 rpm) at 80 �C for 3 h. Equal vol-
umes of ethyl acetate (25mL/mmol substrate) and water (25ml/mmol substrate) were
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added and the mixture was extracted twice more with ethyl acetate (25mL/mmol). The
combined organic extracts were washed with saturated aq. NaHCO3 (25mL/mmol sub-
strate) and water (25mL/mmol substrate). The organic layer was separated and dried
(Na2SO4) and the solvent was removed at reduced pressure. The product diastereomers
were separated by column chromatography on silica gel (EtOAc/hexanes). The major
trans-isomer invariably eluted with a higher Rf.

Sulfones 1a/1b[21]. Procedure A with 500mg (2.1mmol) 1,5-Diphenylpenta-1,4-dien-3-
one (dibenzalacetone), 493mg, Rongalite (1.5 equiv., 3.2mmol), 1.3ml H2O and 10mL
of acetic acid gave 494mg of 1a and 71mg of 1b (88% total).

Trans-2,6-Diphenyltetrahydro-4H-thiopyran-4-one-1,1-dioxide 1a. 1H-NMR (400MHz,
DMSO-d6): Rf (50% EtOAc/hexanes) 0.45. Off-white solid, m.p. 175–176 �C
(EtOAc/Hexanes) [lit. 179–180 �C (Et2O)]

1H NMR (400MHz, DMSO) d 7.48–7.39 (m,
10H), 5.16 (dd, J¼ 11.7, 3.8Hz, 2H), 3.71 (dd, J¼ 16.6, 11.7Hz, 2H), 3.05 (dd, J¼ 16.6,
3.8Hz, 2H).

13C-NMR 13C NMR (101MHz, DMSO) d 204.7, 131.2, 130.3, 129.4, 129.0, 62.2, 43.5.
HRMS (MþHþ), calcd for C17H17SO3¼ 301.089842, Found 301.09048 (d¼ 2.1 ppm).

Cis-2,6-Diphenyltetrahydro-4H-thiopyran-4-one-1,1-dioxide 1b. 1H-NMR (400MHz,
CDCl3): Rf (50% EtOAc/hexanes) 0.23 Off-white solid, m.p. 234–235 �C
(EtOAc/hexanes) [lit. 237–238 �C (Et2O)] d¼ 1H NMR (400MHz, CDCl3), d 7.55-7.40
(m, 10H), 4.63 (dd, J¼ 14.3, 3.3Hz, 2H), 3.82 (t, J¼ 14.3Hz, 2H), 3.05 (d,
J¼ 14.3Hz, 2H).

13C-NMR (100MHz, CDCl3): d¼ 202.1, 129.8, 129.6, 129.0, 128.5, 64.4, 45.8. HRMS
(MþHþ), calcd for C17H17SO3¼ 301.089842, Found 301.09039 (d¼ 1.9 ppm).
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