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Abstract—New triphenylphosphorane-derived phenyliodonium triflates and tosylates were prepared by the reaction of the
appropriate iodosobenzene sulfonate with stabilized phosphonium ylides. Structure of the triflate derivative was determined by a
single-crystal X-ray analysis. These compounds represent a potentially useful class of reagents that combine in one molecule
synthetic advantages of a phosphonium ylide and an iodonium salt. © 2002 Elsevier Science Ltd. All rights reserved.

During the last few years the chemistry of hypervalent
iodine compounds (�3-iodanes) has experienced an
unprecedented growth.1 A broad variety of polyvalent
iodine reagents have been prepared and new, highly
useful synthetic procedures have been developed. Iodo-
nium salts and ylides represent an especially important
class of iodanes with rich and synthetically useful chem-
istry.1,2 Mixed phosphonium–iodonium ylides, which
are best described by the resonance contributors 1a and
1b, represent a potentially interesting, but underinvesti-
gated, class of �3-iodanes combining in one molecule
synthetic advantages of phosphonium ylides and iodo-
nium salts. Several examples of the tetrafluoroborate
derivatives 1 (X=BF4) were previously prepared by the
reaction of phosphonium ylides with (diace-
toxyiodo)benzene in the presence of HBF4,3 but their
chemistry was not elaborated.

In this communication we report the preparation and
structure of new sulfonate derivatives of phosphonium–
iodonium ylides. We have found that the triflate iodo-
nium derivatives 4 can be prepared as microcrystalline,
off-white solids in good yields by the reaction of phos-

phonium ylides 2 with the pyridinium complex of
iodobenzene ditriflate (3)4 under mild conditions.5 It
should be emphasized that the use of the pyridinium
complex 3 is essential in this procedure; the application
of PhIO/Tf2O leads to the formation of a black tar due
to the strongly acidic character of this reagent. The
tosylate derivatives 6 can be conveniently prepared
under similar conditions by treatment of phosphonium
ylides 2 with Koser reagent6 in dichloromethane
(Scheme 1). Products 6 were isolated in the form of
stable, white, microcrystalline solids; the yields and
melting points of compounds 4 and 6 are listed in Table
1.

Sulfonates 4 and 6 were identified by NMR, IR, and
elemental analysis.5 In particular, proton NMR spectra
of these compounds showed signals of four phenyls as
well as the respective signals of the R-group and the
tosylate anion for products 6. 13C NMR displays the
signal of the ylidic carbon at 118–119 ppm as well as
the signals corresponding to the aromatic rings and the
R-groups.

The structure of iodonium triflate 4a was unambigu-
ously established by a single-crystal X-ray analysis.†

The cationic portion of molecule 4a is shown in Fig. 1.

† Crystallographic data (excluding structure factors) for structure 4a
have been deposited with the Cambridge Crystallographic Data
Centre as supplementary publication number CCDC 177487.
Copies of the data can be obtained, free of charge, on application
to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: +44
1223 336033 or e-mail: deposit@ccdc.cam.ac.uk).
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Scheme 1. Preparation of phosphonium–iodonium sulfonates.

ular interaction with the carbonyl oxygen (P1�O1=
2.849 A� ). The C1�C2 bond distance of 1.415 A�
indicates a significant double bond character, which is
consistent with the enolic structure 7 and typical of the
carbonyl stabilized phosphonium ylides. In agreement
with the enolic structure 7, the atoms I1, P1, C3, O1,
C1 and C2 are located in the same plane, while the
phenyl of the iodonium group and the triflate group are
outside of this plane. Structure 4a is in good agreement
with the X-ray data on the related tetrafluoroborate
derivative published in 1984 by Moriarty and co-
workers.3

A preliminary investigation of chemical properties of
compounds 4 and 6 has demonstrated that they react
with soft nucleophiles, such as the thiophenolate anion,
to afford products 8, which can be further converted to
alkenes 9 by the Wittig reaction with benzaldehyde
(Scheme 2). In a representative example, the mixed
ylide 6a selectively reacts with lithium thiophenolate in
dichloromethane to afford the respective ylide 8a along
with iodobenzene as the by-product. Products 8 were
identified on the basis of NMR spectra and high-resolu-
tion FAB mass-spectrometry.7 The reaction of ylides 8
with benzaldehyde afforded alkenes 9 as a mixture of E
and Z isomers.

In conclusion, we report the preparation and X-ray
structure of new phosphanylidene-derived iodonium
salts. These compounds represent a potentially useful
class of reagents that combine in one molecule synthetic
advantages of a phosphonium ylide and an iodonium
salt.

Table 1. Yields and melting points of phosphonium–iodo-
nium sulfonates

Product R Yield (%) Mp (°C)

C(O)CH34a 83 108–110
CO2CH3 131–1324b 89
CN4c 78 Oil

129CHO 564d
50 110–111C(O)CH36a

118CO2CH3 476b
6c 102–10751CN

Figure 1. Perspective view of the cationic part of 4a. Selected
distances (A� ) and angles (°): I�C(1) 2.068(7), I�C(4) 2.108(6),
P�C(1) 1.749(7), P�C(10) 1.817(6), C(1)�C(2) 1.415(10) A� ;
I�C�P 121.8(4), C(1)�I�C(4) 101.4(3)°.

Scheme 2. Reactions of mixed phosphonium–iodonium ylides
with thiophenolate anion.

The structural data revealed a typical geometry of an
iodonium salt with a C1�I�C4 bond angle of 101.4° and
the triflate anion weakly associated with the iodine
atom. The I�C bond distances of 2.068 and 2.108 A� are
within the range of a typical bond length in diaryliodo-
nium salts (2.0–2.1 A� ).1 The distance between the iodine
atom and the nearest oxygen of the triflate anion,
I···OTf, is 2.957 A� , while the shortest P···OTf distance is
4.370 A� , indicating the absence of secondary bonding
between the phosphorus atom and the triflate anion.
The phosphorus atom has a relatively short intramolec-
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