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Herein we present a concise preparation and characterization of 2-[(aryl)iodonio]benzenesulfonates.
Determination of the X-ray crystal structure reveals a distorted trigonal bipyramidal molecular geometry
about iodine and a pseudo-square geometry within the unit cell. Initial experiments point to the prom-
ising application of these compounds for unique 2-sulfonyloxyarenes.
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1. Introduction

From the first preparation of phenyl(4-iodophenyl)iodonium
bisulfate1 through the pioneering work of Beringer and coworkers,2

the application and study of aryliodonium and heteroaryliodonium
salts experienced a relatively latent induction period.3 Since then,
the remarkable nucleofugacity of the iodoarene moiety has led to
the application of these compounds in a wide range of synthetic
and practical applications. Substantial investigations into arylation
of various nucleophiles, the preparation of 18F-labeled radiotracers
as well as the generation of benzyne intermediates, photo-initiation
of polymerization, and application as microbicides have been pub-
lished and summarily reviewed.4 Having been observed to be more
reactive than conventional haloarenes, the use of these compounds
has shared the recent renaissance in metal-catalyzed cross-cou-
pling reactions such as the Suzuki–Miyaura, Sonogashira as well
as recently reported oxidative functionalization of C–H bonds.5

Although a myriad of structural types coupled with various an-
ions are known, diaryliodonium salts with intramolecular anions
are comparatively rare and for the most part are subtypes of one
well researched example: diphenyliodonium-2-carboxylates, 1.6

Several reports of (aryloxy)aryliodonium inner salts have also ap-
ll rights reserved.

: +1 814 898 6213.
peared.7 Indeed, to our knowledge these are the only examples that
have been structurally characterized.8,9 It must be noted that sev-
eral examples of aryliodonium salts have appeared in the literature
with significant secondary bonding interactions with a group
ortho- to the iodonium center,10,11 as well as those classified as het-
erocyclic iodanes,11 diaryliodonium zwitterions,12 or k5-iodanes.13

Given the broad application of these compounds, the preparation
of new examples to increase their structural diversity would be
advantageous. Herein we present the synthesis, characterization,
and X-ray structures of 2-[(aryl)iodonio]benzenesulfonates, 2 no-
vel diaryliodonium betaines.

2. Results and discussion

Many methods are available for the preparation of aryliodoni-
um salts.4 Given the unique structure of the target molecule, it
was reasoned that the dehydrative condensation starting from
1H-1-hydroxy-1,2,3-benziodoxathiole 3,3-dioxide (HBI, 3) was
the most efficacious approach.14 HBI was readily prepared using
the modified procedure reported previously for the 5-methyl
derivative.14b Subsequent preparation of a series of 2a–e was best
effected by using the recently published direct dehydrative method
for the preparation of diaryliodonium salts in fluoroalcohol sol-
vents.15 To a 0.2 M solution of HBI in 2,2,2-trifluoroethanol:CH2Cl2

(2:1) was added the corresponding arene and the solution stirred
for 12 h at room temperature. Concentration in vacuo of the reac-
tion mixture to an oily semi-solid followed by trituration with
ether and MeOH afforded the corresponding 2a–d in high yields
(Table 1). In the case of the comparatively unactivated phenyl
derivative 2e, this method afforded a low yield (12%). However,
dehydrative condensation of 3 with benzene in the presence of tri-
fluoromethanesulfonic acid gave 2e in higher yield (entry 5).16

These compounds are highly stable—a sample stored open under
ambient conditions having virtually identical spectral and physical
properties after thirty days.



Table 1
Preparation of 2-[(aryl)iodonio]benzenesulfonates 2a–e

Entry Ar@ Yield (%)

1 2a 2,4,6-Trimethyl 91
2 2b 4-OCH3 92
3 2c 4-Cl 74
4 2d 4-CH3 88
5 2e Ph 60

Figure 2. Unit cell of 2-[(phenyl)iodonio]benzenesulfonate 2e showing the pseudo-
square planar geometry about the iodine atom (hydrogen atoms omitted for
clarity). Selected distances [Å] and angles [�]: I1–O10 2.786, O10–I1–C7 92.06(6),
O10–I1–O3 97.22(5).

Figure 3. Suggested solution phase geometry of 2a–e based on the magnetic
anisotropy of 1H-6.

Table 2
Competition study: ratio of attack on benzenesulfonate versus aryl ring with
phenoxide nucleophile

Entry Ar@ Ratio
Ar–I:Ar–O–Ph

1 2a 2,4,6-Trimethyl 78:22
2 2b 4-OCH3 >99:1
3 2c 4-Cl 81:19
4 2d 4-CH3 95:5
5 2e Ph 85:15

Figure 1. X-ray crystal structure of 2-[(phenyl)iodonio]benzenesulfonate 2e.
Selected distances [Å] and angles [�]: I1–O3 2.676 I1–C1 2.129(2), I1–C7 2.097(2),
S1–O3 1.461(2), S1–O2 1.438(1), S1–O1 1.448(2), C7–I1–O3 170.16(6), C7–I1–C1
96.17(8), O3–I1–C1 74.79(6).
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Crystals suitable for X-ray analysis were readily grown in aque-
ous acetonitrile for 2a–c and e. Many iodonium salts with free an-
ions have been structurally characterized, but for purposes of
discussion, comparison with the more closely analogous 1 with
an intramolecular counter-ion is presented here.8 Typical aryliodo-
nium salts (with consideration of the anion) are formally 10-I-3
systems possessing distorted trigonal bipyramidal geometry. The
apical positions are occupied by two more electronegative moie-
ties. In the specific case of 1 and 2a–e salts, this is not possible
(Fig. 1). The C1–I1–C7 bond angle (96.17�) is similar to that ob-
served for 1 (95.2(1)�) with roughly equivalent C1–I1 (2.129 Å)
and C7–I1 (2.097 Å) bond lengths observed compared to 1
(2.119 Å and 2.106 Å, respectively). The C7–I1–O3 bond angle
(170.16�) is markedly less linear than ‘classic’ diaryliodonium salts,
but similar to 1 (169.0�). The I1–O3 bond (2.676 Å) is markedly
longer than the analogous bond in 1 (2.478 Å), suggesting reduced
covalent character and a greater contribution of the betaine form
rather than covalent benziodoxathiole. For comparison, in the ob-
served solid-state structure of 3, this bond is markedly shorter
(2.381 Å).14a

Two major observations are apparent from the comparison of
the crystal structures of 1 and 2e. First, the 2-aryliodoniobenzene-
sulfonates are non-hydrates. Second, there is a significant intermo-
lecular close contact observed between the I1 center in the unit cell
and the O1 atom in an adjacent molecule (2.786 Å) which is not
present in 1 (Fig. 2). This contact is close enough to classify the io-
dine center as a pseudo-square-planar in geometry. While at first
inspection 2 seems unique in this regard many other iodonium
salts display this phenomenon including the diphenyliodonium ha-
lides (Cl, Br, and I)17 as well as 314a.



Scheme 1. Preparation of potassium 2-aryloxybenzenesulfonates and subsequent reactions.

Scheme 2. Arylation of p-toluidine with 2b.

Scheme 3. Demonstration of Suzuki–Miyaura coupling reactions with 2b.
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1H NMR spectra reveal an upfield shift of the aromatic signal (d
6.75–7.02) assigned to H-6 (Fig. 3) similar to that observed for 1.18

The authors purport that this is an indication that the solution
phase structure most closely resembles the solid-state structure
where H-6 exhibits a strong magnetic anisotropy, given its proxim-
ity over the opposing aromatic ring.

A brief survey of typical aryliodonium salt chemistry was per-
formed on 2a–e. While symmetric diaryliodonium salts are most
often applied in synthesis for the sake of simplicity, current trends
are toward asymmetric salts where the reaction mode can quanti-
tatively be directed to one of the two aryl moieties through elec-
tronic or steric effects. Initial experiments were directed to
determine the ratio of nucleophilic attack between the two aryl
rings using potassium phenoxide in THF (Table 2).19 The ratios
were determined by comparison of the Ar–I and Ar–OPh reso-
nances in the 1H NMR spectra of the crude reaction mixtures.
Nucleophilic attack proceeds predominately on the more elec-
tron-poor sulfonate-bearing aryl ring. However, only in the case
of 2b is nucleophilic attack directed quantitatively (to the limits
of detection) to the sulfonate-bearing ring.

With this in mind, the arylation of phenoxide was carried out
using 2b as the precursor and potassium 2-(4-methylphen-
oxy)benzenesulfonate 3 was obtained (Scheme 1). Application of
these compounds20 is illustrated in the ring closure to effect the
preparation of phenoxathiin 10,10-dioxides such as 5 with AlCl3

in PhNO2. Attempts at ring closure under dehydrating conditions
(polyphosphoric acid at 90–100 �C) yielded solely the 4-phenoxy-
toluene 6.

Arylation of p-toluidine occurred only in a high yield with the
addition of Cu(OAc)2 and heating under reflux with an additional
equivalent of substrate (Scheme 2).21 Initially, the ammonium salt
was isolated and subsequently converted to the diarylamine 7 by
alkaline hydrolysis.

Given the recent focus on metal-catalyzed coupling reactions,5

the suitability of these compounds for aryl donors in Suzuki–Miya-
ura reactions was also explored. Previous observations show that
the most electron-rich aryl ring is transferred.5 Indeed when 2b
was combined with phenylboronic acid in the presence of a palla-
dium catalyst and a base under reflux, 4-phenylanisole 8 was iso-
lated as the major product. The advantage of 2 for these
transformations is the simplification of the reaction mixture. The
reduced 2-iodobenzenesulfonate 9 is removed in the initial aque-
ous extraction and can be isolated and reused with high effi-
ciency14b (see Scheme 3).

3. Conclusion

In conclusion we have presented a concise preparation and
characterization of 2-(aryliodonio)benzenesulfonates. While pos-
sessing the general molecular geometry of a distorted trigonal
bipyramidal, iodine exhibits a pseudo-square geometry in the unit
cell. Initial experiments point to the promising application of these
compounds for unique 2-sulfonyloxyarenes and a potential recy-
clable aryl-carrier for metal- catalyzed cross-coupling reactions.
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Supplementary data

Crystallographic data for the structural analyses of 2a–c and e
have been deposited with the Cambridge Crystallographic Data
Centre (CCDC Nos. 742878, 742879, 742880, and 742881). Copies
of this information can be obtained free of charge via
www.ccdc.cam.ac.uk. Supplementary data associated with this
article can be found, in the online version, at doi:10.1016/
j.tetlet.2009.08.067.

References and notes

1. Hartmann, C.; Meyer, V. Chem. Ber. 1894, 27, 426.
2. Beringer, F. M.; Gindler, E. M. Iodine Abstract Rev. 1956, 3, 70.
3. Early reviews include: (a) Banks, D. F. Chem. Rev. 1966, 66, 243; (b) Sandin, R. B.

Chem. Rev. 1943, 32, 249; (c) Willgerodt, C. In Die Organischen Verbindungen mit
Mehrwertigen Jod; Ferdinand Enke: Stuttgart, 1914.

4. (a) Zhdankin, V. V.; Stang, P. J. Chem. Rev. 2008, 108, 5299–5358; (b) Zhdankin, V.
V.; Stang, P. J. Chem. Rev. 2002, 102, 2523; (c) Stang, P. J.; Zhdankin, V. V. Chem. Rev.
1996, 96, 1123; (d) Koser, G. F. In The Chemistry of Halides, Pseudo-Halides, and
Azides, Suppl. D2; Patai, S., Rappoport, Z., Eds.; Wiley-Interscience: Chichester,
1995. Chapter 21, pp 1173–1274; (e) Varvoglis, A. In The Organic Chemistry of
Polycoordinated Iodine; VCH: New York, 1992; (f) Koser, G. F. In The Chemistry of
Functional Groups, Suppl. D; Patai, S., Rappoport, Z., Eds.; Wiley-Interscience:
Chichester, 1983. Chapters 18 and 25, pp 721–811 and 1265–1351.

5. Deprez, N. R.; Sanford, M. S. Inorg. Chem. 2007, 46, 1924–1935.
6. (a) Beringer, F. M.; Lillien, I. J. Am. Chem. Soc. 1960, 82, 725–731; (b) Bachofner,

H. E.; Beringer, F. M.; Meites, L. J. Am. Chem. Soc. 1958, 80, 4274–4278; (c)
Beringer, F. M.; Huang, S. J. J. Org. Chem. 1964, 29, 445–448.
7. (a) Page, S. W.; Mazzola, E. P.; Mighell, A. D.; Himes, V. L.; Hubbard, C. R. J. Am.
Chem. Soc. 1979, 101, 5858–5860; (b) Spyroudis, S.; Varvoglis, A. J. Chem. Soc.
Perkin Trans. 1 1984, 35–37.

8. Batchelor, R. J.; Birchall, T.; Sawyer, J. F. Inorg. Chem. 1986, 25, 1415–1420.
9. Hubbard, C. R.; Himes, V. L.; Mighell, A. D.; Page, S. W. Acta Crystallogr., Sect. B:

Struct. Crystallogr. 1980, B36, 2819–2821.
10. (a) Nikiforov, V. A.; Karavan, V. S.; Miltsov, S. A.; Selivanov, S. I.; Kolehmainen,

E.; Wegelius, E.; Nissine, M. ARKIVOC 2003, 6, 191–200; (b) Halton, B.; Kay, A. J.;
McNichols, A. T.; Stang, P. J.; Apeloig, Y.; Boese, R.; Maulitz, A. H.; Haumann, T.
ARKIVOC 2001, 7, 8–31.

11. Zhdankin, V. V.; Koposov, A. Y.; Su, L.; Boyarskikh, V. V.; Netzel, B. C.; Young, V.
G., Jr. Org. Lett. 2003, 5, 1583–1586.

12. DesMarteau, D. D.; Pennington, W. T.; Montanari, V.; Thomas, B. H. J. Fluorine
Chem. 2003, 122, 57–61.

13. Dess, D. B.; Wilson, S. R.; Martin, J. C. J. Am. Chem. Soc. 1993, 115, 2488–2495.
14. (a) Koposov, A. Y.; Litvinov, D. N.; Zhdankin, V. V.; Ferguson, M. J.; McDonald,

R.; Tykwinski, R. R. Eur. J. Org. Chem. 2006, 21, 4791–4795; (b) Justik, M. W.
Tetrahedron Lett. 2007, 48, 3003–3007; (c) Koser, G. F.; Sun, G.; Porter, C. W.;
Youngs, W. J. J. Org. Chem. 1993, 58, 7310–7312.

15. Dohi, T.; Ito, M.; Morimoto, K.; Minamitsuji, Y.; Takenaga, N.; Kita, Y. Chem.
Commun. 2007, 40, 4152–4154.

16. Kitamura, T.; Matsuyuki, J.; Taniguchi, H. Synthesis 1994, 2, 147–148.
17. (a) Alcock, N. W.; Countryman, R. M. J. Chem. Soc., Dalton Trans. 1977, 217–219;

(b) Alcock, N. W.; Countryman, R. M. J. Chem. Soc., Dalton Trans. 1987, 193–196.
18. Del Mazza, D.; Reinecke, M. G.; Smith, W. B. Org. Magn. Reson. 1980, 14, 540–

542.
19. (a) Beringer, F. M.; Brierley, A.; Drexler, M.; Gindler, E. M.; Lumpkin, C. C. J. Am.

Chem. Soc. 1953, 75, 2708–2712; (b) Beringer, F. M.; Gindler, E. M. J. Am. Chem.
Soc. 1955, 77, 3203–3207.

20. Rosen, M. J. Cosmetics Toilet. 1998, 113, 49–55.
21. Scherrer, R. A.; Beatty, H. R. J. Org. Chem. 1980, 45, 2127–2131.


