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Phenyl(trifluoromethanesulfonate)(3,3,3-trifluoropropynyl)-
�3-iodane was prepared from tributyl(3,3,3-trifluoropropynyl)-
stannane and PhI(CN)OTf. The molecular structure was dis-
closed by X-ray diffraction analysis to form T-shape geometry
with the hypervalent iodine atom as the central point. The iodo-
nium salt underwent smoothly the Diels–Alder reaction with 1,3-
dienes, furans, and pyrrole to give trifluoromethyl-substituted
cyclohexadienes in good to high yields, respectively, in contrast
to the corresponding nonfluorinated counterpart.

Trifluoromethylated compounds have attracted great inter-
est in the fields of pharmaceuticals and materials science because
the presence of fluorine atoms in organic molecules often indu-
ces superior biological, chemical, and/or physical properties
than those of the corresponding non-fluorinated counterparts.1

Therefore, development of versatile synthetic methods/reagents
for CF3-containing compounds is of great importance for explo-
ration of fluorine-containing biologically active substances and
functional organic materials. For example, 3,3,3-trifluoropropy-
nylmetals have emerged as useful nucleophilic reagents for fac-
ile incorporation of the CF3-containing C3 moiety into organic
molecules.2 In contrast, electrophilic reagents consisting of a
3,3,3-trifluoropropynyl group such as 3,3,3-trifluoro-1-halopro-
pynes remain unexplored probably owing to volatility and insta-
bility.3 From the view that alkynyl(aryl)iodonium salts are gen-
erally stable, highly reactive, and widely utilized in various or-
ganic reactions,4 we were interested in the preparation and reac-
tions of 3,3,3-trifluoropropynyliodonium salts as novel synthetic
reagents for CF3-containing compounds. Reported herein are
preparation, structure, and the Diels–Alder reaction of phenyl-
(trifluoromethanesulfonate)(3,3,3-trifluoropropynyl)-�3-iodane
(1). The iodonium salt is stable and easy to handle, and the cy-
cloaddition with dienes smoothly proceeds even at room temper-
ature to give the corresponding CF3-containing alkenyliodonium
salts in good to high yields.

Preparation of 1 was accomplished by slightly modifying
the protocol developed by Stang and co-workers.5 Thus, tribu-
tyl(3,3,3-trifluoropropynyl)stannane6 was added to a solution
of PhI(CN)OTf7 in CH2Cl2 at �42 �C and the resulting solution
was allowed to warm to 0 �C over a period of 2 h.8 The addition
of hexane to the reaction mixture at �42 �C gave precipitates
which were purified by recrystallization from the hexane/
CH2Cl2 solution at�30 �C, giving rise to colorless microcrystals
of 1 (mp 110–111 �C) in 60% yield (eq 1). The structure was
characterized by 1H, 13C, and 19FNMR, IR, and elemental
analysis, and was unambiguously confirmed by X-ray diffraction
analysis of its single crystal (vide infra).9 The salt 1 was soluble
in CH3CN and CH2Cl2, and could be stored without decomposi-
tion under argon atmosphere at�30 �C for at least three months.

IPh • –OTfF3C

1) F3CC≡CSnBu3
 CH2Cl2
 –42 to 0 °C, 2 h

2) hexane, –42 °C
 15 min 1

60%

PhICN • –OTf ð1Þ

The molecular structure of 1 disclosed by the X-ray analysis
is shown in Figure 1. Salt 1 adapted T-shape geometry with bond
angles being 92.67(14)� for C(3)–I(1)–C(4) and 84.33(11)� for
O(2)–I(1)–C(4). The atomic distance between I(1) and O(2)
was 2.596(3) Å longer than the sum of covalent bond radii of io-
dine and oxygen (2.07 Å), but shorter than sum of the van der
Waals radii (3.50 Å).10 These structural characteristics are clear-
ly consistent with the hypervalent nature of the iodine atom.

To demonstrate the synthetic utility of 1, we carried out a
Diels–Alder reaction (Table 1). Treatment of 1 with 2,3-dimeth-
yl-1,3-butadiene (2a) in CH3CN at room temperature gave the
corresponding adduct 3a in 87% yield (Entry 1). Since phenyl(1-
propynyl)(trifluoromethanesulfonate)-�3-iodane did not react
with 2a at all under the same conditions, the presence of fluo-
rine atoms apparently enhanced the reactivity of 1. Cyclic 1,3-
dienes such as 2b and 2c also underwent the cycloaddition to
give alkenyliodonium salts 3b and 3c in good yields (Entries 2
and 3). CF3-substituted 9-oxabicyclo[2.2.1]heptanes 3d and 3e
were prepared from 1 with furans 2d and 2e, respectively (En-
tries 4 and 5). It is noteworthy that 1 underwent the Diels–Alder
reaction even with N-methylpyrrole (2f) because cycloadditions
of 2f are quite limited (Entry 6).11

Versatile reactivity of the alkenyliodonium functionality
provides us with various transformations of the Diels–Alder ad-
ducts.12 For example, treatment of 3a with CuI/KI gave iodocy-
clohexadiene 4 that was converted into CF3-containing polysub-
stituted iodobenzene 5 by dehydrogenation with p-chloranil,
while CF3-substituted enyne 6 was synthesized by the Pd/Cu-

Figure 1. Molecular structure of 1 (hydrogens are omitted for
clarity). Selected bond lengths (Å) and angles (�): C(1)–C(2)
1.451(1), C(2)–C(3) 1.176(5), C(3)–I(1) 2.022(3), I(1)–C(4)
2.109(3), I(1)–O(2) 2.596(3); C(1)–C(2)–C(3) 179.2(4), C(2)–
C(3)–I(1) 178.3(3), C(3)–I(1)–O(2) 176.99(12), C(3)–I(1)–
C(4) 92.67(14), C(4)–I(1)–O(2) 84.33(11).
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catalyzed coupling reaction of 3b with phenylethenylstannane
(Scheme 1).

In summary, we have described the first preparation and
X-ray structure of phenyl(trifluoromethanesulfonate)(3,3,3-tri-
fluoropropynyl)-�3-iodane. The Diels–Alder reaction of the io-
donium salt provides CF3-substituted cyclohexadienes hardly
accessible via other synthetic methods. Further study on synthet-
ic reactions using the salt is in progress.

This work was supported by Grant-in-Aid for Creative Sci-
entific Research, No. 16GS0209, from the Ministry of Educa-
tion, Culture, Sports, Science and Technology, Japan.

This paper is dedicated to Professor Ryoji Noyori on the oc-
casion of his 70th birthday.

References and Notes
1 a) S. V. Druzhinin, E. S. Balenkova, V. G. Nenajdenko, Tetrahe-

dron 2007, 63, 7753. b) M. Schlosser, Angew. Chem., Int. Ed.
2006, 45, 5432. c) K. Uneyama,Organofluorine Chemistry, Black-
well Publishing, Oxford, 2006. d) F. Leroux, P. Jeschke, M.
Schlosser, Chem. Rev. 2005, 105, 827. e) M. Shimizu, T. Hiyama,
Angew. Chem., Int. Ed. 2005, 44, 214. f) R. D. Chambers, Fluorine
in Organic Chemistry, Blackwell Publishing, Oxford, 2004. g) P.
Kirsch, Modern Fluoroorganic Chemistry, Wiley-VCH, Wein-
heim, 2004. h) T. Hiyama, Organofluorine Compounds. Chemistry
and Applications, Springer–Verlag, Berlin, 2000.

2 a) A. L. Henne, M. Nager, J. Am. Chem. Soc. 1952, 74, 650.
b) F. G. Drakesmith, O. J. Stewart, P. Tarrant, J. Org. Chem.
1968, 33, 280. c) J. E. Bunch, C. L. Bumgardner, J. Fluorine
Chem. 1987, 36, 313. d) N. Yoneda, S. Matsuoka, N. Miyaura,
T. Fukuhara, A. Suzuki, Bull. Chem. Soc. Jpn. 1990, 63, 2124.
e) M. N. Bobrovnikov, E. S. Turbanova, A. A. Petrov, Russ. J.
Org. Chem. 1993, 29, 1445. f) T. Yamazaki, K. Mizutani, T.
Kitazume, J. Org. Chem. 1995, 60, 6046. g) A. R. Katritzky, M.
Qi, A. P. Wells, J. Fluorine Chem. 1996, 80, 145. h) A. K. Brisdon,
I. R. Crossley, Chem. Commun. 2002, 2420. i) T. Konno, J. Chae,
M. Kanda, G. Nagai, K. Tamura, T. Ishihara, H. Yamanaka, Tetra-
hedron 2003, 59, 7571. j) V. V. Bardin, N. Y. Adonin, H. J. Frohn,
Organometallics 2005, 24, 5311. k) M. Shimizu, G. Jiang, M.
Murai, Y. Takeda, Y. Nakao, T. Hiyama, E. Shirakawa, Chem.
Lett. 2005, 34, 1700. l) M. Shimizu, M. Higashi, Y. Takeda, G.
Jiang, M. Murai, T. Hiyama, Synlett 2007, 1163.

3 a) W. P. Norris, W. G. Finnegan, J. Org. Chem. 1966, 31, 3292.
b) E. Augdahl, E. Kloster-Jensen, V. Devarajan, S. J. Cyvin, Spec-
trochim. Acta, Part A 1973, 29, 1329. c) S. Trofimenko, R. W.
Johnson, J. K. Doty, J. Org. Chem. 1978, 43, 43. d) G. Bieri,
E. Heilbronner, V. Hornung, E. Kloster-Jensen, J. P. Maier, F.
Thommen, W. Niessen, Chem. Phys. 1979, 36, 1. e) N. P.
Stepanova, N. A. Orlova, E. S. Turbanova, A. A. Petrov, Zh.
Org. Khim. 1986, 22, 439.

4 Reviews on alkynyl(aryl)iodonium salts: a) P. J. Stang, Angew.
Chem., Int. Ed. Engl. 1992, 31, 274. b) P. J. Stang, Russ. Chem.
Bull. 1993, 42, 20. c) P. J. Stang, V. V. Zhdankin, Chem. Rev.
1996, 96, 1123. d) V. V. Zhdankin, P. J. Stang, Tetrahedron
1998, 54, 10927. e) V. V. Zhdankin, P. J. Stang, Chem. Rev.
2002, 102, 2523.

5 B. L. Williamson, P. J. Stang, A. M. Arif, J. Am. Chem. Soc. 1993,
115, 2590. Original protocol kept the reaction temperature at
�42 �C and the solvent for the precipitation was diethyl ether.

6 Tributyl(3,3,3-trifluoropropynyl)stannane was prepared by stanny-
lation of F3CC�CLi, generated from 1,1-dichloro-3,3,3-trifluoro-
2-tosyloxypropene, with Bu3SnCl. See ref. 2l.

7 V. V. Zhdankin, M. C. Scheuller, P. J. Stang, Tetrahedron Lett.
1993, 34, 6853.

8 See Supporting Information available electronically on the CSJ-
Journal Web site, http://www.csj.jp/journals/chem-lett/index.html.

9 Crystal data of 1 was deposited as CCDC-701842 to the Cam-
bridge Crystallographic Data Centre.

10 J. Emsley, The Elements Third Edition, Oxford University Press,
Oxford, 2000.

11 F. Fringuelli, A. Taticchi, Dienes in the Diels–Alder Reaction,
John Wiley & Sons, Inc., New York, 1990.

12 a) A. Varvoglis, Tetrahedron 1997, 53, 1179. b) T. Okuyama, Acc.
Chem. Res. 2002, 35, 12. c) N. R. Deprez, M. S. Sanford, Inorg.
Chem. 2007, 46, 1924. d) M. Ochiai, K. Sumi, Y. Takaoka, M.
Kunishima, Y. Nagao, M. Shiro, E. Fujita, Tetrahedron 1988,
44, 4095. e) J. H. Ryan, P. J. Stang, J. Org. Chem. 1996, 61,
6162. f) S.-H. Lin, F. Li, S. Z. D. Cheng, F. W. Harris, Macromo-
lecules 1998, 31, 2080.

Table 1. Diels–Alder reaction of 1
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Scheme 1. Synthetic transformation of 3.
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