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The last 10-15 years have witnessed a great explosion
in the synthesis and uses of hypervalent iodine com-
pounds.1,2 Because of the labile aryliodonio moiety,
alkenyl(aryl)iodonium salts display significant reactivity
as electrophiles in copper-mediated nucleophilic substitu-
tions,3 palladium-catalyzed coupling reactions,4 and nu-
cleophilic substitution by enolates.5 Ochiai, Okuyama,
and co-workers recently quantified the nucleofugality of
the phenyliodonio moiety as 106 more reactive than the
triflate group. They also reported some elimination
product from solvolysis of trans-1-decen-1-yl(phenyl)-
iodonium tetrafluoroborate.6
In our use of â-disubstituted alkenyl(aryl)iodonium

salts in which the aryl moiety is either phenyl or contains
the 4-trifluoromethyl moiety, we observed and report
herein remarkably facile fragmentation pathways which
may occur via the intermediacy of a simple primary vinyl
cation and a phenonium ion.7-9 To the best or our
knowledge, one of the rearrangements we observe rep-
resents the first example of leaving group departure (in
absence of any exogenous nucleophile) from a primary
vinyl compound which is neither a cyclopropylidene
derivative, nor contains a â-stabilizing group such as
phenyl. Although the disubstituted substrates examined
fragment and rearrange easily, they are not prone to
direct E2 elimination because they lack hydrogen atoms
â to the iodonium moiety.
2-Methyl-1-propenyl(4-(trifluoromethyl)phenyl)iodo-

nium triflate (1a) was synthesized10 using 4-(trifluoro-
methyl)phenyl(cyano)iodonium triflate.11 Salt 1b was
previously reported.10 The new salt 1awas characterized
by 1H NMR spectroscopy as well as IR and combustion
analysis.12 Although 1a does slowly decompose at room

temperature, it can easily be handled at normal temper-
atures and stored >10 months at -15 °C.
Salt 1a readily reacts in CDCl3 and MeOH at elevated

temperatures (60-65 °C). A new 1H NMR spectrum after
decomposition in chloroform revealed that 4-(trifluorom-
ethyl)iodobenzene was generated. New proton reso-
nances also appeared at δ 6.40 (br s), 5.60 (q), and 5.34
(q). Four components were identified by GC MS as
p-(trifluoromethyl)iodobenzene 2a, and three enol tri-
flates with M+ ) 204 (m/z).
We then synthesized the possible vinyl triflates (3a,

(Z)-4a and (E)-4a) which could result from an initial vinyl
cation intermediate generated from 1a.13,14 The Z/E
ratio of this mixture of stereoisomers (4) prepared by
addition of TfOH to 2-butyne was 4.5/1 (1H NMR). Each
of these was analyzed by GC and GCMS, and the reten-
tion times and masses all corresponded to the decom-
position products; the overall reaction is shown in eq 1.
Salt 1b also decomposes readily in CDCl3, but provides

(E)-4b as the only detected enol triflate. Contrary to
Okuyama and Ochiai’s results in which a styryl analog
containing a â-hydrogen reacted more slowly than a
decen-1-yl analog, our disubstituted styrenyl derivative,
1b, decomposes far more rapidly than dimethyl analog
1a in CDCl3 or alcoholic solvents.15 Typically, 1b was
completely decomposed at room temperature in CDCl3
for 12 h before chromatography (vide infra). Okuyama
and Ochiai’s styryl analog required 76 h at 50 °C in AcOH
to provide 2.2% of a rearranged enolacetate.15

It was possible that adventitious acid caused the
decomposition.16 The acid-sensitivity of the decomposi-
tion pathway described herein was tested in two ways:
(a) 1.0 equiv of triflic acid was added to a CDCl3 solution
of 1a; and (b) the CDCl3 used was filtered through basic
alumina. Compound 1a was found to be stable in the
presence of the excess acid and decomposed as described
in the alumina-filtered solvent.
The mechanism for decomposition of 1a (Scheme 1)

may involve heterolysis of the vinyl C-I bond to afford
the primary vinyl cation A and 4-CF3C6H4I, 2a. This
cation is particularly significant as it does not contain a
stabilizing group such as a cyclopropylidene or â-phenyl.
Attack of the triflate before methyl migration leads to
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the “unrearranged” 2-methyl-1-propenyl triflate 3a. This
product could also arise by direct in-plane SN2 displace-
ment of the aryliodonio moiety.15,17-19 The other two of
the four isolated decomposition products require a rear-
rangement. The primary carbocation intermediate A
may be involved, or a rearrangement via methyl migra-
tion followed by nucleophilic attack of the triflate anion
on a secondary cation could afford the 2-buten-2-yl
triflates (Z)-4a and (E)-4a. The final ratio of Z/E of the
2-buten-2-yl triflates (Z)-4a/(E)-4awas 1.3:1.0. This ratio
is clearly different from the 4.5/1 ratio obtained during
the independent synthesis. The overall ratio of 3a:(Z)-
4a:(E)-4a was 1.0:3.2:2.4 (1H NMR).20 The change in
ratio depending on whether (Z)-4a and (E)-4a were
synthesized by addition of TfOH to 2-butyne or from
decomposition of 1a indicates that in the decomposition,
the larger relative proportion of (E)-4a arises because of
an intimate ion-pair mechanism in which the methyl
trans to the iodoarene moiety migrates more readily due
to favorable stereoelectronics and lower steric hin-
drance.21 The low polarity solvent, chloroform, probably
favors the formation of the intimate ion pair rather than
solvent separated ions.
Compound 1b decomposes in a similar manner, but

involves an unsymmetrical phenonium ion (D) which
results in frontside attack of the triflate (eq 2). Enol

triflate (E)-4b was isolated in 51% yield after column
chromatography, and 1b decomposes readily and com-
pletely in chloroform at room temperature over the course
of 12-16 h.22 This trans-isomer was the only enol triflate
isolated, and the structure was verified by independant
synthesis from 1-phenyl-2-butanone using the hindered

base method (1H NMR and GC MS).13 Decomposition of
1b was also accomplished in MeOH to afford a mixture
of 2b, 5 and rearranged products 1-phenyl-1-butyne (6),
1-phenyl-1,2-butadiene (allene 7),23 1-phenyl-2-butanone
(8) and (E)-4b (Scheme 2). Subsequent acid hydrolysis
then provided a mixture of products in which 5 was
converted to 8. Compounds 6, 8, and (E)-4bwere verified
by 1H NMR and GC MS with authentic samples. Fur-
ther, the components present in the largest quantities,
2b, 7, and 8 were isolated by column chromatography in
53, 25, and 35% yields, respectively. The only detected
and isolated carbonyl compound was 1-phenyl-2-bu-
tanone (8), indicating that even in this highly-ionizing
and relatively nucleophilic solvent, phenyl migration
occurred. This is remarkable given that decomposition
of styrenyl(phenyl)iodonium tetrafluoroborate required
7 days at 70 °C.15 Obviously, the addition of a second
â-substituent drastically increases the propensity to form
the phenonium ion even in chloroform. This is likely the
result of the additional alkyl group stabilizing charge
build-up at the site of migration and leading to an
increased rate for this step.
In addition to vinyl cation pathways, other mechanisms

are possible. Initial homolytic cleavage followed by single
electron transfer (SET) has previously been observed, but
only as a minor (1%) pathway.6 Alkylidene-carbene and
migration-elimination-addition modes are also possible.
However, no products supporting these alternative mech-
anisms were identified.
In conclusion, we have documented fragmentations of

â-disubstituted alkenyl(aryl)iodonium triflate salts which
may occur via a primary vinyl cation and a phenonium
cation. Direct trapping of the cations by the triflate anion
as well as rearrangements by 1,2-shifts were observed.
The aryliodonio moiety is obviously an exceedingly good
nucleofuge and leads to remarkable reactivity in these
systems. Such facile fragmentations of iodonium salts
could prove very useful in initiating cationic rearrange-
ments in more complex molecules under mild conditions.
Further investigations into structural, solvent, and elec-
tronic effects on the decomposition pathways and detailed
mechanistic studies are underway and will be the subject
of future reports.
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