
Induced oxidative rearrangement of non-terminal alkynes by [fluoro(trifluoro-
methanesulfonyloxy)iodo]benzene to esters of 2-alkyl- and 2-arylalkanoic acids

Namig Sh. Pirguliyev,a Valery K. Brel,*b Nikolai S. Zefirova,b and Peter J. Stangc

a Department of Chemistry, M. V. Lomonosov Moscow State University, 119899 Moscow, Russian Federation. 
Fax: +7 095 939 0290; e-mail: prnmsh@org.chem.msu.su
b Institute of Physiologically Active Compounds, Russian Academy of Sciences, 142432 Chernogolovka, Moscow Region, 
Russian Federation. Fax: +7 095 913 2113; e-mail: brel@ipac.ac.ru
c Department of Chemistry, University of Utah, Salt Lake City, UT 84112, USA. Fax: +1 801 581 8433

The oxidation of non-terminal acetylenes by [fluoro(trifluoromethanesulfonyloxy)iodo]benzene in methanol causes oxidative
rearrangement to esters of 2-alkyl- and 2-arylalkanoic acids.

Hypervalent iodine reagents react with alkynes to give various
products depending upon the type of reagent, the structure of
alkynes and the reaction conditions. Terminal alkynes react
with [hydroxy(tosyloxy)iodo]benzene to yield alkynyl iodonium
tosylates,1 which are important intermediates for the syntheses
of alkynyl carboxylates,2 phosphates2 and triflates.3 Reactions
of (perfluoroalkyl)phenyliodonium salts with terminal alkynes
yield a mixture of substitution and addition products.4 Non-
terminal alkynes are converted to a-diketones by oxidation with
iodosobenzene in the presence of ruthenium,5 while terminal
alkynes afford carboxylic acids.5 Oxidation of alkynyl ethers
and alkynyl amines with PhIO in the presence of RuII catalysts
yields a-ketoesters and a-ketoamides,6 respectively. Bis-trifluoro-
acetoxyiodobenzene (PIFA) reacts with non-terminal alkynes
to give a-diketones,7 while terminal alkynes yield a-hydroxy-
ketones.7,8 The cleavage of alkynes to carboxylic acids has been
accomplished using PIFA/C6H6/H2O under reflux conditions.9
Oxidative rearrangement of terminal and non-terminal alkynes
by [hydroxy(tosyloxy)iodo]benzene affords carboxylic acid
esters.10

Recently, a new approach was suggested for the one-pot
generation of aryliodoso derivatives directly from iodoarenes.11

The iodonium triflate with the general formula [ArI+F– OTf]
is assumed to result from the oxidation of iodoarenes upon
treatment with xenon fluorotriflate. It was shown that the
reactions of these reagents with terminal acetylenes are accom-
panied with anti-addition to afford (E)-[b-(trifyloxy)alkenyl]-
(aryl)iodonium triflates in moderate to excellent yields.11

In a continuation of our investigation on hypervalent iodine
chemistry, we now report the results of reaction of [fluoro-
(trifluoromethanesulfonyloxy)iodo]benzene with non-terminal
alkynes in methanol. It is interesting to note that this reaction
is accompanied by oxidative rearrangement of non-terminal
alkynes to esters of alkyl and arylalkanoic acids (Table 1). A
great attention directs towards the synthesis of arylalkanoic
acids due to their anti-inflammatory properties.10,12,13

A likely mechanism for these oxidative rearrangements entails
the initial formation of 2-methoxy-1-alkenyl(phenyl)iodonium
triflates A analogous to the production of (2-trifyloxy-1-
alkenyl)iodonium salts from terminal alkynes with PhI+F– OTf
in non-hydroxylic solvents.11 Michael addition followed by a
1,2-shift of the R group in B with dissociative reductive
elimination of iodobenzene would ultimately afford 2a– g.†

In summary, iodine(III)-induced oxidative rearrangement of
non-terminal acetylenes by [fluoro(trifluoromethanesulfonyl-
oxy)iodo]benzene offers an efficient procedure for the specific
transformation of alkynes to alkyl- and arylalkanoic acids.
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Scheme 1 Reagents and conditions: i, CH2Cl2, –7 8 ° C; ii, PhI, CH2Cl2;
iii, MeOH; iv, aqueous NaOH, then 5% aqueous HCl.

a R = Ph, R' = Me
b R = Ph, R' = Et
c R = R' = Ph
d R = p-NO2C6H4, R' = Me
e R = p-MeCOC6H4, R' = Me
f R = R' = Et
g R = Pr, R' = Me

R R'

[PhIF]+[TfO]–

R C
R'

I

Ph

FOTf

MeOH
– H F R

MeO

I+Ph– OTf

R'

A

MeOH

MeO

MeO

R I+Ph– OTf

R'

R

R'

MeO

MeO

OTf

B

1a– g

R'

R
OMe

O
2a– g

Scheme  2

Table 1 Oxidative rearrangement of non-terminal acetylenes with [PhI+F– OTf]
in methanol. 

Starting 
compound

Reaction 
time/h Product Yield (%) Characteristic

1a 22 3a 52 nD
20 1.523114

1b 28 3b 42 mp 43–44 ° C
1c 28 3c 47 mp 147 ° C14

1d 28 3d 44 mp 89 °C 14

1e 30 3e 53 mp 57 °C 15

1f 25 3f 39 nD
20 1.412914

1g 25 3g 40 nD
20 1.414214
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