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The pinacol-pinacolone rearrangement 1s a typical 1,2-
rearrangement reaction of vicinal diols under acidic conditions'
which has been known since 1960.° This rearrangement
mvolving a dehydration and skeletal rearrangement 1s onc ol
the carhiest documented Wagner-Meerwein rearrangements
m carbocation chemistry and has been used as a key step in
organic synthesis.™ The intermediate cations are usually
generaled under Lewis or Bronsted acid conditions which
ollen result in regiosomeric mixtures ol ketones and aldehydes
when unsymmetrical diols are used. Regioselectivity s
determined by stablity of the primary {ormed carbocation as
well as migratory aptitude of the diol substituents which in
turn are predicted by stercoclectronic (actors. Because of the
miluence of these (actors, it has not been possible to
determine an unambiguous migatory order {or substituents
n the pinacol rearrangement. However, some general trends
arc discermible. Various studies on the relative migratory
aplitudes in the pinacol rarrangement have been conducted.®
In general, the relative migratory tendency of aryl > alkenyl
> hydride > alkyl is observed.

Organic reactions are [ound to occur cfliciently under
solvent-free conditions and many cxamples have been
reported so far®?” Heteropoly acids are the object of
rescarch (or a long time. Much work has been done and
there are several commercial processes utihizing heteropoly
compounds.™ In this work we report the usage of heteropoly
acids such as tngstophosphoric acid (HsPW2040) as solid
acid for pinacol rearrangement, Tt is a commercially available
and cheap crystalline compound, Also, it is casy (o handle
and in comparison (o the results obtained by carrying out the
reaction using other acids,™ the reaction using tungstophos-
phoric acid (H;PW 040} proceeds more efficiently under
much milder conditions during a shorler reaction time.
When a mixture of 1 : 3 molar ratio ol diol and H:PW >0
are ground at room temperature the products of rearrangement
arc oblained in high yicld. Similar results are obtaimed by
tungstosilicic acid but the conversion pereents are lower and
leads to lormation ol some byproducts.

Heteropoly acids as solid acids in Pinacol rearrangement
alleets the migratory aptitude of groups as well as conver-
sions and lacility of the reaction process.™ As the results of
Table 1 show the aryl anions migrate more casily than
hydride does. Diol 1 led to aldchyde 1a, exclusively, which
results Irom parg-methoxyphenyl migration and the product
of hydride migration was nol obtained under the reaction

H
R—CY—C—Ph

H Ph
4c

Scheme 1

condition. Dhol 4 led (o rearrangement products, aldchyde 4a
and ketone 4b, which are obtaned in ratio of 1:2.1 by para-
methoxyphenyl and phenyl migrations, respectively. As it
can be seen again no hydride migration is obscrved under
the reaction condition. In the case ol 4 because of the greater
resonance stabilization of the catbonium ion (4¢, Scheme 1),
caused by methoxy group, gives mamly the thermodynami-
cally controlled product 4b.

Therelore, the reaction ol 4 15 accelerated because of the
ereater stability of the carbeatonic mtermediate. Pinacol § is
rearranged 1o aldchyde 5a and ketone 5b in the ratio ol 1:).5
which are obtained by paramethylphenyl and phenyl migrations,
respectively. In the case of 5 the carbocation adjacent to the
two phenyl groups is more stable and the reaction led to
thermodynamically controlled product Sa. Diol 3 led to
aldehyde 3a and ketone 3b in the ratio ol 1:0.37. Aldchyde
3a is obtained by phenyl migration and ketone 3b may be
obtained by phenyl and/or hydride migration. However, we
have no evidence Lo show that if phenyl or hydride migration
has oceurred to produce ketone 3b but if we compare this
reaction with entrics 4 and §, we may anticipale that the
ketone is oblained by phenyl migration and the reaction is
thermodynamically controlled. The same trend was observed
for rearrangement o 6 which led 1o 6a in 95% yicld.
Anthrapinacol 8 gave bianthryl as a dchydration product
under the reaction condition.

In summary we have shown that pinacol rearrangement is
casily carried out by tungstophosphoric acid (HsPW)2040)
under solvent-Iree conditions. Aryl groups migrate more
casily than hydride docs and the reaction is thermodymamically
controlled.

Experimental Section
General procedure. A mixture ol pinacol compound (200

mg, 1.0 ¢q} and tungstophoshoric acid {(H;PW12040) (3.0 ¢q)
was thoroughly ground in an agate morlar lor a few minules.
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Table 1. Rearrangement of Pinacols to the corresponding products. All the reactions were carried out at room temperature

and extracting by dichloromethane. The organic layer was
dried over Na;S0O; and solvent was removed in vaccuo. The
resulting products were purified by column chromatography
on silicagel (Merck, 100-200 mesh, ethylacetate-hexane, 1 :
9) to afford pure products. Starting materials (Pinacols) were

prepared by Toda'' and Khurana® methods.
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Entry Pinacol Product (s)° Time (imin) Yield (%)
R R R
[ OH OH oHe—( 10 93
- - 1a R
1, R= p-MeQCH,
Ph Ph Ph
Ph —Ph Ph‘"—éPh
2 o 10 9l
OH OH Ph
2 2a
Ph Ph Ph
Ph —Ph OHC Ph  Ph
3 ; ! 10 69,26
OH OH Ph 0 Ph
3 3a 3b
Ph Ph Ph
4 R Ph OHC R Ph— 10 31.66
OH OH Ph °© R
4a 4b
4, R= p-MeOC,II,
Ph Ph Ph
35 RT’—Ph OHC R Ph— 10 58,29
OH OH Ph °© R
5, R=p-MeCH, Sa 5b
6 HO™ | OH 5 95
3
7 1o~ OH 10 69
7
8 HO"] OH 3 ol
8 8a
“All the products are known compounds and characterized by physical and spectral analysis.
The reaction mixture was worked up by adding HaSO4 (2 N) References
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