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Abstract—Treatment of a series of unsaturated diols with iodobenzene diacetate (PhI(OAc)2), in various solvents gave cyclic
ene-acetals by a sequential oxidative cleavage-intramolecular [4+2] cycloaddition. The reaction is easy to perform, can be scaled
up safely and occurs efficiently irrespective of the diol stereochemistry. © 2002 Elsevier Science Ltd. All rights reserved.

Elaborated six- and seven-membered ring systems cover
the backbone of several biologically important natural
compounds. In our early studies dealing with the
Pb(OAc)4-mediated glycol fission reaction of bicyclic
unsaturated diols of type 1 and 5, the ring expanded
products of type 4 and 8 were generated in a single
synthetic operation.1 Crucial to the success of the pro-
cess was the substitution pattern around the olefin;
allylic (R3, R5) and vinylic (R4) substitution interrupted
the transformation at the half-cascade level (cyclic ene-
acetals of type 3 and 7), while R1, R2, R6, R7 could be
alkyl, alkenyl, alkoxy, free carbonyl, ketal or others.

More recently, we reported that the synthesis of cyclic
ene-acetals (the so called ‘half-cascade’ intermediates)
of type 7 can occur in good yield on simple room
temperature treatment of unsaturated diols with Dess–
Martin periodinane in toluene2 or Mn(OAc)3 in reflux-
ing benzene.3 We now report an extension of this
reaction in the rearrangement of a series of unsaturated

diols of type 1 and 5 with PhI(OAc)2,4 a hypervalent
iodine (III) reagent,5 as a practical method for the
synthesis of elaborated ring systems. The PhI(OAc)2-
mediated oxidation of 1,2-diols is a clean method for
the cleavage of glycols.6 In the absence of an olefin, the
source of diversity, fission of 1,2-glycols forms the
corresponding dicarbonyl compounds according to a
mechanism similar to that proposed for Pb(OAc)4

cleavage. In an effort to probe its ability to generate
diversity, substrates of type 1 and 5 were subjected to
PhI(OAc)2-mediated sequential transformation condi-
tions. Therefore, a set of substrates was investigated
and the results obtained are exhibited in Schemes 2 and
3 (all isomers could be isolated diastereomerically
pure). The required �-acetoxy enones were prepared by
the regular method from the appropriate enones.7 For
the synthesis of the (R)-(−)-carvone derived unsatu-
rated bicyclic diols, a slightly modified de Groot proce-
dure was employed.8 The domino transformations

Scheme 1. (a) 2 equiv. Pb(OAc)4, MeCN, rt; (b) 1.2 equiv. PhI(OAc)2, MeCN, rt; (c) 1 equiv. Pb(OAc)4, MeCN, rt.
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Scheme 2. Reagents and conditions : 1.2 equiv. of PhI(OAc)2, in acetonitrile, 15–24 h at room temperature.

carried out on diastereomeric mixtures proceeded in
60–89% isolated yields. Taking into account the level of
molecular complexity attained in a one-pot transforma-
tion, yields are quite high. The optimized procedure
involved addition of iodobenzene diacetate (1.2 equiv.)
to a solution of the unsaturated diol (4 mmol) in
acetonitrile (40 mL), and stirring, under inert atmo-
sphere, at room temperature for ca. 24 h. Following
TLC control indicating half-cascade formation, cyclic
ene-acetals were isolated after workup and chromato-
graphy. Domino transformations starting from diols 5
(entries 1–10), uniformly gave rise to the type-7 ‘half-
cascade’ intermediates, as the only detectable products
(Scheme 2). Thus, in the case of 5d (entry 4), the
PhI(OAc)2-mediated reaction furnished the half-cascade
intermediate 7d in an 85% isolated yield. On the other
hand, the equilibrium mixture obtained from diols 1
(Scheme 1), readily underwent oxyplumbation-ring
expansion upon addition of 1 equiv. of Pb(OAc)4 into
the reaction vessel, to give the full-cascade products 4
in remarkably high yields (ca. 82%). Thus, treatment of
1, 5 with iodobenzene diacetate yielded cleanly the
half-cascade intermediates 3, 7 via the intermediate
dialdehydes of type 2, and 6. Cyclic ene-acetals of type
3 can only be characterized as an equilibrium mixture
by NMR techniques, although a few exceptions existed
(entry 10). In the higher homologue, octaline diol series,
all the half-cascade products 7 are isolable and stable,
and some interesting chemistry can be done providing
access to bicyclic or steroidal lactones.9

The effect of solvent was briefly investigated in the
reaction of unsaturated diols 5 with PhI(OAc)2. To this

end, we examined the possibility of replacing acetoni-
trile with other solvents, compatible with the reagent, in
the hope of improving the yield and the rate of the
one-pot multistage transformations. Cleavage with
PhI(OAc)2, in methylene chloride, acetonitrile, benzene,
or toluene occurred efficiently at room temperature.
For example, starting from carvone derived diols 5j
solvent variation gave the following results: in MeCN
an 86% yield of 7j was obtained after chromatography,
while yields decreased in PhMe (75%), PhH (69%),
trifluorotoluene (65%), dichloromethane (57%), and
AcOH (53%). As a consequence of the above results,
the best reaction conditions involve use of dry acetoni-
trile at room temperature.

To explore the influence of 1,2-diol stereochemistry on
product distribution and reaction rate, studies were
conducted on a series of diastereomerically pure diols
(entries 1–5, Scheme 3). The PhI(OAc)2 oxidation on
diastereomerically pure trans-diols, 5j–n (entries 1–5,
Scheme 3), derived from (R)-(−)-carvone (5j), Wieland–
Miescher ketone (5k, 5n) and testosterone (5l, 5m)
followed an identical cursus to that when diols were
used as a diastereomeric mixture, as portrayed in
Scheme 3. This is also valid for all the unsaturated diols
investigated in this study (entries 1–10, Scheme 2).

An examination of these examples reveals that the
process is insensitive to the substitution pattern and
gives good yields in all cases investigated. The results
with PhI(OAc)2, Pb(OAc)4, and Mn(OAc)3 indicate
that in contrast to other cleavage reagents, such as
Dess–Martin periodinane (DMP) or Ph3BiCO3, these



OtBuOtBu

HO

HO OtBu

HO

HO

CN

HO

HO
CN CN

HO

HO

OtBu

HO

HO

OTMS

OtBu

HO

HO

OTMS

OtBu

OTMS

5j

OtBu

HO

HO

OTMS

OtBu

HO

HO

5k

5l

5n

5m 7m

7n

OtBu

OTMS

7l

7k

7j

OtBu

5nt

5mt

5lt
OtBu

HO

HO

OTMS

OtBu

HO

HO

5jt

5kt

79%

86% 85%

82%

67% 64%

Entry

1

2

3

4

5

71% 70%

89% 88%

O O

O O

O O

O O

O O

J. I. Candela Lena et al. / Tetrahedron Letters 43 (2002) 1409–1412 1411

Scheme 3. Reagents and conditions : 1.2 equiv. of PhI(OAc)2, in acetonitrile, 15–24 h at room temperature.

three oxidants do not show stereochemical preference.
Furthermore, the process is compatible with numerous
functionalities, and can accommodate those unsatu-
rated diols possessing a tertiary–secondary diol system.
The effect of solvent, temperature, stoichiometry, and
reaction time has been studied on diols of type 1, with
the hope of completing the cascade towards 4. Pro-
longed room temperature stirring in the presence of a
threefold excess of iodobenzene diacetate did not pro-
duce a trace of the type 4 ring expanded products, even
after a 3-day reflux in acetonitrile, benzene or toluene.
However, heating at reflux in acetic acid gave ring-
expanded products, albeit in very low yields. Hence,
starting from 1b (R1=Me, R2=OtBu, R3=R4=R5=
H), the domino transformations (oxidative–pericyclic)
proceeded without incident except for the fact that to
complete the cascade, the process must be carried out in
acetic acid at reflux using a threefold excess of the
reagent, as opposed to the mild room temperature
stirring with 2 equiv. of Pb(OAc)4.

In conclusion, we have demonstrated that domino reac-
tions mediated by PhI(OAc)2 constitute a synthetically
useful procedure not involving harsh conditions that
preclude the presence of sensitive functional groups.
According to Tietze’s classification,10 the process is a
hetero-domino reaction (oxidative–pericyclic) where

olefin is the sine qua non for the generation of such a
high diversity11 while Pb(OAc)4 remains the reagent
that affords the highest degree of diversity. Thus far,
PhI(OAc)2 is the only oxidant other than Pb(OAc)4 that
can effect the ring expansion, even though the yields are
not exceeding 20% and the reaction is sluggish. In all
cases investigated, structures and stereochemistry of
products are assigned by comprehensive spectral data;
optical rotations were measured in chloroform and
NMR spectra in CDCl3.12
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