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A new method for the synthesis of a tetrahydrofuran ring is described which involves ozonolysis of a
diene possessing a free hydroxy group in the c-position. The reaction proceeds via ozone attack on the
terminal double bond, cleavage, and intramolecular cyclization through the free hydroxy group. The
cyclization event can be rationalized through formation of Criegee’s carbonyl oxide, but not through
the ‘unified’ mechanism, thereby lending support to the Criegee mechanism as a method of producing
oxygen-containing heterocycles.
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Oxygen-containing heterocycles are structural motifs widely
found in natural products of different origins. A range of biologi-
cally active compounds such as C-nucleosides, ionophore antibiot-
ics, acetogenins, and brevetoxins incorporate cyclic polyether
moieties in their structural backbone. Consequently, considerable
effort has been undertaken to elaborate new and efficient synthetic
methods to access cyclic ethers of different ring sizes.1 Functional-
ized polyethers are of particular interest in synthetic organic meth-
odology, because their synthesis often requires considerable effort.

Historically, different strategies have been undertaken in order
to access functionalized O-heterocycles. The most common strat-
egy is based on a biomimetic approach and consists of assembling
the specifically functionalized aliphatic chain, followed by a C–O
cyclization reaction, promoted by different electrophilic or radical
initiators.1 Typically, the formation of cyclic ethers is a two-step
process involving the formation of a carbocation through electro-
philic addition to an olefin, followed by intramolecular nucleo-
philic attack of an oxygen substituent on the carbocation
(Scheme 1). This strategy works well for the synthesis of tetrahy-
drofuran ring systems. On the other hand, the utility of a conju-
gated diene system in such a transformation is under explored.
In our opinion, the conjugated system can contribute to an alterna-
tive reaction course and may result in greater flexibility for build-
ing functionalized oxygen heterocycles.

Research on the isolation of polyethers from the marine dinofla-
gellate Karenia brevis has delivered various families of ladder frame
ll rights reserved.
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polyethers containing conjugated dienes.2 We envisioned that this
functionality could be used for further functionalization of natural
ladder frame polyethers.

In order to check the feasibility of this approach, we designed a
model compound to mimic the lateral chain with conjugated dou-
ble bonds that incorporates a free hydroxy group at the c-position
with respect to the olefinic bond. Based on the general mechanism
of tetrahydrofuran formation (Scheme 1), one can assume that the
generation of a carbonium ion in the lateral chain would inevitably
lead to a cyclization event involving the free hydroxy group to pro-
vide a functionalized furan ring. The synthesis of the model sub-
strate 1 is presented in Scheme 2.3 The bicyclic system of 1
possesses a conjugated double bond in an equatorial position and
a tertiary hydroxy group trans-configured relative to the lateral
chain. It is noteworthy that an isoprenoid polycycle has recently
been used as a model to support an alternative mechanism for
the synthesis of marine polyether toxins.4

Functionalization of conjugated double bonds can be performed
by selective ozonolysis, and this type of transformation is well doc-
umented for similar substrates.5,6 In particular, it was demon-
strated that the ozonolysis of conjugated double bonds proceeds
XR XX=I or Br

Scheme 1. Formation of tetrahydrofurans through carbocation generation.
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Scheme 3. Ozonolysis reactions of 1.
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Scheme 4. Proposed mechanism for the synthesis of tetrahydrofuran 6.

CHO

OAc n-BuLi, THF OAc OH
[Ph3PCH2

-CH=CH2]+Br-

2 3 13-Z (70%)
4 13-E (30%)

1. KOH/EtOH
2. HPLC

1
76%

12
13
14

15

Scheme 2. Synthesis of model substrate 1.
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sequentially,5 and we also planned to transform selectively the lat-
eral chain of 1 under different ozonolysis conditions.

Following these hypotheses, alcohol 1 was submitted to ozonol-
ysis (Scheme 3). Ozone was added in slight excess and the reaction
was performed at different temperatures. At �70 �C, the major
product, after borohydride reduction, was the known diol 5—a
product of C12–C13 double bond cleavage. Performing the ozonol-
ysis at 0 �C provided a compound containing two carbon atoms less
than the initial diene side-chain suggesting cleavage of the C13–
C14 bond.7 The structure of this compound was determined as 6
using 1D and 2D NMR experiments.

The formation of alcohol 6 was quite unexpected, but the reac-
tion course can be explained on the basis of the Criegee mecha-
nism.8 It is well known that this mechanism was the subject of
controversial discussions and the most relevant alternative is the
so-called unified concept.9

Recent work on this subject, employing labeled atoms,10 has
shown the viability of the Criegee scheme. Our current work brings
further experimental evidence for this conclusion. In fact, the for-
mation of alcohol 6 is only possible via Criegee’s carbonyl oxide
8 (Scheme 4). Its stabilization by conjugation with the adjacent
double bond leads to a partial positive charge at C12, intramolecu-
lar attack by the hydroxy group then forms the corresponding het-
erocycle 10. Since the stability of the formed vinylic hydroperoxide
is extremely low,11 it decomposes to the aldehyde 11, (possibly via
a strained four-membered cyclic peroxide) which is reduced with
sodium borohydride to form the alcohol 6. Similar ‘abnormal’
ozonolysis has been reported and explained on the basis of the
intramolecular involvement of the free hydroxy group during the
reaction.12

Tetrahydrofurans similar in structure to alcohol 6 are well
known but their formation was based on a different mechanism,
suggested on the basis of involvement of iodine in the reaction se-
quences.13 From a synthetic point of view, the presence of the
hydroxymethylene group at C12 in alcohol 6 represents an alterna-
tive opportunity for further functionalization.

In summary, a new method for the synthesis of tetrahydrofu-
rans has been demonstrated. The procedure based on a tandem
ozonolysis-cyclization reaction provides a good yield of the hetero-
cyclic compound, possessing a lateral chain for further functional-
ization. To the best of our knowledge, this is the first example of
ozonolysis of a conjugated diene with simultaneous cyclization,
through utilization of an appropriately positioned hydroxy group,
to prepare oxygen-containing heterocycles. The practical utility
of the newly synthesized compound is currently under
investigation.
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