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ABSTRACT

An efficient and highly stereoselective synthesis of functionalized trisubstituted E-olefins from cyclopropyl carbinol derivatives via a Julia-
type olefination mediated by an intriguing Lewis acidic system consisting of CeCl 3‚7H2O and NaI in refluxing acetonitrile is reported. This
facile olefination allows for the iterative incorporation of methylcyclopropyl ketone as a C 5 prenylation synthon in the synthesis of acyclic
terpenoids, as demonstrated in the facile synthesis of plaunotol 6 E-isomer 12, a biologically significant diterpene diol, and naturally occurring
diterpene 17.

The stereoselective synthesis of substituted olefins continues
to be an active research subject of methodological develop-
ment.1 The classical Julia homoallylic transpositional pro-
tocol, involving a protic or Lewis acid-mediated halogenative
ring-opening of cyclopropyl carbinol substrates, offered a
practical, useful, and versatile method for the stereoselective
synthesis of substituted olefins.2 In connection with an
ongoing synthetic program in this laboratory, we present in

this paper an effective and highly stereoselective synthesis
of bifunctional trisubstitutedE-olefins from cyclopropyl
carbinol derivatives through the Julia-type olefination medi-
ated by an intriguingly mild Lewis acidic system consisting
of CeCl3‚7H2O and NaI in refluxing acetonitrile. Since the
earlier introduction of CeCl3‚7H2O by Luche3 to organic
synthesis as a mild water-tolerable Lewis acid, this readily
available hydrated rare-earth metal halide has emerged as
an attractive Lewis acidic mediator in organic synthesis.4,5

As recently reviewed by Bartoli et al.,5 the simple combina-* Fax/Phone: 0086-(0)22-23494613.
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tion of CeCl3‚7H2O and NaI in CH3CN behaves as a uniquely
effective and mild Lewis acidic system which promotes
various synthetically valuable functional group transforma-
tions under mild conditions using convenient procedures. Our
current work represents another useful extension of this
reagent system in stereoselective olefin synthesis which is
applicable in the chemical synthesis of oligoprenylated
natural products.

During the screening to find an appropriate reagent system
for an effective Julia-type halogenative olefination of pre-
nylated diol 1, a geraniol-derived cyclopropyl carbinol,
readily prepared from homogeranyl cyclopropyl ketone (2)
in two steps (81% overall), we found that, upon exposure to
a slurry mixture of CeCl3‚7H2O (1.0 equiv) and NaI (1.2
equiv) in refluxing CH3CN for half an hour (Scheme 1), the
desired Julia olefination product3 was obtained in 15%
isolated yield as practically pureE-isomer6 and the major
product isolated in 65% yield was characterized as a formal
pinacol-type rearrangement product4. To minimize the
unwanted pinacol rearrangement pathway to aldehyde4, we
then examined the corresponding monoacetylated derivative
5 under identical conditions (a), as shown in Scheme 2. To

our delight, the corresponding acetoxylated homoallyl iodide
6 was obtained in 65% isolated yield as geometrically pure
E-isomer as judged by GC and1H NMR analysis.7

To compare the efficiency and stereoselectivity of the
reagent system CeCl3‚7H2O/NaI in CH3CN with other
frequently used acidic conditions, submission of acetate5
to conditions b and c, as illustrated in Scheme 2, furnished
not only a lower yield of the corresponding Julia olefination
product6 but also a much diminished stereoselectivity (cf.
E/Z ratios),8 respectively. Notably, many other Lewis acidic
conditions that were tested failed to promote the desired Julia
olefination to6, including MgI2 etherate in CH2Cl2 (condition
d), a proven effective Lewis acidic catalyst2a for the
allylsilane synthesis from the corresponding cyclopropyl
carbinol in our previous work.

To elucidate the effects of the water content in the reagent
system and the alkaline metal halide used, we next examined
the Julia olefination of homoprenyl cyclopropyl carbinol
acetate7 under variable conditions. As shown in Table 1,

the presence of water in the reaction mixture is obviously
essential for a rapid and highly stereoselective olefination
in a reproducible yield, while the “dry” conditions (entry 2)
led to a much diminished selectivity compared with that of
the hydrated CeCl3 (entries 1 and 3). The alkaline metal
cations seem to also play a critical role as illustrated in entries
4 and 5, where sodium iodide is proven to be the best halide
salt in combination with CeCl3‚7H2O to form an effective,
yet mild Lewis acidic system (cf. entries 6 and 7), and the
bromo salts are much less effective than iodo salts. Surpris-
ingly, the analogous quaternary ammonium iodide (entry 8)
is completely ineffective, while combination with NaBr
restored the reactivity but still led to a lower stereoselectivity

Srinivas, M.Chem. Lett.2004, 33, 882. (d) Bartoli, G.; Bosco, M.; Giuliani,
A.; Marcantoni, E.; Palmieri, A.; Petrini, M.; Sambri, L.J. Org. Chem.
2004,69, 1290. (e) Moreno-Dorado, F. J.; Guerra, F. M.; Manzano, F. L.;
Aladro, F. J.; Jorge, Z. D.; Massanet, G. M.Tetrahedron Lett.2003,44,
6991.

(5) Bartoli, G.; Marcantoni, E.; Sambri, L.Synlett2003, 2101.
(6) Structure characterized by analysis of1H NMR and NOE spectrum,

and isomeric purity was determined by GC analysis.

(7) Acetylation of3 afforded an identical acetate6.
(8) Stereochemistry of products were assigned by NOE experiments

and ratios determined by GC analysis.

Scheme 1. Julia Olefination of1 Mediated by CeCl3‚7H2O/
NaI

Scheme 2. Comparison of Julia Olefination Conditions

Table 1. Effects of H2O and Alkaline Metal Halides

entry n MX time (h) E/Za yield (%)b

1 7 NaI 1.5 >19:1 66
2 0 NaI 1.5 5:1 61
3 2.5c NaI 1.5 9:1 70
4 7 LiI 2.5 6.3:1 40e

5 7 KI 2.5 4.1:1 45e

6 7 KBr 5 5.1:1 41e

7 7 NaBr 5 4.5:1 42e

8 7 nBu4N+I- 8 trace
9 7 nBu4N+I-/NaBr 4 4.7:1 57 (2.7:1)d

a Ratio determined by1H NMR analysis.b Isolated yield recorded.
c Prepared from CeCl3‚7H2O by partial dehydration.d Ratio of X ) Br/X
) I. e Significant amount of dehydration products (below) were formed.
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(entry 9). The solvent of choice is proven to be CH3CN, as
demonstrated by Bartoli et al. in their systematic studies.5

With the above optimized Julia olefination conditions, we
further examined the influence of substituents in the cyclo-
propyl carbinol substrates. As shown in Table 2, sterically
bulkier carbinols (entries 2 and 3 versus entries 1 and 5)
appear favorable for theE-isomeric product, but apparently
are less stereoselective than the corresponding acetoxylated
carbinol7 (cf. entry 1 of Table 1). A stronger carbocation
stabilizing group (MeS, entry 4) favors the sameE-isomer
formation equally.

On the basis of the above facts, we rationalized that the
highly E-selective olefination for substrates5 and7 may be
attributed to intramolecular acyl participation in the cyclo-
propylcarbinyl cationic speciesi, as depicted in Figure 1, in

which a transient metastable cationic intermediateii thus
formed is responsible for the antiperiplanar cyclopropane
ring-opening by halide attack, leading to predominantly
E-olefinic products. The slightly lowerE-selectivity in the
benzoate substrate (entry 2 of Table 2) may be a manifesta-
tion of the more significant hyperconjugative cation stabiliz-
ing effect of methyl group in the acetate substrates, which
may be also reflected in the classical Prévosttrans-
dihydroxylation9 versus Woodwardcis-dihydroxylation.10

The mild Lewis acidic character of this reagent system may
be attributed to the soft activation of hydrated CeCl3 by
ligand exchange, with the iodo anion in CH3CN leading to
an effective oxophilic species for the generation of cyclo-
propylcarbinyl cationi and subsequent equilibration toii.

To demonstrate the synthetic usefulness of the now readily
available trisubstituted homoallylic iodides6 and 8 in
terpenoid synthesis, we accomplished the synthesis of
polyprenylated acyclic diterpenoids12 and17 accordingly.
As shown in Scheme 3, triene acetate6 was transformed
into the corresponding THP ether6a in a routine two-step
procedure and, subsequently, into organozinc6b by a
modified method,11 which was coupled with a C4 unit (A)12

under typical Negishi conditions13 catalyzed by (Ph3P)4Pd
to give the tetraene11 in 40% isolated yield from6a.
Reduction of the ester11with DIBAL-H followed by acidic
hydrolysis furnished the diterpene diol1214 in good yield,
the 6(E)-isomer of plaunotol, a naturally occurring antiulcer
and antibacterial diterpenol.15 Similarly, the corresponding
organolithium of iodo THP ether8a was added to cyclo-
propylmethyl ketone to give a carbinol13, which was
subjected to the modified Julia transpositional olefination
conditions16 to afford the homoallyl iodide14 as a mixture
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New York, 2002.
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These conditions produced the optimalE-selective product14.

Table 2. Effects of Cyclopropyl Carbinol Substituents

entry R1 R2 E/Za yield (%)b

1 homoprenyl H 3.3:1 83
2 homoprenyl OBz 10:1 70
3 homogeranyl OTBDPS 15:1 38
4 4-phenylbutyl SMe E only 55
5 homogeranyl Br 2:3 20c

a Ratio determined by1H NMR analysis.b Isolated yield recorded.
c Major product isolated is characterized as homofarnesyl iodide (R2 ) H,
51%,E/Z 3:1), a reductive debromination product (by NaI).

Figure 1. Mechanistic rationale for the highlyE-selective Julia
olefination of cyclopropyl acyloxymethyl carbinols.

Scheme 3. Synthesis of 6(E)-Plaunotol (12)
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of E/Z isomers (4:1), which was then treated with DBU in
DMF to give the conjugated polyene15 after chromatogra-
phy on silica gel in good yield. A Suzuki coupling protocol17

was employed to elongate the prenylated chain alternatively,
as shown in Scheme 4, where 3-methyl-3-iodo acrylate (B)18

was used as a C4 terminating unit under typical catalytic
conditions.19 The corresponding coupling product16 was
obtained in 52% yield, which was then transformed via a
series of routine functional group manipulations into the
diterpene aldehyde17 in an overall yield of 32%,20 a
naturally occurring acyclic diterpenoid21 possessing similar
bioactivity as that of plaunotol.

It is noteworthy that the above facile synthetic sequences
(Schemes 3 and 4) allow for the iterative incorporation of
methylcyclopropyl ketone as a C5 prenylation synthon in the

synthesis of acyclic prenylated terpenoids,22 coupled with
the use of two readily available C4 terminating units (Aor
B), as illustrated in the above rapid synthesis of plaunotol
6(E)-isomer12 and the first total synthesis of naturally
occurring diterpene compound17.

This approach is also effective for the Julia olefination of
a bicyclic cyclopropyl carbinol derivative19 prepared
similarly from a (-)-carvone-derived ketone182a in two
steps, and the corresponding iodo acetate20 was obtained
in good overall yield (eq 1). This chiral bifunctional C11

synthon may be of value in natural product synthesis.
In summary, the mild Lewis acidic reagent system

consisting of CeCl3‚7H2O in refluxing CH3CN has been
proven to be effective for the highly stereoselective synthesis
of bifunctional trisubstituted olefins, which add another
example in this useful reagent toolbox for functional group
manipulation and could find some other applications in the
synthesis of terpenoids or another natural products.
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Scheme 4. Synthesis of Natural All-E Diterpene17
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