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Two aromatic retinoids were synthesized from styrene derivatives using a novel strategy with a cross-
metathesis reaction as a key step. The biological activity of the new etretinate analogues was tested.
Cross-metathesis reactions were also employed for the preparation of ethyl retinoate and its 9Z-isomer
via the C15 + C5 route.
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Retinoids are natural and synthetic analogues of retinoic acid.
They play an essential role in a variety of biological processes such
as vision, reproduction, cell differentiation, and immune re-
sponses.1 The scope of natural retinoid therapy is limited by their
susceptibility to double bond isomerization and oxidation by cyto-
chrome P450 enzymes, which affects their activity and selectivity
of action. Modification of the structure of natural retinoids to over-
come these problems has resulted in the synthesis of atypical sec-
ond generation retinoids, in which the trimethylcyclohexenyl unit
was replaced by a functionalized benzene ring, and third genera-
tion retinoids with robust polyaromatic systems (Fig. 1).2 These
aromatic derivatives are more stable as well as more active and
selective. Several such synthetic retinoids (etretinate, acitretin, tez-
arotene, bexarotene, adapalene) along with all-E-retinoic acid are
ll rights reserved.
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Figure 1. Natural and
used clinically. Numerous synthetic methods were elaborated to
prepare natural and atypical second generation aromatic retinoids.
Traditionally, polyene chain construction was accomplished using
Wittig, Horner-Wadsworth-Emmons (HWE), Julia, and Stobbe
reactions; more recently palladium-catalyzed cross-coupling reac-
tions were applied.3

The arsenal of polyene synthesis methods has been extended to
include olefin metathesis, which after the discovery of active and
stable second generation catalysts has become a powerful syn-
thetic tool in the hands of organic chemists.4

In our previous studies,5 we proved that cross-metathesis (CM)
may be applied to the synthesis of different apocarotenoids,
including retinoids from b-carotene or retinyl acetate. However,
in the case of these polyene substrates the reaction course depends
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Scheme 1. Retrosynthesis of etretinate analogue.
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largely on the structure of the cross-metathesis partner and the
reaction conditions. Herein, we present a novel protocol for
the synthesis of aromatic retinoids using a CM reaction to extend
the polyene chain. We have also synthesized ethyl retinoate and
its 9Z-isomer employing the C15 + C5 route, that is, the CM reaction
between a substrate donating a fifteen-carbon atom fragment
(C15-synthon) and the other one being a donor of a five-carbon
atom fragment (C5-synthon).

The retrosynthetic analysis of etretinate analogues is shown in
Scheme 1. Assuming that the disubstituted double bonds of the
retinoid chain are more accessible than the trisubstituted ones
by the CM approach, in order to build a polyene chain of aromatic
retinoids from a styrene derivative, a CM coupling with partners
bearing a 2-methylbuta-1,3-diene moiety was considered. Based
on our previous experience,5 we chose readily available ethyl
3-methylhexa-2,4-dienoate, as it has been proved that its CM
reactions occur regioselectively at the terminal C4–C5, while its
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dimerization (self-metathesis) is slow. Additionally, the ester
functionality present in this compound allows for convenient elon-
gation of the unsaturated chain by a sequence of simple transfor-
mations. At first we investigated the CM reactions of styrene (1a)
and cinnamaldehyde (1b) with ethyl (2E,4E/Z)-3-methylhexa-2,4-
dienoate (2) promoted by second generation catalysts (Scheme 2).
In all the experiments, apart from the major reaction product — the
aromatic ester (3), side products: E-stilbene (4) and the non-
aromatic ester (5) were formed. The desired CM product 3 was
obtained in a better yield by coupling with cinnamaldehyde than
with styrene. Probably, competitive self-metathesis of styrene is
faster than that of cinnamaldehyde, and for this reason a signifi-
cant lowering of the CM product yield was observed in the former
case. Both second generation catalysts (Grubbs and Grubbs–Hov-
eyda complexes) efficiently promoted the reaction of cinnamalde-
hyde with the dienoate affording the desired CM product with
complete diastereoselectivity — the all-E-isomer6 was obtained in
yields above 90% (Scheme 2).

In the next step the ester group of the CM product 3 was
transformed into the corresponding aldehyde 66b,7 by a known
reduction–oxidation procedure (DIBAL-H, toluene, 0 �C, 2 h, then
MnO2, CH2Cl2, 16 h, rt.,).8 The aldehyde was subjected to Wittig
methylenation (MePPh3Br, NaH, DMSO)9 affording the all-E-triene
7. The consecutive CM reaction of the triene with ethyl (2E,4E/Z)-3-
methylhexa-2,4-dienoate (2) provided the etretinate analogue 810

in 90% yield under optimized conditions (10 mol % of the 2nd
generation Grubbs–Hoveyda catalyst, slow addition of 3 equiv of
the diene partner at rt., 16 h) with high stereoselectivity
(11E/11Z = 35/1). The aromatic retinoid 8 was synthesized in 55%
total yield from cinnamaldehyde (Scheme 3). Using the same
strategy, its analogue with a substituted phenyl ring (12) was syn-
thesized from 5-but-10-enyl-1,2,3-trimethoxybenzene (9)11

(Scheme 4). As in the previous case, both CM steps were efficient
and highly E-stereoselective. Both synthesized etretinate
analogues 8 and 12 were screened against various tumor cells
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Scheme 4. Synthesis of an etretinate trimethoxyphenyl analogue.

Table 1
Cytotoxic activity of the etretinate analogues

Analogue Cell line IC50 (lM)

CEM MCF7 HeLa BJ

8 >50 >50 >50 >50
12 27.2 ± 0.7 34.2 ± 6.2 17.3 ± 0.3 14.6 ± 3.5
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(Table 1). The unsubstituted aromatic retinoid 8 proved inactive
against three malicious cancer cell lines. In contrast, the trimeth-
oxy analogue 12 showed moderate antiproliferative activity. The
cytotoxicity (IC50) value of this compound varied between 17.3–
34.2 lM depending on the cancer cell line. However, tests have
shown that it was also toxic (IC50 = 14.6 lM) toward normal
human fibroblasts (BJ).

Further study concerned the synthesis of ethyl retinoate from b-
ionone by a similar protocol. Despite testing various catalysts, dif-
ferent cross partners and reaction conditions, the CM reactions of
b-ionone failed. The double bond of b-ionone was found to be resis-
tant to metathetic transformations due to electronic and steric fac-
tors. Therefore the electron density of the double bond was
changed by the reduction of b-ionone to b-ionol. However, also
in the case of this allylic alcohol and its acetate, no CM reactions
occurred. These results may suggest that the double bond in these
systems is too hindered to form ruthenacyclobutane metathesis
intermediates. As CM reactions of a b-ionone methylene derivative
13 with various alkenes have been recently described,12 this triene
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was used for the further study of CM reactions with dienes. How-
ever, these attempted CM reactions with ethyl 3-methylhexa-2,4-
dienoate (2) failed, as in the previous experiments with b-ionone
or b-ionol. In contrast, the CM reaction with ethyl sorbate
[(2E,4E)-hexa-2,4-dienoate, (14)] afforded a difficult to separate
mixture of ester products, 15 and 16, albeit in a very low yield.
The mixture consisted of products resulting from the CM cleavage
of sorbate either at the C2–C3 or C4–C5 double bond in the ratio
1:3 (Scheme 5). Due to the lack of selectivity and low conversion,
the synthetic strategy had to be changed.

Thus the C15 + C5 route for retinoid synthesis using CM reactions
was explored. The C15-synthon (Scheme 6) was prepared from b-
ionone by known methods. HWE reaction of b-ionone with diethyl
cyanomethylphosphonate in the presence of NaH led to a mixture
of unsaturated 2E,4E and 2Z,4E nitriles 17 in the ratio 1.7:1.3b This
mixture was reduced with DIBAL-H to give the corresponding alde-
hydes 18.13 After separation of the isomers, each was subjected to
Wittig methylenation9 affording two C15-synthons (all E-tetraene
19a and 9Z-tetraene 19b) that were next coupled to ethyl (2E,4E/
Z)-3-methylhexa-2,4-dienoate (C5-synthon) using the CM
approach. The coupling of all E-tetraene 19a with ethyl 3-methyl-
hexa-2,4-dienoate promoted by the 2nd generation Grubbs–
Hoveyda catalyst under optimized conditions provided ethyl all
E-retinoate 20a3b,3d,14 in 88% yield and with high diastereoselectiv-
ity (11E/11Z = 33:1; Scheme 7). Use of the Grubbs’ catalyst instead
resulted in a lower product yield (79%) and reaction selectivity
(11E/11Z = 10:1). The CM reaction of the isomeric 9Z-tetraene
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Scheme 7. Synthesis of ethyl all-E-retinoate and ethyl 9Z-retinoate via the C15 + C5 route.
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19b with the same diene promoted by the Grubbs–Hoveyda cata-
lyst afforded ethyl 9Z-retinoate 20b,15 diastereoselectively, in 37%
yield (Scheme 7).

In summary, we have developed a novel method for the synthe-
sis of aromatic retinoids from styrene derivatives which employs
alternately, dienoate CM and Wittig reactions to build polyene
chains. Using this strategy, several retinoids were obtained in high
yields and with satisfactory stereoselectivities. The CM approach
was successfully applied to the synthesis of ethyl all-E-retinoate
and ethyl 9Z-retinoate via the C15 + C5 route.
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