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ABSTRACT

A scalable enantioselective synthesis of the nonnatural 17-norjatrophane diterpene 3-propionyl-15-acetyl-17-norcharaciol is described. Key
C/C-connecting transformations are an Evans aldol reaction, an intramolecular carbonyl ene reaction, a Horner −Wadsworth −Emmons olefination,
and a ring-closing metathesis for the formation of a 12-membered carbacycle.

Plants of the genusEuphorbiaare a rich source of biologi-
cally active bi- and polycyclic diterpenes.1 Besides daph-
nanes, tiglianes, ingenanes, and others, diterpenes featuring
the jatrophane framework1 are being isolated in tremendous
structural diversity.2-4 Jatrophanes possess a variety of
different biological activities. Most notably, they are inhibi-

tors of the P-glycoprotein (Pgp),5 a membrane protein whose
major function is the active transport of amphiphatic xeno-
toxins out of the cytoplasm.6 It is assumed that the overex-
pression of the multidrug resistance protein 1 (MDR1) gene
that encodes for Pgp contributes to the resistance of cancer
cells against a broad spectrum of antineoplastic drugs.7
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Several recent studies have investigated the structure-activity
relationship of jatrophanes as modulators of multidrug
resistance.8 However, these studies are so far restricted to
naturally occurring jatrophanes. Therefore, we have initiated
a research program aimed at the enantioselective de novo
synthesis of the jatrophane framework.9 We envision provid-
ing access to purposeful functionalized nonnatural jatro-
phanes for systematic structure-activity studies.

At the outset, we selected 15-acetyl-3-propionyl-characiol
2a for the initial development of a reliable synthetic strategy
toward the jatrophane framework (Figure 1). Originally, Seip

and Hecker reported the isolation of2a from the latex of
Euphorbiacharacias.10 The gross structure and the relative
configuration of2a were deduced from NMR studies.

Our initial retrosynthetic analysis of 15-acetyl-3-pro-
pionyl-characiol (2a) utilized a ring-closing metathesis
(RCM) transform to disconnect the stereogenic trisubstituted
C5/C6 double bond providing the synthon3a (Scheme 1).
Disconnection of the C12/C13 double bond of3a afforded
the â-keto phosphonate4 and the aldehyde5a. Theâ-keto
phosphonate4 was further simplified to the highly substi-
tuted cyclopentane building block6. Having identified a
carbonyl ene retron in6, we opted for the disconnection of
the C4/C5 bond by a carbonyl ene transform to provide the
R-keto ester7. Thus, pivotal steps of the retrosynthesis are
a RCM to close a 12-membered carbacycle by the formation
of a trisubstituted double bond and a diastereoselective
intramolecular carbonyl ene reaction for the synthesis of the
highly substituted cyclopentane fragment6.

The synthesis of theR-keto ester7 began with an
asymmetric aldol addition utilizing the N-acylated Evans
auxiliary 8 (Scheme 2).11 The removal12 of the auxiliary

provided theâ-hydroxy ester9 that was protected, reduced
to the primary alcohol, and subsequently oxidized13 to afford
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Scheme 1. Retrosynthetic Analysis of2a

Scheme 2. Synthesis of theR-Keto Ester7

Figure 1. Jatrophane framework (1), 15-acetyl-3-propionyl-chara-
ciol (2a), and the 17-nor derivative (2b). The depicted numbering
is used throughout the paper.
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the aldehyde10 as a single diastereomer. To convert the
aldehyde to the desiredR-keto ester7, a two-step sequence
was established consisting of a Horner-Wadsworth-Em-
mons olefination utilizing the phosphonate1114 and a
subsequent transesterification to provide theR-keto ester7.15

The pivotal thermal intramolecular carbonyl ene reaction
was studied next (Scheme 3). Heating theR-keto ester7 in

a sealed tube for several days to 185°C afforded a mixture
of the two diastereomeric cyclopentanes6 and13which were
separable by flash chromatography.16 The relative configu-
ration of 6 and13 was deduced from NOESY studies and
later confirmed for6 by an X-ray crystal structure analysis
of a derivative.17

Under the thermal reaction conditions, the stereochemical
outcome of the ene reaction is thermodynamically controlled.
Subjecting pure6 or 13 to the identical thermal conditions
afforded the same ratio of diastereomers as that originally
observed from7. Therefore, recycling of the undesired
diastereomer13 is possible and increases the overall ef-
ficiency of the ene reaction. Thus, the cyclopentane building
block 6 is conveniently accessible in an eight-step scalable
sequence with an overall yield of 34%. To obtain the required
absolute configuration at C4 and C15 from the ene reaction,
it was mandatory to utilize theR-keto ester7 that features
the nonnatural absolute configuration at C3.

The synthesis was continued by protecting the tertiary
hydroxyl group of6 as a trimethylsilyl (TMS) ether that
was sufficiently stable for the ensuing transformations
(Scheme 4).

A Claisen-type condensation with diethyl ethylphospho-
nate provided theâ-keto ester4 which was subsequently
deprotonated and treated with the aldehyde5a18 to afford
the R,â-unsaturated ketone14a as a single double-bond

isomer. Our original plan was to perform the RCM as late
as possible in the synthesis. Therefore, the TMS and the
triethylsilyl (TES) protecting group were removed and the
secondary hydroxyl group at C9 was oxidized employing
the Dess-Martin periodinane.19 The tert-butyldimethylsilyl
(TBS) ether was then cleaved to afford the diol15afeaturing
the undesired absolute configuration at C3. As expected, the
configuration at C3 could be inverted by a Mitsunobu
reaction20 to provide the corresponding benzoate which was
transesterificated to afford the C3 alcohol. Finally, regiose-
lective acylation of the secondary hydroxyl group in the
presence of 1-[3-(dimethylamino)propyl]-3-ethyl-carbodi-
imide hydrochloride21 (EDC) afforded the ester3a.

With the triene3a in hand, we attempted the crucial
RCM22 to establish the 12-membered carbacycle.23 However,
the employment of the first24 or second generation25 Grubbs
catalyst or the Hoveyda catalyst26 for this purpose was
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Scheme 3. Thermal Intramolecular Carbonyl Ene Reaction

Scheme 4. Synthesis of the Substrates for the RCM

Org. Lett., Vol. 8, No. 8, 2006 1575



unsuccessful. Mainly starting material along with varying
amounts of inseparable and unidentified byproducts could
be isolated. The same result was obtained when other
partially or fully protected intermediates of the synthetic
sequence that had afforded3a were subjected to the RCM
conditions.27 Consequently, we reasoned that the steric
requirements for the formation of the trisubstituted C5/C6
double bond are responsible for the failure of the RCM. A
successful RCM of a substrate that lacks the C17 methyl
group would validate this assumption. Therefore, the ester
3b was synthesized from4 via 14b and 15b utilizing the
aldehyde5b (Scheme 4). Gratifyingly, the subsequent RCM
of 3b proceeded successfully using the second generation
Grubbs catalyst (16) to provide the 17-norjatrophane17 as
a single E-configured28 double-bond isomer (Scheme 5).
Finally, the acetylation of the tertiary hydroxyl group with
acetic anhydride in the presence of catalytic amounts of

TMSOTf provided 15-acetyl-3-propionyl-17-norcharaciol
(2b).29

In summary, attempts to generate the 12-membered
carbacycle of 15-acetyl-3-propionyl-characiol (2a) by the
formation of the trisubstituted C5/C6 double bond by RCM
were futile. However, RCM of3b under formation of a
disubstituted C5/C6 double bond was successful and provided
access to the corresponding 17-norjatrophane2b. The
enantioselective synthesis of2b was accomplished in a highly
convergent manner, requiring a longest linear sequence of
20 steps with an overall yield of 3.5%. Modified strategies
for the synthesis of jatrophane diterpenes that circumvent
the encountered problem are currently under investigation
in our laboratory.
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Scheme 5. RCM of 3b and Final Acetylation
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