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Dienyne RCM/Diels–Alder approach for the construction of
novel steroid-like polycyclic systems
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Abstract—Our studies directed towards the preparation of novel steroid-like derivatives using RCM reactions are described. The
strategy here described was applied to the construction of novel ring-inserted skeleton-expanded steroid analogs by combination
of tandem ring-closing metathesis of lineal dienynes and Diels–Alder reaction.
� 2006 Elsevier Ltd. All rights reserved.
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Steroids constitute an extensive and important class of
biologically active polycyclic compounds that are widely
used for therapeutic purposes.1 Many functional and
structural modifications of steroids have recently been
investigated in order to extend their already broad range
of biological activities and to increase their selectivity.
The numerous methods that have been used to synthe-
size these and other polycyclic frameworks while achiev-
ing precise location of functional groups have generally
required a large number of chemical transformations.
However, domino or tandem reactions, in which several
bonds are formed sequentially without isolation of inter-
mediates, changes in the reaction conditions or addition
of reagents, are rapidly gaining ground.2 Although
understanding of such processes is still imperfect, their
chemical efficiency, low waste production and low labor
demands make them both ecologically and economically
attractive. The inclusion of transition-metal-mediated
transformations in such sequences, in particular Pd-cat-
alyzed cross-coupling, is well documented.3 Ring-closing
metathesis (RCM) has become a powerful tool for the
construction of a variety of cyclic structures that would
be difficult to achieve using traditional methods.4 More
recently the highly atom-economical ring-closing enyne
metathesis reaction (RCEYM), in which reorganization
of a C@C and C„C bonds produces a 1,3-diene, has be-
gun to have a growing number of applications.5 Ring-
closing dienyne metathesis (RCDEYM) reaction can
be considered as a tandem metathesis: an initial
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RCEYM reaction provides a new metalocarbene that
then undergoes RCM with the second double bond to
give a second ring (Fig. 1).6 This transformation is very
useful for the construction of two-ring systems from
acyclic starting materials, and has even been extended
to the construction of three or four rings: for example,
the steroid skeleton has in this way been prepared in
one step from a linear dienetriyne.7

Recently, we described how the use of RCDEYM can be
applied to the preparation of steroid-like polycyclic
systems incorporating an eight-membered ring such as
taxosteroids or transition state analogues of the previta-
min D3–vitamin D3 isomerization.8,9 We envisaged
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Figure 1.
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Scheme 2. N-Phenylmaleimide, benzene, D, 82%.
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that the use of dienynes with internal alkynes would pro-
vide a 1,1 0-bicyclic diene system that could be used in a
Diels–Alder reaction to generate in two steps four car-
bon–carbon bonds and a tricyclic system (Fig. 1).10 Here
we describe the implementation of this RCDEYM/
Diels–Alder sequence for the preparation of novel
ring-inserted skeleton-expanded steroid analogs such
as 1.11 The required lineal dienyne substrate could be
formed by a-alkylation of the kinetic enolate of ketone
2 with bromoenyne 3, followed by allylation of the car-
bonyl carbon.

Bromide 3 was prepared in 70% by treatment of alcohol
4 with PPh3 and CBr4 (Scheme 1). The alcohol 4 had al-
ready been prepared from 4-pentyn-1-ol in the course of
previous works on analogues of vitamin D12 and the pre
D3–D3 transition state.9,13 Reaction of 2 equiv of freshly
prepared bromide 3 with the kinetic enolate of Grund-
mann’s ketone (2),14 formed by LDA treatment of 2 at
�78 �C, afforded ketone 5 in 46% yield. The resulting
ketone was subsequently allylated with 4 equiv of allyl-
magnesium bromide to give dienyne 6a in 36% yield
from 2 as an inseparable 1:1 mixture of diastereomers
at C3. To our satisfaction, RCDEYM of 6a with 15%
of Grubbs’ ruthenium catalyst (7) in refluxing dichloro-
methane then afforded the diene 8a in 66%, showing the
feasibility of the new tandem process. Even higher yields
were obtained with methyl ether 6b, obtained by reflux-
ing a THF solution of 6a in the presence of potassium
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Scheme 1. (a) See Ref. 13; (b) Ph3P, CBr4, CH2Cl2, 70%; (c) LDA, THF
and then 3, 46%; (d) AllylMgBr, THF, �80 �C, 78%; (e) KH, MeI,
crown ether, THF, D, 98%; (f) 7, CH2Cl2, D, (66% for 8a, 93% for 8b).
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hydride, 18-crown-6 ether and methyl iodide, that affor-
ded tetracyclic product 8b in 93% yield.

To avoid formation of regioisomer mixtures and in
order to proof the RCEYM/Diels–Alder approach con-
cept we decided to use a symmetrical dienophile such
as N-phenylmaleimide. Thus Diels–Alder reaction of
8a with N-phenylmaleimide in refluxing benzene for
8 h provided cycloaddition products 9 in 82% yield
(Scheme 2). After flash chromatography purification,
only two isomers were isolated in a 2:1 ratio, both
diastereomers were assigned as the endo-adducts based
on the NMR analysis.

The probably relative stereochemistry of these two iso-
mers (9a and 9b) was assigned based on the inspection
of their NMR (NOE, NOESY) spectra and compared
with the simulated NOE effects15 for the most stable
conformations of the four cycloaddition products
(Fig. 2).16 The major product was assigned as the endo
product 9a based on the NOE between the H5–H28
and H6–H29, confirming their cis relationship and also
by the significant interaction between the H5–H6 and
H6–H9, supporting the boat conformations predicted
by the semiempirical calculations. The other isomer
was assigned as 9b based on the strong NOE interaction
between the H5–H28 and H6–H29 hydrogens, confirm-
ing again their cis relationship.

To sum up, in this work we successfully used the tandem
ring-closing dienyne metathesis reaction RCDEYM
combined with a Diels–Alder reaction to obtain a novel
hexacyclic steroid-like compound 9. We anticipate that
it would also be useful for the construction of complex
polycyclic systems from conformationally cycloalka-
nones other than those used in this study. Work on
the introduction of additional functional groups and
on the biological and pharmacological properties of this
new class of compounds, is currently under way.
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