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Abstract: Thermal intramolecular Diels-Alder cyclisation of the ketone C-1 proceeds through an exo
transition state to give the ketone CAT-2. © 1997 Published by Elsevier Science Ltd.

Previously, we reported that low temperature (ca -78 °C), BF3-catalysed, intramolecular Diels-Alder (i.e. IMDA)
cyclisation of the trans ketone T-1 proceeded, under kinetic control, through an endo-chair transition state to give a
tricyclic ketone whose the structure was unambiguously established as being cis-syn-trans-2 (CST-2) by inter alia
X-ray analysis of the corresponding 2,4-dinitrophenylhydrazone (i.e. DNPH).!
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Another result of that study was the observation of an isomerisation of the kinetic product CST-2 into a
structurally-related hydrophenanthrenone when the temperature of the cyclisation medium rose to -30 °C. NMR of
this new product indicated clearly that the carbon-carbon double bond was retained at the al (steroid numerotation)
position, Furthermore, a NOESY experiment revealed a significative interaction between the angular methyl group
and a proton resonating at §=1.95 ppm (200 MHz), which we considered then (erroneously, as shown below) as
being located at the A-B ring junction, close to the carbonyl group as in CST-2. Given these NMR data, both the
TST-2 structure, which would result from epimerisation of CST-2 at C-5, and the TAT-2 structure were excluded.
Additionally, an energy calculation indicated that the ketone TST-2, in which the central ring has to be necessarily
in a boat conformation, should be disfavoured over the cis isomer CST-2 by 3.7 Kcal/mol.2 Accordingly, structure
CAT-2 was tentatively assigned to that rearrangement product of CS7-2.
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A regrettable consequence of this result was that our planned synthesis of brassinosteroids by a strategy based on
the use of such an IMDA process could be hardly completed by starting from the trienone T-1. In order to validate
our initial plan however and, additionally, to establish more firmly the structure of that isomerisation product of
CST-2, we decided to prepare, then to test under IMDA conditions, the cis isomer of T-1, C-1.

As depicted here, due to stringent steric interactions in hypothetical endo transition state, concerted cyclisation of
C-1 should occur exclusively through an exo TS, to give the ketone CAT-2. This proved to be the case.

CAT-2
endo-boat TS exo-chair TS

The scheme we used previously to obtain the trans diene T-1 gave a 7/3 mixture of T-1 and C-1, respectively.
Unfortunately, despite repeated, laborious, chromatographies on silica gel, it proved impossible to isolate the pure
ketone C-1 from that mixture and, accordingly, a different approach, based, as shown below, on the stereoselective
methylcupration of a 3-substituted propiolic ester, was explored.

LAH reduction of the diester 33 gave a diol, the corresponding mono-sodium salt of which was treated with
TBDMSCI in THF to give 4a.4 Swern oxidation of 4a furnished the aldehyde 4b, which was condensed with
bromomethyl triphenylphosphorane. The resulting bromo derivatives E-4¢ and Z-4c¢ (E/Z ratio not determined)
were reacted with BuLi in THF to provide the acetylenic compound 5a. Subsequent treatment of 5a by butyllithium
in THF, then by methyl chloroformate gave the desired propiolic derivative 5b.
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Reagents and Conditions: 1- i) LAH (1.6 eq.), ether; r.t. to reflux, 12 hours (85%); C-6d, R= CH=CH2
ii)y NaH (1 eq.), THF; r.t,, 0.5 hour , then TBDMSCI (1 eq.), TBAI (0.1 eq.); -15°

tor.t., 12 hours (90%); iii) DMSO (1.7 eq.), (COCI), (1.5 eq.), TEA (4 eq.), THF; (see ref. 1)
-78°C to r.t., 0.5 hour (97%); iv) BrCH,PPh3Br (1.1eq.), -BuOK (1 eq.), THF;

-78°C to .., 1 day (33%); 2- §) BuLi (2 eq.), hexane/THF; °C, -78°C, 1 hour, then 0

r.t., 1 hour (33%); ii) BuLi (1 eq.), THF; -78°C, 0.5 hour, then CICO;Me (1.1 4

eq.); -78°C to r.t,, 1 hours (95%); 3- Me,CuLi (2.5 eq.), ether/THF; -78°C, 30

hours, then MeOH (96%); 4- i) DIBA-H (22 eq.), CH,Cly; -78°C, 1.5 hour |

(91%); ii) BaMnO, (10 eq.), CHCly; r.t., 16 hours (97%); CH;PPhsl (2 eq.), C-1

BuLi (1.8 ¢q.), THF; -78°C, 1 hour, then r.t., 0.5 hour (95%).

The carbocupration step was performed very efficiently by treating the ester Sb with lithium dimethylcuprate in
THF at -78 °C, for 30 hrs , which furnished the pure cis ester C-6a (NMR, NOE) in excellent yield (96 %).5 DIBAH
reduction of C-6a and oxidation of the resulting alcohol C-6b with BaMnO4 led to the cis aldehyde C-6¢, which was
condensed with methylene triphenylphosphorane to afford the diene C-6d. Finally, elaboration of the diene C-6d to
the pure (NMR) enone C-1 (14 % overall) was completed as described for the 7-6d-T-1 conversion. !

Attempted BF3-catalysed cyclisation of the trienone C-1 under various temperature conditions (ca -78 °C to
room temperature) proved disappointing, the only observed reaction being the full decomposition of the starting
material as soon as the temperature reached -40 °C. By contrast, heating a 0.1 M toluene solution of C-1 at 165 °C,
in a sealed glass tube previously washed with pyridine, resulted in the clean formation of a single ketone (81 %),
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isomeric (1H, 13C NMR) to both CS7-2 and its rearrangement product (vide supra), and to which structure CAT-2
could be safely ascribed as follows.

On the one hand, high field NMR experiments (NOESY, TOCSY, HMQC, HBMC), performed on a benzene-dg
solution of that new ketone, revealed inter alia the indicated correlations, consonant with the CA7-2 structure.S On
the other hand, treatment of that ketone with 2,4-dinitrophenylhydrazine furnished a reddish solid. Though that
derivative appeared homogenous in TLC under various elution conditions, it was, in fact, a mixture of two isomers
(NMR).7 Examination of that compound with a microscope revealed that it was indeed a mixture of orange prisms
and clustered salmon needles which could be fractionated mechanically with tweezers under a hand magnifying
glass. The efficiency of this separation process was ascertained by 13C NMR of each individual DNPH.
Recristallisation of the orange DNPH in a nitromethane/water mixture resulted in the formation of a single crystal
(m.p. 185-186 °C), which proved suitable for X-ray analysis.

The structure shown, generated from crystal data,8 reveals clearly the CAT ordering of the tricyclic system. We
have been unable so far to obtain useful crystals of the second DNPH. However, NMR data at hand strongly suggest
that it is isomeric with the CAT-2 DNPH at the carbon-nitrogen double bond. Notwithstanding this subsisting
structural uncertainty, it is doubtless however, given the whole set of collected analytical informations, that the
thermal IMDA product of C-1 is the ketone CAT-2.
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In conclusion, the structure of the product obtained by isomerisation of CST-2 (vide supra) is not the CAT-2
isomer and both our earlier structural assignement and the mechanism of isomerisation then proposed have to be
corrected. That error resulted possibly from an inaccurate consideration of the calculated energy of each ketone 2.
We assumed that an equilibrium between CST-2 and its isomerisation product was reached, in which case the TST-2
structure had to be ruled out since the calculated energy gap (ca 3.7 Kcal) for the CST-2/TST-2 couple does not fit
the observed 2/1 ratio. Supposing that, due to the conditions in which that rearrangement took place (microscale
experiment, sample withdrawal via syringe), moisture was adventitiously introduced into the cyclisation mixture, then
a AS-enol boronate of CST-2 could have formed and its subsequent kinetic protonation, which should occur on the
less hindered B-face, would have given preferentially the thermodynamically-disfavoured TST-2 isomer, which we
consider now as being the actual isomerisation product of CST-2. In that event, our wrong interpretation of the NOE
effect between the methyl substituent and the proton appearing at & 1.95 ppm in the IH NMR spectra of that
rearranged product can be understood by noting that the hydrogen atom attached at C-10 of TST-2 lies, in the
minimised structure of that ketone, inside the deshielding cone of the carbonyl group and should, accordingly,
resonate at an anormaly high field. Experiments aimed at proving these assertions are now in progress.

More importantly, thermal cyclisation of the cis diene C-1 has been shown to give the tricyclic ketone CST-2
Since epimerisation at C-5 in that tricyclic ketone should be achieved without major difficulties, this result paves the
way for an access to brassinosteroids by an IMDA strategy. Results along this line will be disclosed in due course.
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