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Abstract: BF3-casalysed intramolecular Diels-Alder cyclisation of ketone 2¢ has been
shown 1o proceed, under kinetic conditions, through a chairlike endo transition state.

Central in our approach to the total synthesis of the title compounds was the formation of the entire A-B-C ring
system by intramolecular Diels-Alder (IMDA) reaction of a suitably substituted cyclohexane derivative featuring the C-
ring.2 Toward this end, trienyl compounds 1a and 1b, as well as the simpler model substrates 1c and 1d were
prepared.3 Success in the planned cyclisation should authorise a straightforward access to the A-B-C part of both
castasterone and brassinolide; base-induced shift of the carbon carbon double bond to the A3 position being then
followed by a face-selective bls-hydroxylatlon.4 Results dealing with the outcome of IMDA reactions of compounds 1
are presented herein.
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Cyclisation of the vinylic ketones was first examined. IMDA reaction of related trienones, e.g. 1,7,9-decatriene-3-
one, 3a, and of the parent C-5 (and/or C-6) substituted derivatives has been studied extensively.5-7As a rule, the
stereochemistry of the major bicyclic ketone formed under kinetic control is cis.’e Tnis stereoselectivity is best
accommodated in assuming that those cyclisations proceed through a boatlike transition state (TS) and vatious
arguments have been presented to rationalise this rather astonishing inclination. Theoretical studies favour a
synchronous two-steps mechanism with C-1/C-10 linkage the more developed in an early transition state;63.b
conformational preference of the hypothetical cyclodecenyl intermediate, as estimated from that displayed by
cyclodecane, agrees effectively with the observed stereochemical outcome of the cyclisation process.5¢ The rise of an
unfavourable interaction between the two circled hydrogen atoms in the chairlike TS, as shown below, has also been
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alluded to; 7€ clearly, no such interaction appears in the boat conformation with trienones in which R substituent is a
hydrogen atom. Evaluation of emerging gauche interactions in each postulated TS led to similar conclusions.52

Chairlike Endo TS Boatlike Endo TS

When R} designates a methyl substituent, as it is the case with ketone 1a (or ke), it had to be expected that balance
between the two postulated TS would not be so straightforward; a crucial point of our strategy.8 Gauche interaction of
the C-5/C-6 bond with either the C-7/C-8 or the C-7/methyl group one will develop in, respectively, the chairlike and
the boatlike TS; the cyclisation should not be easy anyway. Indeed, whereas 1,7,9-decatriene-3-one, 4a, cyclises
spontancously during oxidation of alcohol 3a at room temperature to give 52,72 the 7-methyl analogue, 4b, could be
prepared efficiently by oxidation of alcohol 3b in similar conditions (MnO2, CH2Clp, r.t., 2 days; 87%). Moreover, 4b
remained unchanged upon heating.
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3a, R=H 4a,b Sa,b

3b, R=CH3

1- MnO; (excess), CHyCly, 1.1. (on 3a: see ref.7a; on 3b: present
work); 2- 4a only, under conditions 1

However, applying high pressure (10Kbar) to a solution of ketone 4b in CH2Cl resulted in the formation of a new
ketone (53%) whose structure was clearly established as 5b by high-field NMR.S Interestingly, after several unfruitful
experiments in using prevalent Lewis acids, it was found that the same ketone was also formed in treating a dilute
solution of 4b in CH2Cl2 by BF3 etherate (0.6 eq.) at low temperature (-78°C) and neutralising the acid with NEt3 (0.6
eq.) at the same temperature just before extraction,

These preliminary experiments did not provide precise information on the stereochemical feature -i.e. chairlike vs
boatlike- of the transition state.8 Nevertheless, the possibility to carry out the cyclisation of a 1,7,9-decatriene-3-one
bearing a methyl substituent at position 7 was then ascertained and indeed, either applying high pressure or adding BF3-
Et20 at -78°C to a dilute solution of 1c in CH2CI2 (the acid being neutralised before extraction as above) resulted in the
isolation of a new ketone (54 and 35%, respectively), isomeric with the starting material (elemental analysis; 13C
NMR10). Both 1H and 13C NMR showed clearly the presence of a R3C-CH=CH-CH2 moiety. Precise structure
determination proved puzzling however at this stage of the work. Fortunately, this ketone gave a 2,4-DNPH derivative,
6, by treatment with 2,4-dinitrophenylhydrazine (1.1 eq.) under mild conditions (1:3 0.1N agueous HCI/EtOH mixture;
5 hours, 30-35°C); recrystallisation from diisopropylether gave orange crystals (m.p. 162-164°C, 80%) suitable for X-
rays analysis.

The projection of 6, computer-generated from crystal datall showed clearly that the stereochemistry was cis-syn-
trans (CST). Since the cyclised ketone proved stable in either slightly acidic or basic agqueous media, as verified
independently, it could be concluded with some confidence that, under kinetic conditions (prolonged contact with BF3
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at -78°C fatled to induce any isomerisation), IMDA reaction of ketone 1¢ proceeded essentially through a chairlike endo
transition state 50 as to give the cis-syn-trans cyclisation product, CST-2¢. Subsequently, the CS7-2¢ structure was
unambiguously confirmed by further high-field NMR experiments.

Apparently, this result sounded the knell of our initial strategy. However, rising by c.a. 50°C the temperature of the
BF3-catalysed reaction mixture induced, to our delight, the isomerisation of the CST isomer into a new ketone to which
cis-anti-trans -i.e. CAT-2c- structure was ascribed; inter alia on the basis of ROESY expa’imema.lz Of course, the
rather unusual mildness of the conditions in which this isomerisation occurred had to be accounted for. As shown
below, we suggest tentatively that this rearrangement proceeds through a one-bond cleavage process; the CAT-2¢ isomer
being presumably in equilibria with the less stable, not detected trans-anti-trans isomer (i.e. TAT-2c).

BFz0

6 (CST-2¢, 2,4-DNPH),
m.p. 162-164°C

1- a) BF3-Ef2O (0.6 eq.), CHCl5, -78°C, 3 hours; b) NEt3 (0.6 eq.), -78°C;
2- a) same conditions as in 1a, then -30°C, overnight; b) 1b

Submitting a solution of 1a in CH2CI2 to high pressure conditions brought about the desired conversion albeit in low
yield (23%). NMR data of the cyclised product agreed well with that displayed by 1c and strongly suggested the CST-2a
structure. As expected, use of Lewis-acids proved unsuitable; due to the presence of an acetal functionality, extensive
degradation occurred. Finally, cyclisation of either acrylates 1b and 1d was attempted. Whatever the conditions we used
-e.g. heating or applying high pressure-, these esters failed to give any cyclised product. Use of BF3-Et20 as above
induced only decomposition of the starting material. Improper combination of dipole moments or unfavourable
distortion in the ester functionality, as argued in related cases,13 could provide a rational for the observed lack of
reactivity.

In conclusion, the experiments presented herein established unambiguously both the feasibility and the
stereochemical outcome of the intended IMDA reaction: cyclisation of ketone 1¢ passes through an endo chairlike
transition state; formation of the observed kinetic product -i.e. CST-2¢c- can occur exclusively via this spatial
arrangement of the starting ketone. Hence, these results seem confirming that dichotomy in energy level of the two
possible -i.e. boat vs chair- endo TS results essentially from the adventitious development of unfavourable non-bonded

' interactions in the C-5/C-7 area of the decatrienone system.>2 With decatrienones bearing a hydrogen atom at C-7, extra
unfavourable interactions appear in the chairlike conformation: the "boat" product predominates.32 But when similar
interactions are developed in either the boatlike or the chairlike ordering as it is the case with C-7-substituted
decatrienones, then the chair is preferred. 7€

With regard to our synthetic purpose, a practical conclusion is that generation of the D-ring from CST-2a should be
performed before adjusting the stereochemistry of the A-B ring junction. Results along this line will be reported in due
course.
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