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Abrket: BF3-catalysed intramolecular Diels-Al&r cyclisation of ketone 2c has been 
shown to proceed under kinetic conditions, through a chairlike endo transition state. 

Centrai in our approach to the totai synthesis of the title compounds was the formation of the entire A-B-C ring 

system by intramolecuiar Die&Al&r (IMDA) reaction of a suitably substituted cyclobexane derivative featuring tire C- 

ring.2 Toward this end, trienyl compounds la and lb, as well as the simpler model substrates lc and ld were 

p1qmed3 Success in the piamred cyclisation should author&e a straightforward access to the A-B-C part of both 

casWterone and brassinoiide; base-induced shift of the carbon carbon double bond to the AZ.3 position being then 

followed by a face-selective bis-hydroxyiation.4 Results dealing with the outcome of IMDA reactions of compounds 1 

afepresented~in. 

-rose, Y=cO 
BrasslnoUde, Y=C(O)-O- 

2s. R,.Rz=OCH(BPh)-OC&; Y=CO la-d 
Zb, RI ,R@CHQWh)-OCH2; Y=C(O)-O- 
2c, Rl=R~H; Y=CO 
2d, Rt=Rz=H; Y=C(O)-O- 

Cyciisation of the vinyiic ketones was first examined. MDA reaction of related t&nones, e.g. 1,7.9-decaMene-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 bicyciic ketone formed under kinetic control is c~s.~~ This stereoselectivity is best 

accommodated in assuming that those cyclisations proceed through a boatiike transition state (TS) and various 

arguments have been presented to rationaiise this rather astonishing inciination. ‘theoretical studies favour a 

synchronous two-steps mechanism with C-i/C-10 linkage the more developed in an early transition ~tate;~~~ 

conformational preference of the hypothetical cyclodecenyi intermediate, as estimated from that displayed by 

cyciodecane. agrees effectively with the ohserved stereochemical outcome of the cyciisation proces~.~ The rise of an 

unfavourable interaction between the two circled hydrogen atoms in the chairlike TS, as shown below, bas also been 
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alluded to;7c clearly, no such interaction appears in the boat conformation with trienones in which RL substituent is a 

hydrogen atom. Evaluation of emerging gauche interactions in each postulated T!S led to similar conclusions.ga 

Chairlike Endo TS Boatlike Endo TS 

When RI designates a methyl substituent, as it is the case with ketone la (or lc), it had to be expected that balance 

between the two postulated ‘l8 would not be so straightforward; a crucial point of our strategy.8 Gauche interaction of 

the C-S/C-6 bond with either the C-7/C-8 or the C-7lmethyl 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. cyclists 

spontaneously during oxidation of alcohol 3a at room temperature to give 5a,7a the 7-methyl analogue. 4b. could be 

pnqared efBciently by oxkiaUon of alcohol 3b in similar conditions (MnC& CH2C12, r.t., 2 days; 87%). Moreover, 4b 

remained unchanged upon heating. 

OH 

3a. R=H 
3b, R=CH3 

40 30 

l- MnO2 (excess), C&C& r.t. (on 3a: see ref.7a; on 3b: present 
work); 2- 4n only, under conditions 1 

However, applying high pressure (1OKbar) to a solution of ketone 4b in CH2Cl2 resulted in the formation of a new 

ketone (53%) whose structure was clearly established as Sb by high-field NMR.9 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 (-78T) 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 

boatiike- of the transition state.8 Nevertheless, the possibility to carry out the cyclisation of a 1,7,9-decatriene-3-one 

bearing a methyl substhuent at position 7 was then ascertained and indeed, either applying high pressure or adding BF3- 

Et20 at -78OC to a dilute solution of lc in CH2C12 (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; l3C 

NMRlO). Both lH and 1% NMR showed clearly the presence of a R3C-CH=CH-CH2 moiety. Precise structure 

determination proved puxxling however at this stage of the work. Fortunately, this ketone gave a Z&DNFH derivative, 

6, by treatment with 2,4-dinitrophenylhydrar.ine (1.1 eq.) under mild conditions (1:3 0. 1N aqueous HWEtOH mixture; 

5 hours, 30-35°C); recrystaliisation from diisopropylether gave orange crystals (m.p. 162-164°C. 80%) suitable for X- 

rays analysis. 

The projection of 6. computer-generated from crystal data l1 showed clearly that the stereochemistry was cis-syn- 

truns (C.97). Since the cyclised ketone proved stable in either slightly acidic or basic aqueous media, as verified 

independently, it could be concluded with some confhicnce that. umber kineric conditions (prolonged contact with BF3 



at -78°C failed to Mute any isomerisation). MDA reaction of ketone lc proceeded essentially tbtough a chairlike endo 

transition state so as to give the cis-syn-fmns cyclisation product, CST-2c. Subsequently, the CST-2c structure w&s 

unambiguauply amfhmedbyftutherhigh4beldNMRexperiments. 

Appaently,thkJ==tt soundedtbe~ofouriniti~strotegy.~~~,risiogbycm.S00Ctbetemprrtureofthe 

Bg-catalysed &on mtxture Muted, to our delight, the isomesisation of the CsTisomer into a new k&u&? to which 

cis-anti-nuns -i.e. CAT-b structure was as&M, infer al&r on the basis of RORSY expaimental2 Of ccurse. the 

rather unusual mildoess of the conditions in which this isomerisation ocmured hadtobeacuXmmdfof.As~wrl 

below, we suggest tentatively that this remrangement proceeds Uuough a one-bond cleavage process; the CAT-& isomer 

being presumably in equilibria with the less stable, ODt demctcd fruns-anti-tmns isomer (i.e. TAT-2c). 

6 (CST-2c, 2,4-DNPH), 
Dl.D. 162-164% 

I- a) W-Et20 (0.6 eq.1. C&‘&, -78X 3 lam; b) NEt3 (0.6 eq.), -78%; 
2- a) Same conditions as in la, then -3OT, overnim b) lb 

Submitting a sohttion of la in CH2Cl2 to high pressure conditions brought about the deshud convcasion albeit in low 

yield (23%). NMR data of the cycbed product agreed well with that displayed by lc and strongly suggested the C5T-2a 

structure. As expected, use of Lewis-acids proved unsuitable; due to the presence of au acetal functionality, extensive 

de8radationouauraL FInally, cychsatton of either auylates lb and Id was at&q&d. Whatever ule conditions we used 

-e.g. heating or applying high pressure-, t&se esters failed to give any cyclised product Use of BF3-E&O as above 

induced only decompositton of the starting material. Improper combination of dipole moments or unfavourable 

distortion in the ester functionsli@. as argued in r&ted cases, l3 could provide a rational fw the observed lack of 

reactivity. 

In conclusion. the experiments presented herein established unambiguously both the feasibility and the 

stcreochemlcal outcome of the Mended MDA reaction: cyclisation of ketone lc passes through an endo chatrlike 

transition state; formation of the observed kinetic product -i.e. CST-te- can occur exclusively via this spatial 

arrangement of the starting Letone. Hence, these resuhs seem conthming that dichotomy in energy level of the two 

possible -i.e. boat va chair- en& ‘l’S results essentially from the adventitious deve.lopment of unfavourable non-bonded 

innXactions in the c-x-7 ama of the &cataIenoae system. 5a With deoatrienones bearing a hydrogen atom at C-7, extra 

unfavourable interactions appear in the chairllke conformation: the “boat” product predominat&a But when similar 

interactions are developed in either the boatlike or the chairlike or&ring as it is the case wRh C-7-substituted 

decetrieaones, then the chair is gfeferred.7e 

With regard to our syntb&c purpose, a practical conclusion is that generation of the D-ring from CST-k should bc 

performed before tijusting the stcreoc&?misay of the A-B ring junction. Results along this line will be reported in due 

ccurse. 
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