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Abetmet: The potassium salt of glutaconaldehyde, a degradation product ofpyridine, has been converted, 
via inter aIia IMDA cyclisation of a dienyljmwic ester and baker’s yeast-mediated reduction of a ketoester, 
into an optically-active L3.4trisubstituted cyclohexanone having a stereochemical pattern strongly related to 
that abplayed by the C-ring in the tit& compounds_ 

Brassinoiide, la. and castasterone. lb, are representative members of a class of natural steroids, i.e. brassinosteroids. 

displaying hormone activity in plants. i-3 lbese growth-regulating agents appear to have great promise in agricuiture; 

plant responses to treatment with la include a significant increase in gram crops. More recently, la has been shown to 

display some pheromone a~tivity.~ The natural abundance of these phytohormones being extremely low. numerous 

synthetic routes starting from such readily accessible steroids as stigmasteroi and ergosteroi have been explored.3 

However, no totai synthesis of either la or lb has been attempted to date, such a venture having been judged as “only 

of theoretical interest since it requires the formation of the exceptionally complex stereochemistry of these considered 

compounds which contain 13 chirai centretY.3 Challenged by this statement, we embarked upon a total synthesis of 

either la or lb by first concentrating our efforts on the preparation of a cyciohexane derivative featuring the C-ring. 

Accurate control of the relative configuration of the chhai centres during the elaboration of 2a was considered to be the 

key to a straightforward generation of the C-B-A ring system by an intramolecular Dieis-Aider (IMDA) reaction. 

Tp” Co#3 

21 R=CH, 
2b, R=H la, Y=c(O)o- 

lb Y=c(O)- 

Starting from the predicted IMDA product, it should then be possible to generate a D-ring appended to the C-14 

side-chain by means of free-radical aiiyiation methodoiogy.4 An efficient access to both ketoesters 2a and 2b is 

described herein, further transformation of 2a into a tricyciic derivative being reported in the accompanying papers. 

Previously. it was shown that a iactone related to 2a could be prepared in a few steps from pyr~ne.5~6 Treatment of 

the pyridine-SO3 complex with KOH resulted in the formation of the potassium salt of giutaconaidehyde, 3a. 

Condensation of 3a with benzoyi chloride, 6a followed by reduction of the resulting aidehyde, 3b with NaBm, 

fumtshed the aicohoi 4a (64%; 87% overaii, by performing an in situ reduction) from which fumarate 4b (98%) could 

be derived by condensation with the chloride of the monomethyl ester of fumaric acid (FMMECI). Heating a solution 

of 4b in o-dichiorobenxene at 1 1OT for 3 hours resulted in the formation of a single iactone. strongly resembling (1H 

NMR) the corresponding ethyl estedc and to which sm~chne Sa was ascribed. 

Conversion of Sa into 2b. by performing inter alia mild saponification (K2C03/MeOH, 0-WC), proved unfeasible 
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as elimination of the benzoate group occurred. Moreover, attempted condensation of 3b with methyllhbium (1 eq.. 

ether, -7VC) in order to prepare the lactone 2~ resulted in extensive degradation. 

2[ ~:;;~~ 1 SC 
4a, RI=C(0)-Ph; RpRs=H Sa, fh, R&(0)-m, R2=H 
4b, R1=C(0)-Ph. RpH; RpFMME* 5b, 6b, Rl=C(0)-Ally& RFH 

3c, RI =C(O)-O-Ally1 8 c 4c. Rr=C(0)-O-Ailyl; RFR~=H 

*acronym forjbnaroyl, 
ud, Rt=C(O)-O-AW Rs=H; RrFMME 

k, 6c, Rt=C(O)-Ally& RF~xCH~ 

8c 4e. Rt=C(O)-0.Ailyl; Rs=CHs; RJ=H 
Sd, 6d, R&(O)-Allyl; R&-CH3 

monomethyl ester 4f. R,=C(O)-0-Allyl; Rs=CHs; R3=FMME 

l- PhC(O)Cl (1 eq.), dioxan, r.t, 1 hour; 2- ally1 chloroformate (1 eq.), dioxan, r.t., 0.5 how 3. NaBI& 
(1 eq.), dioxan, r.t-, 24 hours; 4- MeLi-LiBr (1 eq.), ether, -7tYC, 0.5 hour; 5-l then 3 (in situ); 6-2 then 
3 (in situ); 7-i) ally1 chioroformate (1 eq.). ether, r.t, 3 hours; ii) 4 (in situ); iii) FMbfECl (1 eq.. in situ), 
-78OC,2hours,~nr.t.,2hours;8_FMMECl(i eq.),pyridine(I.l~eq.),CH~CI~,-15°C. 3hour-s. 

Among the various esters which were consequently examined, the carbonate 3c proved suitable. To verify that the 

stereoselectivity of the cyclisation step would not be affected, 3a was treated with ally1 chloroformate; the restthing 

aldehyde 3c (77%) being subsequently reduced by NaBH4 to the alcohol 4c (56%; 91% overall in a one-put procedute). 

lkeatment of 4c with FMMECi (I eq.) and pyridine ( 1 eq.) in CH2CI2 gave fumarate 4d which smoothly cyclised in hot 

o-dichlorobenxene ([4d]=O.O3 M, 130°C. 3 hours) to give, atter flash-chromatography (silica gel, hexa&AcOEt), the 

crystalline lactone Sb 7 (85 96). lH NMR data of Sb fitted well with that of the related benzoate and strongly supported 

the depicted endo structure.~ The isomeric exe product. 6b. was not detected. Conversion of lactone Sb into the 

ketoester 2b was then performed in high yield (92%) by removal of the carbonate group with 2ethyihexanoic acid 

under palladium catalysi~,~ hydrogenation (H2 (1 atm.), 5% WC, AcOEt, r.t.) and finally Jones’ oxidation (003 (2.5 

eq.). 1110 1ON H2SO4ketone. -15~.r.t., 1.5 hour). 

The formation of the endo product being ascertained, preparation of the lactone 2a was then attempted. 

Condensation of 3c with the MeLi-LiBr complex1o (in ether), followed by esteritication of the resulting alcohol, 4e, 

with FMMECl furnished the fumarate 4f in low yield (12%); a result of the low stabiiity of 4e. Indeed, pure 4f was 

obtained in fair yield (45% overall) by adding to a suspension of 3a in ether successively: i) ally1 chloroformate (1 eq.. 

r.t., 3h), ii) the MeLi-LiBr solution (1 eq.. -78°C 0.5 h), iii) FMMECi (1 eq., -78OC, 0.5 h. then rt., 2 h). Upon heating 

in o-dichlorobenzene (130°C, 5 hours, [41]=0.019 M), 4f gave an approximately 16:4:1 (NMR) mixture of three 

isomeric lactones from which the major constituent, which proved to be SC, was isolated as white crystals (63%) by 

tlash-chromatography (siiica gel, hex&ether). An oily fraction (20%) containing two other &tones (4: 1 ratio, by IH 

NMR) was also separated. 

oc(O)-o-n-C4i7 

P 

COdWe 1,293 
‘Ha - 

(0).o-Ally1 

CO$Ae 

Hc-’ Hb 
CO&le (on WW 

E 

9-O 

4, *&ule 

0 R2 2a (R=CH& m.p. 110-l 12OC, 
7, m.p. 6466°C. Sb-d J,13Hz. J,,$3Hx. J,10.5Hx 

J~ll.SHx, &11.9Hz 2b (R=H), m.p. 130-131°C. 

l- MeOH, CSA (0.1 eq.), 2 days; 2- Hz (1 atm.), 5% w/C, AcOEt, r.t. 
J,13Hx. &14Hx, J,llHx 

2 hours; 3. PCC (1 eq.). CH2C12, 0-10°C. 2 hours; 4- 2ethylhexanoic 
acid (I.1 eq.), PdO, (0.02 eq.). Pph3 (0.08 eq.), CH,Cl, r-t., 2 
hours: 5. Jon&reagent, acetone, r.t., 1.5 hour) 
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Each fraction was treated with methanol and camphorsulfonlc acid. Opening of the lactone ring was fast wltb both 

Se and the major constituent of the oily product. which could be indicative of a rruns ring junctionpd Moreover, 

oxidation of the hydroxyeater thus formed from Se gave a ketone, 7, identical (lH.13C NMR) to the major keto~ 

formed under the same conditions from the oily component. It thus appears that Ibe IMDA reaction w to give 

predominantly the en& producta. 

Rnally, the target lactme 20 was prepred from SC in good yield (82% overall) by palladhuxwatalysed deproteztion, 

hydrogenation, and Jones’ oxidation. Coupling constants in the NMR spectrum, vide supra, for the protons borne by the 

chiral carbon atoms bf 2a fmbstantiate both the en& structure of the major cycllsation product -i.e. SC- and the pseudo- 

equatorial position of the methyl substltuent in this isoma. Examination of the transition-state models shown below 

provides a rationale fix the observed stmmchemiti outcome of the cyclisation step, the methyl group appearing more 

strained in the postulated ENDO-AX transition state than in the ENDO-EQ one. 

ENDO-AX ENDO-EQ Exo-Ax Exo-EQ 

A solution for preparing optically active 2~ emerges from these results since cyclisation of (n-41 should give a 

lactone. Se, having the required absolute configuration. l l Given however tbe practicability of the present process (5g- 

scale preparadons of the &tones 2 have been performed routinely) the initial plan was pursued and 2b first used as the 

model substrate, and subsequently 2a were submitted to baker’s yeast-mediated reduction. The proclivity of the 

enzymes involved in these reductions to pirect selectively the addition of a hydrlde species onto the re-face of the Let0 

group of related ketoestem is well-established. l2 Submission of either 2b or 29 to standard conditionsl2b and stirring 

the broth for 4 days at 3YC. followed by thorough extraction with AcOU and column chromatography (silica gel, 

hexane/AcOEt) resulted in the isolation of a new hydroxyester, (-)-lla (res. (-h8b). besides the unchanged ketone {+)- 

2~ (res. (+J-2b).l3 Final adjustment of the stereochemistry was selectively realised by Jones’ oxidation, then 

epime&ation of the resulting ketone, 9a (res. 9b), by treatment with a catalytic amount of imidazole in CHClg The 

optical purities, as estimated by HPLC analysis (Chiralcel column, i-propanol/hexane), are only modest (e.g. f-I-2a: 

e.e.=78%) but could be optimised by submitting the levo ketoeae to the same reducing conditions. 

(+)-* [aID= +30 (ra+ta,b I-)-Ila, [ulD25 -21 f-j-24 [a]D25 -39 
(+)-2b, [aI+ +32 (-J-8b, [a]$5 -33 f-bib, [aID -55 

l- Baker’s yeast, sucrose, pH 7 phosphate buffer, 35% 4 days; 2- Jones’ 
reagent, acetone, IO- WC. 1 hour: 3- imidazole (0.1 eq), CHCl3, r.t.. 1 day. 

In conclusion, the IMDA reaction of derivatives of glutaconaldebyde has been confirmed as a powerful means for 

preparing stereoselectively tetrasubstituted cyclohexene derivatives. Roper choice of experimental conditions has 

resulted In a convenient preparation of a key intermediate of our planned synthesis. 

v: Thanks are due to LA Fondation Roussel for a grant (to LB.). 
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