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Abstract A hrghly stereo- and enaniwselecnve approach to clerodan I, an ins&c1 annfeedant. IS descrzbed The key step rnvolvcd 

the stereospeczjic formahon of fhe C+II bond. at an early srage of the syntheses, mng a Claasen rearrangement 

Clerodm type compounds have attracted a lot of mterest over the last few years on account of thev 

useful tnsect annfeedant achvtty 1 and challengrng smtctures Some models of clerodm 1, tncludmg either the 

A/T3 tram-decahn system 2 or the C/D furo-furan system 3 , have already been syntheslsed However, to the best 

of our knowledge, no one has yet succeeded tn the totally stereospeclfic hnkage of these two matn systems For 

this purpose, we have devoted our efforts to the early stereospectfic formatton of the C-9/C- 11 bond, m a general 

synthetic strategy that can be applied to other compounds of the clerodm famtly 

OAc 
1 

The key step of our approach reltes on a stereospeclfic Clrusen rearrangement of the reachon product 

between the cyclohexenol2 and the cychc orthoester 3, whtch provtdes the lactone 4 as the sole product 4 Thts 

compound has been easily opened with methylhthtum to afford the methyl ketone 5 It should be noted that the 

stereochermstry of the quaternary asymmemc carbon and the lactontc asymmemc centre are respecttvely tnduced 

by the sterecchemtstry of the stamng alcohol and the nature of the transttton state Starting from Lythgoe’s 

results5 , we first attrtbuted to 4 the relative stereochemistry as shown below It IS generally considered that this 

type of Clatsen rearrangement goes through a mcycltc transttton state whtch tn our caSe has to be tn a boat-hke 

form 5 We have been able to correlate this atmbutton by studytng the Ireland 6 type rearrangement 111 the open 

chain model 6 
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: 1) LDA, THF. -78°C 

2) t.BuMe~1Cl 

3)A 6h 

-I) HCI 10% 

61% 

%*I**’ 2) MeOH, H+ ,,,*... 
75% b 6 

9 16 R=THP 
11 R=H 

The ester-enolate rearrangement 6 of the allyhc ester 6 7 was performed under two tiferent reacnon 

cond~t~oons Fu-stly, m THF, the Z-hthnun-enolates was preferennally formed and trapped as Its sllyl ether It was 

subsequently rearranged under THF reflux (blcychc &&& trans~hon state), and finally hydrolysed This 

sequence gave the acid 7 9, which, when treated with methylhthmm afforded the methyl-ketone 8 Deprotecnon 

of the THP moiety afforded the same compoud 5 as before (pau of enannomers) Secondly, in THFmA 

(77/23), the E-enolate isomer 8 was formed, and the former sequence yielded acid 9 lo, methyl-ketone 10 and 

finally compound 11, which appeared to be a &astereolsomer of 5 

Using opt~ally pure (S)-(-)-3-methyl cyclohex-2-enol, obtamed from the racermc acetate by resolution 

with pig liver esterase 11, as startmg material, thus strategy allows enanuo- and stereocontrolled preparation of 

clerodm synthetic mtermdates 

We next turned to the correct funcuonahsation of the cyclohexene nng of compound 5 From our 

previous work on the trans-decabmc system 2a, It required the stereocontrolled mtroducnon of the correspondmg 

“ 17-methyl” of clerodm 1, and further transformation mto an unsaturated keto-ester as depicted below 
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OH 0 

16 17 16 
E=COJvk 

14 X=Br.H 
15 x=0 

OTBS 

Methyl-ketone 5 was reduced with hthmm alummmm hydnde, proldmg an easily separable 

&astereolsomenc nuxture of &ols lta and 12b In order to slmpllfy the followmg sequence, we decldcd to 

work with only one of the two &ols Protection of the lo1 12a as Its &elyl denvahve gave us compound 13 m 

quantltahve yield Allyhc oxidahon of the cyclohexene nng was best accomphshed usmg a two step sequence 

allyhc brommabon of 13 afforded 14 which was then efficiently oxldlzed mto cyclohexenone 15 using 

hs(tetrabutylammonmm~chromate I2 (81% overall yield from 13) Conlugate addmon of &methylcuprate to 

15 occured from the less hindered face of the unsaturated system, leadmg to dnnethylcyclohexanone 16 The 

stereochenustry of the methyl addltlon was unambiguously estabhshed from NMR data I3 , ma&anon of the 

“ 17-methyl“ gave a doublet of doublets for the a-proton (J = 3 5 and 9 8 Hz) thus confmng that the added 

methyl is m the equatonal position 

When treated #~th a nuxture of sodium hydnde and &methyl carbonate m refluxmg THF, 

cyclohexanone 16 underwent reflospeclfic funcnonaluahon to afford the keto-ester 17 m Its enol form Various 

other attempts at enolate formahon and trapping gave only poor re@oselectlvlty Introduction of a phenylselenyl 

group followed by an oxldauon-elmunanon step completed the final conversion of the keto-ester 17 mto the 

unsaturated system 18 14 Further mvestlganons on 18 are underway m order to achieve the total synthesis of 

clerodm Syntheses of the trans-decalme moiety has already been achieved on a model compound 2a 

Construcnon of the furo-furamc moiety clercxhn 1 from lactone 4 1s reported m the followmg paper 
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