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Abstract: (f)-Grandisol (1) has been synthesized in a sterexxpecific marmer by an intramolecular lactone 
enolate alkylation route featuring remarkable control over C- vs 0-alkylation. 

(+)-Grandisol (1). a pheromone component of the male cotton boll weevil (Anthorwm granriis). has long 

been an attractive synthetic target owing to its remarkable biological activity coupled with an interesting 

molecular ~tructure.~ Described herein is a stereospecific approach to (f)-grandisol(1) based on our ‘allylic 

strain-controlled’2 and ‘folding strain-controlled’3 intramolecular lactone enolate alkylation methodology, 

highlighted by a remarkable regioselective C-alkylation. 

$*_____ * _yy Tyyy~_ p- c&OH 
Ja:R=Me 4 (2) 

(I) !l 3b: R= AlIyl 

t vii, viii i ii /--- C+-fbH 6 

12: R= CHO 
13: R= CH 2OTs 2 v.vi 

Reagents: i) diethy onho_yrbutymlactone. CH3CH2CO2H (cat.). 170 “c, 15 h (57%); ii) NaI. MEIC, retlux, 24 h (94%); iii) 

DIBALH (1 eq). toluene, -78 ‘C, 1 h (75%); iv) TBDPSCI (2 eq). imidamk (2 es), DBU (cat.), DMP, rt, ovemight (90%); v) 
N&I-Q (1.5 eq). RtOH. rt. 15 mix (70%); vi) T&l (2 eq), DW (2.5 cq), CH2Cl2.4 Y!. 12 h (100%); vii) L.iEt3BH (3 eq). Tl-F, 
reflux, 16 h (80%); viii) TBAF (1 es). THP, rt, 1 h (100%). 

In our previous synthesis of (f)-ftagmnol (2), a diaste~meric monoterpene isolated from Artemesia 

fragranas, intramolecular ester enolate alkylation of w-tosyl ester 3a with KHMDS afforded 

cyclobutanecarboxylate 4 with 19 to 1 stereoselectivity in 85% yield.4 However, cyclization of the 

corresponding ally1 ester 3b under comparable conditions furnished ally1 ester 5, a potential synthetic 
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intermediate for (i)-grand.isol (l), in only 2 : 1 stenoselectivity .5 Envisioning that the stereoselectivity might 

be enhanced in the case of cyclic enolates. cyclization behavior of w-iodo lactone 7, prepared from chloro 

allylic alcohol 6 in two steps by ortholactone Claisen rearrangement followed by a Finkelstein reaction, was 
investigated, Unfortunately, subjection of iodo lactone 7 to our usual cyclization condition (i.e., KHMDS in 

THF) did not produce any desired spiro lact& 8, but careful analysis of reaction mixture revealed the 

presence of hydroxyl &tone 10 in 50% yield 6.7 Formation of hydroxy lactone 10 could be rationalized by 

internal O-alkylation of the potassium enolate of lactone 7 to form unstable cyclic ketene acetal9, followed by 
hydrolysis. After a considerable amount of experimentation, our attention was drawn to using the mom tightly 

associated lithium enolate, which is known to favor C-alkylation compared to its ~~ssium counterpart.8 To 

our delight, iodo factone 7 underwent smooth cyclization upon treatment with LHMDS in THF at -78 to -50 L% 

for 4 h to furnish the desimd product 8 as a single stereoisomer in 90% yield6 This result constitutes a unique 

example of regiodivergence in C- vs 0-alkylation during an intramolecular ester enolate alkylation. Finally, 
transformation of spiro lactone 8 into (f)-grandisol (1) was successfully executed by proper adjustment of 
oxidation state. Thus, DIBALH reduction of lactone 8, followed by tmatment of the resulting lactol 11 with 
TBDPSCl in the presence of DBU, afforded aldehyde 12 in 68% overall yield for the two steps. NaBl’Q 

reduction of aldehyde 12 and tosylation of the alcohol gave tosylate 13. LiEt3BH reduction of tosylate 13 

proceeded with minimal sulfur-oxygen bond cleavage leading to the desired (f)-grandisol(1) after removal of 

the TBDPS protecting group with TBAF (56% overall yield for four steps).g**o The synthetic (f)-grandisol 

had rH and t3C NMR data identical to those reported in the 1iterature.1~11 

In summary, a stereospecific synthesis of (i)-grandisol (l), a cyclobu~noid monoterpene, was accom- 

plished by an in~ol~~~ lactone enolate alkylation featuring control of C- vs ~~ylation by judicious 
choice of leaving group and cation. 
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