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In 1967 Tumlinscm et al. isolated four new monoterpsnes A (=la), B, C and D (Fig. 1) as -- 
the components of the male-produced pheromone of the boll weevil, Anthonomua rtrandis 

Boheman.'p2 The chiral cyclobutane derivative (l-isopropenyl-1-methylcyclobutaneethanol) 

la was named grandisol, which attracted attention of many synthetic chemists due to its 

Fig. 1. The components of the boll weevil pheromone, 

unique structure. A number of syntheses of (*)-la was reported to date.34 The absolute 

configulation of the naturally occurring (+)-grandisol la was determined to be 1&2s by 

its synthesis from (-)-S-pinene as reported by Hobbs and Magnus.' Since then several 

chiral syntheses of grandisol were accomplished resulting in the preparation of both (+)- 

la" and (-)-la'lOtll, (+)-le12, (-)-1e*13 and both (+)-la and (-)-la'.14 

Cur own synthesis of both the enantiomers of grandisol enabled us to evaluate their 

pheromone activity.lOpl' Unexpectedly, even the unnatural (-)-grandisol was found to bs 

fully bioactive." This was indeed quite an unusual case among bioactive natural 

products. So as to know more about the pheromone activity of grandisol enantiomers, 
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Fig. 2. Synthetic plan. 
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highly pure (+)-la and (-)-la’ were in urgent need. We therefore decided to develop a new 

synthesis by which sufficient amounts of grandisol enantiomers would be supplied. 

Our synthetic plan as shown in Fig. 2 is based on the use of a chiralbuilding block 2 

of microbial origin. Enantiomerically pure ethyl (R)-3-hydroxybutanoate 2 is readily 

available by ethanolysis of poly(3-hydroxybutanoate) (PHH) produced by Zooqloea 

ramiqera.'5r'6 lhe key-reaction in our synthesis is the intramolecular cycloadditicn of 

olefinic ketene B to give a mixture of bicyclic cyclobutanones ? and 6. The usefulness of 

intramolecular cycloadditions of olefinic ketenes has recently been established in 

alicyclic chemistry.'7-1g The cyclobutanone F is to be converted to (+)-grandisol la, 

while the isomer G leads to (-)-la'. l'his plan was realized as detailed below resulting 

in the preparation of the pure enantiomers of grandisol. 

The first phase of our work was the preparation of the key bicyclic intermediates 8a 

(&) and 9a (=G) as'shown in Fig. 3. Reduction of 2 with LAH gave the known diol 3a,20*21 

whose primary OH group was protected as trityl ether 3b. Treatment of 3b with NaH in DMF 

was followed by etherification with CH2=CMeCH2C1 to give la. The trityl group of la was 

removed by treatment with 80 % AcOH to give 4b. Oxidation of Ib with Jones reagent 

furnished 5 in 56 0 overall yield from 2 in 5 steps. Attempts to prepare 5 by direct 3-O- 

S-methallylation of @)-3-hydraxybutanoic acid or 2 were unsuccessfull. Acyl chloride 6 

was prepared from 5 by treatment with oxalyl chloride. Subsequently, the key cyclo- 

addition reaction via 7 (=B) was executed by slowly adding Et3N to a refluxing soln of 6 - 
in a large volume of CH2C12 17-" yielding a 3.4:1 mixture of twobicyclic ketones whose 

structures were later assigned as 8a and 9a, respectively (vide infra). The cycloaddition 

was thus moderately stereoselective giving the ermio-Me isomer 8a as the major product. 
Although these two ketones were separable by GLC, their purification by conventional 

SiO2 chromatography was rather difficult. The mixture of ketones 6a and 9a was therefore 

converted to the corresponding mixture of alcohols 10 and 11 by reduction with 

LiBH(+lu)3. Reduction of a fused bicyclic cyclobutanone like 8a and 9a with LiBH(=-WI)3 

was known to give an Mdo-alcohol." The diastereomeric alcohols 10 and 11 were readily 

separable by SiO, chromatography at this stage. The structure 10 was assigned to the less 

polar alcohol (obtained in 51.0 % yield from the mixture of 8a and 9a) cm the basis of its 

'Ii NMR spectrum in which the 3 H doublet due to the Me group at C-4 was observed at 6 

1.58. In the 'H NMR spectrum of the more polar alcohol 11 (obtained in 13.8 0 yield), the 
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Flg:3. Synthesis of the bkyclk IntermedIates. 

3 H doublet due to C-4 Me group appeared at 6 1.16. The down-field shift of the signal 

due toG4 Hegroup inthecase of10 mwtbsdue to the shielding affeut of tlmOiigroup 
at C-6, .which is &a =&-relationship td the Ye grou@ at C-4. The sign&l due to the 

methlne proton at C-4 was obsrrved at6 3.94 (1 H, dq, Jl5.3, 7.0 Hz) in tha case of 10, 

while km the case of 11 that dgnal appeared at 6 4.56 (1 8, br.q, z-6.7 Hz). The above 
observatim &ndkcaM that the methine m at C-4 of 11 absorbing at a lower field than 



2232 K. Mom and MMIYAKE 

- cp - qzMe - 

J?g X=OH 

k X=OTs 

& X=CN 

2 X=CHO 

& R=H 

& R=(R)-MTPA 

iii! lt~’ R=H 

g R=(R)-MTPA 

Ts= -!e , 

L; 

MTPA= -C-xFb 

d ’ bMe 

Fig. 4. Synthesls of the enantlomtws of grctlndlsol. 

that of 10 mu6t be in &s-relationship to the OH group at C-6. The coupling constant 

bstwm ths protan at C-4 and that at C-S was almost zero in the case of 11 in accord with 

the assigned stereochemfstry. Qnsidering all of the above obaematicm, the less polar 

alcohol was thought to be (lg,4R,5&6R)-lO, while the more polar alcohol must be 

(1&4RR5&62)-11. These assignments were proved to be true by the later conversion of 10 

and 11 to (+)-la and (-)-la', respectively. Having solved the setparation problem, what 



should be done next wae to give back the ketones 8a and 9a by oxidizing the alcohols 10 

and 11, respectively, under the Swern condition using DMSO and oxalyl chloride In 

cH2c12. 23 lbe arrerall yield of & from 5 was 31 8, tihlle thst of S from 5 war, 9.7 % in 4 

etepa. 

At this &age we thought it appropriate to estimate tbs enantiomerlc prvity of Ilh and 

9a. This wasachiwedbytheGLCanalyses of the aoetale8band9b prepared from (tR_,3E)- 
2,3-butanediol and the ketones 8a and 9a. Acetal prepared from chlral Ketones and 

(2R,3R)-2,3-butanediol were frequently employed for the purpose of the separation of 

enantiomeric ketones by GLC.24*25 To secure a reference sample, (t)-Sa, which was 

separately prepared from (*I-3a, was acetilized with (2&3R)-2,3_butanediolto give a 

mixture of 6b and 12. TMs mixture was cleanly separable by capillary GLC. The acetal Sb 

derived from ba showed a sfngle peak upon GLC analysis. The acetal 8b was therefore 

diastereomerically pure, and hence the ketone 8a was enantiomerlcally pure. Similarly 

(*I-9a, which was also synthesised from (r)-3a, was acetaliaed to a mixture of 9b and 13. 

These acetals were also separable by capillary GLC, while the aoetal 9b prepared from 9a 

exhibited only a single peak. Ihe ketone 9a was therefore of 100 % e.e., too. 

The conversion of the ketones Sa and 9a to the enantiomers (la and la') of grandisol 

was executed as shown in Fig. 4. The synthesis of (+)-grandisol la will be discussed 

first. The Wolff-Kishner reduction of Sa with N2H4 and KOH in diethylene glycol gave 

bicyclic ether 14. Treatment Of 14 With Ru04-NaI0426 followed by CH2N2 yielded keto ester 

15, whose antipode 15' was previously prepared by Meyers and Fleming.13 Their route was 

followed to convert 15 to the final product la. The keto ester 15 was treated with 

Ph3P-C!H2 in 1,2-dimethoxyethane to give olefinic ester 16. LfUi reduction of 16 yielded 

alcohol17a, which was tosylatedtogive 17bas crystals in our case. Treatment of 9% 

with NaCN in wet HMPA2' furnished nitrile 18. Reduction of 18 with (&-Bu)2AlH to 19 was 

followed by further reduction of 19 with LAH to afford (+I-grandisol la in 12 % overall 

yield in 8 steps from Sa. The IR and 'H NMR spectra of (+)-la were identical with those 

reported previously." The detailed 'H and 13C NMR data are listed in the -rime&al 

Section as Table 2. 

Similarly, the ketone 9a was converted to (-j-grandisol la'. Thus 9a was first rsduoed 

to give 14'. Oxidation Of 14' With RuO4-NaIO4, however, took a course slightly different 

from the case with 14. The H atom at C-4 was with--orientation in the case of II', 

contrary to the m-orientation in the aase of 14. Therefore in the case of II', the H 

atom at C-4 was more resistant to the oxidation than that of Il.+ Thus Ru04-NaI04 

oxidation of 14' furnished, after methylation with CH N 2 2, a mixtute of 20 and 15'in the 

ratio of ca. 2:l. As the separation of the mixture was rather difficult, it was directly 
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treated with Ph3P&R2 to give a separable mixture of 16' (25.5 % yield from 14’) and 20 

(42.9 % yield from 14’). The lactone 20 waathen converted to21 by hydrolysLe with.ltOH 

follow& by esterlflcatian (a2N2) of the resulting hydroxy acid. The Sworn oxidatkm of 

21 with DHSO and oxalyl chloride in CR2C12 gave 15', which was submitted to the Wittig 

reaction yielding 16', Identical to 16' prepared by the direct route (14'* 15' + 16'). 

The anubinsd o&fink ester 16' was then reduced to 17a', which yielded (-)-grandisol la’ 

y& 17b’, 18’ and 19’. The overall yield of la’ from 9a was 9.7 8. The spectral data of 

la’ were indistinguishable from those of la, although its plain positive ORD curve was 

antipodal to that of la. 

Ino oanfirm the high enantiaerfc purity of our grandisol enantiomers, la and la' were 

converted to the corresponding CE)-a-methoxy-a-trifluoromethylphedylaoetatem (WTPA 

esters)28 lband lb’. Their 400 MHz 'El NMR spectra firmly established the satisfactory 

enantiomerlc purity (100 % e.e.) of our la and la’. In the case of 1 b, a 3 A singlet due 

to ths We group at C-l appeared at 6 1.152, while in the case of lb’, it was obse~~M at 6 

1.142. We&her amtaminatioa of lb with lb’ ntx that of lb’ with lb could k detected. 

Finally, a comment should bs made on the specific rotations of grandisolenantiomers. 

*tical rotations of the enantiomers of grandisol reportsd to date are.listsd in mle 1. 

Table 1. Dptiaalro~tione of the enanticamrs 

(a)D of (+)-la 

#rgnus’S Ia9 +16.7'(c= 1, at 21.5.) 

Phri’S lal” +15.7'(c- 0.23, at 20') 

Moti's la"O 

Mri's la"' 

JfXHs'S la12 +14.8°(c- 1, at 25') 

Meyers's la'13 

Silverstein's la14 +18.4'(c= 1.1, at 25.) 

Silverstein's 1 a*” 

The present samples** +20.S"(c= 0.585, at 24.2') 

* measured as G-hexane soln. 

of grandiso1.* 

(aID of (-)-la' 

-16'(c= 0.14, at 22") 

-18.2'(c= 1.3, at 22') 

-16'(c= 1, temp not specified) 

-18.1°(c= 1.2, at 29.) 

-20.0°(c= 0.535, at 23.8') 

** The values were caUbrated by measuring the [aID-value (+66.9' and +67.0') of 

pure sac&arose in water (c= 1.001 and 1.000, at 24O) 

Wagnus estimated the specific rotation of pure (+)*tiisol la to be +1&S' basing on the 

enantiomeric purity (90 % e.e.) of his starting material.' We estimated it to be +20° 

basing on the direct determination by 'E NMR of the enantiomeric purity of a synthetic 

intermediate.'O Meyers's (-)-la’ was reported to be of 88 % e.e., and accordingly his 

estimation for the [aID value of pure (-)-la' was -18.2.. Jones regarded his (+)-la as 

pure as 100 0 e.e.,12 although his specific rotation value was slightly smaller than the 

values reported by others. The present samples of our grandisol enantiomers after 

distillation showed the [aID values of ca. *20°, which were in good accord with the values 

predicted by ua:0 The (aID values (+18.4' and -18.1')" of Silverstein's pure la and la' 

are slightly smaller than our present values. It is not clear whether the values recorded 

by Silverstein refer to those obtained with distilled samples or not, since no b.ps were 

reported for their grandisol enantiomers.'4 
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In ccmlwim, we were able to synthesize pure enantiomers of graqdisolin amount8 (290 
ng of la and 81 n g of la') sufficient for the biological test. The overall yield of (+)- 

grandlsol la from ethyl @)-3-hydroxybutanoate 2 vas 1.9 % in 16 steps, while that of (-)- 

la' was 0.5 8. The bioassay of our samples is now under way by Dr. J. C. Dickens of the 

U.S. Dspartment of &ricll1ture. 
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