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Summary : Enzymatic resolution of dlmethyl 2-methylsucclnate, acylom cyclizatlon and base Induced rmg 

contractlon prowded I-hydroxycyclopropanecarboxyllc acids with high optxal purity ( >95% e.e). Their 

derivatives opened a reglo- and stereoselectlve way to optically active 2-vinylcyclobutanones (X4-90% e.e), 

provldmg useful bulldIng blocks for further rmg expansions. 

Recent reports have polnted out the synthetic potential of 2-vmylcyclobutanones. Effectively these 

versatile bullding blocks can undergo either C4- C5 (l-5), C,- C6 (1,6-g) or C4- C8 (9) ring expansions 

leadlng to five, SIX or eight membered-ring derivatives I” acid, base, thermally or photolytlcly Induced ring 

rearrangements (IO) ; while, ring opening reactIons led to functlonalized acyclx fragments (1,3,6,11). These 

challengmg synthons are now avaIlable from the C3 - C4 acid Induced ring expansion of I-arylthlo- (12), 

I-alkoxy-(8,13-15) and I-hydroxycyclopropylvmylcarblnols (12,16) or from the cycloaddltlon of vmylketenes to 

simple oleflns (6,ll). We report in this paper the fxst preparatmn of optically active 2-vlnylcyclobutanones 

from the reglo- and stereospeclflc trifluoroborane-etherate (BF3-Et20) Induced ring expansion of 

cyclopropylvlnylcarblnols and some subsequent ring rearrangements. 

Preparation of (IS,2R) and (IR,2S) methyl I-hydroxy-2-methylcyclopropanecarboxylates 

We have previously shown that methyl I-hydroxycyclopropanecarboxylate, readily available from 

methyl succlnate, provided a convement keystone for the construction of naturally occurrmg cyclopentanold 

compounds such as jasmonoi:d, splrovetlvane, dicranenone and methylenomycm B derlvatlves (2,16,17). So, It 

appeared worthwhile to test this approach for the preparation of optlcally active cyclopropane derlvatlves. 

As a matter of fact, It was lnterestlng to check If the chlrallty was retamed or not during the mltlal 

cycllaatlon step of optIcally active succmates such as (Sj-3 or CR)-1 and also durmg the base Induced rmg 

contraction of the IntermedIate 3-methyl 1,2-cyclobutanedione CR)-& for instance (Scheme 1). First of all, 

this study reqwred choral succmates wrth high optlcal purity. Besides the asymmetrlc reduction of ltaconlc 

acid with catlonic rhodium complexes (18), the stereospecIfic alkylatlon of either (R) ethyl malate or 

dlmenthyl succmate (19), we found that the enantloselective hydrolysis of racemlc dlesters by porcme 

pancreatic llpase (PPL) provided the more convenient and cheap way to both (R) and (S) dlmethyl 

2-methylsuccmate (20). 

Thus on preparative scale, racemic dlmethyl 2-methylsuccmate r (0.25 mole) upon treatment with 

PPL (7 g) in buffered water maIntaIned at pH 7.2, underwent regio- and enantloselectlve hydrolysis to yield 

the sodium salt of the half-ester (S)-2 and the unhydrolyzed ester CR)->, which was readily extracted with 

ether. Acldlflcatlon of the aqueous phase prowded the half-ester 2a which was esterlfled wrth methanol 

(SOC12, reflux) ; then, a second PPL hydrolysis led, after esterificatlon, to the dlmethyl 2-methylsuccmate 

(S)-a. The enantiomerlc excesses, determIned by analysis of the spllttmg of the methyl ester signals of 

(S)-ZJ and CR)-& comparatively to the t-acemlc succinate 4 on 250 MHz ‘H n.m.r. by using a choral shift 

reagent (Eu(hfc)3) (21) was superior to 96%. 
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Scheme 1 : Preparation of methyl I-hydroxy 2-methylcyclopropanecarboxylates (IS,2R)-fi and (lR,ZS)-9b. 

a) Na,CISiMe3, toluene, reflux, 78-82% ; b) Br2, pentane, -50°C ; c) 2M NaOH, 0°C ; d) 10% HCI, ether, 95% ; 
e) MeOH, SOC12, reflux 88-92%. 

Acyloin type cyclization of CR)-2 by sodium in the presence of trimethylchlorosilane (22) provrded 

the 3-methyl 1,2-disiloxycyclobutene (R)-5 in 78% yield. Bromination of CR)-& at -20°C in CC14 gave the 

unstable 3-methyl-l,2 cyclobutanedione (R)-2 ; on the other hand, successrye addrtion of bromme (1 equiv.) to 

a solution of (RJ-5 in penrane at -50°C and of a 2M NaOH aqueous solution at 0°C provided, after 

acidification (2M HCI), directly the (lS,ZR) I-hydroxy-2-methylcyclopropanecarboxylic acid & in 95% yield 

(23). 

Esterification (MeOH, SOC12, reflux) of &. gave the methyl hydroxyester (IS,ZR)-6b in 98% yield, 

contaimng v) 5?6 of the diastereorsomer (lR,ZR)-fi, as evidenced from chromatographic and spectroscoprc 

data (e.g. two methyl ester singlets at 63.74 and 3.79 ppm, ratio 95:5) (23). It has been checked that, on 

heating g in acidic methanol (SOC12, reflux, 5 days) n was not a product of isomerrzation of 6’& 

Futhermore recrystallrzation of the acid (lS,2R)-6a led, after esterification, to the stereochemically pure 

methyl ester fi. 

In the same way, sodium induced cyclization of succinate (S)-3 gave the 3-methyl-l,Z-disiloxycyclo- 

butene (Sk& and after one pot bromrnation and base induced rrng contraction led to a mixture of 

hydroxyacid (lR,ZS)-9a and (lS,ZS)-IOa (ratio 96:4). Esterification of thus mixture (MeOH, SOC12, reflux) 

which was not separated by recrystallization, provided the corresponding methyl esters (lR,2S)-9b and 

(lS,ZS)-IOb (ratlo 96:4). The enantiomeric excesses of (lS,ZR)-G and (lR,ZS)-9b, determined by analysis of 

the splitting of their methyl ester srgnals on ‘H n.m.r. spectra recorded in the presence of Eu(hfc)3 (21), 

comparatively to the racemic methyl I-hydroxy 2-methylcyclopropylcarboxylate analogously prepared from 

(R,S)-I was superior to 97 and 95%, respectively. 

Therefore, as expected the chirality of the stereocenter was not affected during the sodium induced 

acyloin cyclization of the enolizable (y-methylsuccinates (S&G and (R&l as well as during the subsequent 

base induced C4 - C3 ring contraction. 
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Such a comparable stabrlrty of the chiral center has been recently observed for the sodium Induced 

cyclrzatron of the methyl fl-bromorsobutyrate (S)-lj. Thus, the reductrve transformatton led to a I:1 

drastereorsomerrc mrxture of cyclopropanols e whrch, upon brommatron at 0°C were then transformed back 

to the startmg bromrde (S)-IJ, wrthout loss of optrcal purrty (24). 

It must be underlmed that attempted chemrcal resolution of the corresponding racermc hydroxyacrd 

with (R) a-methylbenzylamme (25) or enzymatrc resolutron wth PLE as reported for chrysanthemrc acrds 

(26) or wrth PPL (20) did not provrde 6a and 9a wrth such high optrcal puritres. 

Regro- and stereospecrfrc trrfluoroborane-etherate Induced ring expansron of choral cyclopropylvmylcarbr- 

n0k 

0-srlylatron of the hydroxyester (lS,2R)-@ wrth t-butyldtmethylchlorosilane in DMF contarning 

rmrdazole (2 equrv.) (27), then reductron of the ester with dirsobutylalumrnum hydrrde (DIBAH) m toluene at 

-78°C followed by Swern oxrdatron wrth oxalyl chlortde actrvated DMSO (28) led to the I-t-butyl- 

d~methyls~loxy-2-methylcyclopropanecarboxa~dehyde (lS,ZR)-13 m 84% overall yreld. Wrttrg-Homer reactron 

wrth methyl dimethoxyphosphonoacetate (n-BULL, THF) gave, after reduction wth DIBAH m toluene at 

-78”C, the E-cyclopropylvmylcarblnol (IS,2R)-8 m 86% overall yreld. Addrtion of a catalytrc amount of 

trrfluoroborane-etherate (BF3-Et20) to a solutron of (IS,2R)-& m CH2C12 for 60 mm. prowded marnly the 

optrcally actrve 3-methyl-2-vrnylcyclobutanone (2R,3R)-IJ (LolID = t74’ c 1.98, CH2C12) rn 80% yreld (Scheme 

II). The regro- and stereoselectrwty of thrs C3 - C4 rrng expansron was evidenced by the gemmal couplmg 

constant of the cy-methylenrc protons (JH3H4 : 17.15 Hz) (29) and by the presence of two methyl doublets at 

61.15 and 1.38 ppm (ratro 95:5) rn the n.m.r. spectra of crude 5. The CIS stereochemrstry of pure g Isolated 

by g.c., proven by the occurrence of two crs (JH2H4 = 9.15 and JH2H, = 9.33 Hz), and one trans (JH3H2 = 4.22 

Hz) vrcrnal couphng constants was confirmed by nuclear Overhauser effect ; thus, rrradratron of the 3-methyl 

srgnal at 61.15 ppm enhanced the signal area of the H5 vrnylrc proton srgnal at 5.72 ppm by 12.5%. 

In the same way, 0-srlylatron of the hydroxyester (IR,2S)-9b (C1SrtBuMe2, rmrdazole, DMF) (27) then 

reductron of the ester (DIBAH, THF, -78°C) and Swern oxrdatron (DMSO-(COCI)~, NEt3) (28) provrded I” 89% 

overall yreld the l-t-butyld~methyls~loxy-2-methyl-cyclopropanecarboxaldehyde (IR,2S)-I&. Two aldehydrc 

protons at 6 9.0 and 9.4 ppm (ratlo 96:4) m the n.m.r. spectra of crude I& evidenced also the presence of the 

(l&25) stereorsomer. Addrtron of the methyl drmethoxyphosphonoacetate carbanron rn THF to (IR,2S)-I&, 

reductron (DIBAH, toluene, -78’C), oxrdatron (DMSO-(COCI),, NEt3, -60°C) (28) and addrtron of 

ethylmagnesrum bromide m ether to the resultrng allyl~c aldehyde led to the rsornerrc E I-(I-t-butyldrme- 

thylsrloxy-2-methylcyclopropyl) pent-I-en-3-01s (IR,ZS)-17 rn 78% overall yreld from 16. On addrtron of a - 

catalytrc amount of BF3-Et20 the cyclopropylvmylcarbrnols (IR,ZS)-17 m CH Cl 
2 2 

underwent wrthm 5 mn as 

monrtored by t.l.c., total C3 - C,, rmg expansron mto the optrcally actrve E-2-(but-I-enylj-3-methyl 

cyclobutanone (2R,35)-18 (JHAHB = 16 Hz, [ol], = -62” c 2.0, CC14). Two methyl doublets at 6 1.18 and 1.35 

ppm (ratlo 95:5) as well as gas chromatography and mass spectroscopy analysrs evidenced agarn the 

formatron of one major stereoisomer. The crs stereochemrstry of @, readrly isolated by g.c. was, 

comparatrvely to the stereochemrstry of (2R,3R)-15, determmed from the vrcmal couplrng constants of the 

four-membered rrng protons, and confirmed chemrcally (vrde rnfra). 

On the other hand, addrtton of methylmagnesium rodrde to the aldehyde (IR,2S)-16 m ether and 

Swern ovrdatron (DMS~-(COCI)~, NEt3, -60°C) (28) yrelded the cyclopropylmethylketone (lR,ZS)-19 whrch 

was treated with a I M solution of vlnylmagneslum-bromide m THF at 65°C for 5 hr to prowde rn 78% yreld 

the ~sorner~c 3-(I-t-butyldimethylsrloxy-2-methylcyclopropyl) but-I-en-3-01s 2 (ratlo 79/21). 
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Scheme If : Preparatron of optrcally actrve Z-vrnylcyclobutanones. 

a) ClSttBuMe3, tmldazole, DMF, 3S”C, 96% ; b) DIBAH, toluene, -78°C ; c) DMSO-(COCI)2, -6O”, NEt3 ; 
d) (M~O)~P(~)CH~C~OCH~, WB~L~, THF, r.t. ; e) w3-Et20, ~~2Cf2, r.t. ; f) EtMgBr, Et20, reflux ; 
g) CH3Mg1, Et20, r.t. ; 17) CH*=CHMgBr, THF, 65°C. 

Upon addttton of a catalytrc amount of BF3-Et 0 allyl~c alcohols 2_! m methylenechlorrde 
2 ’ 

underwent total C3 - C4 rmg expansion wlthm 15 mn as monltored by t.1.c. mto the stereolsomerlc mixture 

of 2,3-dimethyl-2-vinyl cyclobutanone (2&35)-G and (2R,3S)-22([~$, = +22”, c 1, HCC13), which have not 

been Isolated. Takmg Into account the spectroscoprc data observed rn many other related systems (II), the 

stereochemtstry of the major rsomer (72%), characterrzed by the fact that the ‘H n.m.r. srngulet of rts(Y 

-methyl protons appeared at hrgher ftelds (AS= +0.15 ppm) and the signals of Its 3-H and vlnyk H-C (I’) 

protons at lower field @6= -0.26 and -0.12 ppm, respectively) as compared to the correspondmg signals of 

the mmor stereorsomer (28%) was assumed to be trans, s, (2R,35)-22. Moreover, the enantromerrc excesses 

determlned by analysrs of the spllttrng of the a-methyl srgnals of 21 and22 on ‘H n.m.r. spectra (250 MHz, - 

Eu(hfc)3), comparatively to the correspondmg racemrc ketones, was superror to 84%. 

Apphcatrons to the preparations of (S)-5-methyl cyclohex-2-one, CIS 4-butanoltde and cyclopentenones 

Llthlumalummum hydrtde reductmn of 3-methyl-2-vlnyl cyclobutanone (ZR,3RblJ m ether gave the 

tsomertc cyclobutanols (2R,3R)-23 (ratlo 63:37) m 94% yield. Upon treatment with potassrum hydrtde m THF 

at reflux cyclobutanols (2R,3R)-23 underwent total C4 - C6 rmg enlargement (7) Into the 5-methyl 

cyclohex-3-en-l 01s S-24, wlthrn one hour as monrtored by t.1.c. and g.c. Then, oxrdatton wrth Jones reagent 

m acetone and treatment of the crude resultmg enone with baste actrvlty 3 alumrna rn ether-pentane (5:95) 

yrelded the 5-methyl cyclohex-2-en-l-one (5)-E ([CYI, = +81”, c 1.04, HCC13) In 74% yield from 23. 

Comparrson wtth the enantromerrc (R)(-J-5-methyl cyclohex-2-en-l-one ([ol;, = -9O”, c 2.55, HCC13) prepared 

from (R) (+) Pulegone (30) has conflrmed the confrguratron and optrcal purity ( 90% ee) of (S)-a and 

therefore of the cyclobutanone (2R,3R)-15 (31). 

Reduction of pure 2-vmylcyclobutanone (2R,3S)-18 catalyzed by palladium on charcoal m ethyl 

acetate led with partial lsomerlzatlon to a mixture of 2-butyl-3-methyl cyclobutanone (2S,3S)-26 and Its 

(2R,3S)-drastereolsomer (ratlo 9O:iOJ m 89% yreld ; while attempted reduction of B catalyzed by platlne 
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oxrde yielded, besrdes the expected cyclobutanone & (‘)‘C:O 1775 cm-‘), rearranged product (yC=O q 1715 

cm-‘) (ratlo 63:37). Then, ketone (2S,3S)-s purified by gas chromatography, underwent Baeyer-Vlllrger 

oxtdatron (MCPBA, CH2C12, 0°C) to provide the 4-butyl-3-methyl butanohde (3S,4S)-27 (Quercus lactone b) 

exclustvely, as clearly evrdenced from the n.m.r. spectra of the crude product charactertzed by a methyl 

doublet at 61.01 ppm and a C4 proton multiplet at 4.44 ppm (32). As a matter of fact, the (35,4R) 

stereolsomer of 27 (Quercus lactone a), recently prepared from the trans 1,4-addrtlon of lithrum dlmethyl 

cuprate to CR)-4-alkylbut-2-enohdes (33), showed a methyl doublet at b 1.14 and a C4 proton multtplet at 

4.01 ppm (32). The Baeyer-Vrlltger oxidation of 2-alkylcyclobutanones IS known to occur wrth retention of 

confrguratron (34), therefore the exclusive formatron of the Y-lactone (3S,4S)-27 confirmed the crs 

stereochemlstry of the cyclobutanone 26. The opttcal rotation of 27 ([a$, = -78”, c 1, MeOH) comparatively 

to reported data Wl, = -87”) (35) and n.m.r. chemtcal shift experrments wth chiral lanthamde (Eu(hfcj3) 

proved that the chnaltty ( 90% ee) was retamed durrng all these rearrangements. Quercus lactones a and b, 

found rn wmes and sptrrts kept tn oak barrels for maturing (32) have been Isolated from white oak wood with 

the ratto 6.5:93.5, respectrvely (35) ; thus this sequence provrded the mam natural stereoisomer. 
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Scheme III : Rrng expansions of the 2-vinylcyclobutanones. 

a) LtAIH4, ether, reflux, 94% ; b) KH, THF, reflux ; c) Cr03, H2S0,,, acetone, 98% ; d) A1203, ether-pentane 

IO:90 ; e) H2, Pd/C, AcOEt ; f) MCPBA, CH2C12, O’C, 86% ; g) CH3S03H. 

On the other hand, upon treatment wth 15 mol-equrv. of methanesulfontc acid neat at room 

temperature or with 30 mol-equiv. of methanesulfonrc actd rn CH2C12 the 2,3-dimethyl-2-vinyl 

cyclobutanones (25,35)-a and (2R,3S)-z underwent acrd catalysed C4 + C5 rmg expansron (1,4,5) mto a 

9O:lO mixture of 2,3,4- and 2,3,5-trtmethylcyclopentenones 28 and g m 40-5696 yrelds. Unfortunately this 

rearrangement whrch requrred severe actd condrtions led to the racemizatton of the choral center as shown 

by the zero value of the optical rotation of cyclopentenones 28 and 29 and by the spltttrng m two equal 

srgnals of the cY-methyl smglet on the n.m.r. spectra of cyclopentenone 2 recorded in the presence of 50% 

Eu(hfcj3 (A6= 0.03 ppm). 
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Discussion 

It has been previously reported that 2-methyl-I-vinylcyclopropanol underwent non-regro- and non- 

stereoselective C 
3- 

C4 ring expansion in sulfuric acrd to provide a mrxture of 2,4-trans (4%), 2,4-CIS 

(26%), 2,3-tram (24%) and 2,3-cis (46%) dimethylcyclobutanones, while upon treatment with hydrogen 

bromide m CH2C12 a 25:75 mrxture of cts and tram 2,3-dimethylcyclobutanones was obtarned (36). Although 

preferred migration of the more substrtuted cyclopropane bond occurred generally in such rearrangements 

(IO), the stereoselectivrty of the rmg expansion of the cyclopropylvmylcarbinols E, 17 and 20 was however 

noteworthy. The conservatton of the stereogenrc center (>84-90% e.e) strengthened the proposal that m 

such mild medium (e.g., BF3-Et20 in CH2C12) carbemum tons, i.e., cyclopropylvrnylcarbinyl catrons were 

likely not Involved. On the other hand, the optically actrve 2-vrnylcyclobutanones 21. and z underwent acid 

Induced C4-C5 ring expansron, likely as suggested via the mtermedracy of reverstble cyclopropylvmylcarbr- 

nyl catrons (5), however the required acrdrc condttions for the rearrangement entailed, unfortunately, 

complete racemizatron of the stereogemc center. 

EXPERIMENTAL 

Drmethyl 2-methylsuccmate (S)-2b and (R)-3 

In a 500 ml erlenmeyer fitted wrth an automattc burette and a pH-meter was strrred at r.t. a 
suspensron of 40 g (250 mmol) of drmethyl 2-methylsuccmate (R,S)-Im 300 ml of a buffered (pH 7.2) aq. 0.1 
M KH2P04 solutron contaimng 7 g of porcrne pancreattc lipase (PPL ; E.C. 3.1.1.3). The pH was mamtamed 
at 7.2 by the additron of 2 M NaOH ; when 0.55 equrv. of NaOH was consumed, the mixture was ftltered 
through cehte and extracted by 3 x 250 ml of ether. The organic phase was dried over Na2SO4 and 
concentrated on a rotary evaporator. The residue was drstrlled (b.p. 77.5”C (15 mm)) to grve 18.6 g (93%) of 
dimethyl 2-methylsuccinate CR)-2 ([CYID : +4.75O c 2.9 CHCI3). 

The aqueous phase was acrdrfred to pH 2 then continuously extracted wrth ether for 36 hr. The 
orgamc phase, drred over Na2SO4, was concentrated and distrlled (b.p. 90” (0.05 mm)) to yield 13.8 g (76%) 
of the half-ester (S)-2 ([~Y]D = -7.6” c 2 HCC13). To a solutron of 13 g (89 mmol) of (S&a rn I20 ml of 
methanol was added 0.5 ml de SOCl2 and the mixture was refluxed for 20 h. Then, the solutron was 
concentrated on a rotary evaporator, diluted wrth 100 ml of ether washed with aq. 10% NaHC03 and 
saturated NaCl drted over Na2S04 and contracted rn vacuum. The resrdue was drstrlled (b.p. 90”/20 mmHg) 
to give 13.6 g (95%) of drmethyl 2-methylsuccrnate (S)-2&. A solutron of 13 g of thrs drester (S)-2& in 100 ml 
of buffered water was hydrolyzed once more with 4 g of PPL to yreld after acrdrfrcatron and dtstrllation 
10.6 g (90%) the half ester (S)-2 KCXID = -10” c 2.5, HCCI3 ; Lltt., [ol]D = -9.3Oc 17.5 HCCI3 (37)). 
Esterrfrcation by methanol (SOCl2) m the same way, gave the drester (S)-3 [oily = -4.9Oc 2.9 HCC13. 

Determmation of the enantromerrc excess 

On addrtton of 0.3 equiv. of Eu(hfc)3 to solutrons of 10 mg of dimethyl 2-methylsuccrnates m CDC13, 
downfield shift ab= 1.5 ppm) and splitting (Ab= 0.07 ppm) occurred on the 250 MHz n.m.r. fH methyl ester 
srgnals wtth the ratros 50:50 (for racemtc I), 2.5:97.5 (for CR)-3) and 98.6:1.4 (for (S)-2). 

3-Methyl 1,2-bis(trrmethylsrloxy)-I-cyclobutene (R&4 

To a suspension of 8.05 g (0.35 g.atom) of fmely pulverrzed sodturn m 70 ml of anhydrous toluene 
was added dropwrse at 100°C a solutron of I4 g (87.5 mmol.) of CISrMe3. The mixture was refluxed for 6 h 
and then frltered through sintered glass funnel under a stream of dry nitrogen. The colorless flltrate was 
transferred to a distilling flask and drstillered through a 2.5 cm vacuum jacketed vrgreux column to yreld 
17.5 (82%) of (R)-4 (b.p. 34-36°C (0.1 mm)) DID = +21” c 2.78 CC14 ; IR (CCl4) (cm-l) : 1720 Y(C=C) ; 
NMRjH (CDC13, 90 MHz) &ppm) : 0.20 (s, 18H), 1.07 (d, J = 6.5 Hz, 3H), 1.6 (m, IH), 2.27 - 2.45 (m, 2H) i MS: 
m/e (rel. mt.) : 244 (M+, 35.2), 171 (13), 129 (2), 73 (100). Anal. calcd for CtfH2402S12 : C 54.04, H 9.89, SI 
22.97. Found : C 53.9, H 9.81, SI 23.04. 

3-Methyl 1,2-cyclobutanedrone (R)-5 

To a suspension of 0.5 g (2 mmol.) of CR)-4 in CC14 at -20°C was added dropwrse a solutron of Br2 (2 
mmol.) m cc‘14 (2 ml). The solution was warmed 70 r.t. and the solvent evaporated under vacua (0.1 mm) to 
yreld the dione 5 as a viscous orange-yellow Instable liquid. IR (CCl4) (cm-l) : 1800 and 1775 (?’ C=O) ; 
NMR (250 MHz) 7H (CCl4) 6 (ppm) : 1.25 (d, J = 7.3 HZ, 3H), 2.67 (ddd, J = I7 HZ, J’ = 8 HZ, J” = 3.2 Hz, 2H), 
3-5 (m, IH) ; MS : m/e (rel. int.) : 98 CM+, 1.31, 70 (10.6), 56 (2.7), 42 (19). 
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I-Hydroxy-Z-methylcyclopropanecarboxyllc acid (lS,2R)-6a 

To a solution of 41.2 g (168 mmol.) of (R)-2 m 150 ml of pentane at -5O’C was added dropwise 27 g 

(168 mmol) of bromme. When the addition was over, the mixture was stirred at r.t. for I hr then was added 

200 ml of a 2 M NaOH solution at 0°C. The mixture was extracted with 3 x 150 ml of ether. The aqueous 

phase was acldlfled to pH I with 2 N HCI and contmuously extracted with ether to yield 18.6 g (95%) of 

hydroxyacld (IS,2R)-g. 
The crude product ([ol]D = -54” c 1.6 HCC13) was recrystallized in ether-hexane to yield pure 

(IS,2R)-& : ([@ID = -57” m.p. : 75°C (Lltt., (23) m.p. racemlc : 64-66°C). NMR (250 MHz) 1H (CDCI3) fi(ppm) : 
0.65 - 0.80 (m, IH), I.1 (d, J = 6.3 Hz), 1.4 - 1.6 (m, 2H), 7.85 (s, 2H). 

Methyl I-hydroxy-2-methylcyclopropanecarboxylate (lS,ZR-6b 

To 18 g of hydroxyacld (IS,2R)-6a m 150 ml of methanol was added 0.5 ml of SOCl2 and the Solution 

was refluxed for 18 h. The solvent was removed on a rotary evaporator, and 150 ml of ether were added. The 

organic phase was washed with 10% HCO3Na, with saturated NaCl dried over Na2S04 and concentrated. The 

residue was dlstlllated (b.p. 78°C (13 mm) to yield 17.8 g (88%) of (IS,2R)-6&. [CYIJD = -34” c 2.7 CC14. IR 

(CCl4) (cm-l) : 1730 (yC=O) ; N.M.R. (250 MHz) IH (CDCI3) gppm : 0.75 (m, IH), 1.22 (d, J = 6.25 Hz, 3H), 

1.48 (m, 2H), 2.90 (m, IH), 3.74 (s, 3H) ; M.S. : m/e (rel. mt.) : 130 (M+, 29.5), 70 (IOO), 42 (71). Anal. calcd 

for C6HlOD3 : C 55.35, H 7.75. Found : C 55.47, H 7.69. 

Enantlomerlc excess : shift (&k 1.85 ppm) and spllttlng (A& 0.12 ppm) of the methyl ester slgnal on 

1H n.m.r. (250 MHz) (recorded in the presence of 0.4 equiv. of Eu(hfc)3 (ratlo 98.4 : 1.6). 

3-Methyl-I&bls(trlmethylslloxy)-I-cyclobutene 0_8 

Analogously to (R)-?, (S)-8 was prepared from 21.6 g (135 mmol.) of 2-methylsucclnate (S&G [cu]D = 

-22” c 2.82 CCl4. 

I-Hydroxy-2-methylcyclopropanecarboxyllc acid (IR,2S)-9a 

Analogously to &, the hydroxyacld (lR,ZS)-9a was prepared from 20.2 g (82.8 mmol.) of the 

cyclobutene (S)-5 (97% yield). 

Attempted recrystalllzatmns of s have falled [(YID = +42’ c 2.58 CHC13. 

Methyl I-hydroxy-2-methylcyclopropanecarboxylate (lR,2S)-9b 

Analogously to g, 7.3 g (63 mmol.) of hydroxyacld (lR,2S)-9a were esterlfled by methanol (SOC12) 

to yield 6 g (74%) of the methyl ester (lR,2S)-95. [dD = t35.5’ c 3.42 CCl4. N.M.R. (250 MHZ) IH (CDCl3)3 

bp~)y);~O.72 - 0.78 (m, IH), 1.18 (d, J = 6.3 Hz), 1.40 - 1.60 (m, 2H), 2.89 (m, IH), 3.75 (s, 2.88 H) and 3.80 (s, 

. . 

Enantlomerlc excess : shift k& 2.45 ppm) and spllttlng of the methyl ester slgnal @= 0.13 ppm) (IH 

n.m.r. 250 MHz, 0.4 equlv. Eu(hfcj3, ratlo 2.9 : 97.1). Anal. calcd for C6HlOO3 : C 55.35, H 57.75. Found : C 

55.41, H 7.83. 

I-t-butyldlmethylsiloxy 2-methylcyclopropanecarboxaldehyde (lS,ZR)-13 

A solution of 5 g (38.5 mmol.) of hydroxyester (IS,2R)-a, 6.8 g (45 mmol.) of t-butyld~methylsllyl- 
chloride and 6.35 g (93 mmol.) of lmldazole m 50 ml of DMF was stlrred at 35°C. When the reactlon was 

over (t.1.c.) the solution was cooled to r.t., 200 ml of ether were added and the organic phase was washed 
with 3 x 100 ml of saturated NaCl and dried over Na2S04. The solvents were removed on a rotary 

evaporator and the residue chromatographed on sika (ether/hexane ; 20/80) to yield 9.1 g (97%) of methyl 
I-t-butyldlmethylslloxy 2-methylcyclopropylcarboxylate [MD : -19.5”, c 2.33, CCI4. IR (CCI4) (cm-l) : 1740 ( 

x=0) ; N.M.R. (90 MHz) 1H (CC14) &(ppm) : 0 (s, 3H), 0.15 (s, 3H), 0.85 (s, 9H), 1.25 (m, 6H, 3.6 (s, 3H). M.S. 

m/e (rel. Int.1 : 244 (M= 1.7), 187 (loo), 129 (IO). Anal. calcd for Cj2Hlg02S1 : C 58.97, H 9.89, 51 11.49. 

Found : C 59.22, H 9.89, SI 10.90. 

To a solution of 8.15 g (33 mol.) of this ester m 80 ml of anhydrous toluene at -70°C were added 
dropwlse 67 ml of I M solution of DIBAH III toluene. When the addltlon was over, the mixture was stlrred at 

-70°C for I h., then were added 25 ml of MeOH. The mixture was allowed to warm to r.t., filtered through a 

smtered glass and concentrated on a rotary evaporator to yield 6.3 g (88%) of I-t-butyldimethylsiloxy 

2-methylcyclopropylcarblnol [@ID = +23”, c 4, CCI4. IR (CC141 (cm-l) : 3620, 3430 (YOH) ; N.M.R. (250 MHz) 

1H (CDC13) 0.12 (s, 3H), 0.18 (s, 3H), 0.35 ( m, IH), 0.70 - 0.90 (m, 2H), 0.95 (s, 9H), 1.15 (d, J = 6.5 Hz, 3H), 
1.8 (m, IH), 3.25 (d, J = 12.82 Hz, IH), 3.80 (d, J = 12.8 Hz, IH). M.S. m/e (rel. 1nt.j : 201 (0.5), 185 (6), 159 

(76), 101 (4). 

To a stirred solution of 2.3 ml (25 mmol.) of oxalylchloride m 70 ml CH2C12 at -60°C was added 
dropwlse of solution of 3.86 ml of DMSO in 10 ml of CH2CI2. The mixture was stIrred for 2 mn and a 

solution of 4.1 g (19 mmol.) of the cyclopropylcarbinol m 30 ml of CH2Cl2 was added wIthin 5 mn and 

stlrrlng was continued for an additional 15 mn. Then 20 ml (142 mmol.) of NEt3 were added and the reactIon 

mixture was stirred at -60°C for 5 mn and allowed to warm to room temperature. Water (100 ml) was added 

and the aqueous layer was extracted twice with 100 ml of CH2CI2. The combined organx layers were 

washed with 100 ml of saturated NaCl and dried over Na2SO4. T.1.c. of an aliquot showed the formatIon of a 
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single product. The solutron was concentrated in vacua, the residue was frltered on cehte to yreld 4 g (98%) 
of the aldehyde (IS,ZR)-e. ICyD = -44’, c 2.1, CHC13. IR (CC14) (cm-l) : 1720 (YC=O) ; N.M.R. (250 MHz) fH 
icH5)Cl3) s(ppm) : 0.0 (s, 3H), 0.25 (s, 3H), 0.5 (m, lH), 0.9 (5, 9H), 1.0 (m, 2H), 1.10 (d, J = 6 Hz, 3H), 9.0 (s, 

3-(I-t-Butyldlmethylstloxy-2-methylcyclopropyl) prop-2-en-l-o1 (lS,2R)-14 

To a solutron of 4.55 g (25 mmol.) of methyl dimethoxyphosphonoacetate m 70 ml of THF at 0°C was 
added 15 ml of 1.6 N solution (24 mmol.) of n-BuLi. The mixture was stnred at r.t. for I h. and cooled to 
-78OC. Then, was added dropwise a solutron of 4.06 g (19 mmol.) of the aldehyde (lS,ZR)-13 rn 20 ml of THF. 
The mixture was strrred at r.t. overnight. and the solvent removed m vacua. The residue was chromatogra- 
phed on silica (hexane-ether : 90/10) to yield 4.9 g (95%) of E methyl 3-(I-t-butyldtmethylstloxy-2 methyl 
cyclopropyl) prop-2-enoate [01D = -24.5”, c 2, CC14. IR (CCl4) (cm-l) : 1725 (‘K-O), 1650 (‘YC=C) ; N.M.R. 
(250 MHz) lH (CDCl3)&ppm) : 0.05 (5, 3H), 0.18 (s, 3H), 0.78 (m, IH), 0.9 (s, 9H), 1.1 (m, 3H), I.4 (m, 2H), 3.6 
(s, 3H), 5.8 (d, 3 = 16 Hz), 6.5 (d, J = 16 Hz). M.S. m/e (rel. mt.) : 270 (Mi 1.3), 213 (26), 211 (87), 73 (loo), 59 
(21). Anal. calcd for Cl4H2603SI : C 62.17, H 9.69. Found : C 61.96, H 9.55. 

To a solutron of 4.8 g (17.7 mmol.) of this ester m 50 ml of toluene at -78°C was added dropwrse 53 
ml of I M DIBAH solutron in toluene. When the addttron was over, the mixture was strrred at -70°C for I h. 
and then 25 ml of MeOH were added. The mtxture was allowed to warm to r.t. FlItratIon through a srntered 
glass and concentration In vacua yield 3.9 g (90%) of the allyllc alcohol (lS,ZR)-e. [@D = -6.3”, c 1.6, CCl4. 
IR (CDCI3) (cm-l) : 3630, 3440 (YOH), 1605 (YC-C) ; N.M.R. (250 MHz) lH (CDCl3) bfppm) : 0.1 (s, 3H), 0.15 
(s, 3H), 0.55 - 0.7 (m, lH), 0.92 (s, 9H, 1.15 (d, J = 6 Hz, 3H), 1.15 (m, ZH), 1.6 (s, 1 H), 4.12 (d, J = 7 Hz, 2H), 
5.35 - 5.90 (m, 2H) ; M.S. m/e (rel. mt.) : 242 CM+, 1.9), 212 (22), 575 (100). 

3-Methyl-2-vinylcyclobutanone (2R,3S)-15 

To a solution of 1.08 g (4.46 mmol.) of allyhc alcohol (IS,2R)-14 m 5 ml of CH2CI2 was added 50 ul 
of BF3-Et20. The reaction was over wtthrn I h. as momtored by t.1.c. Then, the solution was washed wrth 5% 
NaHC03 saturated NaCl and drred over Na2S04. The solvent was removed in vacua. Analysrs of the residue 
(C.C. + M.S.) showed formatron of two tsomers (ratlo 95:5). The mam product was isolated by preparative g.c. 
(SE 30 20%, 3 m, 80°C) to yreld 327 mg (67%) of the cyclobutanone (2R,3R)-II. [oll~ = t74O, c 1.98, CH2Cl2. 
IR (CDC13) (cm-t: : 1780 (yC:O), 1640 (YC=C) ; N.M.R. (250 MHz) lH (CDC13)b(ppm) : 1.15 (d, J = 7 Hz, 
3H), 2.50 (ddd, 21 = 17.15 Hz, 33 trans q 4.22 Hz, 4Jtrans 2.2, I H), 2.72 (m, IH), 3.25 (ddd, 2J = 17.15 Hz, 
3Jcis = 9.15 Hz, 4Jtrans = 2.8 Hz, IH), 3.98 (m, IH), 5.25 (m, 2H), 5.72 ( m, IH). Upon rrradlatron of the methyl 
doublet at 1.15 ppm, the multlplet at 2.72 ppm was transformed mto a ddd stgnal (J = 9.33, 9.15 and 4.23 
HZ) ; and the area of the signal at 5.72 ppm was enhanced by 12.5% (NOE). NMR l3C (CDCI3, 62 MHz)6 
1;;;1) : 18 (CHJ), 23.5 (PC), 52.5 (cYC), 65.4 (aC), 119.5 and 130 (ethylenlc C), 208 (C=O? ; M.S. m/e (rel. 

. : 110 (Mt 1.6), 82 (7), 68 (loo), 42 (IO). HRMS : talc. 110.0731 ; found : 110.0728. 

I-t-Butyldtmethylstloxy 2-methylcyclopropanecarboxaldehyde (lR,ZS)-16 

Analogously to the preparatron of the aldehyde 13 from hydroxy ester 6&, treatment of 2 g (15.4 
mmol.) of hydroxyester E with ClSrtBuMe2 (18.5 mmol.) and imldazole (38.6 mmol.) m DMF (20 ml) gave 
3.56 g (95%) of methyl I-t-butyldrmethylslloxy 2-methylcyclopropylcarboxylate [OllD = +19.8”, c 3.25, CC14. 

A solutron of 2.90 g (11.9 mmol.) of thus ester in 25 ml of anhydrous toluene at -70°C was treated 
wrth 25 ml of 1 M solutron of DIBAH to yreld 2.28 g (89%) of I-t-butyldrmethylsrloxy 2-methylcyclopropyl- 
carbmol. lorID = -22”, c 4.2, CCI4. Addrtlon of 1.51 g (7 mmol.) of thus alcohol to 1.56 g of DMSO and 1.06 g 
(COClj2 m 20 ml of CH2CI2 at -6O”, following the procedure reported for e, gave 1.48 g (98%) of the 
aldehyde (lR,2S)-16 [ol]D = +43”, c 2, HCCI3, wtth IR, NMR and MS spectral data similar to those of aldehyde 
(15,2R)-13. 

E I-(I-t-Butyldimethylsrloxy 2-methyl) pent-I-en-3-01s g 

To a solution of 1.82 g (10 mmol.) of methyl dimethoxyphosphonoacetate In 25 ml THF were added 
dropwise at 0°C 5.6 ml of 1.6 M solutron (9 mmol.) of n-BuLr. The mixture was stn-red at r.t. for 1 hr and 
cooled to -78°C. Then a solution of 1.45 g (6.95 mmol.) of the aldehyde (lR,2S)-16 in 5 ml of THF was added 
dropwrse, and the mixture was stu-red overmght at room temperature. The solvent was removed under 
reduced pressure and the residue was chromatographed on srhca (hexane/ether : 9/l) to yield 1.58 g (86%) 
of E methyl 3-(I-t-butyldrmethylsiloxy-2-methylcyclopropyl) prop-2-enoate. [~Y]D = +24.5”C, c 2.95, CCl4. 
Anal. calcd for Cl4H2603Si : C 62.17, H 9.69. Found : C 62.03, H 9.61. 

To a solution of 1.4 g (5.18 mmol.) of thus ester m 15 ml of toluene at -70°C was added dropwrse 13 
ml of 1 M DIBAH solution rn toluene. The mrxture was stnred at -70°C for I h. and then 5 ml of MeOH were 
added. The mixture was allowed to warm to room temperature, filtration through a sintered glass and 
concentration In vacua gave 1.10 g (88%) of 3-(I-t-butyld~methylsiloxy 2-methylcyclopropyl) prop-2-en-l-01. 
[@D = +6.1”, c 1.57, CC14 wtth IR, NMR and MS spectra data similar to those of the allylrc alcohol E. 

To a solution of 0.52 ml (6 mmol.) of oxalyl chlorrde in 15 ml of CH2Cl2 at -60°C was added 
dropwtse a solutron of 0.98 ml (15 mmol.) of DMSO in 2.5 ml of CH2Cl2. The mtxture was sttrred for 2 mn 
and a solution of 1.10 g (4.54 mmol.) of the prop-2-en-l-o1 in 8 ml of CH2Cl2 was added dropwrse. The 
mixture was starred at -7OOC for 15 mn and then 4 ml of NEt3 were added. The reactron mrxture was allowed 
to warm to room temperature, and water (15 ml) was added. The aqueous layer was extracted with CH2Cl2 
(2 x 15 ml). The combmed orgamc layers were washed with 15 ml saturated NaCI solution, dried over 
Na2SO4. Concentration under reduced pressure and filtration through celite yrelded I g (92% yield) of 
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3-(I-t-butyldlmethylslloxy 2-methylcyclopropyl) prop-2-en-l-al . [C&I = +7.4, C 1.77, CCIQ. IR (CCl4) (Cm-l) : 

1690 (‘K-O), 1640 (yC=C) ; NMR (250 MHz) 1H (CDCl3&ppm) : 0.0 (s, 3H), 0.07 (s, 3H), 0.85 (s, 9H), 0.8 (m, 

IH), I.1 (m, 2H), I.14 (d, J = 6 Hz, 3H), 5.95 (d, J 7 16 Hz, IH), 6.62 (d, J = 16 Hz, IH), 9.35 (d, J = Hz, IH) ; 
MS m/e (rel. mt.) : 198 (2.0), 185 (2.0), 83 (6.2), 42 (4.1). 

This aldehyde was added at 0°C to a suspension of ethylmagneslum bromide prepared from 0.189 g 

(7.78 mmol.) of magnesium and 0.849 g (7.8 mmol.) of ethyl bromide m 5 ml of ether. The mixture was 

allowed to warm to r.t. and stlrred overmght. The reaction mixture was quenched with saturated NH4CI 

solution (2 ml). Ether (10 ml) was added, the aqueous phase was extracted with ether (2 x 5 ml). The 
combmed organx layers were washed with saturated NaCl solution (2 x 3 ml), dried over Na2SO4. 

Concentration under reduced pressure gave a crude product which was chromatographed on sllcca 

(ether:hexane ; 10:90) to yield 0.950 g (85% yield) of E I-(I-t-butyldlmethylslloxy 2-methyl) pent-I-en-3-01s 

11. [OllD = +9O, c 3.2, CCI4. IR (CC14 (cm-l) : 1670 (YC=C) ; NMR (250 MHz) IH (CDCI3) : 0.05 (s, 3H), 0.12 

(s, 3H), 0.55 (m, IH), 0.90 (s, 9H), 0.70 - 1.15 (m, 5H), 1.10 (d, J = 6 Hz, 2H), 1.15 (m, IH), 1.55 (m, 2H), 1.75 

(m, IH), 4 (m, IH), 5.52 (m, 2H). Anal. calcd for C15H3002SI : C 66.59, H 11.19, Si 10.39. Found : C 66.37, H 

11.12, s1 10.17. 

E-2-(but-I-enyl)-3-methyl cyclobutanone (ZR-3S)-18 

To a stlrred solution of 475 mg (1.76 mmol.) of the alcoho!s 11 in 5 ml of CH2CI2 was added at room 

temperature 10 ~1 of BF)-Et20. The reactlon was over wlthm 5 mn. as monltored by t.1.c. Then, the solution 

was washed with 5% NaHC03, with saturated NaCl solution (2 x I ml), dried over Na2SO4. Concentration 

under reduced pressure gave a crude product which was chromatographed on siilca (pentane/ether : 9/l) to 

give 185 mg (76% yield) of a cls/trans mixture (ratlo 95:5) of cyclobutanones. Preparative gas chromatogra- 

phy (SE 30, 20%, 3 m, 8O”C, 0.6 bar) gave pure E 2-(but-I-enyl) 3-methyl cyclobutanone (2R,3S)-18. @ID : 
-62”, c 2, CCI4. IR (CDC13) (c&-l) : 1780 (YC-0) ; NMR (250 MHz) 1H (CDCl3tippm) : 0.97 (t, J- 6.9 Hz, 

3H), 1.06 (d, J = 7.7, 3H), 2.05 (dq, J = 6.9 and 2 Hz, ZH), 2.45 (ddd, J = 17, 4.62 and 2 Hz, 1 H), 2.65 (m, IH), 

3.25 (ddd, J = 17, 9.34 and 2.78 Hz, lH), 3.95 (m, IH), 5.35 (m, IH), 5.70 (m, IH). The E stereochemlstry of 

the double bond JAB = 16 Hz) was determmed upon lrradlatlon at 3.95 ppm. NMR 13C (CDC13, 62 MHz)& 

(ppm) : 13.43 (CH3), 16.39 (CH3), 23.38 (CH2), 25.88 (PC), 51.91 @C), 64.67 WC), 119.9 and 137.5 (ethylenlc 

C), 209.71 (C=O) ; MS m/e (rel. Int.) : 138 (0.2), 96 (64), 81 (loo), 67 (22), 53 (20), 41 (IO). HRMS : talc. : 

138,1406 ; found : 138,1405. 

(I-t-Butyldlmethylsiloxy 2-methylcyclopropyl) methyl ketone ilR,2S)-19 

To 10 mmol of methylmagneslum lodlde (prepared from 1.42 g of methyl lodlde and 0.242 g of Mg) 

in 10 ml of anhydrous ether were added at 7°C I g !%.7 mmol.) of the aldehyde (lR,2S)-I& 

The mixture was allowed to warm to r.t. After stlrrmg for I h, the mixture was quenched at 0°C with 

saturated NH4Cl solution. Ether (10 ml) was added, the layers were separated and the aqueous phase was 

extracted with ether (2 x 5 ml). The combined organ,= layers were washed with saturated NaCl solution (2 x 

2 ml) and dried over Na2SO4. Concentration under reduced pressure gave I g (93% yield) of (I-t-butyldmx- 

thylslloxy 2-methyl cyclopropyl) methyl carbinol. IR (CC14) (cm-l) : 3630 (YOH) ; NMR (90 MHz) IH (CC14)8 

(ppm) : 0.0 (s, 3H), 0.05 (s, 3H), 0.85 (s, 9H), 0.95 - 1.15 (m, YH), 1.9 (s, IH), 3.5 (q, J = 7.3 Hz, 1H). 

To a solution of 0.52 ml (6 mmol.) of oxalyl chloride in 15 ml of CH2CI2 at -60°C was added a 

solution of 0.98 ml (15 mmol.) of DMSO m 2.5 ml of CH2CI2. The mixture was stlrred for 2 mn. at -6OOC 

and a solution of I g (4.34 mmol.) of this cyclopropylcarbinol was added dropwlse. The mixture was stlrred 

for 15 mn and 4 ml of NEt3 were added. Worked-up as reported for aldehyde 13 provided a crude product 

whxh was purlfled by chromatography on slllca (hexane/ether : 9/l) to g,ve 0.85 g (81% yleld) of the 

cyclopropylmethyl ketone (IR,2S)-19. [OIID = +32”, c I, HCC13 ; IR (CCI4) (cm-l) : 1700 (yC=O) ; NMR (250 

MHz) IH (CDCI3) 6 (ppm) : 0.08 (s, 3H), 0.2 (s, 3H), 0.8 ( m, lH), 0.95 (s, 9H), 1.17 (d, J = 6 Hz, 3H), 1.30 (m, 
IHj, 1.65 (m, IH) and 2.20 (s, 3H) ; MS m/e &I. mt.) : 228 CM+, 46), 213 (4), 171 (57), 115 (14), 75 (100). 

3-(t-Butyldlmethylslloxy 2-methylcyclopropyl) but-1-en-3-01s &I 

To a solur~on of 0.5 g (2.20 mmol.) of the cyclopropyl methyl ketone 19 I” 7 ml of anhydrous THF at 

0°C was added dropwlse 3 ml of a M solution of vmylmagneslum bromide z THF. Then, the mixture was 

heated at 65°C for 5 h. to complete the reactlon (t.1.c.). The mixture was cooled and quenched with 

saturated NH4CI solution (2 ml). Ether (10 ml) was added and the layers separated. The organic layer, 

washed with saturated NaCl solution (2 x 2 ml) and dried over Na2S04 was concentrated under reduced 
pressure to give a crude product which was chromatographed on silica (hexane/ether : 9/l) to give 0.438 g 

(78% yield) of the butenols 3. IR (CC14 (cm-l) : 3610, 3410 (YOH), 1605 (yC=C) ; NMR (90 MHZ) (CCl4) : 

0.1 (s, 6H), I.0 (s, 9H), I.1 - 1.6 (m, 9H), 2.15 (5, IH), 5.0 - 5.4 (m, ZH), 5.85 - 6.25 (m, IH). 

2,3-DImethyl-2-vlnylcyclobutanones (2S,3S)-21 and (2R,3S)-22 

To a stlrred solution of 150 mg (0.586 mmol.) of the alcohols 20 m 1.5 ml of CH2CI2 was added at 

r.t. 5 ~1 of BF3-Et20. After 15 mn the reactlon was complete as monItored by t.1.c. Work-up as for ketones 

15 and g provided a crude product which was chromatographed on silica (pentane/ether : 9/l) to yield 60 mg 

(83% yield) of a stereo1somer1c mixture of cyclobutanones (25,3S)-21 and (2R,2S)-22 (ratio 2X:72) [CYID = 
+22”, c I, HCCl3 (of the mixture). IR (CCl4) (cm-l) : 1780 (yC=O)rNMR (250 MHslH (CDCI3) A(ppm) : 
1.15 (d, J = 6 Hz, 3H), 1.15 (s, 2.16 H), 1.30 (s, 0.84 H), 2.23 (dq, 0.28 HI, 2.49 (dq, 0.72 H), 2.54 (dd, 23 = 17 

and 33 = 9 Hz, I H) ; MS of 21 m/e (mt. rel.) : 124 (M+, 0.7), 82 (IOO), 67 (82), 54 (20), 53 (IZ), 39 (15) ; MS 
of 22 m/e (Int. rel.) : 124 (MT 

124,0X91. 
I), 82 (IOO), 67 (72), 54 (181, 53 (14), 39 (17). HRMS : talc. : 124,0888 ; found : 
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Enantiomertc excesses : shaft (A6: 0.33 and 0.20 ppm) and splltttng (A6= 0.012 and 0.035 ppm) of 

the (r-methyl signals for the (25,3S)-21 and (2R,3S)-z respectively, in the presence of 0.15 equiv. of 

Eu(hfcj3, ratio 92:8. 

3-Methyl-2-vmylcyclobutanols (ZR,3R)-23 

To 76 mg (2 mmol) of LlAlH4 in 2 ml of anhydrous ether was added dropwse 0.243 g (2.21 mmol.) of 

the cyclobutanone (2R,3R)-15 and the mixture was refluxed for I h. Then the cooled mixture was hydrolyzed 

with wet Na2SO4. FlItration of the orgamc layer, which was dried on anhydrous Na2S04 and concentration 

under reduced pressure gave a crude product which was chromatographed on silica (hexane/ether : 75125) to 

give 0.232 g (94% yield) of the isomeric cyclobutanols (2S,3RJ-a (ratIon 63:37 determlned by g.c.J DID = 
6.3”, c 1.11, HCCl3 ; IR (CDCI3) (cm-f) : 3610 (YOHJ, 1640 (YC=C) ; NMR (250 MHz) fH (CDCI3JB(ppm) : 
0.95 (d, J = 7 Hz, 3HJ, 1.71 (m, IH), 2.0 ( m, ZH), 2.48 (m, IH), 2.82 (m, IH), 3.14 (m, IH), 4.25 (m, IHJ, 5.19 

(m, 2Hf and 6.0 (m, IH) ; MS m/e (rel. mt. : 112 (M+, 9), 95 (1.1), 94 (5), 70 (18), 68 (lo), 42 (26). 

5-Methyl cyclohex-3-en-1-01s (SJ-24 

To a solutlon of 227 mg (2.02 mmol.) of 23 in 8 ml of anhydrous THF was added excess KH (pentane 

washed sohd) until the evolution of H2 ceased. The reaction mixture was heated at reflux for 1 h and was 

quenched by the slow addition of H20. Ether (10 ml) was added and the solution was washed with water (2 x 

3 ml). The organic phase was dried on Na2SO4 and the solvents were removed I” vacua. Chromatography on 

slhca gel (hexanelether : 9/l) gave 186 mg (82% yield of 2 as a 45/55 stereolsomerlc mixture, as 

determlned by g.c. IR (CDC13) (cm-f) : 3720, 3420 (YOH), 1650 (yC=C) ; NMR (250 MHz) JH (CDC13)B(ppm): 

I.0 (d, J = 3.3 Hz, 1.35 H) and 1.05 (d, J = 3.3 Hz, 1.65 H), 1.55 (m, I H), 1.7 (s, I H), 1.88 (m, I H), 2.28 (m, 3 

H), 3.92 (m, I H), 4.10 (m, IH) and 5.55 (m, 2H). 

5-Methyl-cyclohex-2-en-l-one (SJ-25 

To a solution of 103 mg (0.92 mmol.) of the alcohols 2 I” 2 ml of acetone was added 3ones reagent 

dropwlse at r.t. until the reactlon mixture attalned a permanent yellow colour. When the reactlon was over 

as monltored by t.l.c., the mixture was poured mto ether and the organic layer was washed with 10% 

NaHC03, with water and dried over Na2S04. Concentration in vacua gave a crude 011 : IR (CDC13)(cm-1) : 
1715 (yC=O) and 1600 (*/C=C). Th e unconjugated ketone was then passed through a column of basic actlvlty 

3 alumma (5% ether in pentane) ; removal of the solvent m vacua gave 91 mg (90% yield) of the conjugated 

ketone 25. [cY]D q +81”, c 1.04, CHCI3 (Lit. [dD = -90” for CR)-21 (30)). JR (CDC13) (cm-f) : 1680 (‘YC=OL 
1650 m;C) ; NMR (250 MHz) (CDC13) 6(ppm) : 1.07 (d, J = 6 Hz, 3HJ, 2.22 (m, 3HJ, 2.47 (m, ZH), 6 (m, IHJ, 

6.98 (ni, IH) ; MS m/e (re!. mt.) : 113 (M+, 25), 68 (1001, 42 (5.8) ; Anal. calcd for C7Hl00 : C 76.31, H 9.16. 

Found : C 76.11, H 9.22. 

2-Butyl-3-methylcyclobutanone (25,3S)-26 

A solution of 94.7 mg (0.69 mmol.) of cyclobutanone fi m 1.5 ml of ethyl acetate containmg 10 mg 

of Palladium on carbon was hydrogenated under atmospheric pressure. When 15.5 ml of hydrogen were 

absorbed (2 equiv.) the product was filtered through cehte and the solvent was removed under vacua to give 

a 9:l mixture of diastereoisomerlc cyclobutanones. The mam compound was Isolated by g.c. (col. SE 30, 20%, 

110”, 0.6 atm.) to give the pure ketone (25,35)-z [OIIJ = +37”, c I, CHCI3. IR (CC141 (cm-f) : 1785 (‘YC-0) ; 
NMR (250 MHz) (CDC13) a(ppm) : 0.90 (t, J = 7.15 Hz, 3H), 1.10 (d, J = 7.27, Hz, 3H), 1.35 (m, 5H), 1.60 (m, 

IH), 2.40 (dd, J = 18.75 and 3.95 Hz, IHJ, 2.60 (m, IH) and 3.2 (m, 2H) ; MS m/e (rel. mt.) : 140 CM+, 4), 98 

(42), 83 (II), 57 (11.5), 55 (100) and 42 (25). 

4-Butyl-3-methyl butanohde (3S,4S)-27 (Quercus lactone b) 

To a solution of 50 mg (0.357 mmol.) of ketone (25,35)-x m I ml of CH2Cl2 at O’C was added 40 
mg (0.470 mmol.) of NaHCO3 and 107 mg (0.620 mmol) of MCPBA (85%). As momtored by g.c. the reactlon 

was complete wthln 30 mn. Then, the solution was poured mto a mixture of 0.8 ml of saturated aqueous 

sodium bicarbonate and 0.2 ml of saturated sodium sulfite and extracted with ether (3 x 5 ml). The orgamc 

layer was dried over anhydrous Na2S04 and the solvent removed m vacua to give a residue which was 

chromatographed on slllca fpentane/ether : 75125) to yield 45 mg (81% yield) of Quercus lactone b 27 (ku]D 

= -78O, c 1, MeOH ; Lit. [a]D = -X7”, c 0.92, MeOH (35)). The IR, NMR and MS spectral data of 21 were 

ldentlcal to those previously reported for this butyrolactone (32). 

2,3,4- and 2,3,5-Trlmethylcyclopentenones g and 2 

To 30 mg (0.24 mmol.) of the 28:72 mixture of cyclobutanones 21 and 22 (X4% e.e) was added 0.12 

ml of CH3SO3H. After stnrmg for 3 h at r.t. the reaction was complete (t.1.c.). The mixture was diluted with 

ether (5 ml) and poured on a mixture of Ice and saturated NaHC03 solution, and the mixture extracted wth 

ether (3 x 5 ml). The orgamc layer was washed with saturated N&l solution, dried on Na2SO4 and 

evaporated. The residue was chromatographed on silica (pentane/ether : 75/25) to yield 16.8 mg (56% yield) 

of a 9:l mixture of cyclopentenones 28 and 29 with spectral data identical to those previously reported (38). 

On addltlon of 0.5 equlv. of Eu(hfcJ to solutions of 10 mg of cyclopentenone 28 I” CDC13, 

downfleld shift (A&= 6.14 ppm) and sphtting f.&= 0.03 ppm) occurred on the 250 MHz n.m.r. fH methyl ester 

signals wth the ratlo 50:50, resultmg of a complete racemization. 
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