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Abstract: Clwal lqud qstalhe compounds 1-9 have been synthesized enanhoselectlvcly fmm monoterpenes The opncal 
pm-&es of (S)-(-)- and Q?)-(+)-paWcohol(16, 271, (S>(-> and (R>(+>l-pcntyl4hydmxymethyWcyclohexenc (33, 34) and 
(21i,SS)-2-pmtyl-S-hydroxymtthyl-l~yclohexawne (53) have been determmed by ‘H NMR analysts usmg clural shift reagents 
l’hemesomo@cphasesandtranslttontempaaturtsofcompounds2,3,5,6,7,8 and9 havebcencharaaenzed. 

Introduction 
A great deal 1s already known about the reqm nts of benzene, cyclohexane, or heterocychc rings 

for therrnotroptc hqud crystals However, there has been httle exploraaon for the function of a 1,4- 

hsubsatuted cyclohexene ring, which is able to tmpart chuahty to a hqmd crystal. Of specral mterest 1s that 

opacally actwe bqmd crystal molecules are w~My used m electmmc devzes, and mdeed, hqmd crystals w& 

choral smetic C phase have receded paracular attennon because of theta role m h-stable, fast-swttchmg 

surface statized ferroelectnc hqmd crystal (SSFLC) duzplays le2 There are many possible compounds that 

can be explored the structure of the nng with chnal center(s), the position of the double bond m a cyclohexene 

ring, and the term& groups can all be vaned Some of the compounds or their nuxtures wll bkely be 

desuable ferroelecinc mater& for practical apphcahons In bght of this fact, we have undertaken a research 

program wtth the m to synthesne enanhoselectlvely some hqmd crystalhne compounds contammg a 1,4- 

&subsntuted cyclohexene (I e. l-8) or a 2.5dsubsatuted cyclohexanone (I e. 9) m the ngd core, m order to 

explore the mesogemc character of these compounds and to open up the posslbtity of innuducmg a new class 

of hqud crystals In the trculsester 9, the bqmd-crystalline propemes may be present due to ther rod-shaped 

molecule, whereas, m the cls-ester 10, such propemes may be absent due to the pseudo-axtal posmon of the 

alkyl group which excludes the possknhty of tha rod-l&e form. The akyl chams m 5-S contam a double 
bond and a branch It IS known that bqmd crystals vvlth alkenyl side chams are stable as long as the double 

bond 1s not conJugated.3*4 The branched methyl group IS not necessarily desuable, because tt mtght reduce the 

nemanc range of the hqmd crystals The reason for the mcotporat~~~ of the 2-propenyl cham mto 5-8 IS due 
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to the fact that the startmg materials,, (S)-(-)+pmene and (I?)-(+)-a-pmene, are readdy avakible commerclaly 

Here, we wsh to descnbe the synthesis of these molecules by startmg from commercially avadable and 

mexpenslve monoteqenes. 

l,R=CN 3 

5 R = WA17 

4 5, rt = 6 
. 6, II = 7 

&II=7 

Results and Discussion 

Enantioselective Synthesis of Chiral Liquid Crystalline Compounds Containing a 1,4- 

Disubstituted Cyclohexene Ring. 

Our synthesis of (0(-)-4’-(4”-cyanobiphenyl) 4-pentyl-3-cyclohexene-l-carboxylate (1) and (S)-(-)- 

4’-(4”-octoxyblphenyl) 4-pentyl-3-cyclohexene-l-carboxylate (2) were elaborated from naturally occumng 

(S)-(-)-ppmene (14) and (S)-(-)-penlMcohol(16) As outbned m Scheme 1, the choral hqmd crystals 1 and 

2 can be assembled by estenficatlon of (S)-(-)-4-pentyl-3-cyclohexene- 1-carboxyhc acid (2 1) with 

appropriate phenols, 11 and 13 

HO-R 

11. R =CN 
12. R T 0C7Hll 
13. R = 0CsH17 

(S)-(-)-pF%nene (14) was epomdzed v&b 1 eqmvalent of 30% hydrogen perolude and 0 5 equvalent 

of benzomtnle to gwe (S)-(-)+pmene epomde (15) m 35% ylelcL5 The ring openmg of (S)-(-)-ppmene 

epoxlde (15) was accomphshed by treatment with ammomum mtrate to afford (S)-(-)-penllalcohol (16) m 

68% yield 6 The ophcal punty of 16 was found to be 88% ee determmed by ‘H NMR spectroscopic method 

usmg choral shift reagent complex Ag(fod) and Pr(hf~)~ (VU& Myra) (.S)-(-)-FknlMcohol(l6) was converted 

m 92% peld to (S)-(-)-penllyl plvalate (17)’ by tianent of an excess plvaloyl chhmde m the presence of 

p-dme The nucleoptic dqlacement reaction of plvalate 17 with hthmm dlbutylcuprate proceeded to 

afford (S)-(-)-1-pentyl-4-(2-propenyl)-l-cyclohexene (18) m 75% yield * 
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Scheme 1 

HOOK, PM3 

KHCO,, C&OH 
rd., 24 h 

35% 

NHdOs (CH~~CCOCl ) 

CH3NOa CsH& EtrO -6 
8o*c, 4 h 

A 
r.t, 1 h 

68% 92% A 

14 15 16 17 

n-BuL1, Cu& MTdPP, MTOAC 

EtrO CHQ-Hz0 
m 

-4O’C, 2 II WC, 5 h 
75% A 58% 

18 19 20 

11 
DCC, DMAP 

t 1 
r.t, overnlght 

ZOOH 57% 
r t., overnight 

21 21 63% 

In view of the possible complication due to the chemoselectlvtty of the two double bonds of 18 upon 

ozonolys~s, the msubsututed double bond must be first protected before the cleavage of the termmal double 

bond by ozonolysts Epoxlde timct~onahty was chosen as a masked msub&tuted double bond which can be 

regenerated under reduchve condltton Thus, the trisubstttuted double bond of 18 was selectively protected as 

an epoxlde by treatment with MMPP m the two-phase system of chloroform and water at WC! III the presence 

of the phase-transfer catalyst, methyltnoctylammomum chlonde (MTOAC).’ (S)-(-)-l-Pentyl-4-(2- 

propenyl)cyclohexane-1,Zepoxlde (19) was a mutture of two bastereomers. Then epoxtde 19 was 

converted to (S)-(-)-1-pentyl-4-acetyl-1-cyclohexene (20) by ozonolysls of the termmal double bond 

accompamed ~th the deoxygenanon of the epomde by reduchve workup with zmc dust m acetic acid m 62% 

yield 10 Fmally, (S)-(-)-4pen@-3cyclohexene-1-carboxyhc acid (21) was obtamed from (S)-(->l-pentyl-4- 

acetyl-l-cyclohexene (20) m 65% by a haloform reacaon11*12 with mdme-potassmm t&de-lo% sodmm 

hydroxide usmg &oxane as cosolvent. Estenficaaon of actd 2 1 with 4-hydroxy_4’-cyanobtphenyl(ll) or 4- 

hydroxy-4’-n-octoxybiphenyl(l3), respectively, 111 the presence of DCC and DMAP OT Cpyn-ohdmopyndme 

yielded the desired optically actwe hqutd crystals 1 (57%) and 2 (63%). 

Usmg a procedure smular to the synthesis of (S)-(-)-hqmd crystallme compound 1, (R)-(+)-4’-(4”- 

cyanohphenyl) 4-pentyl-3-cyclohexene- l-carboxylate (3) can be synthesuRd ?he co mmerclally unavdable 

(+)-ppmene (25) was however prepared from commerctally awulable (+)-a-pmene (22). (Scheme 2)13 
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Scheme 2 

t -BnOK, I) -BoLi WOCW3 
H30,3 h 

or 

hcx8ne WlO dilute HCI, 1 h -8 
22 23 24 63% 

25 

MMPP, MTOAC 

CHCl,-H30 

WC, 5 h 
60% 

II-KI C&l 11 
NeOH, Hz0 / DCC, DMAP 

r.t, 1 h 
-0 

r.t, orernlSht 
;_3 

60°C, 1 h 
COOH 

74% 
67% 

30 31 32 

Inorderto&~etheoptlcalpuntlesofchvalaclds21 and32,bothofthcaadswcreconvcrtedm 
quanmahve yield to the correspondmg alcohols 33 and 34 by reducbnn with hthmm ahmunum hydnde 

(Scheme 3). The optical punaes of 33 and 34 were determmed as 77% ee and 83% ee, respechvely, by 1H 

NMR spectroscopic method usmg CM lanthamde tit teagent Eu(hfc& (vrde &a). 

Scheme 3 

wu 
/ 

0 

LIAlH, 

Et,O, 1 h 
* 

jOOH 100% 

21 

wll 
/ 0 LIAIH, 

EtsO, 1 h 
* 

COOH 
100% 

32 

CSHll 

0 
&OH 
33 

C&l 
/ 

Q 
CI&OH 
34 

The synthesis of (S)-(-)-4’-(4”-cyanoblphenyl) 4-butoxymethyl-3-cyclohexene-1-carboxylate (4) can 

be ache& by an extension of the snndar methodology for the synthes~ of (S)-(-)-4’-(4”-cyanobphenyl) 4- 

pentyl-3-cyclohexene-l-carboxylate (1) (S)-(-)-Penllyl butyl ether (35) was prepared m 90% yield by 

reacnon of (S)-(-)-penllalcohol(16) and n-butyl bromide m the presence of sodmm hydnde l4 In an almost 

identical manner as the synthesis of 1, compound 4 was syntheszcd from 3 S (Scheme 4) 
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Scheme 4 
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A, 0 
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4 

(,S)-(-)-4’.(4”-Heptoxyblphenyl) 4-(2.pmpenyl)-l-cyclohexene.l-carhoxylate (5) and (S)-(-)-4’.(4”. 

octoxybphenyl) 4-(2.propenyl)-l-cyclohexene-l-carboxylate (6) were easdy synkstmd by estenfkanon of 

(S)-(-)4(2-pmpenyl)-l-cyclohexene-l-carboxylic acid (40) wtth appropriate phenols 12 and 13 The chual 

atxd 40 IS structurally related to (S)-(-)-penllalcohol (16) and could be acheved by omdauon of (.S)-(-)- 

perillakohol(l6) (Scheme 5). The conversion of (S>(-)perdlalcohol (16) to (S>(-)-penllaldehyde (39) 

was camed out by stunng 16 with an excess of manganese hotie The akkhyde so prepared was unstable 

and polymenxed under prolonged s-g at mom temperature. Therefore, n was further oxuked to the 
correspondutg acid 40 Hrlthout pun&anon The ox&non of 39 with Ag20 prowded and 40 ut 75% 

yield l5 Estenficatton of 40 wth approprtate phenols 12 and 13, respecnvely. III the presence of DCC and 

Dh4AP afforded5 (62%) and 6 (58%). 

(R)-(+)-4’.(4”.Heptoxybtphenyl) 4-(2.propenyl).1-cyclohexene-1-carboxylate (7) and (R)-(+)-4’. 

(4”octoxybphenyl) 4-(2.propenyl)-1-cyclohexene-1-catboxylate (8) wue synthesuxd m an ulenucal manner 

as their (-)-enannomers 5 and 6 from (R)-(+)-perillalcohol(27) (Scheme 6). 

Scheme 5 

CH20H 
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CHO 
0 0 hexene 

OOC 
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4 0 lrsJ0 
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A 

55-60=X, 20 mln 
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16 39 

Scheme 6 

MnOs 
CA0 &lo 
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Synthesis of Chiral Liquid Crystalline Compound 

COOH 12 or 13 
DCC, DMAP 5, 62% yield 
r t, orcralght * 6, 58% yield 

A 

40 

COOH 

Q 0 r.t, DCC, 12 or overnight DMAP 13 _ - 7, 8, 62% 56% yield yield 

42 

Containing a trans.2,5-Disusbstituted 
Cyclohexanone Ring - (lS,4S)-4’.(4”.Heptoxybiphenyl) 4.Pentyl-3-cyclohexanone-l- 
carboxylate (9). 

The syntheuc plan for (W,4S)4’-(4”-heptoxybiphenyl) 4-pentyl-3-cyclohexanone-I-carboxylate (9) 

was elabomted upon the transformanon of the naturally occumng (S>(-)-luuonene oxtde (43) By treaung 

43 with LDA, the desued allyhc alcohol 44 was obtained in 89% yield-l6 Nonetheless, the product was a 
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rmxture of two hastereomers inseparable by TLC (hexane/ethyl acetate 10 1) The ratio of the two 

du~tereomers was 1.1.65 as substanmted by an NMR study. A small amount of the ehmmaaon product from 

the more substituted carbon, namely (3s)~6-hydmxy&nethyl 3-(2-pmpenyl)-1-cyclohexene (45). was also 

isolated in 2 7% yield. The ran0 of 44 to 45 was 33:l 

Allyhc alcohol 44 was successfully oxu%zed to a,punsaturated ketone 46 by usmg Dess-Martm 

penodmane 17 Enone 46 was an unstable 011 which polymerized upon prolonged standmg at room 

temperature. It must be noted that the solvent should not be removed completely to prevent the sensltwe enone 

from polymenzaaon In consldermg the ready polym~tion of 46, cam must be taken m the subsequent 

workup pmcess to ensure that the &lute solution of 46 was kept at low temperature For the purpose of 

drymg, anhydrous benzene should be added for an azeotmplc du&llaaon Enone 46 was too unstable for 

isolation, and therefore no other physical data could be obtamed for further charactenzatlon 

Michael addmon reachon of enone 46 urlth Bu&~LI denved from butylhthmm and cuprous l&de 

afforded two titemrners of (5S)-2-pentyl-5-(2-propenyl)-1-cyclohexanone (47) m 63% overall yield from 

44 Ketone 47a was refluxd w101 ethylene glycol m benzene catalyzed vvlth pyndmnun to~ylate~~*~g. and 

water separation by a Dean-Stark trap ~rlth Dnente on the side Ann was used to sud m water removal unal the 

startmg ketone was almost consumed (about 1 day) to afford ketal48 (Scheme 22) Ozonolyns of 48 at - 

7893, followed by reductive workup ~rlth &methyl sulfide prowded methyl ketone 49 as an oil The yield of 

49 was 80% overall from 47 Iodoform reacaon of 49 gave the chusl carboxyhc acid 50 m 65% yield 

LDA, Et10 

o*c + rt, 12 h = 

89% 

43 44 45 
33 1 

OH 

P 

Dess-Martln Periodinane BuLi, t&II, EbO 

CHzC12, r t., 2 h -78’C, 1 h 
63% overall from 48 

4 4- 46. 4la 47b 

6.8 1 

HOCH+XI,OH, PyH+TsO 1. OJ, CHzClz, CH30H, -7S’C 

benzene, reflur 2 CHsSCHs 

88% 80% 

47P 48 49 

12-KI 
NaOH, Hz0 HCI (eat), CHJCOCH, DCC, DMAP 

dioxanc 
* 

rt, 3 h 
-9 

rt lh COOH 85% 
6O’C 1 b 

65% SO 51 

Once the acid formaaon had been accomphshed, removal of the ketal pmtectmg group was deshned to 

occur pnor to mampulanon of estenfication. The ketal protectmg group was removed by treatment with a 
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catalync amount of hydrochhmc acid Finally, estekatmn of acid 51 with 12 in the presence of DC!C and 

DMAPymldedthedesrredopacallyactwel@dcrystal9 m75% ymld. 

In otder to detenmne the optical punty of (lS,4S)4pentyl-3-cycMexanow l-c.aWxylicacld(Sl),it 

was converted to (2S,5S)-2-pentyl-5-hydroxymethyl-l-cyclohexanone (53) wa 52 (Scheme 8). Thus, 

(1S,4S)-4pentyl-3-cyclohexanone-l-carboxyhc acrd ethylene acetal(51) was first reduced to (2S,SS>2- 

pentyl-5-hydtoxymethyl-l-cyclohexanone ethylene acetal (52) in quantttahve yreld with lithium ahtmmwr 

hydnde After that, the ketal protectmg group was removed by treatment with a catalyac amount of 

hydrochlorrc acrd m 90% yteld. The opacal purity was detemuned as 94% ee by ‘H NMB spectroscopic 

method usmg clural lanthamde shrft reagent Eu(hQ (vtde @u). 

Scheme 8 

LIAIH, 

Et~o, 1 h 
100% 

HCl (CM.), CH~COCH, 

r.t , 3 h 
CHzOH 90% CH~0I-I 

50 52 53 

Determination of Enantiomeric Purities of CT)-(-)- and (I?)-(+)-Perillaicohols (16 and 27), 

(S)-(-)- and (R)-(+)-1-Pentyl-4-hydroxymethyl-1-cyclohexenes (33) and (34), and (2S,SS)- 

2-Pentyl-S-hydroxymethyl-1-cyclohexanone (53). 
Our first attempt to determme the enantmmenc purmes of (.S>-(->- and (R)-(+)-perdlalcohols. (16) and 

(27), rehed on IH NMR spectroscopic method usmg Eu(dcm), as chtral lanthamde shrft reagent 20.21.22 

Eu(dcm& was added mcrementally to the substrate m a CDCl, soluaon, but the resultmg drfferences in the 

chermcal shrfts of correspondmg groups of the enanuomenc compounds were not drstmct. By lowermg the 

temperature gradually from room temperature to -5093, the resonances of the two enanhomets also cannot be 

dtfferenuated. Thrs unsattsfactory results were probably due to the fact that the hydroxyl group m penllalcohol 

IS far away from the chral center, so the influence of Eu(dcm& was not suffiaent to mduce enanaomenc shift 

dfferences 23 

In order to clrCumvent thts, we have made an attempt to use chual bmuclear complex of Pr(hfc& and 

Ag(fod) for the determmatlon of the opt& pmt~es of (S>(-)- and (R)-(+)-penllakohol, (16) and (27) 24 

The spectra were obtamed m CDC13 soluaons by usmg 1.12 of Pr(hfc)3:Ag(fod):substrate. Noneqmvalences 

of the two methylene protons (CH20H) of both enanhomers were observed, and the absorpaons of the 

methylene protons m the plur of enanaomers were separated at shifts of - 4 ppm from TMS The two 

titereotoplc methylene protons of (-)- enanaomer were separated by 0 35 ppm, and those of (+)-enanaomer 

were separated by - 0 1 ppm Peak areas of the signals were found to correspond to opacal purities of 88% 

for the (-)-enanaomer and 89% for the (+)-enanaomer, reqectwely. The ophcal purq fa commercial (-)- 

penllalcohol was determmed as 94% 

In 1-pentyl-4-hydroxymethyl-l-cyclohexene (33) and (34), the hydroxymetbylene group B adjacent 

to the chual center. Therefore, it IS expected that a chual lanthamde shift reagent would mduce large 

d&rences m resonance fnquench~ (AA&) between the corfeqonding protons of enantiome~~. In general, 

shBs for protons closer to the pomt of assoctaaon are larger than those for protons further apart The oxygen- 
contauung methylene protons are closer to the lanthamde metsl ion. and should therefore expe&ce the gmatest 

shlft. 
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We used (+)-Eu(hfch25 as the chual shift reagent for the demminaaon of the enanttomenc plumes of 

(S)-(-)- and (R>(+)-l-~~l~hydroxymthyl-lcyclohexenes, (33) aud (34). By adding (+)-Eu(hfc), 

mcretumtallytothes&traa+achemicalshiftnonequivalencewasobserved Thespectrawueobtatnedm 
CXLJ soluaons at romn mmpaamm. Tbemegnitudeofinducedshift(A~)aadthemsggpltudeof-- 

shift diffm (aontquivalence) for enantiomenc nuclei (AA8) depdcd 011 the ratio of E@fch to the 

suW. Atamolarratioofcomplextosubstrateof0.8,ther#lanances of the methylene protons (C&OH) 
shrftedfrom63.5ppmto817-18ppm. 

The diastnaotopic oxygen-contatnmg protons of (R)-(+)- V 36arediffaendallypemui~d 
sndatesluftcdfiom83.5ppmtodownfiekL ThenonaquivaleaceoftheH,andHgglgnalsreacheda 

mruannunwhen0.8eqmv.ofcomplwthadbeenaddedanddecreasedasfurthercomplexwasadd6d. The 

maxrmum invesugated appeared as a doublet at 8 17.3 ppm and 17.6 ppm, separaang by 0.3 ppm. In 

cotnrast, m the (S)-(-)-ensnaomcr 33, the two protons maintained the same chemtcal shifts, leaving a smglet 

which was overlapped with one of the ptotons of the (R)-(+)-enantiomer 34. Pesk areas of the expanded 

sqnals were found to correspond to optical purmes of 83% for the (R>(+)-enanaomm 34 and 77% for the 

(S)-(-)-Xanttomer33. 

! I 
i - 
i 

Rg 1 Fxpawkd -cH,OH NMR abscqeau of 53 

wltb I-~).3ln CDCI, 

Fig2. Expded -CH,OH NMR absoqmcms of 53 

untb dEqhfc&n CDCl, 

We have also made an attempt to use d-E~(hfc)~ snd I-Eu(hf& for the de termmauon of the opucal 

punty of (2.S,5S)-2-pentyl-5-hydroxymethyl-l-cyclohexauone (53) smce ns enantiomer was not avatlable 

By companng the two ones of spectra, 1.e the senes of spectra obtained by addmg d-Eu@fc)s rncrementally 
to a CDCls soluuon of 53 at mom temperature, and the senes of spectra obtamed for a CDCls solutton of 53 

wnh rncrcasrng concentrattons of I-Eu(hf&, it is possible to assess the ee% of 53. When the molar ratio of 

the substrate to the reagent was 2.3, the two methylene protons m the complex of (2S,SS)-substrate* d- 

Eu@fch shrfted from 6 3 6 ppm to -23 ppm, mamtatnmg as a singlet (Frg 1). Whereas, the resonances of 

the drastereotoptc protons @I* and Hu) rn the complex of (2S,SS)-substrates I-Eu@fch appeamd as a doublet 

and reached a maxunum of -0.8 ppm (Frg. 2) Thus, the shrft of (2R,SR>subsuate* d-LSR was the same as 

that of (2,S,SS)-substrate* I-LSR, where the resonance appeared as a doublet, one of whrch was overlapped 

wnh the singlet of the methylene protons rn the complex of (X,SS)-substrate* d-Bu(hfc), The shrft of 
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(2R,SR)-substrate. I-LSR was the same as that of (2S,SS)-substrate. &JR, and the resonanceappeaxdasa 

singlet, which was overlapped with one of the doublet of the nxthylene protons m the complex of (2S,5.S)- 

substrate* I-Eu(hfch. In this way, peak m of the expa&d signals corresponded toopticalpuntlesof!24% 

forcompound53. 

Mesomorphic Phases and Transition Temperatures of Chiral Liquid Crystalline Compounds 
2, 3, 5, 6, 7, 8 and 9. 

The mesomorphic phases and transition temperaaaeofcompou&2,3,5,6,7,8and9havebeen 

chamcterixed by the use of polarizmg mtcroscopy. The transmon temperatures listed m Table 1 were 

detennmed from DSC (differennal scanningcakmmeter)measuremedlts. 

The mesomorphtc 1,4d~~bstituted cyclohexene wnh a double bond in the 3-positton (VIZ. 2,3) am 

characterized by low meltmg pomts and wide memmorphtc ranges. Compound 2 has a very nch phase 

behavior, and them is a chnal smecuc C phase from 123.4 to 13393 which is the most wrdely examrned 

fenoelecmc phase for electm-optical apphcanons Unfortumately, the P. is only -0 53 nC!/cr$ when the 

temperature 1s 131C. 

Compound 3 was a needle-shaped crystals Under the exanunauon of a polanzurg nucroscope, the 

sohd melted at 66 7qC uno a nemauc hqmd ctystal wnh a cleanng tempemmre of 167 993 These transmon 

temperatums are very close to those reported for the conespondmg racennc mtxture 

Table 1. Mesomorphic phases and transmon temperatures 

ofcompounds2,3,5,6,7,8 and9 

Compounds mesomorphic phases and 

transitton temperatures 
T (PA 

2 K 74 S, 103 1 So 114 6 S, 123 4 131C 

S, 133 S, 1416 CH 148 5 I 

3 K667N 16791 

5 K, 96 K, 102 S, 112 CH 157 5 101-113 793 
BP1 159 3 BPII 159.4 I 

6 K192K,95S,1152CH1575 

BP1 157.6 BPII (CO 1) I 
93-11693 

7 K,96Ka100SC111CH157 

BP1 157.5 BPII 157.6 I 

8 K,89Ka955S,117CH1575 

BP1 157 6 BPII (CO 1) I 
96.1-118 593 

9 K 127 (Sn 123) S, 208 I 
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compounds 5 -8 had .wmlar mesomcaphrc phases snd uansnion temperamms. The existence of many 

smecuc phases was apparent. Spontaneous polanxauon readmg was taken on coolmg. All four compounds 

(S-8) have P, mngmg hm 4 to 10 nC/c&. Takmg mto account the standam devrauon of the appamtus 

(mchuhng conductrvny of these compounds), these compounds have essentlally the same P, values. 

Compound 9 drsplayed a hrgh temperature S, phase and a monouoprc S, phase. It did not exhtbn any 

ultedsmecucphases,themforeno sponuuleouspolarmatlon andultanglecouldbemeasumd 

As stated m the Intmducuon Secuon, our mtemst in the synthesrs of cyclohexenyl hqmd crystals is to 

prepare opttcally active compounds wrth a chtral center m the msogcmc core. One of the incenaves m 

pmparmg the optically acuve cyclohexenecamoxylates was to obtam f CilWkhlCliqUtdcrystalsWltilhtlgh 

spontaneous polanxadon (P,), whrch can be used m surface-smbrhxed fermekc& liqmd crystal displays. The 
nasoIllngfar~s~sthatthemo~segmentsaboutthechiralcentermthe‘krgsd”oonwouldhavemne 

restncted rotation and thereby posstbly larger average lateral dtpole momnts. The opucally acnve compound 

2 does have a S,* phase (Table 1) The specrflc rotatron of thrs compound 1s qmte large ([a]zu = -35.179 

and ns tdt angle 1s quite normal (Fig. 3). Unfortunately, rts value of P, IS exhemeiy small, bang only -0 53 

&/cm2 when the temperanne 1s 131’C The possrble mason for thrs 1s the followmg. Usmg a mpos force 

field calculauon,27 it was shown that there are two preferred co@urahons m which the plane contarmng an 

all-rrunr cham would be normal to the best plane of the cyclohexene ring. In these two co@urauons, the 
small &pole assocrated wrth the chual carbon 1s m the tilt plane and will not conmbute to P, and the drpole 

moment of the carbonyl group opposite to each other. Therefore, 2 and snmlar cyclohexenyl carbox~lates~~ 

have low P, values m spite. of the presence of a chrral center m the mesogetnc core. 

Although compound 9 does not have a S,* phase, potenttslly rt can be used as a chual dopsnt m 

achnal Sc hosts It has been shown that subsntuted a-at’yly-lactones can be used as chrral dopants to prepare 

ferroelectnc hqmd crystalbne (FLC) mrxtures wrth fast response. 28.29 Smular to the r-lactones, compound 9 

has two chnal centers and a carbonyl group m the ring. Therefore, the use of 9 and rts analogs as chuul 

dopants for FLC &splays 1s worth further study 

Fig 3 Tdt angle of compound 2 

Experimental Section 

All reagents and solvents were reagent grade. All solvents were punfled and dried by standard 
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methods.30 Gptrcal rotanons were taken on a AA-1009 Pohuimemr or a JASCO DIP-370 Polarime.ter. NMR 
spectraweremcordedonaBrukerCtyospecWM250spectrome 
AllNMBmeas urementswaecsmedoutatmom_pemtme 

E ;2s_fE;Ed 62.5 MHz faf 13C). 
ChCilWdShlftS~ 

reparted 85 party per nullton @pm) m 6 umts on the scale downgeld from tetmmethylsrlane (TMS) or relaave 
to the resonance of chlorof_ solvent (7.26 ppm m the rH, 77.0 ppm for the central lme of the mplet rn the 
1sC modes, respecuvely) Mass spectral (MS) data were obtamed on a VG 707OP mass spectrometer 
Analyncal &m-layer chmmatography (TLC) was camed out on commemral E. Merck 60 PPzs4 srhca gel plates 
(Art 5554) E Me-mk 236400 mesh sthca gel (Art. 9385) was used for column chromatography. Elemental 
analyses were performed at Shanghar Institute of Grganic Chermstry, Academta &mca, China. 

(S)-(-)+Pinene Epoxide (15).5 To a one bter three-necked flask wem charged methanol (400 
mL), potassmm brcarbonate (10 g), benromtrrle (30.6 g, 0.3 mol), (S)-(-)+pmene (14) [42 g, 0.6 mol. 
[a]22o -19.0”(neat)] and tInally 30% hydrogen peroxtde (68 g, 0.6 mol) The mtxture was stured for 24 h m 
a large water bath at room temperature. 
drchloromethane (3 x 100 mL) 

The clear soluuon was pouted mto water (375 mL) and extracted wrth 
The combmed extracts were washed wrtb water (100 mL), dned over 

anhydrous magnesmm sulfate, and concentrated under a 30 cm Vrgreaux cohunn on a steam bath to a pot 
temperature of 75 C The chrlled concentrate was freed of benranude by frltratum and the f&ate was further 
concentrated on a rotary evaporator The crude product was shown by G C. analysts to consrst of unreacted 
(S)-(-)+pmene (14) and (S)-(-)-&pmene epoxrde (15) Drstlllatton of thrs matenal through a 15 cm 
Vigreaux column gave g)-(-)-gpmene epoxrde ( 15 ) (16 g, 35% based on benzommle), winch was rdenhcsl 
m m all aspects wrtb a commercral sample bp 118 93 (40 mmHg) [ht5 bp 98-99T (25 mmHg)] 

Conversion of (I?)-(+)-a-Pinene (22) to (I?)-(+)+Pinene (25).13 To a stured suspensum 
of n-B& (1.4 M, 180 mL. 250 mmol) 111 hexane and r-BuOK (28g. 250 mrnol) was added (R)-(+)-a-pmene 
(22) (27.28, 200 mmol, [a]o +39.1°(neat), Aldnch P4.568-0) slowly at -78 C under nitrogen atmosphete 
After the addmon was completed, the reactton nnxture was warmed slowly to room temperatrrre i%ldStmedat 
that temperature for 48 h The reactron mixture was then cooled to -78 C, and mmethyl borate (67g. 
650mmol) 111 anhydrous &ethyl ether (50 mL) was added slowly wrth effictent stunng Then the nuxture wss 
slowly warmed to room temperature and stured for 1 h Hydrolyses was achieved by addmg 10% 
hydrochlorrc acrd (100 mL) and snrred for 1 h, or water (100 mL) and stmed for 3 h The orgamc layer was 
separated, and the aqueous layer was extracted wuh hexane (3 x 50 mL). The combmed organic layers were 
washed wttb brme (50 mL), dned over anhydrous magnesium sulfate, and concentrated The resrdue was 
dnulled under reduced pressure to fimush (R)-(+)+pmene (25) (17 1 g, 63%): bp 879c (40 mmHg) mtts bp 
55’XJ (12 mmHg)], [alo +19 4” (neat, 85% ee) The ‘H NMK spectrum of syntheuc (R)-(+)+pmene (25) 

was rn complete agreement wrth the ‘H NMK spectrum of the natural (S)-(-)-B_pmene (14) 
(R)-(+)-&Pinene Epoxide (26). Compound 26 was generated as described for 15 from 

benzomtnle (30 6 g, 0 3 mol), (R)-(+)-&pmene (25) (42 g, 0 6 mol) and 30% hydrogen per-ox& (68 g, 0 6 
mol) rn 35% yreld based on benxommle bp 112-114 ‘XZ (37 mmHg) @It5 bp 98-99Y! (25 mmHg)]. whose 
physrcal data am rdentrcal m all aspects w-rth an authenuc sample 

(S)-(-)-Perillalcohol (16).6 To a snrred suspenston of ammomum mtrate (3 g, 0037 mol) rn 
mtromethane (160 mL) was added dmpwrse a solunon of (S)-(-)+pmene epoxrde (15) (45 6 g, 0 3 mol) m 
mtromethane (40 mL) 111 a penod of 1 h at 80 SC After being stured for a further 4 h at the same temperature, 
mtromethane was removed by drsttllanon under reduced pressure leavmg behmd a red orly resrdue, which was 
psmtioned between 2% aqueous sodmm hydroxrde (300 mL) and hexane (300 mL,) The orgamc phase was 
separated, and the aqueous phase was extracted with hexane (3 x 100 mL) 
washed with bnne (50 mL) and dned over anhydrous magneaum sulfate 

The combmed orgamc layers were 
The solvent was removed and the 

resultmg red orl was &sulhxl in vacua to grve (S)-(-)-penllalcohol(l6) (31 g. 68%) as a yellow o& bp 152 9: 
(30 mmHg) [lit6 bp 62’c (9 3 Pa)], which was rdenncal III all aspects wuh an authenhc sample, [a]o -58 2O 
(c 1 3, CH,OH) After further put&anon by cchmn chromatography on s&a gel wtth hexanejethyl acetate 

(10 1) [a]D -68 O’(c 147, CH,OH, 88% ee), ‘H NMR 6 5 70 (br s, 2H), 4 72 (br s, 2H), 3 99 (s, 2H), 

2 19-1 83 (m, 6H). 174 (s, 3H), 156-I 43 (m, lH), MS m/z 152(M+, 11 84) 
(R)-(+)-Perillalcohol (27). Compound 27 was generated as described for 16 from (S)-(-)+ 

pmene epoxrde (26) (45 6 g, 0 3 mol) rn 65% yreld as a yellow orl. which was rdentrcal m all aspects wrth an 
authenac sample [alo +52 O”(c 1 76, CH,OH, 89% ee), rH NMK 6 5 71 (br s, lH), 4 72 (br s, 2H), 4 00 

(s, 2H), 2 20-l 83 (m, 6H), 1 74 (s, 3H), 1 56-1.48 (m, HI); MS m/z 152 (M+. 10 43). 
(S)-(-)-Perillyl Pivalate (17).7 To a stmed solunon of (S)-(-)-perdlalcohol (16) (38 g, 0 25 

mol) and anhydrous pyrrdme (25 mL, 0 3 mol) III anhydrous &ethyl ether (250 mL) was added dropwrse 



pwaloyl chlonde (45.2 g. 0.38 mol) at O’C. The naction rmxturewasallowedtowarmtomomtempuature 
andsturedfor4h. Thenthermxturcwaspouredm~Ice-water(250mL),ands~farafurtherlh. The 
orgamc layer was separaa and the aqueous layer was extracted wUh &thy1 ether (3 x 250 mL). The 
combmed orgamc layers wem washed sequentially wUh saturated sodium biu&ma@ (50 mL) and brine (50 
mL). dned over anh*s esiumsulti~teandevaporated. Theresiduewasdistilledinvacuotoafford 
(S)-(-)-penllyl pivalate (17) ( 4 & 92%) as a colorless oil: bp 108 SC (3.5 mmHg), [aID -55.3O (c 10.0, mYn 

CHCl~); ‘H NMR 8 5.74-5.72 (m, lH), 4.74-4.72 (m, 2H), 4.45 (br s, 2H), 2.20-1.83 (m, 6H), 1.74 (s, 

3H), 1.54-1.44 (m, lH), 1.21 (s, 9H); MS m/z,236 (M+, 1.99) Anal. Calcd for Ct5H&* C, 76 23; H, 
10.23. Found: C, 76.91. H, 10.20 

(R)-(+)-Perillyl Pivalate (28). 
-ho1 27 (38 g, 0.25 mol) 

Compound 28 was generated as described for 17 from (R)-(+)- 
The u’ude @uct was. 

eluted with he-ethyl acetate (20.1) to affonl (RN+)- l=J 
uritied by column chmmaaphy on s&a gel 
Yl P-l- (28) (52 7 g, ) as a colorless oti 

[a],, +54 O”(c 7 24, CHCl$; tH NMR 6 5.74-5 72 (m, lH), 4.73-4.72 (m, 2H). 4.45 (br s, 2H), 2.20-1.82 

(m, 6H), 1.74 (s, 3H), 1.53-1 44 (m, lH), 1.21 (s, 9H); MS m/z 236 (M+, 2.16). HRMS calcd for 
C14HUC& 236 3573, found 236.3578. 

(S)-(-)-1-Pentyl-4-(2.propenyl)-1-cyclohexene (18).* The suspension of freshly 
recrystalhxcd cuprous rod& (5 72 g, 30 mmol) m anhydrous &ethyl ether (200 mL) was kept at E under a 
mtrogen atmosphere, to which was added droplHnse a solution of n-butyllithmm (1.4 M. 40 mL, 55 mmol) III 
hexane with stimng. Aftcs 10 mm, the mucture was dulled to 4O’Z and a solutton of (S>(-)-perillyl p&ate 
(17) (1.18 g, 5 mmol) in anhydrous &ethyl ether (10 mL) was mtrod~~L After being stured at the same 
tc~ture for 2 h. the rraction mtxttue was quenched with 2N aqueous hydmchlonc acid (100 mL) and the 
undtssolved resniue was moved by suction fillrahon. The organic layer was sepam@& and the aqueous 
layer was extracted wtth &thy1 ether (3 x 100 mL). 
mL), dried oveX anhydrous 

The comb&d qantc layers were washed w& bnne (50 

s&a gel eh@d with hexane ?Ye 
slum sulfate and concentrated. punfica&m by column chromatography on 

orded (S>(-)-l-pentyl4(-l-cyclohexene (18) (720 mg, 75%) as a 
colorless o* [aID -68.8’(c 10 5, CHCl$, tH NMR S 5.40 (br s,lH), 4 70 (br s, 2H), 2 20-1.75 (m, 8H), 

173 (s, 3H), 1.55-123 (m, 7H), 0.89 (br t, J = 6.9 Hz, 3H), MS m/z 192 (M+, 10 54); HRMS calcd for 
C,,H, 192.1878, found 192 1874. Anal Calcd for C14HU* C, 87.42, H, 12 58 Found C, 87 38, H, 
12 83 

(R).(+)-1-Pentyl-4-(2-propenyl)-1-cyclohexene (29). Compound 29 was generated as 
described for 18 from (R>(+)-penllyl pwalate. (28) (1.18 g, 5 mmol) m 78% yield as a colorless oik [aID 

+55.2’(c 3.1, CHCl,); ‘H NMR 6 5 40 (br s, lH), 4 70 (br s, 2H), 2 20-1.76 (m,8H), 1.73 (s, 3H), 1 54- 
1.22 (m, 7H), 0 89 (br t, J= 6.9 Hz, 3H); HRMS cakd for C,,H, 192.1878, found 192 1877. Anal Calcd 
for CI,,Hz4: C, 87 42, H, 12.58 Found. C, 87 32; H, 12.64. 

(S)-(-)-l-Pentyl-4-(2-propenyl)-cyclohexane-l,2-epoxide (19).9 To a stmed soluaon of 
(S)-(-)-l-pentyl4(2-propenyl)-l-cyclohexene (18) (1.92 g, 10 mmol) m chloroform (50 mL) contauung a 
catalytic amount of methyltrioctylammonmm chlonde (MTOAC) was added a solution of magnesium 
monoperoxyphthalic acid (MMPP) (85%, 5 82 g, 10 mmol) in water (50 mL) over 1 h at 5093 The nuxtuxe 
was stured for a further 4 h at the same temperature The orgamc layer was separated, and the aqueous layer 
was extracted Hrlth chloroform (3 x 50 mL). The combmed orgamc layers were washed with aqueous soduun 
bicarbonate (50 mL), dried over anhydrous magnesium sulfate and evaporated. The crude OII was pun&d by 
column chromatography on neutral grade IU ahunma Elufion wnh hexane afforded (S)-(-)-l-pentyl-4-(2- 
propenyl)-cyclohexane-l&epoxlde (19) (1.2 g, 58%) as a colorless od connstmg of a nuxture of two 
d~,~tereomers which was used m the next reacuon unthout further separahon. [aID -44 7’ (c 8 0, CHCl$, ‘H 
NMR 6 (two dlastereomers) 4 72. 4 67 (br s, br s, 2H), 3.04, 2.99, 2.97 (br s, br s, br s, lH), 1.69, 1.67 
(s, s, 3H), 2 20-1.27 (m, 15H), 0 89 (br t, J = 6.7 Hz, 3H), MS m/z 208 (M+, 2 91), HRMS calcd for 
C14Hz40 208.1827, found 208 1832 Anal Calcd for C14H240: C, 80.71; H, 11.61. Found: C, 80 46, H. 
1191 

(R)-(+)-l-Pentyl-4-(2-propenyl)-cyclohexane-l,2-epoxide (30). Compound 30 was 
prepared as described for 19 from (R)-(+)-l-pentyl4(2-propenyl)-lcyclohexene (29) (1.92 g, 10 mmol) m 
60% yield as a colorless oti conslsnng of two d~astereome.rs which was used in the next -on mthout 
further separation [aID +42 3O (c 4 0, CHCl$, 1H NMR 6 (two &astereomers) 4.72,4 67 (br s. br s, W), 
3 04, 299, 2 97 (br s, br s, br s, lH), 1.69, 1 67 (s, s, 3H), 2.20-l 27 (m, 15H), 0.89 (br t, J = 6.8 Hz, 
3H), HRMS calcd for &Hz40 208 1827, found 208.1832 Anal C&d for C14HuO: C, 80 71, H, 11.61. 
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Found C, 80.56, H, 11.80. 
(S)-(-)-1-Pentyl-4-acetyl-1-cyclohexene (20). lo-l1 A solution of (S)-(-)-l-pentyl-4-(2- 

pm nyl)-cyclohexane-Q-epoxrde. (19) (1.04 g, 5.0 mtnol) in drchloromethane (50 mL) was cooled to - 
78 J? while oxone was passed thtough the solunon vta a gas -on tube until the sohmon became blue m 
color. After that_ mtrogen was passed through the solutton for 15 mm. Then the solutton was added to a 
suspensron of zmc dust (1.86 g, 28.6 mmol), sodmm acetate (0.43 g, 5 2 mmol) and sodium hxbde (127 g, 
8.5 mmol) in glacral acettc acid (3 mL) at OqC, and the mrxture was allowed to warm slowly to room 
temperature and stmed overnight at that temperature. The xinc dust was removed by filtrahon and washed 
with dichloromethane (50 mL) The combined filtrates were washed successively with aqueous sodmm 
bicarbonate (20 mL), brme (10 mL), and dned over anhydmus magnesium sulfate. Evaporatron of the solvent 
gave a colorless orl whrch was purrfied by column chromatography wrth hexaneIethy1 acetate (50 1) to furtush 
(,S)-(-)-l-penty&l-acetyl-cyclohexene (20) (600 mg, 62%): [a]n -66.0°(c 110, CHCls), ‘H NMR S 5 39 (br 
s , lH), 259-2.49 (m, lH), 2 20-2 10 (m, 2H), 2.05-1.90 (m, SH), 2 17 (s, 3H), 1 66-l 49 (m, lH), 144- 
1 19 (m, 6H), 0 88 (br t, J = 6.9 Hz, 3H), 13C NMR 6 210 40, 137.01, 117 78, 46.63, 36.49, 30 61. 
26.92, 26.80, 26.42, 26 17, 24.12, 21.54, 12 96; MS m/z 194 (M+, 23 89) Anal. Calcd for C,,H,,O C. 
80.35; H, 11.41. Found: C, 80 42; H, 11.56. 

(R)-(+)-1-Pentyl-4-acetyl-cyclohexene (31). Compound 31 was prepared as described for 
20 from (R>(+)-1-pentyl-4-(2-propenyI)-cyclohexane-1,2-epoxrde (30) (104 g. 5 0 mmol) in 65% yteld as 
a colorless orl [a]o +66 J”(c 11.5, CHCls), ‘H NMR 6 5 39 (br s, 1H). 2 59-2 49 (m, 1H). 2 20-2.10 (m, 
2H), 2.17 (s, 3H), 2 05-1.90 (m, 5H), 1.66-1.49 (m. lH), 1 44-l 19 (m, 6H), 0 88 (br t, J = 6 9Hz, 3H), 
13C NMR 6 210 80, 137 57, 118.53, 47.25, 37.22, 31 33, 27 62, 27 42, 27 11, 26.86, 24 82, 22 26, 
13 68, MS m/z 194 (M+, 29 58) Anal Calcd for C!,sH,aO C, 80.35, H, 1141 Found: C, 80 02, H, 
11 62. 

(S)-(-)-4-Pentyl-3-cyelohexene-1-carboxylic Acid (21).” To a vigorously snrmd soluuon 
of (S)-(-)-1-pentyl-4-acetylcyclohexene (20) (194 g, 10 mmol) m dtoxane (40 mL) and 10% aqueous sodrum 
hydroxide (10 mL) was added dropwlse a solutron of rodme-potassium rodrde-water (1 2.1) at room 
temperature untrl the color of mdme persisted The mixture was stnred for an addmonal 1 h at room 
temperature, then watmed to 60 9: and stured for a further 1 h at that temperature. After that, the reacnon 
mrxtum was cooled to room temperature and quenched by addmon of aqueous Na.$,Os, and then acrdttied 

with hydtochlorrc acrd and extracted wrth &ethyl ether (3 x 50 mL) The organtc layer was washed wrtb brme 
(10 mL) and dned over anhydrous magnesium sulfate Upon evaporanon of the solvent, the remauung or1 
was chmmatographed on s&a gel wrth hexane/ethyl acetate (4 1) to afford (S)-(-)-4-pentyl-3-cyclohexene-l- 
carboxyl~. acrd (21) as a VISCOUS 011 (127 g, 65%) The optrcal punty was found to be 77% ee by 
conversron to the correspondmg alcohol 33 and analysis by ‘H NMR spectra with Eu(hfc), [aID -56 7O (c 

4 2, CHCls). ‘H NMR 6 5 38 (br s, lH), 2 60-2 49 (m, lH), 2 30-2 20 (m, 2H), 2 lo-l.90 (m, 5H), 179- 

1 61 (m, lH), 144-1 16 (m, 6H). 0 88 (br t, J= 6.9 Hz, 3H), 13C NMR6 18197, 137 92, 118 53,39 35, 
37 50, 31 58.27 53 (2), 27 36,25 41,22 53, 13 96, MS m/z 196 (M+. 32 65), HRMS calcd for Ct2Ha0C+ 
196 1463, found 196 1463 Anal Calcd for C,,H,a$ C, 73 43, H, 10 27. Found C, 73 51, H, 9 96 

(R)-(+)-4-Pentyl-3-cyclohexene-1-carboxylic Acid (32). Compound 32 was prepared as 
described for 21 from (R)-(+)-l-pentyl-4acetylcyclohexene (31) (194 g, 10 mmol) m 67% yreld The 
opt& punty was found to be 83% ee by conversion to the correspondmg alcohol (34) and analysrs by rH 
NMR spectra wnh Eu(hfc)s mp 65-6695, [a]o +52 l”(c 8 2, CHCls), ‘H NMR 6 5.38 (br s, lH), 2 60-2 48 
(m, lH), 2 30-2 20 (m, 2H), 2 10-l 90 (m, 5H), 179-I 61 (m, 1H). 144-l 16 (m, 6H), 0 88 (br t, J= 6 9 
Hz, 3H), ‘3CNMR6 182.24, 137 57, 118 35,39 21,37 33,31 42,27 30 (2). 27.16.25 16,22 39, 13 80, 
HRMS cakd for C!,,H,,C& 196 1463, found 196 1457 Anal Calcd for C,tHzo@ C, 73 43, H, 10 27 
Found C, 72 97, H, 10 09 

(S)-(-)-4’-(4”-cyanobiphenyl) 4-Pentyl-3-cyclohexene-1-carboxylate (1). A soluuon 
of (.S)-(-)4-pentyl-3-cyclohexene-I-carboxyhc acid (21) (196 mg, 1 0 mmol), 4-hydroxy-4’-cyanobrphenyl 
(11) (195 mg, 1 0 mmol), NJ’-drcyclohexylcarbodllmlde (DCC) (206 mg, 1 0 mmol) m dry 
dlchloromethane (20 mL) contammg 4-dnnethylammopyndme @MAP) (12 2 mg. 0 1 mmol) was stured at 
room temperature overnight The reacnon mzxtum was filtered and the filtrate was evaporated III vacua The 
residue was chromatographed on srhca gel wrth hexane/ethyl acetate (10 1) as an eluent and was further 
puntied by mcrystalhzanon from hexane to afford (g)-(-)-4’-(4”-cyanobrphenyl) 4-pentyl-3-cyclohexene-l- 
carboxylate (1) (213 mg, 57%) mp 65&X!, [a] 22,, -42.8“(c 2 72, CHCl,), ‘H NMR 6 7 72,7 66 (AB q, 
J = 8 5 Hz, 4H), 7 59,7 20 (AB q, .I = 8 6 Hz. 4H), 5 44 (br s. IH), 2 81-2 74 (m, lH), 2 50-2 40 (m, 
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2H). 2 
174 23 

22-2.09 (m, 3H), 2.00-l 81 (m, 3H), 1 47-1.23 (m, 6H), 0 90 (br t, J = 6.8 Hz, 3H); 13C NMR 6 

122.29 
(C), 151.57 (C), 144.90 (C), 138.02 (C), 136 73 (C), 132.62 (CH), 128.25 (CH), 127.68 (CH), 
(CH), 118.72 (0, 118.41 (CH), Ill.22 (C), 39.72 (CH), 37.50 (CH& 31.58 (C!H*), 27.69 (CH$, 

27.51 (CHs), 27.38 (U-Is), 25.56 (C!H$, 22.54 (CHs), 13.99 (C!H$; MS m/z 373 (M+. 1.53) Anal Cakd 
fort&H&N: C!, 80.40, H, 7.30, N, 3.75 Found: C, 8020; H, 7.22, N, 3.63 

(S)-(-)-4’-(4”-0ctoxybiphenyl) 4-Pentyl-3-cyclohexene-1-carboxylate (2). A soluuon 
of (S)-(-)-4-pentyl-3-cyclohexene-1-carboxylic acrd (21) (418 mg, 2.13 mmol), 4-hydroxy-4’- 
octoxybiphenyl(l3) (686 mg, 2.3 mmol), N,ZV’&cyclohexylca&xknide @CC!) (433 mg, 213 mmol) and 
4-pyrrohdmopyndme (31 mg, 0.21 mmol) m dtethyl ether (20 mL) was surred at mom tempenuum ovemtght 
The twsuldng iV,N’-dtcyclohexylurea was filtered and the filtrate was washed wnh water (3 x 10 mL), 5% 

acehc actd soluuon (3 x 10 mL), agam wtth water (3 X 10 mL), and drted over anhydrous magnesmm sulfate 
The solvent was evaporated to give the crude 

t! 
roduct 

cyclohexene-l-carboxylate (2) was obtamed by 
(S)-(-)-4’-(4”-octoxybrphenyl) 4-pentyl-3- 

ash column chromatography on siltca gel eluted wnh 
toluene/hexane (23) (620 mg, 63%) mp 148 93 (n-hexane); [a] 23,, -35 2“ (c 2. CHCI,); ‘H NMR 6 8 94, 
8 44 (AB q, J = 8 42 Hz, 4H), 8 88,8.26 (AB q, J = 8 74 Hz, 4H), 5 35 (br s, HI), 3.92 (t, J = 6 62 Hz, 
2H), 2 8-2 6 (m, lH), 2.4-2.3 (m. 2H), 2.05-2.15 (m, 1H). 2 00-2.05 (m, 2H), 1 95-1 85 (m. 2H), 1 85- 
1 65 (m, 3H), 1.45-1 10 (m, 9H), 0 82 (br t, J= 6.6 Hz, 3H), t3C NMR 6 174.52, 158.78, 149.82, 138 52, 
137 89, 132 77, 128.05, 127 50. 121.69, 118 44, 114 82, 68 13, 39.63, 37 50. 31.81, 31 55, 29.36, 
29 30, 29 23, 27.66, 27.49, 27.33, 26 06, 25 53, 22 64, 22.56, 14.06, 14.05; MS m/z 477 (M++l. 4 2), 
476 (M+, 13.7). 298 (100). HBMS calcd for C32H44C+ 476 3290, found 476 3326 Anal. Calcd for 
c32H44g C, 80 63; H, 9.30 Found C, 80 55, H, 9.33. 

(R)-(+)-4’-(4”-cyanobiphenyl) 4-Pentyl-3-cyclohexene-1-carboxylate (3). Compound 
3 was prepared as descrtbed for 1 from (R>(+)-4-pentyl-3-cyclohexenel-carboxyhc actd (32) (196 mg, 1 0 
mmol) tn 74% yield [a]**D +41.3’(c 2 0, CHC13), ‘H NMR 6 7.71, 7 65 (AB q, J = 8.5 Hz, 4H), 7 58, 
7 19 (AB q, J = 8 6 Hz, 4H), 5 44 (br s, lH), 2 81-2.73 (m, 1H). 2.50-2.40 (m, 2H), 2 22-2.09 (m, 3H), 
2 00-l 78 (m, 3H), 147-l 18 (m, 6H), 0.90 (br t, J = 6 8 Hz, 3H), t3C NMB 6 174 13 (C), 15153 (C), 
144 80 (C), 137 95 (C), 136 63 (C), 132 54 (CH), 128 18 (CH). 127.61 (CH), 122 22 (CH), 118.64 (C), 
118.36 (CH). 111 15 (C), 39 66 (CH), 37 44 (CH), 3152 ((IQ), 27 63 (CH,). 27 45 (CH& 27 32 (CH?), 

25 50 (CH2). 22 47 (CH2), 13.92 (CH$, MS m/z 373 @I+, 3.50). Anal Calcd for ($,H,,C&N C, 80 40, 
H, 7 30, N, 3 75. Found. C, 80 20; H, 7.28; N, 3.71 

(S)-(-)-1-Pentyl-4-hydroxymethyl-1-cyclohexene (33). To a suned suspensron of hthtum 
alummum hydrtde (34 mg, 0.9 mmol, 80% excess) tn anhydrous &ethyl ether (5 mL) was added dropwtse a 
soluuon of (0(-)-4-pentyl-3cyclohexene-1-carboxyhc acrd (21) (98 mg, 0 5 mmol) m anhydrous &ethyl 
ether (5 mL) at room temperature The nnxture was stured for 1 h, then the excess hthmm almum hydrrde 
was destroyed by the moron of water and drhtte hydtochlonc acrd The ether layer was washed wth drlute 
sodturn btcarbonate (5 mL), drted over anhydrous magnenum sulfate, and concentrated under reduced 
pressure Column chromatography on s&a gel wtth hexane/ethyl acetate (l@l) gave (S)-(->l-pentyl4 
hydroxymethyl-1-cyclohexene (33) as an orl tn quanutauve yteld [a]24D -59 8” (c 1 0, CHCl,, 77% ee); 1H 
NMB 8 5 37 (br s, lH), 3 53 (br s, 2H), 198-l 22 (m, 15H). 0 88 (br t, J = 6 9 Hz), 3H), MS m/z 182 
(M+, 9 01) Anal Calcd for C12H2,0 C, 79 06, H, 12 16 Found C, 79 31, H, 1180. 

(R)-(+)-1-Pentyl-4-hydroxymethyl-1-cyclohexene (34). Compound 34 was prepared as 
described for 33 from (R)-(+)-4-pentyl-3cyclohexene carboxybc actd (32) (98 mg, 0.5 mmol) as an orl td 
quanutatrve yreld [a]24D +46 6” (c, 0 74, CHCls, 83% ee), tH NMB 6 5 37 (br s, lH), 3 54 (br s, 2H), 

196-l 22 (m, 15H), 0 88 (br t, J = 6 9 Hz, 3H); MS m/z 182 (M+, 16 63) Anal Calcd for Cr2H2,0 C, 
79 06, H, 12 16 Found C, 79 45, H, 1156 

(4S)-(-)-Perillyl Butyl Ether (35). l4 To a surrcd slurry of sodtum hydrtde (4.4 g, 100 mmol. 
85% &spersron tn otl) m dry tetrahydrofuran (60 mLJ at 45-5OY! under nttrogen atmosphere was added a 
soluuon of n-butyl bmnude (16 4 g, 13 mL, 120 mmol) 111 anhydrous tetrahydrofuran (20 mL). followed by 
the dropwtse addttton of a solutton of (S)-(-)-perrllalcohol (16) (12 2 g, 80 mmol) tn anhydrous 
tetrahydrofuran (20 mL). After tefluxmg for a further 10 h, the reacuon nuxture was cooled and hydrolyzed 
by dropwtse addmon of suffictent water to dissolve any precipitate The aqueous layer was separated and 

extracted wnh drethyl ether (3 x 250 mJ_J The comhned orgatuc extracts were washed wtth brute (50 mL,), 
dried over anhydrous magnesmm sulfate, and evaporated The residue was purified by column 
chromatography on sthca gel wnh hexane/ethyl acetate (50 1) to gave pure (S)-(-)-penllyl butyl ether (35) 
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(15.0 g, 90%) as a colorless OIL [a]**o -57 9 “(c 1.33, CHCls), lH NMR 6 5.70 (br s, lH), 4.72 (br s, 2H), 
3 83 (s, W), 3.37 (t, J= 6 6 Hz, 2H), 2.17-1.81 (m, 6H), 1.74 (s, 3H). 1 59-1.33 (m, 5H), 0.92 (br t, J= 
7 3 Hz, 3H); t3C NMR 6 149 83 (C), 135.16 (C), 123.73 (CH), 108.54 (CH2), 75.11 (C!H& 69.77 (CH2), 
41 26 (CH), 31 92 (CH2), 30.56 (CH& 27 61 (CH2), 26.45 (CH2). 20.68 (CH3), 19.40 (CH2), 13.82 

(CHs), MS mlz 208 (M+, 13.29) Anal Cakd for Cr4HU0 C, 80.71; H, 11.61 Found: C, 80 17; H. 
11 62. 

(S)-(-)-l-Butoxymetbyl-4-(2-propenyI)-cyclobexane-l,2-epoxide (36). Compound 36 
was prepared as described frx 19 from (S)-(->l-perrllyl butyl ether (35) (2 08 g, 10 mmol) m 55% yield as a 
colorless orl consrstmg of a uuxtnm of two htereomers whrch was used in the next reactton w&out further 
separauon: [alo -40 4O (c 3.16, CHCI,); lH NMR S 4 72, 4 68 (br s, br s, 2H), 3 49-3.41 (m, 4H), 3.18, 

3 13, 3 11 (br s, br s, br s, lH), 2.17-1 26 (m, 14H). 0 92 (br t, J = 7.3 HZ, 3H). 13C NMR 6 148.97 (c), 
109 05 (CH,), 74 91 (a~) 74 65 (CH,), 71.30 (C&). 59.09 (C), 58 72 (C), 57 71 (CH), 56.25 (CH), 
40 91 (CH); 36 84 (CH),31.83 (CH2), 30 61 (CH2), 29 62 (CH2), 26 31 (CH2), 26.16 (CH2). 24 76 

(C!H$, 23.94 (CH2), 20 87 (CH), 20 17 (CH), 19 30 @X2), 13 81 (CH,), MS m/z 224 (M+, 124) Anal 
Calcd for Ct,H&* C, 74.95; H, 10 78 Found C, 74 99; H, 10 96 

(S)-(-)-1-Butoxymethyl-4-acetyl-1-cyclohexene (37). Compound 37 was prepared as 
described for 20 from (S)-(-)-l-butoxymethyl-4-(2-propenyl)cyclohexane-l,2_epoxlde (36) (1 12 g, 5 0 
mmol) 11130% yteld as a colorless orl [a]o -67 8O (c 3 76, CHCl,), tH NMR 6 5.69 (br s. lH), 3.83 (br s, 
2H). 3 37 (t. J = 6.5 Hz, 2H), 2 60-2 57 (m. 1H). 2 23-1.99 (m, 5H), 2.18 (s, 3H). 1 68-l 50 (m, 3H), 
1 45-l 30 (m, 2H), 0 92 (t, J = 7.3 Hz, 3H); 13C NMR 6 210 96, 135 20, 122.26, 74.79, 69 82, 47.33, 
31 82, 27 73, 26.67, 25 44, 24 66. 19 33, 13 76, MS m/z 169 (M-57, 1.17), 153 (M-73, 10 62). Anal 
CalcdforC13H22Q C, 74 24, H, 10 54 Found: C. 74 24, H, 10 16 

(S)-(-)-4-Butoxymethyl-3-cyclohexene-l-carboxylic Acid (38). Compound 38 was 
prepared as described for 21 from (S)-(-)-1-butoxymethyl~acetyl-lcyclohexene (37) (452 mg, 2 0 mmol) 
in 67% yreld as a vrscous oll [a]o -6O.O”(c 2 26, CHCl,). ‘H NMR S 10 2 (br, lH), 5 68 (br, lH), 3 84 (s, 
2H), 3 38 (t, J = 6 6 Hz, 2H). 2 60-2 53(m, 1H). 2 32(m, 2H). 2 11-2.06(m, 3H), 1 77-l 71 (m, lH), 
1 59-l 50 (m, 2H), 1 44-l 30 (m, 2H), 0 91 (t. J = 7 3 Hz, 3H). 13C NMR 6 18130 (C), 135.01 (C), 
122 14 (CH), 74 72 (CH2), 69 72 (CH2), 39 09 (CH), 3170 (CH2), 27 10 (CH2). 25.01 (CH2), 24 89 

((X2), 19 28 (CH2), 13 74 (CHs), MS m/z 224 (M+, 4 32) Anal Calcd for Ct2H2e4* C, 67 89, H. 9 50 
Found C, 67 72, H, 9 75. 

(S)-(-)-4’-(4”-cyanobiphenyl) 4-Butoxymethyl-3-cyclohexene-1-carboxylste (4). 
Compound 4 was prepared as described for 1 from (S)-(-)-4-butoxymethyl-3-cyclohexenelcarboxyhc actd 
(38) (196 mg, 10 mmol) in 73% yreld as colorless pnsms [a] *$, -44 7’(c 3 28, CHC13), tH NMR 6 7 65, 
7 58 (AB q, J= 8 3 Hz, 4H). 7 54,7 17 (AB q, J = 8 6 Hz, 4H), 5 72 (br s, lH), 3.85 (s, 2H), 3 38 (t, J= 
6 5 Hz, 2H), 2.87-2 76 (m, IH), 2 50-2 40 (m, 2H), 2 24-2 12 (m, 3H), 1.93-1 81 (m, lH), 162-l 51 (m, 
2H), 145-l 31 (m, 2H), 0 92 (t. J = 7 3 Hz, 3H), 13C NMR 6 173 45 (C), 151.12 (C), 144 21 (C). 136 18 
(C), 135 01 (C), 132 20 (2CH), 127 81 (2CH), 127 21 (2CH). 12189 (2CH). 121.36 (CH), 118 31 (C), 
11073 (C), 74 41 (q), 69 50 (CH2), 39 15 (CH), 3154 (CH2), 2697 (CH2), 2477 (2CH2), 19 07 

(CH$, 13 55 (CH,), MS m/z 389 (M+, 8 53) Anal Calcd for (&H,,NO, C, 77 09, H, 6 99, N, 3 60 
Found C, 76 59, H, 6.81, N, 3 46 

(S)-(-)-Perillaldehyde (39). To a well stured suspensron of manganese &oxtde (17.4 g, 0 2 mol) 
was added W-(-)-zerdlalcohol (16) (15 2 z, 10 mmol) at 0 C. After absence of the stamnz alcohol, as 
detemuned ‘by TLC, the residue of mangkese dloxrde was removed by suction filtrauon,kd washed 
sufficrently with hexane The filtrate and the washmgs were combmed and the solvent was removed under 
reduced pressure to afford (S)-(-)-penllaldehyde (39) as a colorless orl (12 g, 80%) The aldehyde was 
ldentrcal m all aspects wrth an authenuc sample and shown to be more than 90% pure by ‘H-NMR analysis, 
whrch was used for the preparauon of 40 v&out further punficauon rH NMR 6 9 44 (s, IH), 6 84-6.82 
(m, lH), 4 78-4 77 (m, lH), 4 74 (br s, lH), 2 48-2 42 (m, 2H). 2 29-2 13 (m, 3H). 1.95-1.88 (m, lH), 
177 (s, 3H), 155-l 35 (m, 1H) 

(S)-(-)-4-(2-PropenyI)-l-cyclohexene-l-carboxylic Acid (40).t5 Silver oxide was 
prepared by addmg an aqueous soluuoa of stlver mtrate (17 g, 10 mmol) to an aqueous soluuon of sodturn 
hydroxrde (0 40 g, 10 mmol) Sturmg dunng the add&m ensured complete reactton and resulted m a brown 
senusohd mrxtum The srlver oxide was collected and washed extensrvely free of mtrate wtth several pomons 
of dtsulled water The wet oxide was covered wrth water (20 mL) and treated with sodmm hydmxrde pellets 
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( 1.94 g, 48 5 mmol) with vlgomus sttmng, the was adjusted to 55-60 SC, and the unpunllcd (.S)- 
(-)_myde (39) [kshly prepsmd from~mmol) of (S>(-)-periUslcohol(16)] WBS added. 
After stilling for 20 mmutes. the black silver suspension wss removed by suction Ohratioll snd wsshed with 
seversl portions of hot disulkd water. The cold combined 6luute snd wsshings were acidified wnh dilute 

hydmchlok scui and exuWted wlth dtchlomnWhsne (3 x loo mL), dried over anhydrous msgnesmm sulfste. 
Column Chromsmgrsplty on silica gel eluted wrth hexsnekthyl acetate (41) sffonkd (S)-(-)-4-(2-propenyl)-l- 
cyclohexene-l-carboxylrc acid (40) [1.25 ,g, 75% overall from (S)-(-)-penllslcohol (16)], which was 
mcrystallimd from hexane to pm& cdorlws prisms mp 130132 T, [a]25D -11185 ‘(c 1.94. CHCls), 1H 
NMR 6 7.15-7 13 (m, lH), 4.78-4.76 (m, lH), 4.73 (br s, lH), 2.55-2.12 (m, 5H), 1.94-1.87 (m, lH), 
1.75 (s, 3H), 1.60-1.40 (m, lH), tsC NMR 6 171.69 (C), 148.66 (C). 141 57 (CH), 129.56 (C), 109.31 
((X2), 40.12 (CH), 31.36 (CH2), 27.13 (m), 24 32 (CH$, 20.65 (CH,); MS m/z 166 (M+, 6.69). Anal. 
C&d for CIeHt4~: C, 72.26, H, 8.49. Pound: C, 72.15; H, 8 47. 

(S)-(-)-4’.(4”-Heptoxybipbenyl) 4-(2.Propenyl)-1-cyclohexene-1-carboxglate (5). 
Compound 5 wss prepared ss described for 1 fzom (S)-(-)4(2-property&l-cyclohexene-1-carhoxylic scid 
(40) (166 mg, 10 mmol) m 62% yteld ss colorless prrsms mp 102 T, [a12’jD -47.68” (c 2 51, U-ICI,); tH 
NMR87.53,7.14 (AB q, J= 8.6 Hz, 4H), 7.48,6.95 (AB q, J= 8.8 Hz, 4H), 7 29-7 26 (m, lH), 4.79 (hr 
s, lH), 4.76 (br s, lH), 3.98 (t, J = 6.6 Hz, 2H), 2.65-2 58 (m, lH), 2.41-2.35 (m, 2H), 2 24-2.17 (m, 
2H), 1.99-1.92 (m, U-I), 1 83-1.74 (111, 2H). 1.78 (s, 3H), 1.58-1.28 (m, lOH), 0.90 (br t, J = 6 6 Hz, 
3H); 13C NMR 6 165.77 (C), 159.01 (C), 150.27 (C), 148 71 (C), 141.12 (CH), 138.56 (C), 133.08 (C), 
129.98 (C), 128.15 (CT-I), 127.66 (CH), 121.91 (CH), 115.10 (CH), 109.44 (CH& 68.37 (CJ$), 40.26 

(C-X), 3187 (CH2), 3149 (CH2), 29 45 (CH& 29.12 (CH,), 27 28 (CHZ), 26.14 (CQ), 24.83 (CH2), 

22 64 (CH2), 20 72 @X3), 14 03 (CH3), MS m/z 432 (M+, 47.16). Anal C&d for t&,H3&* C, 80.52, 
H, 8.39. Found: C, 80.66, H, 8.48. 

(S)-(-)-4’.(4”.Octoxybiphenyl) 4-(2-Propenyl)-1-cyclohexene-1-carboxylate (6). 
Compound 6 was prepared ss &scnbed for 1 from (S)-(-)4(2propenyl)-l-cyclohexene-l-csrboxyhc acid 
(40) (166 mg, 1.0 mmol) m 58% yield ss colorless prrsms: mp 96 T, [a12$, -41.0S”(c 5.24, CHC13), tH 
NMR6 7.46.7.07 (AB q, J= 8 6 Hz, 4H), 7.41.6.88 (AB q, J= 8.8 Hz, 4H), 7.29-7 26 (m, lH), 4 72 (hr 
s, lH), 4.69 (br s, lH), 3.91 (t. J= 6.6 Hz, 2H), 2.58-2.50 (m, lH), 2.38-2.33 (m, 2H), 2.23-2.11 (m, 
2H), 1.92-1.86 (m. lH), 176-l 67 (m, 2H). 171 (s, 3H), 150-l 22 (m, U-I), 0 82 (br t, J= 6 9 Hz, 3H), 
13C NMR 6 165.72 (C), 158.98 (C), 150 25 (C), 148.67 (C), 141.09 (CH), 138.52 (C), 133.04 (C), 129 94 
(C). 128 12 (CH), 127.63 (CH), 121 89 (CH), 115 07 (CH), 109 42 (C&), 68.34 (CH& 40.25 (CH), 
31.87 (CHZ), 31.47 (CH$, 29.43 (2C!H& 29 27 (CH& 27.26 (t&),26 17 &X2), 24.82 @X2), 22 67 

(CH$. 20.71 @X3), 14 03 (CH3), MS m/z 446 @I+, 29.94). Anal C&d for CsuH3s4 C, 80 68; H, 
8 58 Found C, 80 68; H, 8 50 

(R)-(+)-Perillaldehyde (41). Compound 41 was prepsred as descnhed for 39 fmm (R)-(+)- 
penlWohol(27) (15.2 g, 10 mmol) m 80% yreld ss a cohnless orl. The sldehyde wss uienucsl in sll aspects 
wnh an authentic sample snd shown to he more than 90% pure by *H NMR snslysrs, which wss used for the 
prepsmuon of 42 wnhout further punficsnon.. tH NMR 8 9 44 (s, lH), 6.83-6 81 (m, lH), 4.78-4 77 (m, 
lH), 4 73 (br s, lH), 2.49-2.41 (m, 2H), 2 28-2 11 (m, 3H). 194-l 87 (m, lH), 175 (s, 3H), 1.55-l 35 
(m. 1H) 

(R)-(+)-4-(2-PropenyI)-l-cyclohexene-l-carboxylic Acid (42). Compound 42 was 
prepared ss descnhed for 40 from the unptmfied (R)-(+)-penkldehyde (41) [freshly pmpsred from 1.52 g 
(10 mmol) of (R>(+)-penllslcohol (27)] ss colorless prisms m 77% yreld overall fiom (R)-(+)-penllslcohol 
(27): mp 130-132 93, [a12‘jD +98.84 “(c 0.86, CHC13); tH NMR 6 7 15-7 13 (m. lH), 4.78-4 76 (m, lH), 

4.73 (br s. lH), 2.55-2 12 (m, JH), 1.95-1 87 (m, lH), 1.76 (s, 3H), 1 60-l 40 (m, 1H); t3C NMR 6 
172 51 (C). 148 63 (C), 141 62 (CH), 129 65 (C), 109 28 (CH2). 40.09 (CH), 31 33 (CH2), 27 09 (CH2), 

24 25 (CH2), 20.62 (CH3), MS m/z 166 (M+, 14 72). Anal Calcd for CtcHt4C&. C, 72 26, H, 8 49 
Found C, 71.91. H, 8 48 

(R)-(+)-4’-(4”-Heptoxybiphenyl) 4-(2-Propenyl)-1-cyclohexene-1-carboxylate (7). 
Compound 7 wss prepared as described for 1 Tom (R)-(+)4(2-propenyl)1-cyclohexene-l-csrhoxyhc acid 
(42) (166 mg, 10 mmol) III 62% peld ss colorless pnsms. mp 102 v, [cs]~~~ +39.13” (c 2 30, CHCI,), ‘H 
NMR 6 7 54,7 15 (AB q, J= 8 6 Hz. 4H), 7 48,6.96 (AB q. J= 8 8 Hz, 4H), 7 29-7 26 (m, lH), 4.80 (br 
s, lH), 4 76 (br s, lH), 3 99 (t, J = 6 6 Hz, 2H), 2 65-2 57 (m, lH), 2 40-2 30 (m. 2H), 2.25-2 18 (m. 
2H), 199-l 94 (m. IH), 1 86-178 (m, 2H), 1 81 (s, 3H), 151-l 25 (m, lOH), 0 90 (IX t, J= 6 6 Hz, 
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3H), 13c h’km 6 165.77 (C), 159.00 (C), 150.27 (C), 148.71 (C). 141.12 (CH), 138.56 (C). 133.08 (C), 
129.98 (C), 128.15 (CH), 127.66 (U-I), 12191 (U-I), 115.10 (0, 109.44 (Q+), 68.38 (CI-Q, 4027 
(CH), 31.87 (CHZ), 31.50 (Q$), 29.46 (CX&), 29.12 (CXQ, 27.29 (C&), 26.14 (CH& 24.83 (CH$. 

22.64 (U-I*), 20.73 (CH3), 14.03 (CH3); MS m/z 432 (M+, 40.67) Anal. Calcd for q9H3&: C, 80 52, 
H, 8.39 Found: C, 80.38; H, 8.38. 

(R)-(+)-4’-(4”-0ctoxybipbenyl) 4-(2-Propenyl)-1-cyclobexene-1-carboxylate (8). 
Compound 8 was prepared as described for 1 from (I?)-(+)4(2-propenyl)-I-cyclohexene-lcarboxyhc acxd 
(42) (166 mg, 1.0 mmol) m 56% yteld as colorless pnsms: mp 96 SC, [a125D +41.41°(c 1.92, CHCl,), lH 
NMR6 7.54,7.15 (A8 q. J= 8 6 Hz, 4H), 7.49.6 96 (AB q, J= 8.7 Hz, 4H), 7.29-7.26 (m, lH), 4 80 (br 
s, lH), 4.77 (br s, lH), 3 99 (t. J = 6.6 Hz, 2H), 2 65-2.58 (m, 1H). 2.45-2 31 (m ,2H), 2.25-2 18 (m, 
2H), 2 00-l 94 (m, lH), 1.86-1.75 (m, 2H), 1 79 (s. 3H), 1.56-1 29 (m. 12H), 0.89 (br t, J= 6.7 Hz, 3H), 
13CNMR 6 165 78 (C), 159 00 (C), 150.26 (C). 148 71 (C), 141 12 (CH), 138.56 (C), 133 08 (C), 129 97 
(C), 128 14 (CH), 127.66 (CH), 121.90 (CH). 115.10 (CH), 109.13 (q), 68 37 (CH2), 40.26 (CH). 
31.89 @X2), 31.49 (CH2), 29 43 (2CH2), 29 29 (CH2>, 27 27 (CH2), 26 17 (0X2), 24.83 (CH2), 22 69 

(CH2), 20.72 (CH3), 14 03 &.X3); MS m/z 446 (M+. 32 82) Anal Calcd for c3#13s4 C, 80 68, H, 
8 58 Foun& C, 80 38; H, 8 57 

(SS)-2-Methylene-5-(2.propenyl)-1-cyclohexanol (44).16 A solution of n-butylhthmm (14 
M, 85 5 mL, 0 12 mol) 111 hexane was added to dusopmpylanune (11 1 g, 15 4 mL. 0 11 mol) m anhydrous 
&ethyl ether (300 mL,) at 0 9J under a mtrogen atmosphere After bemg stured for 10 nunutes, (S)-(-)- 
hmonene oxide (43) [15 2 g, 16 4 mL, 0 10 mol, purchased from Aldnch Chem. Co (Aldnch 21.833-2) as a 
nuxtum of CIS and trans Isomers, [a]D 69”(neat)] 111 anhydmus &ethyl ether (60 mL) was added dmpHnse over 
a 30-mmute period. The resultmg xmxture was wanned to room temperature and sttrred for 12 h After the 
clear homogeneous rmxture was cooled m an ice bath, water (300 mL) was added. The ether phase was 
separated and washed successively wtth 100 mL pomons of 2N hydrochlonc acid, water, saturated aqueous 
sodmm bicarbonate, and bnne. The aqueous phase and each washmg was extracted twtce with 50 mL 
pomons of &ethyl ether, and the ethereal extracts were combmed, dned over anhydrous magnesuun sulfate, 
dlst&d through a short dlsnllation head and further punfied by column chromatography on s&a gel vvlth 
hexaue/ethyl acetate (20/l) to yield (5S)-(-)-2-methylene-5-(2-propenyl)-l-cyclohexanol (44) (89%) and a 
small amount of (3S)-6-Hydroxy-6-methylhyl-3-(2-propenyl)-l-cyclohexene (45) (2.7%) as a hght yellow oil 

(5S)-(-)-2-methylene-5-(2-propenyl)-1-cyclohexanol(44)~ [a]2zD -30 2O(c 5 30, CHCl,); 1H NMR 6 
496-4 70 (m, 4H), 4.36-4 34 (m, 0.38 H), 409-406 (m, 0 62 H), 279 (br s, 1H). 249-1.17 (m, 7H), 
171, 171 (s, s, 3H); 13C NMR 6 151.06 (C), 149 97 (C), 149 25 (C), 148.49 (C), 109 36 @X2), 108 95 
(CH2). 108 75 @.X2), 103 86 (CH2). 72 20 (CH), 72 00 (CH), 44 14 (CH), 42 13 (CH2), 39 17 (CH2), 
38 09 (U-I), 33 73 (CHp), 32 68 (CH2), 32 59 (CHz), 29 92 (CHz), 20 78 (CH$, 20 55 (CH3), MS m/z 

152 (M+, 5 12) Anal. Calcd for CIoH160 C, 78 90, H, 10 59 Found C, 78.52; H, 10 64 tH NMR 
analysis showed the peak areas of the signals of the carbon-2 protons correspondmg to 1 165 ratlo of the two 
dlastereomers. 

(3S)-~Hydroxy-6-methyl-3-(2-propenyl)-l-cyclohexene (45) ‘H NMR 6 5.72-5.59 (m. 2H), 4 78- 
4 77 (m, lH), 4.67-4.66 (m, 1H). 2 80-2 70 (m, IH), 2 17 (s, lH), 1 73 (s. 3H), 2 00-l 40 (m, 4H), 1 28 
(s, 3H). 13C NMR 6 147 16(C), 134 55 (CH), 130 39 (CH). 110 69 (C&), 68 44 (C), 42 48 (CH), 36 11 

(CH$, 28 82 (CH3), 25 03 (CH.& 20 92 (CH3), MS m/z 152 (M+, 2.58). Anal Calcd for C,,H,,O C, 
78 90, H, 10 59 Found C, 78 29, H, 10.60 

The ratio of (5S)-2-methylene-5-(2-propenyl)-I-cyclohexanol (44) and (3S)-6-hydroxy-6-methyl-3- 
(2-propenyl)-l-cyclohexene (45) was about 33 1 

(5S)-2-Methylene-5-(2-propenyl)-1-cyclohexanone (46).17 A solution of (5S)-2- 
methylene-5-(2-propenyl)-1-cyclohexanol(44) (1 52 g, 10 mmol) m dry dlchloromethaue (10 mu) was added 
to a soluhon of Dess-Mamn per&mane (5 51 g, 13 mmol) in dry dlchloromethane (100 mL) wltb stunng 
After 2 h, the homogeneous reactlon mutture was diluted with &ethyl ether (250 mL), and 5% s&urn 
hydroude (100 mL) was added to the resulhng suspension of mdmane to hydrolyze the lodmane to the water- 
soluble 2-iodosobenzoate After the mtxture was stmed for 10 mmutes, the ether layer was separated and 
washed with 5% ~odnnn hydroxide (100 mL), and water (100 mL), dned over anhydrous magnesmm sulfate 
for 1 h Removal of the solvent under reduced pressure at below 30 ‘T yielded (5S)-2-methylene-5-(2- 
propenyl)-l-cyclohexanone (46) as a sensmve orl which polymerized upon prolonged standmg at room 
temperature [Caunon the solvent should not be removed completely to prevent the sensmve enone from 
polymenzatlon] The crude enone was d~stdled azeotrop~cally with benzene and-used m the next reachon 
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w&out further purrficatton. lH NMR 6 5.86 (br s, lH), 5 175.16 (m, lH), 4 81-4 79 (m. lH), 4.73-4 72 
(m, lH), 2 80-1.50 (m, 7H), 1.76 (s, 3H) 

(2S,SS)-2-Pentyl-5-(2-propenyl)-1-cyclohexanone (47). To a suspension of freshly 
rccrystalhred cuprous n&de (11.44 g, 60 mmol) m anhydrous drethyl ether (200 mL) was added a soluuon of 
n-butylhthmm (14 M, 79 mL, 110 mmol) 111 hexane with smnn at 09: under a mnogen atmosphere. After 
10 mitt, the muture was chrlled to -78’C and (5S)-(-)-methy ene-5-(2-propenyl)-l-cyclohexanone (46) f 
[freshly prepared by Dess-Martin oxidation of (5S)-2-methylene-5-(2-pmpenyl)-1-cyclohexanol (44) (10 
mmol) and dried by axeonoplc dlstdlatlon wlth benrene at room temperature under vacuum] was introduced 
and the reactron tmxtum was stirred for 1 h at that temperatum. The reactton was quenched with 2N aqueous 
hydrochlonc actd (100 mL) followed by fitermg. The orgamc layer was separated, and the aqueous layer was 
extracted with dtethyl ether (3 x 100 mL). The combmed orgamc layers were washed wtth brme (50 o&J, 
dned over anhydrous magnesium sulfate and concentrated. The crude product was punfied by column 
chromatography on s&a gel eluted wrth hexane/ethyl acetate (50/l) to afford (2S, 5S)-(-)-2-pentyl-5-(2- 
pmpenyl)-l-cyclohexanone (47a) and (2R, 5S)-(-)-2-pentyl-5(2propenyl)-l-cyclohexanone (47b) [l 31g, 
63% overall from (5S)-(-)-methylene-5-(2propenyl)-lcyclohexanone (44) (10 mmol)]. 

(2s. 5S)-(-)-2Pemyl-5-(2-propenyl)ropenyl)-l-cyclohexanone (47a) [a]“D -4.2’ (c 6.0, CHCI,), 1H NMR 
6 4 75-4 72 (m, 2H), 2.44-2.13 (m, 5H), 1.98-1.91 (m, lH), 172-1.64 (m, 2H), 1.72 (s, 3H), 1.34-1 23 
(m, 8H), 0 87 (br t, J = 6 7 Hz, 3H), t3C NMR 6 211.30 (C), 147 34 (C), 109.35 (CH& 49 86 (CH), 
46 99 (U-la). 46 99 (CH), 32 61 (C!H& 3182 (CHa), 30.63 (CH$, 28 75 (CH& 26.64 (CHt), 22 31 

(CH$, 20 14 (CH,), 13.73 (CH3), MS m/z 209 (M+l, 8.17), 208 (M+, 4 26), 209 (M+l, 8.17)18 Anal 
Calcd for C,,H,,O C, 80 71; H, 11.61 Found C, 80.35, H, 11.93 

(2R, 5R)-(-)-2-Pentyl-5-(2-propenyl)-l-cyclohexanone (47b) ‘H NMR S 4.81-4.80 (m, lH), 4 71 
(br s, lH), 2 65-2 10 (m. 4H), 2.00-l 60 (m, 7H), 1.34-l 23 (m, 8H), 0 87 (br t, J= 6.7 Hz, 3H). 

(2S,5S)-(-)-2-Pentyl-5-(2-propenyl)-l-cyclohexanone Ethylene Acetal (48).18v19 A 
solunon of (2S,5S)-(-)-2-pentyl-5-(2-propenyl)-l-cyclohexanone (47) (2 08 g, 10 mmol), ethylene glycol 
(3 10 g, 50 mmol) and pyridimum tosylate (750 mg, 3 mmol) III dry benzene (100 mL) was stirred vtgorously 
and refluxed wnh water separahon by a Dean-Stark trap wnh Dnente m the srde atm to aid m water removal 
untd the startmg ketone was completely consumed (about 1 day). The rmxhlre was cooled and washed wrth 
saturated aqueous sodmm btcarbonate (20 mL), brine (10 mL), and drred over anhydrous magnesmm sulfate 
The solvent was removed under reduced pressure to gave the sufficrently pure ketal48, which was further 
pun&d by column chromatography on s&a gel wrth hexane/ethyl acetate (50 1) (222 mg, 88%) 1H NMR 6 
4 68 (br s, 2H), 3 96-3 93 (m, 4H), 2.35-l 00 (m, 19H), 0 88 (br t, J = 6 3 Hz, 3H), tsC NMR 6 149 61, 
111.18. 108 43, 65 05, 64.80, 44.86, 42 77, 40.50, 32.33, 31 13, 29 20. 27.95, 27 18, 22 65, 20 74, 
14 01, MS m/z 252 (M+, 5 2) Anal Calcd for C,sH2s$* C, 76 14, H. 11 18. Found C.75.72; H. 1122 

(2S,5S)-2-Pentyl-5-acetyl-l-cyclohexanone Ethylene Acetal (49). A solutmn of (2S,5S)- 
(-)-2-pentyl-5-(2-propenyl)-cyclohexanone ethylene acetal (48) [prepared from (5S)-(-)-2-pentyl-5-(2- 
propenyl)-1-cyclohexanone (47) (208 mg, 10 mmol)] m &chloromethane (20 mL) and methanol (20 mL) was 
saturated with oxone at -7893 unnl the appearance of a perststent blue color The macuon mtxture was flushed 
wrth oxygen for 10 mmutes longer The oxomde was reduced by the addruon of an excess of dmrethyl sulfide 
at -7895 and the tmxture was allowed to warm to room temperature and stnred overmght The excess of 
dlmethyl sulfide and the solvent was removed under reduced pressure The residue was diluted with 
&chloromethane (50 mLJ, washed wrth brme (10 mL), and dried over anhydrous magnesmm sulfate Solvent 
removal and column chromatography on sllrca gel wrth hexane/ethyl acetate (10/l) afforded @S,SS)-(2pentyl- 
5-ace@-1-cyclohexaone ethylene acetal(49) [203 mg, 80% overall from (50(-)-2-pentyl-5-(2propenyl)-l- 
cyclohexsnone (47)] as an ol [a]24u +28O (c 10, CHCl,). ‘H NMR 6 4 02-3 90 (m, 4H), 2 63-2 62 (m 

lH), 1.53 (s, 3H), 1 92-l 23 (m, 15H). 0 88 (t, J = 6 9 Hz, 3H), tsC NMR 6 210 32 (C). 110 37 (C), 
64 96 (CH2). 64 80 (CH2), 49 18 (CH), 44 45 (CH), 36 82 (CH2), 32.13 (CH2), 28 50 (CH2), 27 69 

(CH3), 27 40 (2CH2), 26 95 (CH,), 22.48 (CH2), 13.87 (CH3), MS m/z 254 (M+, 3.48). 211 (M-43, 100) 
Anal Calcd for C1sH2& C, 70 83, H, 10 30 Found C, 70.96, H, 10 53 

(2S,5S)-2-Pentyl-5-hydroxycarbonyl-l-cyclohexanone Ethylene Acetal (50). To a well 
stured soluuon of (2S,5S)-(-)-2-pentyl-5-(2-propenyl)-l-cyclohexanone) (49) (254 mg, 1 0 mmol) m 
&oxane (40 mL) and 10% aqueous sodmm hydroxide (10 mL) was added dropwrse a solutron of nxhne- 
potassmm iodide m water (1.2 1) at mom temperature unul the color of mdme persrsted. The nuxture was 
surred for an addmonal 1 h at mom temperature, then warmed to 60 qC and stumd contmuously for 1 h at that 
temperature After coohng to 09: m an Ice-bath, the soluuon of the crude acrd salt was treated wrth saturated 
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aqueous Na&Os and then acid&d to pH 5 by dropw~se addmon of 6N hydmchlonc acid and extracted with 

&ethyl ether (5 x 50 mL) The orgamc layer was washed with brme (10 mL) and dned over anhydmus 
magnesmm sulfate. Upon evaporation of the solvent an od remamed wtih was chmmatographed on stica gel 
wnh ethyl acetate to afford (2S,SS)-2-pentyl-5-hydroxycarbonyl-l-cyclohexanone e&ylene acetal (SO) (145 
mg, 57%) [a]23D +26 5”(c 7 1, EtOAc), tH NMR 6 3.96-3.84 (m, 4H), 2 58-2.48 (m, lH), 2 02-l 82 (m, 

3H), 178-0.90 (m, 12H), 0 81 (br t, J = 6 7 Hz, 3H); 13C NMR 6 18141 (C). 110 04 (C), 65 00 (tX-&). 
64 92 (CH2), 44 34 (CH), 40 97 (CH), 37 25 (CH2), 32 22 (CH2), 28 23 (CH2), 27 85 (CH2), 27.61 

(CH2), 27 01 (CH2), 22.60 (CH2), 14 02 (CH3); MS m/z 256 (M+, 29 82). HRMS calcd for Ct4H2‘,04 
256 1674, found 256 1670. 

(lS,4S)-4-Pentyl-3-cyclohexanone-1-carboxylic Acid (51). (2S,5S)-2-Pentyl-5- 
hydroxycarbonyl-1-cyclohexanone ethylene acetal(50) (256 mg, 10 mmol) was dissolved in acetone (5 mL) 
and treated ~th a catalync amount of 6 N hydrochlonc acid at room temperature. 
after 3 h by addltlon of saturated sodium bicarbonate (50 mL) 

The reaction was quenched 
The mixture was extracted with 

&chloromethane (3 x 20 mL). The orgamc layer was washed with brme (10 mL), dned over anhydrous 
magnesium sulfate Upon evaporation of the solvent an oil remamed which was pu&ied by column 
chromatography on s&a gel eluted Hrlth ethyl acetate to afford (lS,4S)-4-pentyl-3-cyclohexanone-l- 
csrboxyhc acid (51) (180 mg, 85%) [a]22D +8 5“ (c 2 0, EtOAc), ‘H NMR 6 10.1 (br, lH), 2 82-2 52 (m, 

3H), 2 28-2 18 (m, 3H), 190-l 78 (m, 2H), 142-l 26 (m. 8H), 0 88 (br t, J= 6.7 Hz, 3H), 13C NMR 6 
210 11, 179.07, 49 95, 44 13,43 30, 31.89, 31 84, 28 82,28.06, 26 68, 22 46, 13.90; MS m~z 212 (M+, 
1 34) Anal Calcd of the methyl ester of 45 for Ct3H22O3 C, 68 99, H, 9.79 Found C, 69.52; H, 9 62 

(lS,4S)-4’-(4”-Heptoxybiphenyl) 4-Pentyl-3-cyclohexanone-1-carboxylate (9). 
Compound 9 was prepared as described for 1 from (1S,4S)-4-pentyl-3-cyclohexanone-l-carboxyhc acxi (51) 
(106 mg. 0 5 mmol) This matenal can be further recrystalhzed ti=om hexane to affoni (lS,4S))-4’-(4”- 
heptoxyblphenyl) 4-pentyl-3-cyclohexanone-l-carboxylate (9) (180 mg, 75%). lH NMR 6 7.54,7 11 (AB q, 
J = 8 6 Hz, 4H), 7 48, 6 96 (AB q. J = 8 8 Hz, 4H), 3 99 (t, J = 6 6 Hz, 2H), 2 90-3 05 (m, 1H). 2.82- 
2 65 (m, 2H). 2 45-2 30 (m, 3H). 2 03-1.75 (m, 5 H), 145-l 10 (m. lJH), 0.92-O 87 (m, 6H), 13C NMR 6 
209 70 (C), 172 09 (C), 158 95 (C), 149 55 (C), 138 93 (C), 132 65 (C). 128 06 (2CH), 127 67 (2CH), 
12146 (2CH), 114 95 (2(X), 68 21 (w), 50 03 @X-I). 44 57 (CH), 43 61 (ClQ, 31.95 (2CH2), 3178 
(CH2), 29 33 (CH2), 29 04 (CH,), 28 89 (CH2), 28 31 (CH2), 26 75 &X-X2), 26 03 (CH2), 22 57 (CH?), 

22 57 (CH2), 13 98 (2CH3), MS m/z 478 @I+. 14 29) Anal Calcd for C31H4204* C, 77 79; H, 8 84 
Found C, 77 23, H, 8 75 

(2S,5S)-2-Pentyl-5-hydroxymethyl-l-cyclohexanone Ethylene Acetal (52). To a stmed 
suspension of hthmm alummum hydnde (34 mg, 0 9 mmol, 80% excess) m anhydrous &ethyl ether (5 mL) 
was added dmpwse a solution of (2S,5S)-2-pentyl-5-hydroxycarbonyEl-cyclohexanone ethylene acetal (50) 
(128 mg, 0 5 mmol) m anhydrous &ethyl ether (5 mL) at room temperature The nuxtute was allowed to SW 
for 1 h. then the excess hthnun alumumm hydnde was destroyed by the addition of ethyl acetate and water 
The orgamc layer was separated, and the aqueous layer was extracted with dtethyl ether The combmed 
organic layers were washed urlth brme, dned over anhydrous magnesium sulfate, and concentrated under 
reduced pressure Column chromatography on s&a gel with hexaneiethyl acetate (10-l) gave (2s,5S)-2- 
pentyl-5-hydroxymethyl-1-cyclohexanone ethylene acetal(52) as sn od m quantitative yield [a]23, +12 3O (c 

6 0, n-C6H14), ‘H NMR 6 3 96-3 89 (m. 4H), 3 44-3 41 (m, 2H), 190-O 95 (m, 15H), 0.85 (br t, J = 6 8 

Hz), 3H), 13C NMR 6 110 93 (C), 67 90 (CH2), 64.99 (CH2), 64.78 (CH2). 45 02 (CH), 38 44(CH2), 
38 40 (CH), 32 28 (CH2), 28 46 (2CH2). 27 87 (CH2), 27.15 (CH2), 22 61 (CH2), 13.99 (CH3), MS m/z 

242 (M+, 1174) HRMS calcd for C,,H,,O, 242 1882. found 242 1919 
(2S,5S)-2-Pentyl-5-hydroxymethyl-l-cyclohexanone (53). (2S,5S)-2-Pentyl-5- 

hydroxymethyl-1-cyclohexsnone ethylene acetal (52) (121 mg, 0 5 mmol) was dissolved m acetone (5 mL) 
and treated with a catalytic amount of 6 N hydrochlonc acid at room temperature 
after 3 h by addition of saturated sodium bicarbonate (50 mL) 

The reacnon was quenched 
The mixture was extracted with 

hchloromethane (3 x 20 mL) 
magnesium sulfate 

The organic layer was washed vvlth bnne (10 mL), dned over anhydrous 
Upon evaporation of the solvent an oil remamed which was purified by column 

chromatography on slllca gel eluted with hexane/ethyl acetate (4.1) to afford (2S,5S)-2-pentyl-5- 
hydmxymethyl-1-cyclohexanone (53) (89 mg, 90%) [a] 23~ -2.7” (c 4 0, CHC13), *H NMR 6 3 57 (br s, 

IH), 3 55 (br s, lH), 2 40-l 10 (m, 16H). 0 87 (br t, J = 6 8 Hz, 3H), MS m/z 198 (M+, 3 74) HRMS 
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calcd for C,,H& 198.1620, found 198 1679 
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