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&&rwt -- Both the enantx-8 of l-methyl-2-cyclche-l-al, an aggregation @xro- 
- of the female Douglas-fir beetle, were synthesized from the eaantiomers of 
aaudenol (3-methyl-2-cyclohexen-1-01). 'Ihe eMntiomera wereleesactive than the 
ra-te of l-aethyl-2-cyclol~sn-1-01 as an agqreqetux &mx.ne. 

The female Douglas-fir beetle (Dendroctonus oseudotsugae Hopkins1 releases numerous 

aggregation pheromones such as frontalln, 3-methyl-2-cyclohexen-l-one, verbenone, 

seudenol (3-methyl-2-cyclohexen-l-01). trans-verbenol and 3-penten-l-01.' l-Methyl- 

2-cyclohexen-l-01 1 was also isolated from the female Douglas-flr beetle, ldentlfled 

as such, synthesized as a racemate, and shown by bloassays to be an aggregation 

pheromone.lP2 The enantiomeric composition of the natural 1, however, Is still 

unknown. We became Interested in syntheslzing both the enantiomers of 1 so as to 

know whether only one enantlomer is responslble for the beetle aggregation or both 

the enantlomers are responsible. In spite of the simple structure of 1 with a 

slngle chlral center at the quaternary carbon atom, a synthesls of the pure enantlo- 

mers of 1 was not an easy task because of the allylic and tertiary nature of the OH 

group of 1, which makes the conventional optical resolutlon of (*I-l difficult. 

Thls Paper describes how we have solved the problem and prepared both the enantlo- 

mers of 1. 
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As the direct optlcal resolutlon of (*I-l was difficult, we adopted the strate- 

to prepare the optlcally active 1 by reductive cleavage of the epoxy ring of an 
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epoxy halide such as A. For the preparation of A, an epoxy alcohol 3a is a suitable 

precursor. The epoxide 3a is in principle obtainable by the Sharpless ~SYIImtrlC 

epoxidation (under the condition of kinetic resolution) of (*I-seudenol 2a. How- 

ever, the reported klnetlc resolutlon of 2-cyclohexen-l-01 to give the product of 

only 30 f e.e.3 made us not to attempt that reaction. The alternative choice was to 

prepare the enantiomers of 3a by the OH-directed epoxldation of seudenol enantiomers 

2a. To obtain seudenol enantlomers 2a. we at first attempted enzymic hydrolysls of 

(*I-seudenol acetate 2b expecting kinetic resolution.cf*4 Hydrolysls of (*I-2b wlth 

lipases H, A, F and P (Amano Pharmaceutical Co.), lipase MY (Melt0 Sangyo Co.) and 

pig pancreas lipase (PPL, Sigma Chemical Co.) with 0.1 M phosphate buffer (PH 7) at 

37' for 3 h yielded only racemlc seudenol (tb2a. The blochemlcal method was thus 

Inadequate. The next attempt was the asymmetric reduction of 3-methyl-2-cyclohexen- 

l-one with a modified LAH reagent,5 but we could obtain seudenol 2a of unsatisfacto- 

ry optical purity. We therefore decided to employ our classical procedure for the 

synthesis of seudenol enantlomers involving the optical resolution of (*I-3-lodo-2- 

cyclohexen-l-ol.6 Consequently @I-seudenol 2a. IalgO -92.2’ (CHC13), was prepared, 

whose enantlomeric purlty was shown to be 88 % e.e. by comparing Its Cal,, value 

with that of (RI-2a (t93.9'). @I-Seudenol 2a, [a]:’ t93.9' (CHC13), was also 
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prepared and shown to be of 90 % e.e. by the 400 MHz 'H NMR analysls of Its a- 

methoxy-a-trlfluoromethylphenylacetate (MTPA esterI 2c (see Experlmental). 

Epoxldatlon of (SI-seudenol 2a with MCPBA furnished the epoxy alcohol 

(1&2&3&3a In quantitative yield. An Inferior result was obtained when the 

oxidation was carried out with &-BuOOH and VO(acac12S due to the difficulty in 

Isolating highly volatile 3a. The epoxy alcohol 3a on treatment wlth p-TsCl in 

C5H5N afforded the corresponding crystalline tosylate (1&2S,3I?)-3b In 62 % yield. 

Treatment of (1&2&3Ij)-3b wlth NaIeln DMF in the presence of NaHC03 gave a crystal- 

llne epoxy iodide (lI?,2I?,3@-4 In 75 % yleld. The mother liquor contalned 4 and its 

(1&2l?,3R)-isomer as revealed by Its NMR analysis (see Experlmentall. The latter 

must have been generated by the further attack of I- on 4 resulting In the Walden 

inversion at C-l. Reduction of (lR,2I?,3R)-4 to (RI-1 was executed by treating the 

epoxy iodide 4 wlth Zn and NH4Cl ao in EtOH to give the desired (RI-1, Calg2 t74.5' 

(ether), in 71 f yield. The overall yield of (RI-1 from (S)-2a was 33 X In 4 steps. 

Slmllarly, (IJ)-seudenol 2a gave CS)-1, [ali -75.4' (ether), in 16 t overall yield 

In 4 steps. Attempts were made to directly measure the enantlomerlc purity of the 

enantiomers of 1 by their NMR measurements In the presence of a chiral shift re- 

agent, but dld not give useful results. The use of complexation GLC was more 

promislng as a tool to determine the enantlomeric purity of l.'*" Prof. Schurlg 

kindly analyzed our (51-l by that technique, and found It to be of ca. 90 % e.e. 

This e.e. value was In good accord wlth that of the starting material Up2a (90 % 

e.e.1. In the case of (R)-1, however, the complexatlon GLC analysls was not so 

successful. It was estimated to be of also ca. 90 t e.e. by comparing its [a]B 

value with that of ($1-1. 

After the completion of the above described work, we tried another attempt to 

synthesize CSI-1. An asymmetric transformation of cyclohexene oxlde to optically 

active 2-cyclohexen-l-01 of 90 % e.e. by the epoxide cleavage wlth chiral lithium 

amides was reported recently by Asam1.l' Followlng his procedure, (*)-l-methyl- 

cyclohexene oxide 5 was treated wlth @I-2-(l-pyrrolidlno)methylpyrrolldlne 6 and J!- 

BuLi. A 1:l mixture of alcohols (51-l and @I-7 was obtained in 52.5 4; yield, which 

was separated by prep GLC. The deslred product (51-l possessed a shorter retention 

tlme, and was estimated to be of ca. 80 3; e.e. based on its specific rotation, [ali 

-67.2' (ether). The structure (S)-7 was assigned to the alcohol, [alg4 -18.0' 

(ether), with a longer retention tlme on the basis of its 'H NMR spectrum showing a 

signal due to =Ctt2 (a 4.76 and 4.90, each 1H. br.s) and that due to CtjOH (a 3.92- 

4.24, 1H. m). The enantlomerlc PUrltY of 7 was not determlned. Asaml's procedure 

was indeed a very convenient one to Prepare the optically enriched 1, but It could 

not afford the highly enantlomerically Pure enantlomers of 1 sultable for blologlcal 

studles. 

The field test of the enantiomers of 1-methyl-2-cyclohexen-l-01 1 was carried 

out in Britlsh Columbla, Canada. The data as shown in Table 1 are not very en- 

lightening, unfortunately, due to the mlnute amounts of the samples. It was im- 

posslble to test varlous release rate, etc. To do anythlng worthwhlle In the field, 

>lOO mg of each enantiomer 1s necessary. As It 1s not so easy at present to secure 
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Table 1. Attractiveness of the enantiomers of l-methyl-2-cyclohexen-l-01 1 

to the Douglas-fir beetle, Dendrcctonus weudotsugae 

Numbers of the insect attracted by 

Replicate (k)-Rontalin (*I-Rontalin (k)-Rontalin (*)-Rontalin 
(control) +@I-(+1-l +&1-(-)-l +(i)-1 

d 9 d 0 d P 8 0 
Total Total Total Total 

1 4 15 4 48 4 7 11 6 6 12 
2 0 11 2 13 134 3 47 
: 0 6 00 9 15 0 2 :, 8 1 0 3 : 0 9 12 2 21 2 

SumTotal 10 11 21 8 12 20 8 17 25 18 24 42 

Twenty mg of each enantiomer of 1 was obtained for field bioassay. The experiment was set 
u,f2&tn tii;;e&y;y$ed Latin square near Merritt, British Columbia, Canada. Four 

were baited with (*I-frontalin released at 0.4 mg/24 h from one 30 
pl glass capillary. One trap served as a control, while the other traps were baited with 
one 5 ul glass capillary of (+)-1, t-j-1 or one capillary of each enantiomer, respsctive- 
1Y. The release rate of each enantiomer of 1, estimated at 25 ugj24 h, was thus held 
constant. The data were analyzed by analysis of variance after transformation to 
x'~log(x+l) to correct for heterogeneity of variances. No significant differences between 
treatments, analysis of variance (pXO.05). 

>lOO mg of pure enantlomers, decisive fleld tests will become oosslble only after 

the development of a more efficient synthesls of the enantlomers of 1. The tenta- 

tive conclusion drawn from the present field test was the fact that the the enantio- 

mers of 1 were less attractive to the Douglas-fir beetle than the racemate (*I-l. 

The results also show that at the very low release rate used, 1 does not 

significantly synergize frontalin. However, for females and total catch, the treat- 

ment effect was signlflcant at 7.7 % and at 5.3 %, respectively. It is possible 

that further bioassays using higher release rates would reveal a synerglstlc effect 

by 1 on frontalin. 

Smuhml Za. Ul (Sl-I-: h@ 7S-79’/21 Ttxrs d2 IA7771 [old -92.2’ ~FO~O, Qcl31. [lit6 ap. S3-S5*/23 ‘brr; 

-8 [.liP -93.9*W” t-24. C=Zldl. 

I-I-:" ap 82-W/22 'nzarrt -14~ LbS7, bl32 +9X.9' (H3.76, WZ131. nit6 ap S3-S5'/235 mrrt 14~ L46CMr 

~ofths~~cpuitYofplmu5wvlk -- According to the Iwpxtd ptxxlure.7 mm - 7c “a* 

m frola @I-L. ht NMR (J-1 JNMd 400, 400 Mb& ‘MS, aZCl31 6 3.55 (95 *I, 3.57 (5 %I. ltmmfore tlm optical 

prey of @l-k wa. datmrminad to be 90 a ea. 

2.3-4m~-3aath~l-l-wxI~l 3m. (II (l~,28,3~1-1acuer. AI A wh of huxm (80 9 pxrity, O.Sl gl in dxy 012~1, (18 
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2,3-Z%sxy-3-wt.h~lcyddmryl txe~lata Xb (i) (lB,26,3R)-~rmrar. zb a soln of (l@pp% (Ll g) in G&N (10 ml), p- 

lx1 (L6 g) was adQd with stirring at 0.. Tbastirringvasamtinuedfor6.!ihattMstemn Raarixhnrwaethan 

diluted with ice-water Md axtrsctedriUl~aY,ethersolnraawasWrithMt~,~andbrirr.Mdl(npsDI) 

arrl~tratsdin-togivs15g~62~~of~line3b 'Rciswas -- recyeealliudfrom~tngivaM 

analytical sample, asp 74-76'~ [01ij3 -518. (e, (scljh v@a~ (KW 1600 (~1, 1360 (a). 1180 (a), 9x) (.)r 675 (m). 

815 (m) cm-l, 6 EDC13) 1.30 OH, 01, 1.35-2.00 (68, ml, 2.44 (38, a), 3.02 Wi, I), 4.60-5.10 WI, m), 7.33 (2A. d. J-8 

HZ), 7.85 (2~. d, J=8 Hz). (Pound: C, 59.60; Ii, 6.25. talc for Cl4AlRO4S: C, 59.55; A, 6.42 6). (ii) ~lR.2%3B)-Isomer. 

.9inlilarly aa &Ecri.bEd abars, (ll&a&~)-30 tO.90 g) gave Lx g (51 a fma 28) of ayh¶llh 3b M mdlm froa w_- 

herano, mq 76's 11x1~~ +46.8' +0.60, CXZl3). Its IR and NNR spectra were idrsltial with tluea of (1&2&3r$3b. 

2,3-iRn~-3-wtb~lcycMmxyl a 4. (i) ~IWIW0-I- zt. a seined mln of Cl&2&~R,-3b uJ5 g) in c+lF (9 ml) 

- JA%dNaI u.5 9) MdNasDj (L7 g), and the mixturevaestFrredandhMtadat75-80°for25mih Aftarcmling#tha 

mirhne wa8 diluted with ratsr (50 ml), ard alxEtadwithathu.nn~atract "an washadwithNa2.9~ eoln& 

brine.driad(wgso4)and -tratd in-to affordcruh 4 aa alar malting solid (083 g, 93 8). Ma wan recrya- -- 
talli.PA fma_~tamtngivsplra 4 Kl.67g. 75 81, ap 47-48'; [,lij2 -139O (m, ether); - 1125 W, 895 (0) 

cm-18 6 (CC14) 1.25 (3H. a), 1.35-2.20 (CH, a), 3.08 (la, br.d, J-3 Hz), 4.20-4.55 (lli, a). (Poundr C, 35.518 8, 4.56. 

a1c for c7H1101: c 35.31) R, 4.66 -1. The laother liqlxx aftex rwww8.l of 4 waa Bt& togivs 4169 (18 6) of an 
ail. VlEse 1H NI4R spectnnn~edthe -of 4 ti itl (lp#3R)-irasr in 1:l ratio 8s 8hYun by the pssew*, of 

two SiIqleta cat3a at 8 (loo MR& czCl3) L30 ard L35 in 1:lratia - -(ii) p,2&36)-Incwr. In Me same malmu an bk 

scribed abovs, uwP.+~-3b aa5 g) gave 468 g (95 6) of crude 4, whim wae 
(6rl 6) of ptte 4; i~ 47-46.1 [=I# +144' (~0.76, athex). 

reayEtallimdfma~~togi~O.46g 

Its apctrald¶t¶ "M idmtiln.l riththoee of urGluR)-c --_ 

1-NWhyl-2.l-ol L (i) (RFIomar. 'lb a seirrad and i-lal SoIn of (llppp4 vu0 9) ial 99 b Eb(B (2 
ml) - ssxl h&mt 0x55 g) ard MtrqCl aoln (5dK&atO-5% ~mixtunwaswarraiupandstkradfot2Olninat 

momtamp ItwaBthsndilutalwithethararlfiltand. maemraa.lextract wa8wadndwithoatNanxl3solnandbrins. 

drisd or203 1 and 

a2 

-trat& in - ms residus vaa distilled to gin 417 g (71 a) of @-1. b+ 58.116 'nxrt # -- 
L47Oer [al +74.5* (-7, sthsr)~ wuu 3380 (01, 3040 cm), 2975 (a), 2940 cm). 2675 (11, 2640 (ml, 1650 We 1450 M. 

1435 cm), 1395 cm), 1370 (a), 1325 cm), 1250 (w), 1220 (~1, 1180 (81, 1125 (m). 1100 (n), 1060 (~1. 1020 (m), 1000 (ml, 960 
(a), 910 (0). 845 (la), 635 (8) cm-$ 6 (100 NAr, CLX13) 1.29 (3H. 01, l.45-2.05 (7li, ml, 5.55-5.90 (2H. 118 NSr a/z 112 

0I+, 11.8 a), 97 (base peak, 100.0 6). 94 (10.0 %), 91 (9.4 61, 84 (36.0 a), 79 (46.6 6). 77 (19.0 8). 74 (19.4--T. 69 

(61.2 a), GLC (Column, W-101, 50 m x 0.25 mm at lW'# Carrier gas, N2, 1.1kg/cm2): Rt 9.7 lain (100 l ). (Found: E/e 
ll2s393. Calc far C$l& 112Jx88). nm to the hi9h volatility of l# the colatustialdpiswu.lLlnotLn~d 
(ii) s)-~soner. 

=h-- 

rn the #(LIB manner a# described above, @,2g,3p-4 (0.24 gJ) gave 55 mg (50 a) of tg)-1, b.p. 62*/22 

I_47078 101~3 -75.40 +3.40# sthsr). Thin van g&Y dvomatograpNcallY sure & its I& NNR and w spectra 

m), 4.76 WI, bra), 4.90 (1H. br.s)t NS: m/z 112 (N+, 83.7 61, 97 (base peak, 100.0 61, 84 (60.2 6). 83 (65.6 61, 79 (43.4 
t), 74 (55.6 6). Wound! n/z 112.0643. -&ic for C78120: 112.0886). 
aMlysiecarldnotteprf-Gad, 

Cue to the high volatility of 7, the combustion 
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