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SYNTHESIS OF OPTICALLY ACTIVE FORMS 
OF SEUDENOL, 

THE PHEROMONE OF DOUGLAS FIR BEETLE” 
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Department of Agricultural Chemistry, The University of Tokyo, Yayoi l-I-1, Bunkyo-ku, Tokyo 113, Japan 

(Received in Japan 22 August N77; Received in the UK for publication 16 Drcnnber 1977) 

Akhret--(RH + I-Seudenol (3.methylcyclohex-Z-en-LoI) and its antipode were synthesized from optically active 
forms of 3-iodocyclohex-2cn-l-al by treatment with MeguLi. Their absolute configurations were determined by 
converting ( + )-3-iodocyclohex-2cn-l*l to the known (R)-( t )-cyclohex-2cn-l-al. 

Seudenol (3.methylcyclohex-2-en-131, la and la’) is an 
aggregation pheromone isolated from female hindguts of 
the Douglas lir beetle, ~ndroctonus pseudotsugaa by 
Vit6 et al.’ Very recently Sivlerstein et al. showed that 
the natural seudenol is racemic? This posed a very 
interesting problem as to the pheromone activity of the 
optically pure enantiomers of seudenol: is only one 
enantiomer responsible for the beetle aggregation or are 
the both enantiomers required for the aggregation? The 
latter was the case with sukatol(6-methylhept&en-2_ol), 
an aggregation pheromone of Gnathotrichus sukatus.“’ 
In order to answer this question, a synthesis of the pure 
enantiomers of seudenol is necessary so that one can 
carry out the bioassay. Moreover, the absolute 
configwntion of optically active seudenol should be 
determined so that one can say something about the 
stereochemistry-pheromone activity relationship. Herein 
we describe our synthesis of optically pure (I?)-(+ > 
seudenol la and its antipode la’. 

At thst sight the synthesis seemed quite easy, since 
three reports were available on the resolution of the 
closely related lower homolog, ( + )-cyclohex-2-en-l-01 
(2a + 2a’).s7 Both Otxet ct ai? and Hill and Morgan6 
converted the alcohol into the corresponding phthalic 
half ester (2h + 2h’)). Otxet et al. resolved it with brucme 
to give (+ )-cyclohex-2-en-l-01&1, [alp+ 110.6” (CHCU, 
while Hill and MorKan resolved it with dehydroabietyl- 
amine to Kive (-)-cyclohex-2-en-l-o1 2a’, [ah,- 15.2” 
(CHCU. The latter group determined the absolute 
conIiKuration of the (-)-alcohol to be S (k’).’ Yamada et 
al. prepared the I.-alanine ester (?e+ Y) of ( f )- 
cyclohex-2-en-l-01 and resolved it by recrystalhxmg its 
benxoic acid salt to Kive finally (?I)-(+a’, [a]pm- 112” 
(CHCL). We attempted to apply these methods for the 
resolution of (2).seudenol.8 However, neither the 
phthalic half ester nor the alanine ester of (k )-seudenol 
could be obtained owing to the extraordinary ease of 
elimiition of the aUyhc hydroxyl group of seudenol 
during the manipulation. 

We therefore turned our attention to the preparation 
under mild condition of the diistereomeric esters (lb+ 

“Pheromone SW XX: This work was presented at the 
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S. Tamada, K. Mori and M. Matsui, A&c. Rio& Chem. 42.191 
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lb’) of (-t )-seudenol with 38.acetoxyetienic acid?” The 
crude product was chromatographed over alumina to 
give a crystalline ester (lb contaminated with lb’) and a 
gummy ester (lb’ contaminated with lb). The recrystal- 
lized ester (lb contaminated with lb’) was reduced with 
L%IH, yielding dextrorotatory seudenol (la contaminated 
with la’), [~rh,~+53.6~ (CHCU. The gummy ester (lb’ 
contaminated with lb) yielded levorotatory seudenol (la’ 
contaminated with la), [a]~” -44.6” (CHCU. The 
assignment of absolute codgurations for these 
compounds as depicted in formulas will be described later 
in this paper. 

The optical purities of the resolved seudenols were 
determined as follows. They were converted to (S)-( - )- 
MTPA (a-methoxy-a-trithroromethylphenylacetic acid) 
esters (lc and lc’) in the standard manner.“.‘2 Their 
NMR spectra were quite similar. However, the dilfer- 
ences between the spectra of the two diitereomers (lc and 
le’) became apparent upon addition of a small amount of 
the NMR shift reagent Eu(fod)3 (europium 6,6,7,7,&S- 
heptalluoro-2,ZdimethyL3,5.octanedionate).” Especially 
the 3H singlet due to the methoxy protons separated into 
a pair of singlets at 8 = 4.52 and 4.70. The area ratio of 
these two signals was 1: 3. The signal at S = 4.52 was 
assigned to that of the methoxy group of (- )-seudenol 
(s)-(- bMTFA ester (lc’), while the other at S = 4.70 
was thought to be that of the methoxy group of its 
diastereomer (1~). Therefore our dextrorotatory seudenol 
was of ca. 50% optical purity. Similar NMR analysis 
revealed the optical purity of our levorotatory seudenol 
to be 36%. From these data, [a]D value of pure (+)- 
seudenol la was calctdated to be ca. loo”. The resolution 
via the steroid ester was thus only partially successful 
resulting in the preparation of optically impure 
seudenols. Attempts to derive seudenol from optically 
pure ( + )-3-hydroxycyclohexannelcarboxylic acidI or 
( + )-cyclohex-2-en-l-01 were also unrewarding. 

The successful synthesis of optically pure seudenol 
enantiomers was finally achieved as follows. Our failure 
to prepare the phthalic half ester of ( f )-seudenol was 
due to the extreme ease of generation of an allylic 
carbonium ion by elimination of the hydroxyl group. The 
preparation of a phthalic half ester of an iodoalcohol4 
should be more feasible due to the presence of a vinylic 
iodine atom which would destabilize an ahylic carbonium 
ion generated by dehydration. This was proved to be the 
case. Mdoocyclohex-2-en-l-one 3” was reduced with 
LiAlH, to give Gdocyclohex-Zen-l-01 4. This was 
treated with phthalic anhydride in pyridine to give the 
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required half. ester (5 +S’) as crystals in 83% yield. 
Resolution of the half ester with cinchonine in acetone 

obtained by acidifying the mother liquor recovered after 
removal of the cinchonine salt of the half ester. This 

gave dextrorotatory salt, m.p. 167-lW, [olDa”+64.3“ 
(MeOH). Upon acidfication, this gave levorotatory half 

qave crystalline cinchonidine salt, [aID” - 28.6” (MeOH). 
The dextrorotatory half ester 5, [alDao+34.?0 (MeOH). 

ester 5’. [aIDa- 34.7” (MeOH). The phthalic acid moiety 
was removed by reduction with LiAIHl to give (- )- 

was obtained by acidiication of the cinchonidine salt. 

iodocyclohex-2-en-l-o1 4. [alDao- 12.8“ (CHCl3. This 
( + )_3-Iodochclohex-2-en-l-01 4. [a],,” + 12.8” (CHCL), 
and (+ )-seudenol la. [a]Dao+%.O” CHCl,), were pre- 

was treated with an excess of Me&G yieMhtg (-)_ 
seudenol la’, [alnm 

pared in the same manner as described for the (- )_ 
- 96.3” (CHCU. (+ )-Seudenol la isomers. These optically active seudenols were further 

was also obtained in a similar manner. Slightly levoro- purilkd via their crystalline 38-acetoxyetienates lb (m.p. 
tatory phthalic half ester of 3-iodocyclohex-2-e+l-o1 was 95.s-W.S”) and lb’ (m.p. 91-91”). However, no increase 
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in optical rotation was observed with thus purifia 
seudenol. The observed [a]D value (+%.oo) of (+F 
seudenol la was in good accord with the value (~a.+ 
lao”) calculated from the NMR analysis of the MTPA 
ester of partially resolved (+ )-seudenol. Therefore our 
seudenol enantiomers could be regarded as optically 
pure. This conclusion was also supported by the careful 
NMR measurements on the corresponding MTPA esters 
lc and lc’ in the presence of Eu(fod)a. No splitting of the 
signal due to OCHs protons was observable within the limit 
of experimental error (< 5%). 

The absolute configuration of (+ )_seudenol deWed 
as la was determined by the conversion of (+ )-3-iodo- 
cyclohex-2-en-l-al 4 into (+ )-cyclohex-2en-l-01 2.a. 
[Q]D=+ 108" (CHCb), with Masamune’s hydride reagent 
obtainable by treatment of LiAIH(OMe)o with CUI.‘~ 
Since the absolute coniiguration of ( + )-cyclohex-2-en-l- 
01 is known to be R (2a)p (+ )-seudenol also belongs to 
the R-series (la). Comparison of our [a]~ value (108”) of 
2a with those of Otzet’s k (+ l10.6°)s and Yamada’s k’ 
( - 112”)’ supports the high optical purity ( > 96%) of our 
sample. 

In conclusion highly optically pure seudenol enan- 
tiomers were synthesized in the quantities sutlicient for 
biological tests. The biological work will be published in 
due course by Prof. J. P. Vi& University of Freiburg. It 
should be mentioned that the optically active iodides 4 
and 4’ can serve as versatile intermediates for syntheses 
of optically active 3-alkylcyclohex-2en-l-ols. This 
method may also be applicable to the preparation of 
other chii 3-alkylcycloalk-2-en-I-ok. 

-AL. 

All b.ps and m.ps were uncorrected. IR spectra refer to Gbns 
unless otherwise specified and were determined on a Jasco IRA-1 
spectrometer. NMR spectra were recorded at 60 MHz with TMS 
as an internal standard on a Hitachi R-MA spectrometer. Optical 
rotations were measured on a Jasco DIP-4 polarimeter. GLC 
analyses were performed on a Yanaco G80 gas cbromatograph. 

Seudeny/ 3fl-acetoxyetienate lb+ lb’. Oxalyl chloride (17.5 ml) 
was added to an ice-cooled and stirred suspension of 3/3- 
acetoxyetienic acid (10 g) in dry Cd, (100 ml). After 30 min ‘the 
acid dissolved completely. After another 30 min at room temp., 
the sob’ was concentrated ia wcuo. The crystalline acyl chloride 
was dissolved again in dry C&I, (5Oml) and concentrated ia 
wcuo to remove the final trace of the excess oxalyl chloride. To 
an ice-cooled sola of the acyl chloride in dry pyri&ne (100 ml). a 
soln of If kseudenol (la+ la’, 3.11 I: b.o. 90-p/28 mm: n?’ 
1.4825) in dry pyridi& (lo mlj was -&&I and the mixture Was 
left to stand overnight at room temp. This was poured into 
icedil. HCI and the mixture was extracted with EtOAc. Insoluble 
materials were tikered off and the EtGAc soh’ was washed with dil. 
HCI. II&. NaHCOl aoln aad NaCl soln. dried IM&OJ aad 
c&entkkd in vu& to give 13.9 g of crude bily ster&ste~. This 
was cbromatographed over Woelm neutral Al& (grade II. 332 g, 
34 X 3.5 cm) in n-hexane employing n-bexane (1.5 I), 40%-C&n- 
bexane (2 I). 6O%-C‘H,n-bexane (0.5 I), C& (11) and EtGAc (1 I) 
as ehmnts. Earlier fractions gave crystals which were recrystallkl 
from 9946 EtGH to give 1.411 of solids (lb contaminated with lb’), 
q .p. 93-9% [o]f+ 21.40 (c = 0.75. CHCI& v,, (Nujol) 1740 (s), 
1370(m), 1260(s). K?SO(s)cm-‘; g (CDCl~O.70(3H.s), l.O2(3H,s), 
1.70 (3H, s), 2.02 (3H. I). 0.85-2.5 (26H), 4.4-4.9 (IH. m). 5.1-5.6 
(3H, q ). (Fonad: C. 76.54; H. 8.98. C&&requires: C.76.61; H. 
9.31%). Mer fractions contained only a small amount of crystals. 
After removal of crystals by ilhratioo, the mother liquor (lb’ 
wntaminated with lb) weighed 1.88. [0]n~-55F (c = 1.79, 
CHC13); v, 1730 (s)). 1250 (8). lB0 (I) cm-‘. 

(2 )-3-lodoegcokx-2-en-l-o/ (4 t 4’). 3-Mocyclohex-Z-en-l- 
one (3. 15g) was added dropwise to a stirred and ice-cooled 
suspension of LiAlH, (5.62 g) in dry ether (100 ml). The mixture 
was stirred at 0-y for 1 h and then for 2 h at room temp. Sat 
Na#O, soln was added dropwise to the i-led mixture and 
the stirring was continued for 1 h. The insoluble material was 
filtered off and the filtrate was washed with H&l and sat NaCl 
soln. dried (KKGJ and concentrated in uacuo. The residue was 
distilled to give 11.5 g (76%) of (+H. b.p. 89-W/l mm. nom 
1.5835; ~,,,,~f300 (s), kXl (w). 29Xl (I). 2&l (m), 1630 (m). I440 
(ml. . _ 1420 (m). . _ 1340 (m). 1320 (ml. 1040 . . . . (s), 950 (I). 820 (w). 800 . . 
(w). 710 (m) cm-‘; d (CCW 1.40-2.20 (4H, m). 2.s2.75 (2H. m), 
3.95 (IH. s), 4.10 (lH, m). 6.45 (IH. m). (Found: C. 33.87: H. 4.30. 
C&G1 requires: C. 34.62; H, 4.34%). 

Phthalic half ester of (+ )Abdocyclohu-2-n-I-o1 (5 t 5’). A 
mixture of (+)4 (17.5 g) and phthalic anhydride (11.6g) in dry 
pyridine (61 ml) was stirred and heated at 80” for 5 h. After 
cooling. the mixture was poured into dil. HCI and ice and 
extracted with CHCI3. The CHC13 soln was washed with Hz0 and 
sat NaHCO’ soln. The NaHC& soln was acidified to pH 2-3 
with dil. HCI and extracted with ether. The ether sob’ was 
washed with Ha and sat NaCl soln, dried (Mg!ZO,) and concen- 
trated in uacuo. The residue was recrystallized from ether-light 
petroleum to give 24 g (83%) of ( + )_s as needles, m.p. 101-103°. 
vnu (Nujol) 2400-2700 (w). 1730 (s), 1705 (s). 1640 (w). 1610 (w). 
1590 (w). 1470 (s). 1420 (w). 1390 (m), 1330 (m). 1310 (s). 1280 
(m), 1146 (m). 940 (m). 9#) (w), 750 (m), 730 (w). 710 (w), cm-‘: 8 
(CDCl3) 1.62.2 (4H. m), 2.4-2.75 (ZH, m). 5.25-5.65 (1H. m). 
6.50-6.70 (1H. m) 7.5c7.80 (3H. m). 7.80-8.20 (1H. m). (Found: 
C. 45.18; H. 3.52. C,4H,,O,I requires: C, 45.u; H, 3.51%). 

Optically impure (t )_seudmol (la cootaminated with la’). A Optical resolution of the phthalic half ester 

soln of the crystalline ( + beticnate (0.75 g) in dry ether (15 ml) was (a) Wth cinchonine. The raccmic half ester (5 t 5’. 48.4 g) and 
added to a stirred and ic+cookd suspension of LiAlH, (0.4 0) in cincbonine (38.3g) was dissolved in hot MeOH (15Oml). Tbe 

dry ether (30 ml). The mixture was stirred for 2 h. Then Hz0 
(0.4ml) was added carefully to a stirred and ice-cooled 
mixture. Subsequently 15% NaOH soln (0.4ml) and 
Ha (1.2ml) were added to the mixture. Tbe stirring was 
continued for 1 II. Then the mixture was filtered and the solii on 
tbe filter was thoroughly washed with ether. The combined 
filtrate and washings were drii (K&a) and concentrated in 

uacuo. The residue was mixed with n-hexane and filtered to 
remove the insoluble steroid alcohol. The filtrate was concen- 
trated in uacuo. The residue was distilled to give 56.8 mg (31%) 
of optically impure ( t )-seudenol (la contami&ed with li’). b.p. 
(bath temp.) 95-l 15’/33 mm; no= 1.4795; [&” t 53.6’ (c = 0.39. 
CHCU; v.,,, 3350 (s). 3020 (w), 2960 (5). 2880 (s)). 2840 (m). 1680 
(w). 1460 (m), 1450 (m). 1390 (m), 1350 (w). 1290 (w), 1180 (m). 
ko (WI. ii30 (w), 1120 (w). 1080 (m). 1070 (m), 1040 (s), m0 
(ml. . ,. loo0 (ml 970 Is). 915 (m). 860 (w). 850 (w), 820 (w), 720 . _- . _. (w); 
g (Ccl,) 1.65 (6H). 1.85 (3H, br. s), 3.64 (1H. s). 4.lO(lH. br. s), 
5.48 (1H. br. s). These IR and NMR data were identical with 
those of ( f )-seudenol. 

Gpticolry impure (-tseudenol (la’ contaminated with 
la). Siiilarly the oily steroid ester (1.798) was reduced with 
LiAlH, (1.0 g) to give 202.7 mg (46%) of optically impure (- )_ 
seudenol (la’ contaminated with la), b.p. (bath temp.) 81- 
145VlC19mm; nom 1.47%; [a]‘? - 44.6” (c = 0.73, CHQ). The 
IR and NMR data were identical with those of ( f )-seudenol. 

(S)-(-)-MTPA ester of optically impure (t)-seudmol (lc 
contaminated with le’). This was prepared from the above 
described optically impure ( t keudenol and (S)-( - )-MPTA-CI 
by the s&lard pk&e.” g (CC&) 1.70 (3H. br. s), 1.37-2.10 
16H. ml. 3.54 13H. d. 5.50 f2H. m). 7.43 (SH. m): d (MTPA ester 
30.0 mg t E&d& ii.1 tit dCi.0.4 mi) ok; i.72. - 1.95, ~0 
signals due to OMe at 4.52 and 4.70 (area ratio = 1: 3). 5.65 (2H), 
7.40-7.70 (3H. m), 8.15-8.40 (2H. m). 

(S)-(- )-MI’PA ester of opticu/ly impun (-)_seudmol (le’ 
contaminated with 1~). This was also prepared according to the 
standard procedure.” d (CCU 1.74 (3H, br. s), 1.38-2.12 (6H. m). 
3.58 (3H. s). 5.5M.60 (2H. m). 7.48 (W, m); d (MTPA ester 
27.3 I&+ Eu(fod), 10.3 r&t Ccl, 0.4 ml) 0.84, 1.72. - 1.92, two 
sianals due to OMe at 4.60 and 4.82 (area ratio = 7 : 3). 5.65 (ZH, 

~1~ 

m). 7.35-7.70 (3H. m). 8.10-8.50 (2H.‘m). 
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for I h. The insoluble material was filtered off and the filtrate was 
left to stand for 14 days at room temp. The separated crystals 
were recrvstallized 4 times from 99% &OH to izive 20.1 P 146%) 
of the cin&nine salt of b, m.p. 167-l@, [rr Jo$+ 642 (c=-‘ 1.04; 
MtoH); v- Fuji) 1700 (ml, 1630 (w). 1sW (nt), 1570 (m). 1510 
(wh 147p fm). MOO (ml, 1380 (ml, 132.0 fmf, 1295(m), 1290 im). 
1260 (w), 1130 (ml, Wo W. 920 W. 780 (ml, 730 (WI. 700 M. 
cm-‘. (Found: C, 59.52; H, 5.28. C&sO,NJ requir&: C, 59.46; 
Ii. 5.28961. Thus obtained salt (20~1 was dissolved in ZN-HCI Ito 
pH 23):The mixture was exira&d with ether. The ether s& 
was washed with I&G and sat NaCl soln. dried (MgSG,) and 
acne k vacua to give 0 (9.7g) as an oil, [a]D20- 34.F 
(c = 0.528, MeoH); P- 3200 (s), 2640 (ml. 2530 (ml, 175&1680 
(sb 1630 (ml, l600 (ml, lSs0 (ml. 1495 (ml. 1410 (ml, 1340-1240 
fs). 1130 fm). 1070 cm), 1ooO (ml. 930 fm). 910 (ml. 830 (ml.790 
(I&, 750 Cmj em-‘. This was em&oyed‘f& the ne;; step without 
further purification. 

(b) Wtk cinch&dine. The sliitly dextrorotatory phthalic 
half ester (298) was obtained by acidif~iog the mother lii -. 
recovered iftei removal of the ~~~ cmchonine salt. tis 
oil and cilia (22.9~) was dissolved in acetone f1OOm0 bv 
stirring and heating ai SO”?or I h. The soln was left to stand in a 
refrigerator for 2-3 days. The separated crystals were recrystal- 
lid 4 times from acetone to give 13 g of the cinchonidine salt of 
5, m.p. l&142’, [a]oao- 28.6’ (c = 1.00, MeOH); v,, (Nujol) 
_1710 (ml, 1630 (w). 1590 (m), 1570 (ml. 1470 (m), 1380 (m), 1370 
(w), 1320 (w). 1270 (m), f 130 (w), 780 (w), 760 (w) cm-‘. (Found: C. 
59.a8; Ii, 5.50. C~~~sN*I*I reqti C, 59.46; II, 5.28%j. Thus 
obtained salt (t3g) was dissolved in ZN-IICI (to pH 23). The 
mixture was extracted with ether. The ether soln was washed 
with Hfl and sat NaCl soln. dried (MgSGd and concentrated in 
uacud to give 5 (6.8 g) as an oil. [a]$‘+ 34.f (c = 0.976, MeOH). 
The IR spectrum was identical with that of J’. This was employed 
for the next step without further purification. 

~~-~~~~~-~~-i~~ C. A soln of S (9.5 e) in dry 
, etbcr @On@ was added dropwise to a staved sus~s~n of 

LiA& (2.13 in dry ether (lOOn$ under ice-cool& The 
mixture was stirred at 0-Y for I h and fbr 2 h at room temp. Then 
sat Na&Q soln (8.5 ml) was gradually added to tbe stirred and 
ice-cooled mixture. After the addition, the mixture was stirred 
for 1 h and filtered to remove inorganic materials. The filter cake 
was thoroughly washed with ether. The tlltmte and washings 
were combined. washed with H&l and sat N&t soln. dried 
(K&OS) and concentrated in uucuu. The residue was chromato- 
graphed over Woelm neutral ahtmina fgrade III) and eluted with 
ether-n-hexane (5: 1). The fractions con- 4’ were combined 
and concentrated in uacuo. The residue was distilled to give 
3.32~ (58%) of 4’. b.p. 91-92Yl mm, noa 1.58ll; [a]oa”- 12.80 
(c = 0.594, CHC5). The IR and NMR spectra were identical with 
those of the racemate. (Found: C. 33.15; H, 4.34. C&G1 
req* c, 34.62; Ii, 4.34%). 

(RX + ~3-f&cycf&z-2-en-l-o~ 4. A soln of 5 (6.6 g) in dry 
ether (2Oml) was added dropwise to a stirred and ic&ooted 
susuension of LiAlHd (1.48~) in dry ether (8Oml). Subsequent 
woik-up as described‘fir 4’ -&e 2.47 g (62%j of i, nom l.?l98; 
[&“t 12.8” (c = 0.416, CHCIs). The IR and NMR spectra were 
identical with those of the racemate. 

(S)-(-)-&u&m1 (3-m~ky~c~~~~-2-rrr-l-ol) la’. A soln of 
Me&uLi in ether was prepared by adding 0.16 M-MeLi in ether 
(160 ml) to a stirred and cooled (- 15 to - IiP) suspension of GUI 
(15.8~3) in dry ether (1OOml) under Ar during 1 h. A soln of 4’ 
(3 g) in dry ether (30 ml) was added dropwise to the clear soln of 
Me&uLi at - 5 _ Q with stirring. After the addition, the mixture 
was stirred for 2h at -5-V and left to stand overnight in a 
refrigerator. Then the mixture was poured into ice-NH&l soln, 
dried (K&X&) and concentrated. The residue was distiikd to give 
1.37~ (91%) of la’. b.u. 82-P/21 mm, .litp) 1.4817; [~]o~- 
%.F* 0.3” jc = 0.458, CHCI,). The IR and NMR spectra were 
identical with those of optically impure (t )-seudenol. (Found: C, 
74.48; H, 10.73. C,H,sO requires: C, 74.95: H, 10.78%). 

(R)-(+)_Seudeno/ la. A sola of Me&Xi in ether was pre- 
pared by adding 0.095 M-MeLi in ether(95 ml) to a stirred and 
cooled (- 15 to - lo”f suspension of CuI (9.31 g) in dry ether 
(~ml)underAt~lh.Asdnof4(2lp)indrytther(20nrl) 

was added dropwise to the clear soln of M&uLi at -5 _ aP 
with stirring. Subsequent work-up as described for la’ gave 0.95 g 
(90.5%) of la. b.p. 8384’120.5 mm, nn@ 1.4818; [u~~+%.P* 
0.3* (c = 0.423. CHCl& The R and NMR spectra were identical 
with those of (-&ieuder& (Found: C, 74.62; H, 10.66. G&G 
requirez C. 74.95; H, t0.7846). 

3&4cctoxye&nu~e of (S)-(-)-sea&of 16’. A soht of la’ 
(I.15 g) in dry pyridine (3 ml) was added to an ice-cooled and 
stirred soln of @-acetoxyetienoyl chloride (prepared from 4.66 g 
of 36-acetoxyetienic acid) in dry pvridine f3Oml). The mixture 
was’left to s&d over&t at r&i temp. Tben.it was poured 
boy to ice-cooled 3N-HCI (75 ml). To this was added 
EtGAc (1~~). Tile insoluble mateli& was III&led off through 
Cetite. The filtrate was extracted with EtOAc. The extract was 
washed with sat CuSG, soln, HP, sat NaHCa soin and sat 
NaCl soln, dried (MgSGJ and concentrated in oacuo. The resi- 
due was chromatographed over Woelm neuti ahunina (grade 
III). Elution with n-hexane+& (20 : 1) gave lb’ as crystals. The 
cmde lb’ was rccrystaUized from 99% EtGH tu give 2.5 g (54%) 
of pun 1Y as mdles, m.p. 91-9P, [ab2”- 117.Y (c - 0.621. 
CHC& v- (Nujol) 1740 (m), 1730 (&Hi65 (w). 1380 (ml, 1360 
(m), 1250 (s~,l200 (ml, 1170 (w). 1150 (w). 1070 (w), 1050 (w), 1030 
(m). 910 (m) cm-‘; 8 (CIXls) 0.65 (3H, s), 1.03 f3H, 0.1.72 (3H, $1, 
1.95 (3H, s). 0.80-2.55 (26H). 4.30-4.70 (HI, m). 5.00-5.25 (1H, m), 
5.25-5.60 (ZH, m), (Found: C.76.79; H, 9.33. &H&requires: C, 
76.61; H, 9.31%). 

3/3-Acefoxy&nute of fR)-f +)_suufenol lb. A roln of la 
(0.8s) In dry pyridii (2 ml) was added to an iebcooled and 
stirred soln of 3~9cxtoxyetienoyl chloride (prepared from 3.248 
of 3&acetoxyetienic acid) in dry pyrIdine (3Oml). The mixture 
was left tu stand ovemkht at room temp. Subsequent work-up as 
described for lb’ including chromatographic purilication and 
recrystallization from 99% EtGH gave 2.6~ (81%) of pure Ib. 
m.p. 95.5-%.5”, [u]$‘t 48.7” (c = 0.565, CHCU; v,, (Nujol) 
1740 (s). 1730 (sf. 1680 (w). 13*(m). 1370 (m), 1265 (s). l2OO (m), 
f 180 (WI. 1060 M. 1045 Imf. 910 fw) cm-‘: (I (CDCl~) 0.65 (3H, s). . _ . 
1.04 (3H. s). t.71(3H, s), 1.95 (3H,& 0&2,jO&H),~.2&4.?5 (iti, 
m). 5.0-5.25 (1H. m), 5.25-5.50 (2H, m). (Found: C, 76.66; H, 9.24. 
t&&G, requires: C, 76.61; H, 9.31%). 

(SH- )-Seudml la’ jm lb’. A sobt bf lb’ (2.52g) in dry 
ether (20 ml) was added to a stirred and icecooled suspension of 
LiAlH, (1.34g) in dry ether (5Omlf. The mixture was stined for 
2 h at 0-s” and then for 1 h at room temp. blent work-up as 
descrii for the preparation of optic&y imp& f t l+eudend 
pave 0.46~ of la’. b.o. 83-85*/23 mm. nmm 1.m [rrla’O-93.9DS 
10.4” (c = 0.524, dH&). The speetrd -&a were identical with 
th&e of (+seudenol. GLC (5% SE-30 cohImn at 94*, Carrier gas 
N2, 1 kg/cm’): Rt 1.U min (%% purity) with an impurity at Rt 
1. I5 min (4%). 

(RX + f_Seudenof la fron .lb. A soln of lb (2.2 g) in dry ether 
@@ml) was added to a stirred and iuc-coded anon of 
LiAlH, (Ll4g) in dry ether (5Oml). The mixture was &red for 
2 h at &5’ and then for 1 h at room temp. Subsequent work-up 
gave 0.388 of la, b.p. 83-85Y23.5 mm, nna” 1.4804; [a]oaOt 
93.5”+ 0.4’ (c = 0.491, CHCU. The spectral data were identical 
with those of (k)-se&not. GLC (5% SE&u) column at 94”. 
Carrier gas NB 1 kg/cm’): Rt 1.65 min (95%), 1.15 min (5%). 

fS)_(- >MTPA e&w of (S)_(- )_seu&@f 1~‘. This was pre- 
pred from la’ (41 mef and (s)-(- l-MTPA-CI(96.7 rl) in CC& 
(0.9 ml) aad pyridii (0.9 mf) by the standard procedure.” The 
product ld weighed O.lO5g. v,, 2940 (m), 2860 (w). 1740 (0, 
1670 (w). 1490 (w), 1450 (m), 1380 (w), 1240-1280 (s), 1170 (8). 
1120 (ml, 1080 (WI, 1020 (ml, 990 (WI, 900 (ml. 830 (~I.760 (~1, 
715 (m), 700 (m) cm-‘. g (CC&) 1.70 (3H, s), 1.30-2.10 (6H, m), 
3.50 (3H. s). 5.20-5.70 (2H, m), 7.1b7.70 (SH, m); i (MTPA ester 
~~+~f~~ fO.Omg+cCl, 0.4ml) 1.70 (3H. s). 1.75-2.19 
(6H. m), 4.41 (3H, s, OMe), 5.43-5.75 @II, m), 7.30-7.70 f3H, ml, 
7.95-8.40 (ZH). 

(w- FMTPA ester of (R)-( t )_seudtnol lc. This was pm 
pared from la (4Omg) and (s)_(- )-MTPA-CI (%.7 PI) by the 
standard procedure.” The product weighed 0.10 t v, 2940 (ml. 
2860 (w), 1740 (s), 1670 (w), 1490 (w), 1450 (ml, 13&o (WI, 
1240-1280 fs), 1170 (s), 1120 (ml. 1080 (WI, 1020 (mX 990 (w). 900 
(m), 830 (w). 760 (w), 715 (m), 700 (ml cm”‘; 8 (CCL) 1.69 0H. 9). 
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1.5&2.20 (6H. m), 3.50 (3H, s). 5.2&5.70 (2H. m), 7.1k7.70 (SH, cyclohexane-1,3dione employed as the starting material. This 
m); 8 (MTPA ester 3Omg+ Eu(fod)r lOmg+CCL 0.4ml) 1.57 work was supported by a grant in aid for scientific research 
(3H. s). 1.54-2.14 (6H, m), 4.64 (3H, s, OMe), 5.2%5.74(2H, m), (Grant No. 247104), Ministry of Education, Japan. 
7.11-7.50 (3H, m), 7.94-8.40 (ZH). 

(S)-(-)-MTPA ester of (*)-seudenol lc’ + lc’. This was prepared 
from (+)-seudenol by the standard procedure.” 8 (MTPA ester 
30 mg+ Eu(fodh 10.5 mg t CC40.4ml) 1.70(3H, s), 1.66-2.93 (6H, 
m), 4.68 (l.SH, s. OMe), 4.93 (l.SH, s, OMe), 5.38-5.83 (2H, m), 
7.28-7.68 (3H, m), 8.16-8.61 (2H, m). 

(R)-(t)_Cyc~o~~-2-cn-l-ol 2a. A soln of LiAlH (OMeh (70 
millimoles) in THP (100 ml) was added dropwise under Ar to a 
stirred and ice-cooled suspension of CuI (6.84g, 36 mklimoles) 
in THF (14 ml). Tbe mixture was stirred at 0” for 30 min. A soln 
of 4 (0.67 g) in THF (5 ml) was added to the reducing agent in one 
portion. The mixture was stirred at O-5” for 2.5 h and then left to 
stand overnight at room temp. A mixture of ether (2OOml) and 
MeOH (14ml) was added to the mixture. Then it was filtered 
through Celite. The filtrate was washed with sat NH&I. The 
NHICl layer was extracted with ether. The combined organic 
soln was washed with sat NaHCO? soln, Ha and sat NaCl soln, 
dried (K&Or) and concentrated. The residue was distilled to give 
0.25 g (86%) of 2s. b.p. 81-t?3°/40 mm, [alum t losO+ 0.8’ (c = 
1.003. CHCl& v,,,- 3360 (s), 3030 (m). 2940 (s), 2860 (m). 2840 
(m). 1650 (m), 1455 (m), 1440 (m). 1395 (w), 1290 (w), 1170 (w). 
1060 (s), 1000 (w), 960 (s), 900 (w), 810 (w), 730 (m) cm-‘. The IR 
spectrum was identical with that of authentic (?)-cyclohex-2-en- 
I-01. 
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