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AbmK(--Nero1 and praniol were \tcrco\elcctivcly convened IO ( I )-rhrto- and ( * )-r~rhn,-~-mtfhylhcptan-3-o 
respectively. (R)q *)-(‘itronellic acrd was converted IO a mixture of (3R.JRH -)_rhno- and (L‘LQRHt~tpfhru- 
rsnmcrs which was scparabk by 6I.C. Thcsc syntbcses cstahlrshcd ~hc absolute conhpratton of the nahrrally 
occurring (-Wmcfhylbcptan-3-oI 10 bc 3.54s 

(-)-4-Mcthylhcptan-3-l I and a-multistriatin (2.4 - 
dimethyl - 5 - ethyl - 6.8 - dioxabicyclo I3.2.11 octane) are 
beetle-produced pheromones responsible for the aggrega- 

tion of the smaller European elm bark beetle, Scolyfus 
multisrriutvs Marsham.’ Our rcccnt synthesis of (-)_a- 

multistriatin established its absolute stereockmictry as 

IS, 2R. 4s. 5R.’ The absolute configuration of ( ) - 4 - 
methylheptan - 3 - 01 I, however, remained unknown. The 

present paper describes the solution of this problem by 
synthetic means. 

ld (33 LR)- lhrco 

2 2 (35 cl?)- erylhro 

In the course of their structure elucidation of I. 

Silverstein et al reduced (r)-4-mcthylheptan-3-one to a 
diastereomcric mixture of (?)_I’. They observed that the 
synthetic diastcreomers were separable by GLC. The 

natural pheromone corresponded to the diastereomer of 
shorter retention time on a Carbowan 2OM column. 

However. they were unable to decide whether the natural 

alcohol was rhreo (la or Is’) or eryrhro (lb or its antipode). 
The first phase of our work was therefore to devise 
stereoselective synthetic routes to racemic fhreo-((z~Ia) 
and erythm-((z)-lb) isomers of the alcohol. This was 
achieved by employing the hydroboration of stercochcmi- 
cahy pure olehns as the key step. Nero1 21 and geraniol I I 

Pheromone Synthesis-XIII. Part XII. K. Mti. S. Mirumachi 
and hi. Mafsuc. Apic Rio1 Chtm.. 10. 1611 (1976). 

1%Mcthylhcxan-2-one (I) sccmcd to bc a by-producl (2% by 
GLC). A small signal was observable at 6 2 2.05 t.Hr(‘O of 1) m the 
NMR spectrum of rhc distitkd alcohol (la) 

were particularly useful as the sources of (Z)- and 

(E)-olefins.’ The former was converted to (+)_fhreo- 

isomer Is, while the latter to (+)-evfhro-isomer lb as 
described below. 

Ncryl acetate 2b was treated with N-bromosuccinimide 

to give bromohydrin 3. This was converted to an epoxy 

acetate 4 by treatment with KOH soln followed by Ac:O. 

Oxidation with HJ0, cleaved the epoxide 4 to an aldehyde 
5.’ Wolff-Kishncr reduction of 5 afforded (Z)-3- 

methylhcx-2-en- l-01 6a whose homogeneity was proved 

by GLC and NMR (C =CMe at S = 1.70). The 
hydroboration-oxidation of the corresponding THP ether 

6b gave an alcohol 7r which was hydrolyzed to give a diol 
7b. This was the 2.3-three-isomer. since the hydrobora- 

tion was known to proceed via anti-Markownikof 
&-addition.’ This was converted to an epoxidc IO 

according to the general method of Gelding et al.’ to 
obtain chiral epoxidcs. Thus treatment of the diol 7b with 

HBr-AcOH gave a mixture of 8 and 9. which was treated 

with base to yield JO. Reaction of the cpoxide IO with 
MeCul.? gave (2)rhreo4methylhcptan3-01 Is with 
retention of configuration at C-3.+ The product was 

stere~hcmically homogeneous as revealed by GLC 
(94598% purity) and NYR (CHOH at 6 ~330 (dt, 

J, = 5. I: = 2Hz)). In the same manner. geraniol It was 
converted IO (I)-eryfhro 4methylheptan-?-ol I b. Upon 

Wolff-Kishncr reduction, the known aldchydc 12‘ gave 

the (E)-alcohol I&x, which was homogeneous on the basis 
of GLC and N.WR (C = CMe at S = 1.62). The concs- 

ponding THP ether 13b gave the 2.3-eryrhrodiol I&I by 

hydroboration-oxidation followed by hydrolysis. This was 
converted to epoxide 17 via 15 and 16. Cleavage of 
cpoxide I7 with Me,Cul.i gave the desired alcohol lb in 
stereochemically homogeneous state as judged by CiLC 
(95.3-97s purity) and NMK (CHOH at 6 L 3.20 (dt. 

J, = 4, J, = 2Hz)). GLC comparison of the diastcrcomers 
on a Carbowax 20M column showed the raccmic 
three-isomer (la. R, = Il.7 min) to be of shorter retention 
time than the raccmic erylhro-isomer (lb, R, = I?. I min). 
The natural pheromone was therefore the rhreo-isomer. 
The IR and NMR spectra of the natural pheromone kindly 
provided by Prof. R. M. Silverstein were identical with 
those of our fhreo-isomer. 
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The next phase was the synthesis of optically active 4 
methylhcptan-3-ol 1 of known absolute configuration. 

(R)-(+)-Citronellic acid I& was chosen as the starting 

material, since it was known to bc readily obtainable from 
pulcgonc in almost optically pure state.‘.’ The chirality at 
C-3 of I& was retained throughout the synthesis to give a 

mixture of (3R. 4R)- and (3s. 4R)dmcthylhcptan-3-ol. Is 

and lb, which could bc separated by CLC. 
Methyl (R)-(+)-citronellatc (Mb). prepared by estcrifi- 

cation of acid 18s with CH:N:. was oxidized with 

m-chloropcrbcnzoic acid to give (+)epoxidc 19. This was 
cleaved by treatment with HIO, IO give an aldchydc 20. 
The Wolff-Kichncr reduction of 20 gave (R)-(-)-3- 
mcthylhcxanoic acid 21s. This was converted IO (RX-F 
N,Ndimcthylamidc Llc via acyl chloride 2lb. Reduction 
of the amide 2lc with I.iAIH, gave (RH-)-amine 22. 
pyrolysis of the corresponding N-oxide 23 according to 
Cope’“-” yielded an olclin 24. This was oxidized with 

m-chloropcrbcnroic acid IO give (RH-kpoxidc 25 as a 
diasrcrcomcric mixture. The cpoxidc opening with Ye:- 
Cu1.i gave a mixIurc. [a]r,” + 10.2x” (neat). of (3R,4R)- 
rhreo-alcohol Is and its (3S,4R)-rprhro-isomer lb. In 
order to correlate these alcohols IO a known compound, a 
small portion of the diastereomcric mixture was oxidized 
with Jones reagent to give (R)-(-)-4-mcthylhepIanone 
(26). [ala-” -!?.I” (n-hcxanc). This was the antipode of 

the alarm pheromone of the leaf-cutting ant, Arro re~unn, 
whose reported [ah, value was -21.5” (n-hcxanc).” The 
comparison of these two rotation values proved the high 

optical purity of our ketone 26 and confirmed the 
retention of configuration at C-3 of I& throughout the 

synthesis. 

The GLC separation of the rhreoisomcr la from the 
eryrhroalcohol lb was carried out on a PEG 2OM column. 

Although the complete separation could not be achieved. 
both isomers of Ml-!%% purities were secured. The 

rotation value of the (3R,4R)-rhn+isomcr la contami- 
nated with 21% of the cryrhmisomcr was (alo” +21” 
(n-hcxanc). while Ihat of the (3S,4R)-cryrhmisomcr lb 
contaminated with 8% of threeisomer was [a]n” + 13 
(n-hcxanc). The calculated [oh, value of the pure 
(3R.4R)_rhreoisomcr la was therefore +?3” (n-hcxane). 
Since the natural pheromone was lcvorotatory ([ah,” 
.- I.(“),’ its absolute configuration was concluded to bc 
3S.4S as represented by Is’. It is interesting to note that 
both this pheromone la’ and the Arfo ICXOR(I pheromone 
(antipode of 26) share 4Sstcrcochcmistry. This suggests 
Ibe existence of a similar stercochcmical control in the 
course of he pheromone biosynthesis in thcsc two quite 
different insects. 

In conclusion the absolute configuration of the 
pheromone was established IO bc la’ starting with only 
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2> X=OH 

b x=c1 
& X = NM9 

two items of evidence 
value) at the 0utsct.t 

(GLC retention order and [a]” 

All b.ps and m.ps were unconec~d. IR spectra refer IO films 

and were determined on a Jarco IRA-I spectrometer. NMR 
spectra wcrc recorded as CCL solns at 60 MHz with TMS as an 
mtemal standard on a Hitachi R-24A spcctromercr. Optical 

rotations were measured on a Jatco DIP-4 polarimeler. G1.C 

analyses were performed on a Yanaco G80 ga, chromarograph. 

6.7-Epoxynrryl ocnafr 4 

To a soln of 2b (43 g) in dimethoxycfhanc (I(0 ml) and waler 
(100 ml). N-bromosuccinimide (44 g) in dimethoxycthanc (240 ml) 
and H,O (160 ml) was added with stvring and cooling (5 - I?) 
The mixture was stirred for 2 h at room temp.. then poured into 
waler and exlracted with ether The ether soln was washed with 

water and NaCl soln. dried fMg!Xl,) and concentrated in racyo IO 

give 848 of crude 3. This was dissolved in M&H (250 ml) and 
mixed with aq KOH (IoOg in 25001) under ~c-cooling. The 

mixture was left IO srand overnight at room temp. concentrated in 

VOCYO. diluted with water and extracted with ether. The ether soln 
was washed with water and NaCl soln. dried (K,CO,) and 

concenlraled in cacao lo @be 35 g of crude 6.7ipoxyrzrol Thus 
was dissolved in C,H,N (75 ml) and mixed with Ac,O (I25 ml). 
The mixture was left IO stand overnighf al room temp. poured into 
water and extracted with ether. T~K ether cx~rac~ was washed with 

water. h’aHCO, soln and NaCl toln. dried (MgSO.) and 

concentrated in cacao. The restdue was distilkd IO give 36 8 (784 

+Atlemprs to convert ti. obtainable from fRH*&citronellol. 

mto 24 faikd. Another synthesis of fhe optically active pheromone 

(vi) was attempted swing from bglyceraldchydc acclomdc fM) 
via Iv and v. However. racemization in the coulx of the synthesis 

was so extensive thaw rhe final diasrercomeric mixture frl) was 

only slighlly optically active ([IX],,” -0 99” (c&r)). 

Y - “OH 
lb 

from 2b) of 4. b.p. lwl I@/! mm. n,?’ 1.454a; Y,. 2940(m). 1750 

(vs). MO(w). 1440(m). 139Ofs). I25Ofvs). 1120(m). 103Ofm).945 
(m). 890 (w). 850 (w) cm ‘; 6 1.24 (6H. s). 1.78 (3H. s). 1.98 (3H. s). 

4.53 (2H. d. J = 7 Hz). 5.38 f IH. I. J = 7 H7) (Found: C. 67.40; H. 
9.16. C,,H,O, requires: C. 67.89; H. 9 Ccm). 

A coln of 4 (36 g) in ether GlXl ml) was added dropwise during 
30 min to a sfirred and ice-cooled soln of HIO.~!H,O (45 g) in THF 

(;100ml) The mlxture wti stirred for 30mm at room temp. and 
then diluted with water The ether layer was separated and the aq 

layer was extracted with ether. The comhincd ether soln was 
washed with water. NaHCO, soln and SaCl soln. dried (MgSO.) 

and concentrated in vacua. The residue was distilled to give 23.5 g 
(RX) of 5. hp. l02-105”/!mm. nr,” 1.45RI; h’,_. 2920 (m). 2720 

(w). 174O(vr). IMofw). 1443 (m). IMfs). 1370(s). 124Ofvs). 1020 

(s). 950 fm) cm ‘; 6 I 75 (3H. s). I 96 (3H. s). 2.45 (4H. br s). 4.48 
(2H. d. J = 7 HI). C 13 (IH. I. J = 7 HI). (Found. C. 62 X0. H. 8.31 

C.H,.O, requires C. hl.>l; H. 8.299?). 

(2b3-Mtfhylhu -?-m-l-o1 (r 

Hydradnc hydrate (854; 24 ml) was added to a soln of 5 (23.5 g) 
in diethyknc glycol (14Oml) and the mixture was heated under 

reflux for 30 min. Then KOH (l9g) in water (20 ml) was ad&d and 
rhc mlxturc was heated under reftux for another 30 min. Then the 
bath temp. was gradually r.uscd IO 210’. Waler (IO0 ml) was added 
portmnwisc IO rhe mixture during 2 h. This effected the 

stcamdis~illation of ~hc reduction product Organic layer in the 
distillate was separated and UK aq layer wti extracted with ether. 

The combined organic soln was washed with dll. HCI. tiaHCO, 

soln and NaCl soln. doed (K,CO,) and concentrated by fractional 
disUation with a Vigreux column. The residue was dis1ilk.d IO 
give IO !g (67%) of (1. hp. I@-II?/f&Imm. n,,” 1.4495. Y,. 

33001s).2970fs).2940(s).!KBofs). 166!(w). 1470(m). 1450(m). I385 
(m). 1310(w). 1260(w). 123.((w). 11&3(w). II2Ofw). 106!(m). I040 

fm). lOOOfs).900fw).R70(w).74O(w)cm ‘;60.88(3H.dcformed1. 
J = 7 Hz). 1.70 (3H. s). 3.25 (IH. -OH). 4.05 f2H. d. J .’ 7 Hc). 5.41 
fIH.1.J = 7H?);GLC(Column.!QCarhowax20M.0.7! m x 3 mm 
~d.all~;carriergar.N,.0.6~cm’):R17.0min.(Found:C.73.6~; 
H. 12.21. C,H,.O requires: C. 73.63: H. 12.364) 

(Z~3-Merhtlhex-!.m-I-al THP rrhtr bb 

Dihydropyran (l0.S g) and pTsOH (0. I g) were added IO a soln 
of (r (l0.S 0) in dry ether (SO ml) and the mixture was left IO stand 
for 2 h at room temp. Then the mixture was washed with K,CO, 
soln. dried fK,CO,) and concentrated in LVJOCYO The residue was 
distilled to give 17.2 g (9E?) of 6b. b.p. 85-w/4 mm. no” 1.4579: 

Y,. 1670 fw). 1210 fm). I140 (m). I I20 fs). 1080 (I). 1060 (m). 1025 

(I) cm ‘; 6 0.90 OH. deformed I. J - 7 Hz). I.60 (- IOH. br.). 1.72 
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OH. s). 3.2M.213 (4H. m). 4.M (IH. brs]. S.36 (IH. I. J = 7 Hz). 
(Found: I’. 72.3R: H. Il.02 C,:H,,O, requires: C. 72.68; H. 
II.IRR). 

O.gM-R,H. in THF (55 ml] was added dropwiv during I h IO a 
stirred and ice-cooled soln of 6b (I7 gJ in dry THF (60 ml] aI &IO 
under N,. The mixture was left to stand overnighI at rmm Iemp. 
Then waler (2 ml] was added IO dcs~roy Ihe excess R,H.. NaOH 
soln (2 g m 16 ml] and 30% H,O, (I6 ml] were added dropwise and 
Ihc mixture was sbrred for I hr al 3&W. AfIcr cooling, solid 
NaCl was ad&d IO IJX mixture. The THF layer was xparaled and 
the aq layer was extracIed wiIh crher ‘fly combined organic soln 
was washed with NaCl soln. dried (KrC0.l and conccntrared in 
racuo logibe 20 gof 7r. This was mixed wiIh waler (H) mlland cone 
HCI (IOml] and the mixture was sbrrcd and healed aI WW for 
30 min. The dark soln was conccntraied in taruo. The residw was 
disIiJled IO give 7.7 g @Xl%] of 7h. bp. IOS-I lo”13 mm. n,?’ 1.4490; 
Y,. 3300(s). 106O(s]. 103O(slcm ‘;6(CDCI,lO.90(3H,r).O.R9(3H. 
d.J~7H7).I.l-I.g(SH.m).3.20(2H.s).3.~3.80(3H,m).(Found: 
C. 62.99: H. II.66 C,H,.O, requires: C. 63.5Y: H. I!._XE%l. 

2.3.Ihreo-I.!-Epoxy.3.m~hy/~xanr IO 
A \a1 soln of HBr in AcOH (508) was added IO stirred and 

ice<oolcd 7h (7.7 g). AfIer 5 min. rhc ice-baIh was removed and 
the mixrure was stirred 81 room Iemp. for Mmin. Then it was 
diluted with iccwaIcr. nculralizcd wiIh Na,CO, and ex&acIcd 
wiIh c~her. The eIher soln was dried (MgSO.] and concertIrated in 
tucuo IO give 148 of a mixture of g and 9. Y,. 1740 (I). 1370 (m). 
1245 (5). 1030 (mlcm ‘_ This was dissolved m ethylene glycol 
(Wml] and mixed wiIh KOH soln (25g in 30ml water]. The 
mixrurc was stirred for I h aI room temp.. diluIed with waler and 
exIracIcd wirh a small amounI of ether. The ether soln was 
washed with water and NaCl soln. dried (K,CO,l and fractionated 
through a Vigreux column The residue was dislilkd IO give I.98 
(2Y%) of IO. b.p. 6lG7?172 mm. n,,l’ I.41 I!; Y,. 3OSO (w]. 2970 
(s). 2930 (5). XQ3l (5). 14% (wl. 1465 (m). 1420 (wl. I)85 (w]. 1320 
(w). 1270 (w). 1240 (wl. I I30 (w]. 1070 (wl. IO40 (al. %5 (wJ. 920 
(wl. 900 (m]. ll?O (w]. 11.50 (wl. 825 (m]. 7Ro (wl. 740 (w]cm ‘. 
6 --OY4 (6H. m). -l.)O(SH. ml. 2.30-270(3H. m]: MS: m/r II4 

(M’J. 

3,lIhrcoQ.~~fhylhrpfan-3-01 (racrmic la) 
MeLi soln was prepared from 1.i (2.5 g). MeRr (43 g] and dry 

ether (130 ml) This was added to a stirred and cooled suspension 
of Cu,l, (I I.4 g) in dry elder (30 ml) al - 30’-. -40” under h’, and 
the mixture was stirred for I h at this temp. A soln of IO (I .9 a) in 
dry cIher (20 ml) was added IO the soln of Me,CuLi with sIirring 
and cooling al 3 - -37’. The mIxIure was stirred for I h at 
-30 - -40’ and IefI to stand overnight Then it was poured into sat 
NH.CI soln and ice. The ether layer was separarcd and the aq 
layer was cxvactcd wiIh erhcr. The combined ether soln was 
washed with NaCl soln. dried (K:CO,) and concentrated aI 
ahnospherk pressure by fractional distillation with a Vigeux 
column. The r&due was.disIilkd IO give I.9 g(m) of (-)-la. b.p. 
I W/l23 mm. ii,,” 1.4264: Y,. 3360 (Il. 2970 (5). ?940 (51. ZRSO (Il. 
1710 (w. due rdil. 1470 (5). ik (ml. 1340 (w). I310 (wl. 12.50 (w). 
I IS0 (w). I I IO (ml. 1075 (m]. I040 (WV). 1020 (w). 970 (s). 950 (sh). 
910 (wl. Bpg (w). R60 (wl. 820 (w). 780 (wl. 750 (wlcm ‘; 6 
(100 MHz] 0.61 0 (9H. m. 0.80. 0 85. 0.92. 0 99). I.&l.6 (7H. m). 
2.38 (IH. s. -OH). 3.36 (IH. dI. I, .’ 5, I1 = 2 Hz); G1.C (Column, 
5% Carbowax 2OM. 0.7s m x 3 mm id at 7tP: Carrier gas. S,. 
0.6 kg/cm3 2.4 min (2%. due IO I]. I I.7 mm (%I). (Found: C. 
73 60: H. I3 61. C.H,.O requires: C. 73.78: H. 13.92%). 

(E~3-.HdhyUexI-?.en-I-ol Ik 
This was prepared. m rhf same manner as described for ~hc 

preparation of 6. from 12 (I4 a) IO give 7 Og (74%) of lk. b.p. 
I l2-12W178 mm. nuL I.MS; Y,. 3300 (I]. 2970 0). 2Y3O (s]. 2RBo 
(sl. 1670 (w). 1460(m). I3RHml. 1310(w). I24Yw). llg!(wl. 
lI2O(w].l070(m].lOMJ(s].890(w).g3O(wl,7gO(wl,75O(w)cm ‘;g 
0.8R(3H.dcformed1.1-6H~).1.62(3H.s).3.1!(IH.s.-OHl.4.04 

(!H. d. J = 6 Hz]. 5.37 (IH. t. J = 6 Hz); GLC (5% Carbowax 2O.H. 
0.75 m x 3 mm id. al loo”; Carrier gas. N,. 0.6 kg/cm’]. RI g.0 min. 
(Feud: C. 73.gI; H. 12.27. C-H,.0 requires: C. 73.63; H. 12.36%). 

(E)-3-.Wllhy/~x-!-en.l-o/ ZffP ether H&I 
Thk was prepared in the manner described for the preparation 

of 0. from l3r (7 Og) IO give I I.1 g (96%) of 1%). b.p. 
92-96’15 mm, nr? 1.4563; Y,. 1670(w). 1210(s). 1140(s). IEO(s). 
1085 (5). 1025 (5) cm ‘: 6 O.RR (3H. deformed I. J = 6 Hz). I 62 (5). 
5 34 (IH. I. I= 6Hrl. (Found: C. ?2.63; H. II.20 C,,H,,O, 
requires. C. 72.6g; H. Il.lE%). 

This was prepared. in rhe manner described for the preparaIion 
of 7hb. from WJ (II.1 B) lo give 4.08 (55%) of Mb. b.p. 
105-l IO”/3 mm. it,,” I 4472; Y,. MO (s]. I%0 (5)cm ‘; 6 
(CDCI,) 0.86 (3H. d. J = 6 Hr]. 0.90 (3H. deformed I. J = 6 Hz). 
3.50 (2H. s. -OH). 3.4-3.8 (3H. ml. (Found: C. 62.97; H. 11.74. 
C-H,.O, requires: C. 63.59; H. I! 20%). 

2.3.crythro-I.!-Epoxy-3.merhylhexane I1 
This was prepared. in the same manner as described for the 

preparation of lg. from I44 (4.0 g) IO give 0.9 g (26%) of II. hp. 
65’/66 mm. n,:’ I 4099; Y,. 3050 (w]. 2970 (5). 2Y40 (s]. 2BO (51. 
1490(w). 1460(m). 1420(w). 13X0(m). 1260(w). IIu)(w). 1075(w). 
1040 (wl. Y60 (w). 935 (ml. YOO (ml. X60(w). X55 (w]. 820 (ml. 7Ro 
(w]. 740 (w)cm ‘: 6 .- 0.92 (6H. m). -- I.35 (5H. m). 2.20-2.65 (3H. 
m): MS. m/c II4 (M’) 

3.~rythro-4-.Hrrhylhtpran-3-01 (rocemic lb) 
This was prepared. in rhe manner described for the preparalioa 

of raccmic la. from 852 mg of I? to give 667 mg (69%) of (:)-lb. 
b.p. ll~ll?/l25-13Omm. n,,i’ 1.4268; Y, 3360 (5). 2970 (s). 
2Y40 (I). 2880 (s). 1720 (w. C=O due to I). 1475 (5). 13% (m). I340 
(w). 1320(w). 1260 (w]. I I60 (wl. I I20 (ml. 1085 (w). 1050 (w). 1030 
(wl.9%0(sl.960(shl.910(w].880(w1.860(wl. 820(w). 78o(w].7.(0 
(wlcm I: 6 (IOOMHz) 0 R-I.0 (PH. m. 0.80. 0.88. 0.92. O.%). 
1.0-1.6 (7H. m). 2 @I (IH. s]. 3.20 (IH. dI. I, = 4. I, = 2 Hz): G1.C 
(5% Carbowax 2OM. 0.75 x 3 mm id. aI 7v; Carrier gas. h’,. 
0.6 kg/cm?: Rt 2.4 min (3%. due IO I). 12.1 min (WX). (Found: C. 
73.3g: H. 13.62. C.H,.O requires: C. 73.78; H. 13.9%). 

Methyl (RHt~cirtondlafe Mb 
(R~(+~Ci~ronellic acid (IL. 52.5~. b.p. IU)-I3S’/Jmm. no” 

l.4S33; [o]i,” -11.0” (c - 2.8. CHCI,)) was treated with ethereal 
CH,N, IO give 53 g (93%) of I& b.p. 82-Wl.7 mm, n,?. 1.4426: 

lo I,” + 7.40 (nca1); Y,. 1740 (sl. I440 (m). I380 (m]. I240 (m). 
1200 (m). I I60 (m]. I I IO (w). IoIl? (w]. 1010 (w). g30 (wl cm ‘: 6 
0.94 (3H. d. J = 6 Hz). I.60 (3H. s). I 68 (3H. I). 3.62 (3H. s). 5.12 
(IH. I. J = 7 Hz). (Found: C. 71.39; H. IO 58. C,,H,O, requires: C. 
71 69; H. 1094%). 

Mahyl (RH+ J-6.7.epoxycirronrflafe I9 
m_Chloropcrtwnmic acid (85% purity. 60 g) was added porIion. 

wise IO a soln of I& (53 g] in CHCI, (500 ml) with stirring and 
ice-cooling below 25’. The mixture was stirred for I h at room 
Icmp. and filtered. The filtrate was washed with dil Na,CO, soln 
and dried (MgS0.l. The solid on the filler was washed with Ii& 
pcrroleum. The light petroleum soln was washed with dil Na,CO, 
soln and dncd (MgS0.l. The combined organic soln was 
concentrated in vacyo. The residue was disrilkd IO give 52.5g 
(9-B) of IQ. b.p. 95-105’11.7 mm. nnU 1.4375; [u]r,” +5.30 (neat): 
Y,.. 1740(c). 1460(m). 1440(m). IUl!(ml. 1300(m). 1240(m). 1210 
(ml. I I70 (ml. I I20 (ml. 1010 (w). 900 (wl. 870 (w). w)o (w] cm ‘; 6 
0.95 (3H. d. J = 6 Hz.). I 20 (3H. I). 1.24 (3H. s). 2.52 (IH. ml. 3.62 
(IH. s). (Found: C. 66 03; H. 9.75 C,,H,O, requires: C. 65 97: H. 
10.07%). 

Methyl (RH-)-buxo-3-m~hylhrxanwfr 2( 
This was prepared in the manner described for the prcparalion 

of 5. from 52.5 g of I9 IO give 36.5 g (R8%) of 20. b.p. 7W/l mm. 
iii,” 1.4386: [u]~,~’ +7.%4 (neat); Y,. 2950 (m]. 2720 (w). I730 (I]. 
1440(m). 1370(m). 13&l(m). 1270(m). lZlO(m]. ll70(0. llOO(m]. 
1010 (m) cm ‘; 6 0.9.5 (3H. d. J = 6 Hz). 3.62 (3H. s]. 9 75 (IH. I. 



Absolu!t confi~tion of I-~~thyl~pta~3.oI 293 

J = I HZ). (Found: C. 60.35; H. 8.75. C,H,,O, requires: C. 60.74; 
H. 8.92%) 

(RH+ t3-Mttkylkxanoic acid 218 
Hydradne hydrate f8S% ; 30 ml) was ad&d to a sola of t) (36 8) 

in dicthyknc glycol 1200ml) and the mixture was heated under 
rcflux for 30 min Then aq KOH (30 g in 30 ml) was added and the 
mixture was heated under reRux for another )Omin. The bath 

temp. was gradually raisul to 160” and kept there for 3 h A higher 
bath temp. could not IX attained because of the foaming of the 
soln. After cooling, the soln was diluted with ice-water. acidified 
with cone HCI and extracted with ether. The ether soln was 
washed with NaCl solo. dried [MgSO,) and concentrated in caruo. 

The residue was distilled to lpvt iO.Og (34%) of 211. b.p. 
IllM25’/2Omm. n,,)’ 1.4229; (oh,” + 3.2r (neat); Y,. -3200. 

-2600. 1710 Is). 1460 fm). 1410 (m). I380 (w). 1300 (m). 1240 (w). 

1195 tw). 1155 fw). I130 (w). 1100 (w). -920 (w) cm ‘; 6 0.90 (3H, 
&formed I. J = bHz). 0.9s t3H. d. J = 6Hrl. I Z-1.5 t5H. m). 
-2.15 f2H. m). I1 46 (IH. s). (Found: C. 64.59; H, 10.56. t’:H,,O, 
requires: C. 64.58: H, IO !34%). 

(RX-)_3-Ucthylhe.ranoic acid N.N-dimrrhylamide 2lc 

SOCI, (IJ ml) was added IO a soln of 2la (log) in dry CJI. 

(20 ml) and the mixture was stirred and hcatcd under reflun for I h. 
Then C.H. was distilled off under atmospheric pressure. The 
residue was dissolved m dry t;H, 150 ml) and concentrated again 
(IO remove SOCI,) to givt crude 21b. Y,. IglOcm ‘. This was 

dissolved in dry C.H. (20 ml) and added dropwise to a stirred and 
ice-cooled soln of 30% Me,NH (60ml) and water (2Oml). The 

mixture was stirred for I h. Then organic layer was separated and 
aq layer was extracted with ether. The combined organic soln was 

washed with water. dried (M&O,) and concentrated in racuo. TIw 
residue was distilled to give 8.5 g (71%) of 21~. b p. 78-8@/3 mm. 
n,,” 1.4449. [ah,“ 6.9S (neat); L’,. I660 fs. sh). 1640 (I). 1495 

fm), MOfm), I~Irnl, 13%0fwI, ItfOfw), 116Ofm). Il2Ofm). I060 
fr). 970 fw). 740 (w) cm ‘; 6 0.88 (3H, d, J -. 6Hr). 0.90 (3H. I, 
J = 6Hc). 2 86 (3H. s). 2.97 (3H. s). (Fwnd: C.M.92; H, I I.&t: N, 
8.Cl. C.H,.ON requires: C. 68 74; H. 12lg; N. 8.91%) 

A soin of 2lc (X.5 g) in dry elher (50 ml) was added to a stirred 
and Ice-cookd suspension of LIAIH. (2.2 pf in dry ether f_Xl mII 
and the mixture was stirred overnight at room temp. Water 

(2.5 ml), 10% NaOH soln (2 C ml) and water (7.5 ml) were added 
success~vcly to the stirred and ice-cookd mixture. After stirring 

for I h. the mixture was dried tK,CO,) and filtered. The solvent 
was removed at atmosphcnc pressure through a Vigreux column. 

The residue was distilkd to give 6.38 fg2%) of 22, b.p. 

@-Q/25 mm. n,,“ 1.4167. (a Ii? - 5.72” (neat); Y,. 29Mfs). 2&O 
is). 2800 (5). 2760 fs), 1460 fm). G&J fm), 1310 fw). 1270 (WI. 1190 
fw). IMOfw). III! fw). IlOOfw). 1069fw. rh). 1040(w). 1010(w), 
850 fw). gu) (w). 76? fw). 740 (w) cm ‘: 6 ‘- 0.90 (6H. m). 2.14 (6H. 

s). (Found. C. 75.19: H. 14.57; S. 9.65. C.H,,N rcquires~ c’. 7?.44: 
H. IJ.??: S. 9.7RSE). 

35% H,O, (Cml) was added to a soln of 22 (6.2g) in M&H 

(6 ml) under ice-cooling. After 2 h. and again after an additional 

2 h. 35% H,O, fS ml portions each ~imc) was added wifh swirling 
and the soln was kft to stand overnight af room temp. The soln 
was negative IO phcnolphthakin test after this period The excess 
H,O1 was destroyed by the cautious addition of Pt catalyst. After 
I h the mixture was f&red. The filtrate was concentrated in cac315 

below f&f to give 23 as white foamy solid. Then 23 was heated at 
16&10”/2t&30mm to effect pyrolysis. The vigorous reaction 
continued for about 30 min. The product was collected in a trap 
well-cooled by a Dry ice-acc~or~ bath. The upper hydrocarbon 
layer in the trap was washed with water, cold diI HCI. NaHCO, 
soln and SaCl soln. The yield of 2.4 was 2Sg (69% from 22). 6 
(CDCI,) 0.9? (3H, deformed t. J - 6 H4). 0.98 f3H. d, J - 7 Hr.). 

I.&1.6(4H,m).2.12(1H.m),4.&6.1 (3H.m.4.8~.~.OS.!.l!,f;.52. 
5.65.5.68. S.81.5.94.5.99.6.10). Owing to its high volatility. 24 was 

employed for the next step without further purification. 

(3RH-~l,2~Epory-3-merhyihexant 25 

~h~ro~r~nzoic acid (6.Og) was added to a stirred and 

ice-cooled soln of 2.4 (2.~ e) in CH,CI, (40 ml). The mixture was 
left to stand overnight in a refrigerator. Then it was washed with 

cold 9aOH soln. dried (K,CO,) and fractionated through a 
Vlgrcux column IO remove CH,CI,. The residue was distilled to 
give 2.5 g (86%) of ZS. b.p. 7&7I’/gS mm, ni,” 1.4092; [old - 1.60 

(neat); Y,.. 3O.%fw).29?0fs).294O(s). 2MOfs). 1490(w). 146OfmI. 
I420 fw). 1380 fm), I265 (w). II30 (w), 960 fw), 935 fw). Wo (ml. 
%70(w). 8SO (w), 820 fm), ?Ro fw). 740 (WI cm ‘; 6 ,-0.90 16H, ml. 

-130 (5X. 2.2-2.7 f3H, m)); MS: m/c I14 (M’). 

f3RHt)J-.U~hylhtptan-3-o/ la + lb 
This was prepared in the manmrr dcscribcd for the preparation 

of (-)-la. from 2.36 of 25 IO gwt I !g (60%) of la t lb. b.p. 
105-l I!‘/1 I8 mm, n,” 1.4231; [,-I)~,” - 10.2% (neat): (XC (SQ 

Carbowax toI& 071 m x 3mm i.d. at ?ot; C&rim gas. N:, 
0.6 kg/cm’): Rt 1 I.7 min (la. -SST%), 12.1 min (lb, -45%). (Found: 

C. 73.41; H. 13.46 C,H,,O requires: C. 73.78: H. 13.92%). The IR 
and NAiR spectra corresponded to those of the mixture of t-)-la 
and (*klb. 

f3RH j-l-hfefhylheppran-3-one 26 

Jones’ reagent (I ml) w&s added to a soln of la - lb (300 mg) in 
acetone 13 ml) under ice-cooling and swuhng. The mixture was left 

to stand for 10 min at room temp.. poured into water and extracted 
with cfkr. T&c ether soln was washed with water, NaHCO, soln 

and NaCl soln, dried (MgSO.) and fractionated under atmospheric 
pressure with a Vigrcux column to remove ether. The reriduc was 

distilkd IO give 127mg (43%) of 26. b.p. 8%~/118mm. nr,” 
1.4110; (lxIi1” 22.1’ fc = 0.78. n-hcxane); Y,. 2960 (I). 2940 fs), 
B?Bl fs), 171s fs). 1460 fm), 1420 fw). 1380 (ml. 1240 (WI. I I80 fw), 
1 I IO fm). 1020 (w). 9?S (w)cm ‘; S 0.90-1.20 (9H. m, 0.94.0.99. 

1.01. 1.12. 1.1s). l.2s1.70 f4H. m). 2.2%-?.?0 f3H. m. 2.26, 2.38. 
2.49, 2.61); CiLC (5% Carbowax 2OM. 0.7s m x 3 mm t.d. at H)t; 

<‘arrier gas. N:. 0.4 kg/cm’): RI I 7 min (64). 2.0 min (4%). 3.0 min 

t9oLx. 26) This was so volatile that correct ekmcntal analytical 
data could not IX obtained. 

Sepamrion of f3R. QRMreo- ond (3s. QRkrythro-uomcrs It 
and lb 

The separation was carried out on a Hitachi K-S3 gas 

chromatograph using a PEG 20 M Column (2 m x 3 cm id.) at lI@ 
with N, as the carrier gas (1.2 kg/cm’). 

(3R. 4R)_thrco~*~~efhyfhhtpron-3.o1 IO. About 40 mg of this 

isomer was obtained from l.2g of the mixture. Its purity was 
checked by GLC on a Shimam 6 AM gas chromatograph: PEG 
20%. 30 m x 0.2fl mm i d at 8@; Carrier gas. N,: Rt 9.i fir. 79%) 
9.8s flb. 21%) min. This sampk was therefore of 79% writv Its IR 

spectrum as film was idcot& with that of (rf-la. 6~ ro&on of 
this sample was: [a)i,” L 21’: 1’ (c - 0 373. n-hexanc). 

(3s. 4R~rythro_(+)4_Merhy/hepfon.3.o/ lb. About 5Omg of 
this isomer was obtained. Its punry was checked by CM‘ as 
described for la; Rt 9.61 (la. 8%). 10.02 (lb, 91%) min. This sample 

was therefore of 91% purity. Its IR spectrum as fiIm was completely 
identical w9 that of (=)-lb The rotation of this sample was: 

lolo= J 13’: 1’ fc - 0.456. n-hcxanc). From these (ali, values. fht 

optical rotations of pure la and lb were cakulatcd to bc: 
(o],,“* 23’ (nhcxane) for 18 and tP (n-herane) for lb. (il.< 
analyses of t’blb and the mixture of la and lb were also carried 
out by the PEG MM capillary column, 30 m x 0.X mm I d. at R(T: RI 
9.70 (fz)-18. 94 5% purity). 10.11 mm ((ztlb. YS.39 purity). ‘the 
miature war composed of 52% 18 and 48% lb. 
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