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Abstract-(2R,5S)-2-Methyl-5-hexanolide and its antipode were synthesized in hi@tly optically pure state 
(29899% e.e.) starting from ethyl @)-lactate and the enantiomers of methyl /I-hydroxyisobutyrate. The 
specific rotations of our samples were [a],f91.&93.5” (CHCl,), while the reported values of the samples 
prepared by resolution or asymmetric synthesis were +64.5-65.6”. 

cis-2-Methyl-5-hexanolide 1 is the major component of 
the pheromonal blend of the mandibular gland 
secretions of the male carpenter bee Xylocopa 
hirutissima which function as sex pheromones.’ 
Although the synthesis ofits racemate’.’ as well as that 
of its optically active forms3*4 were reported, the 
absolute configuration of the natural pheromone itself 
has remained unknown. 

This paper describes a new synthesis of the optically 
pure enantiomers of 1 which serve as the reference 
samples in determining the absolute configuration of 
the natural pheromone. 

The existing synthesis of optically active 1 employed 
either the resolution of an intermediate3 or the 
asymmetric synthesis.4 However, no attempt was made 
to synthesize 1 by connecting chiral building blocks. In 
our experience, this type of approach often enabled us 
to prepare highly optically pure pheromones by 
carefully planning the synthetic route to avoid 
racemization.’ 

Disconnection of the C-C bond between C-3 and C- 
4 of 1 made us recognize two possible building 
blocks : a phenylsulfone 6 and propylene oxide 7. The 
enantiomers of these two compounds were the key- 
intermediates in our synthesis. As our starting materials 
we used the enantiomers of methyl /?-hydroxyiso- 
butyrate 2a and ethyl (q-lactate 3a. Both the 
enantiomers of /?-hydroxyisobutyric acid recently 
became available by microbial oxidation of isobutyric 
acid employing Candida rtqosa IF0 0750 and IF0 
1542, respectively.‘j The enantiomers of the cor- 
responding Me ester 2a were kindly given to us by Dr. J. 
Hasegawa of Kanegafuchi Chemical Industry Co., Ltd. 
Ethyl @)-lactate is commercially available. 

Our synthesis of 1 was straightforward as shown in 
Scheme 1. The optical purities of (R)- and (S)-2.a 
were determined by the HPLC analysis’ of their 
(8) - a - methoxy - a - trifluoromethylphenylacetate 
(MTPA ester)’ as 97% e.e. and 98% e.e., respectively. 
Treatment of (g2a with dihydropyran and pTsOH 
gave (S)-2b. This was reduced with LAH to (R)-4a. The 
corresponding tosylate (S)-4b was treated with PhSNa 
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to give a phenyl sulfide (.9)-S, whose oxidation with 
MCPBA gave the desired phenylsulfone (S)-6 in 86% 
overall yield from (S)-2n. Similarly (Rk6 was prepared 
in 67% overall yield from (R)-2a. In this case., however, 
the (R)-enantiomer of the phenyl sulfide 5 was prepared 
oia a mesylate (R)-4c and a bromide (R)-4d. 

@)-Propylene oxide 7, another key-intermediate, 
was prepared from (s)-3a via 8 according to the method 
of Seuring and Seebach. Since the optical purity of the 
starting (.Y)-3a was not satisfactory @O-94% e.e.),” the 
crystalline intermediate 8 was repeatedly recrystallized 
to improve the optical purity. The purified 8, m.p. 3 l- 
32”, gave @)-propylene oxide 7, [a]h”.’ - 13.8” (neat) 
@it.9 [z],,- 12.5” (neat)]. Basing on their analysis of 7 
by complexation GLC, Schurig et al. calculated the 
[alo value of optically pure propylene oxide 7 to be 
[a];‘* 14.6” (neat).” The optical purity of our (S)-7 
was therefore estimated to be 94.5% e.e. (R)-Propylene 
oxide 7 was prepared from (S)-3a oio crystalline (s)-3b, 
m.p. 31.532.5”, as reported by Johnston and Slessor.i2 
The specific rotation of our (R)-7, [a];‘.’ + 14.2” (neat), 
indicated its optical purity to be 97.3% e.e. 

The next stage was the coupling of the two building 
blocks. Treatment of a carbanion derived from (q-6 
with (a-7 gave a new phenyl sulfone (2S,5S)-9. It was 
then reduced with Na-Hg to give (2R,5S’)-1Oa. 
Acetylation of (2R,5S)-1Oa gave lob, whose THP 
protective group was removed by treatment with p 
TsOH-MeOH to give (2R,5~1Oe. This was oxidized 
with Jones CrO, in acetone to give an acetoxy acid 
(2R,5S)-lla. Finally alkaline hydrolysis (K,COs- 
MeOH) of 1 la was followed by acidification (dil HCl) to 
give (2R,5Ql in 63% overall yield from (S)-6. The 
product was repeatedly recrystallized from n-hexane to 
give pure (2R,5S)-1, m.p. 49-50”. This was shown to be 
99.4% chemically pure containing 0.6% of the trans- 
lactone as analyzed by GLC. Similarly (R)-6 and (R)-7 
afforded (28,5R)-1, m.p. 49-50”, in 36% overall yield. 
The chemical purity of (28,5R)-1 was 99.5% with 0.5% 
of the tram-isomer. 

As shown in Table 1, the specific rotations of our 
enantiomers of cis-2-methyl-5-hexanolide 1 were 
different from those reported by others.3.4 We therefore 
carefully checked the optical purities of our samples. 
According to Pirkle’s procedure,i3 the NMR 
nonequivalence induced by a chiral solvating reagent 
(R)-(-)-2,2,2-trifluoro-l-(9-anthryl)ethanol 12 upon 
its addition to the enantiomers of 1 was carefully 
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7.80 (2H, d, J = 8 Hz). This was employed in the next step 
without further purification. 

(R)-2-Methyl-3-telrahydropyranyloxypropyl mesylate 4e 
MsCl(9.07 g, 79.2 mmol) was added dropwiseduring 20min 

to a soln of (S)-ln (9.20 g, 52.8 mmol) in Et,N (8.71 g, 86.1 
mmol) and dry CH,CI, (300 ml) with stirring and cooling at 
- lo”. The mixture was stirred at - 10” for 1 hr. It was then 
poured into water. The organic soln was washed with water, 1 
N HCI, sat NaHCO, aq and brine, dried (Na,SO,) and 
concentrated to give 14.5 g (quantitative) of crude 4e; Y, : 
1360(s), 1180(s), 1035 (s), 965 (s) cm-’ ; ‘H-NMR 6 (CD&): 
1.04(3H.d, J = 7 Hz), 1.20-2.80(7H.m), 3.01(3H, s), 3.00-4.00 
(4H. m), 4.24 (2H, d, J = 6 Hz), 4.57 (lH, br s). This was 
employed in the next step without further purification. 

(R)-2-Methyl-3-tetrahydropyranyloxypropyl bromide 4d 
A soln of (R)-4s (crude, 14.5 g, 79.2 mmol) in dry acetone (10 

ml) was added to a soln of LiBr (6.88 g, 79.2 mmol) in dry 
acetone (100 ml) containing NaHCO, (6.65 g, 79.2 mmol). To 
this was added dry DMF (50 ml) and the mixture was stirred 
and heated overnight at 65-70’. It was then filtered and 
the filtrate was concentrated in vacua to remove acetone. 
The residue was diluted with water and extracted with ether. The 
ether soln was dried (MgSO*) and concentrated in uacuo. The 
residue waschromatographed over SiOl (Merck Kieselgel60, 
300 g). Elution with n-hexane-ether gave an oil. This was 
distilled to give 10.2 g [81.5x from (S)-&] of (R)-4d, b.p. 82- 
85”/4mm,ni’ 1.4718; [ali’ - 13.5”(c = 1.037,CHCIs); v,: 
1140(s), 1130(s), 1080(s), 1070(s), 1035(s)cm-‘; ‘H-NMR 6 
(CDCl,): l.O4(3H,d, J = 7 Hz), 1.30-2.70(7H, m), 3.00-%.10 
(6H, m), 4.58 (lH, br s). (Found: C, 45.56; H, 7.48. Calc for 
CgH, ,O,Br : C, 45.58 ; H, 7.23x.) 

2-Methyl-3-phenylthio-I-propanol THP ether 5 
(a) (S)-Isomer. A soln of (S)-4b (19.5 g, 57.4 mmol) in EtOH 

(20 ml) was added dropwise during 5 min to a soln of PhSNa 
prepared from PhSH (8.22 g, 74.6 mmol) and Na (2.06 g, 89.5 
mg atom) in EtOH (100 ml) with stirring at room temp. The 
mixture was stirred and heated under reflux for 2.5 hr. The 
stirring was continued overnight at room temp. The mixture 
was poured into iced 2 N NaOH and extracted with ether. The 
ether soln was washed with brine, dried (MgSO,) and 
concentrated in uacuo to give 15.5 g (quantitative) of (q-5; 
V _: 1585(m), 1130(s), 1115(s), 1070(s), 1060(s), 1030(s)cm-’ ; 
‘H-NMRa(CDCI,): l.O5(3H,d,J = 7Hz), 1.20-2.40(7H,m), 
2.5&4.10 (6H, m), 4.54 (lH, br s), 7.31 (SH, br s). This was 
employed in the next step without further purification. 

(b) (Rblsomer. In the same manner as described above (Rb 
4d (3.60 g, 15 mmol) and PhSH (2.42 g, 22 mmol) gave 4.25 g 
(quantitative) of(R)-5. The IR and NMR spectra of(R)-5 were 
identical with those of (S)-5. 

2-Methyl-3-phenylsu&nyl-I-propanol THP ether 6 
(a)(S)-Isoh. NaHCd,(lj.3 & 157.9mmol) wasadded to a 

stirred soln ofI.%5115.5 n. 57.4 mmoll in drv CHXl, (200 ml) 
and the mixt&e’w& coo&d to -25”.‘To this WA a&d with 
stirring and cooling a soln of MCPBA (31.0 g, 143.5 mmol) in 
dry CH,Cl, (300 ml) during 40 min at -25 to - 15”. The 
mixture was stirred overnight at room temp. It was then 
washed with sat NaHCO, soln and brine, dried (K&O,) and 
concentratedinvacuo.There.siduewaschromatographedover 
SiO, (Merck Kieselgel60,4OOg). Elution with n-hexane-ether 
gave 15.7 g [91.8x from (R)4] of (S)-6, ni” 1.5172; [a];” 
+7.0” (c = 1.145, CHCl,); v,: 1580 (w). 1300 (s), 1145 (s), 
1070(s), 1030(s)cm- ‘;‘H-NMRa(CDCl,): l.O9(3H,d,J = 7 
Hz), 1.2&2.00(6H, m; br s at 6 1.51), 2.0%2.6O(lH, m). 2.65- 
4.00(6H,m),4.45(1H,br),7.~8.10(5H,m).(Found:C,60.07; 
H, 7.30. C&for C1sH2201S: C, 60.37; H, 7.43x.) 

(b) (Rhlsomer. In the same manner as described above (R)-5 
(4.25 g, 15 mmol) and MCPBA (7.80 g) yielded 4.05 g [90.4x 
from (R)-53 of (R)-6, nk 1.5177; [r]i’-6.7” (c = 1.130, 

CHCl,). The IR and NMR spectra of(R)-6 were identical with 
thoseof(S)-&(Found: C,60.17; H,7.~O.‘CalcforC,,H,,O,S: 
C, 60.37; H, 7.43x.) 

pTolwnesulfonic ester 3b of ethyl (S)-lactate 
p-TsCl (100 g, 520 mmol) was added portionwise during 15 

min to a soln of(S)-3a [So g; 0.423 mol ; Kanto Chemicals Co., 
[a];‘-10.2” (neat) d:’ 1.02521 in C,H,N (500 ml) with 
stirring and cooling at - 5 to - lo”. The mixture was stirred at 
a temp between - 10 and - 5” for 1 hr and then at 7” overnight. 
It was poured into ice-water and extracted with ether. The 
ether soln was washed with 1 N HCI, sat CuSO, aq, water and 
brine, dried (Na,SO,) and concentrated in uacuo to give 129 g 
of crude 3b. This was recrystallized from CHCIs-pet. ether to 
give 109.8 g (95.5%) of crystalline 3l1. This was further 
recrystallized from CHCl,-pet. ether to give 43.4 g of 3b, m.p. 
31.s32.5”; [a];‘-36.3” (c = 5.155, CHCI,) @.I2 m.p. 31”; 
[a]P -33.2”(c = 5.05,CHCI,)]; v,: 1760(s). 1605(m), 1370 
(s), 1195(s), 1180(s),1080(s),940(s)cm-‘;‘H-NMR6(CDC1,) 
1.21 (3H, 1, J = 7 Hz), 1.55 (3H, d, J = 7 Hz), 2.50 (3H, s), 4.24 
(2H,q,J = 7Hz),5.08(IH.q,J = 7Hz),7.56(2H,d.J = 8Hz). 
8.18 (2H, d, J = 8 Hz). 

(Rkl,ZEpoxypropane 7 
(~3b(41g,0.151mol)wasmixedwith1.3NBH3~THF(400 

ml) and the mixture was left to stand for 5 days at room temp 
then for 1 day at 40-50”. Subsequent workup” gave (S)-1,2- 
propanediol2-tosylate(36.9 g, quantitative); v,. : -3500(m), 
i6Oj(m), 1355(s),-1190&), li75(~),915(s)&‘~; ‘H-NMk;j; 
ICDCI,I:1.24(3H.d.J = 7Hzl.2.4613H.s~.2.55flH.brsL3.62 
(2H,dj= 6~z),4.&6(1H,m),%lO((iH,h,‘i = 8‘Hzj,7.&(2H, 
d, J = 8 Hz). This(36.9g,O.151 mol) wasadded toastirredand 
heated soln of KOH (25 g) in water (25 ml) at 70”. The soln was 
diluted with water (30 ml) and heated at 80”. Thedistillate was 
collected in a flask cooled with dry ice-acetone. It was distilled 
over KOH pellets to give 5.69 g(65%) of(R)-7, b.p. 34.5-36.0” ; 
[ali’,‘+ 14.2” (neat, d:‘.’ 0.8298) @it.” [a]o+ 14.6rtO.3” 
beat)1 ; v _: 2910 (s), 1410 (s), 1020 (s), 945 (s), 825 (vs) cm-’ ; 
‘H-NMR 6 (CC13 : 1.32 (3H, d, J = 6 Hz), 2.20-3.30 (3H, m). 
The optical purity of this sample was thought to be 97% 
[(14.2/14.6)x 1001. 

(S)-1,2-Propanediol I-tosylate 8 
This was prepared according to Seuring and Seebach.’ The 

crude 8 (170 g) was recrystallized twice from EtOAc-n- 
pentane to give45.2 g of p&e (S)-& m.p. 31-32”, [z];‘+ 12.2 
(cc;.:? CHCl,) @it? m.p. 36”. [a]o+ 11.3” (c = 1.1, 

3 iv,: 3550(m), 3420 (m), 1600(m), 1350(s), 1190(s), 
1175 (s), 1095 (s), 985 (s), 920 (s), 815 (s) cm-’ ; ‘H-NMR d 
(CDCl,):l.l5(3H,d,J = 7Hz),2.44(3H,s),2.20-2SO(lH,m), 
3.t%4.30(3H,m),7.36(2H,d,J = 8Hz),7.84(2H,d.J = 8Hz). 

(S)-1,2-Epoxypropane 7 
Melted 8 (42.5 g, 0.185 mol) was added dropwise to a stirred 

solnofKOH125dinwatti125mlb WaterllOml)wasadded to . -, 
themixture.Theepoxide&erat&l by heaiingtiemixturewas 
collectedinaflaskcooled~ithdryic&aceton~.Thecrude(S)-7 
was distilled over KOH pellets to give 6.89 g (64.3%) of (S)-7, 
b.p. 33-33.5”, [a];‘.‘- 13.8” (neat, d:“.s 0.8268) [lit.9 [a&, 
- 12.5” Ineat. without describing djl. The IR and NMR . 
spectra of (S)-7 were identical withth&e of (R)-7. The optical 
purity of our (S)-7 was (13.8/14.6)x 100 = 94%. 

2-Methyl-3-phenylsulfonyl-1.5~hexanediol l-THP ether 9 
(a) (ZS.SS)-Isomer. A soln of n-BuLi in hexane (1.54 N, 24.0 

ml, 36.9 mmol) was added dropwise during 10 min to a stirred 
andcooledsolnof(S)-6(10g,33.5mmol)indryTHF(1OOml)at 
-78” under Ar. The mixture was stirred for 25 min at -78”. 
Then HMPA (7.Oml. 40.2 mmol) was added dropwise during 3 
min at - 78”. The stirring was continued for lO_min. A solnof 
(.Q-7 (2.33 p. 40.2 mmoll in dw THF (20 ml) was added to the 
&reh an; cooled miiturehuring‘ 15 hn at -78”. The 
mixture was stirred for 4 hr at - 78” and overnight at room 






