S 53ehs) 4] A 379 A 13.(1994)
Agricultural Chemistry and Biotechnology
Vol. 37, No. 1, pp. 25~29(1994)

Carpenter bee pheromone?l 2-methyl-5(S)-hexanolide2|
B2 QMM

FME - OeE - .:PSJ?_F*

AN F 3

ot 2

EAE T

ZE . Ethyl acetoacetateZ a2 7} #-8] A28 ethyl-(S)-3-hydroxy-butyrate(2a)s 712

SUEAR 3o F5d A E A= HF

¢l carpenter bee&] F# o] FH]J

= A A2

c1s—2—methy1—5—hexanolide(1)-% diastereomer= FAsHHTH STYA BAHE B8 A9

o 2RE T-GoalZ Wittighh&-& 33 24E4.%
sphonopropionate(7)& Horner-Emmons®+-3-A1A o,p-E3E3} o ~E 2
XA carpenter bee HIZE 1S HAAS

hydrogenation®} lactonization-2
wabA @A 19939 11¢Y 29

2 2=

Pheromone & FUd Fo 3
ALE FRoE ojgdE A9
AAANA M2 B AR
o Al
Pheromoned =

ﬁﬂ—\‘ﬁ-
=5
IOJﬂ'mf
i

2

ol
o flo

=
R

frd
N
ol s £
2 Ao
2oz
1

1 mt\l

e "
HE i

°f
ki
I oolE EdgiZ 1%t
. whebA spetdow
3] A3k3t A3}

of 87EA &5
B2 59 7§§L5 %
o] f&3tA AFshe)
Eﬂ‘%k sk Ha ool
s14 o] Bashth Be
Pheromone&o] o|v] H§A QA el A
593 1§44 % Pheromoned o83 &4
A&3 JAT=Y field testS T3] F-Fa) =
ko 2 7HEAE AAIS BF Aok'® Cis-2-methyl-5-
B-u]Fof] A-48}= carpenter bee(Xyvlocopa
Hirutissima)2] <710] o] A
T 7 2 AR S 2 IR R YAl e
708k EdE g AUt
thyl-5-hexanolide ] &4
O

2
e = o
127
el
J—u
J
o)
ol
)
2

or oo
to ¥O
o}m —Q‘

g}
%%H

f of ot Sodfo ofw

2
o

0 Mr lo oL @ ob [l ool o x md

hexanolide=

F-H]) &= pheromone
& ApFsled
LU]# Atk o1& 3t cis-2-me-
Wo Wy ARz o)
Ir= ). Wheeler 52 2,5-dimethylpentanone Ba-
ver-Villiger A8HAIA W7bA] iAol AT A
EFRER don® glout 21719 enantiomerd a3t
7} 9 o3¢ BAo] 9]o™, Pirkle® Adams: 34
% {FA Q1 5-cyanopentane-2-olo] 2}A4| 1] EFE 2 JolA

Key words : Carpenter bee pheromone, Baker's yeast, 7|2

*Corresponding author : J.-H. Kim

A4 1993 129

g3t A8 U= 49} triethyl 2-pho-
5% A& F catalytic

£ 37%= Y3 3t
274 s

o]5-& #53 enantiomerz £)8}7] $Jatd (R)-(—)-
1(1-naphthylethyl isocyanateE ©]-83) diasteromer¥
B8] carbamated Y Eo] FEEE|d £ dwo] FA
WAE AR HEAeL 24 AW
Geu ort o)Ee WHe B3 BEAFE o
& BHUAES AZch ¥ Mori -2 o]&o] oA
E4E) Bel WA H0ARAL sl A
enantiomerg <& v} Yoty E2AEH (A E Fag
e} 9l methyl-B-hydroxyisobutyrate®] 3 7}#| ena-
ntiomer®} ethyl(S)-lactate®) 5 7}2] 32y 242
2(R)—methyl-&phenylsulfonyl 1-butanol®} 1,2(R)-epoxy-
F EES A9NA SHAgES

£ diastereomer &

.
o 33

propanes 42 ¥
”“"6’”}71 AL ul glok, ol e FAAYHE v FH3
ot} ZurEd A7t 4438 enantiomerz A 7+
¢ viohE e adE o giaste) )0t

SEL A B GPelNE 498 AgE) res
= i

bostach Fig 1944 &
F9150] Baker’s yeastE ol-&3to] 71H4EUE o] He
(9)-3-hydroxybutanoate(2a)s h®o 2 Ao} {tetsls
H 7 4 weAdzE Mes] A48H carpenter bee
pheromone®] diastereomerS AAFS 3T%E ULF

ATt

A



26 47 & . o]

Mz oAy

A=

Fzo] Folol Bruker AC-80(80 MHz) NMR spect-
rometer$} Jeol NMR spectrometer (270 MHz)E ©|-&
sk A4y azvieaes]d A87t A MerckAhe]
Kieselgel 60(Art. No. 7734)& ol g8} AEof A&
2E AJ¢ke AlekFo|th Ethyl 2-bromopropionate, oxa-
Iyl chioride, n-BuLi(1.6 M in Hexane), p-toluenesulfonic
acid(pTsOH, 1H,0), ethyl 4-acetyl-butyrate &= Ald-
rich Co. AEE, Pd-C(6%)% Fluka, lithium aluminum
hydride(LAH)$} triethylphosphite [(EtO),P], diisopro-
pylamine2 Janssen, p—toluenesulfonyl chloride(pTsCl)
= Hayashi, pyridine&- A& 34 &2 AM&-31951 71E}
Sole eelse A ol ek

Alg gy

1) Ethyl(S)-3-hydroxybutyrate(2a)2] 34

Ethyl acetoacetate 134 g& < W3 FAd3HAl A
ated A =93l sl9E 2a% 12g Ak TLC
(EtOAc : cyclohexane=1:2)olA4] R=03—0.350] T
o1st . bpn=53—54C (5§ 97%)
2) Ethyl (S)-3-tetrahydopyranyloxybutyrate(2b)e] &+

S

ez MAF 250 ml B2 Ewbz=o| dihydropy-
ran(DHP) 3.15 g(37.5 mmol)3 hydroxyester(2a) 3.3 ¢
(25 mmol)& Wi pEF vl R e 80 mlo] 591 #
o & 2 2ol
(PPTS) 06g(01 eqv.) S

spot& &

=0l toluenesulfonate

SRR

pyridinium
B skel mukA)Z

WA Feor 2xg &Yl 5 1240 ¥heA
Atk 78S oﬂﬁﬂé 400 m/ 2 B3t 5 vk & xshy
WA HEte] B4 NapSO= Azshal o2

3 w3t 7B 4tk 9 &9 5 cm vigreux
columng gol BEFHate] TR 7[EAS 54 g

(25 mmol) LATHEFE 98%). TLCEtOAC : cyclohe-
xane=1: D)ol R=0.7¢] &< spotZ &35t (bpy
=98—100C): 'H-NMR(CDCL) 8 4.75(m, 1H), 4.15(q,
2H), 3.75(m, 1H, 2H), 2.45(m, 2H), 1.75(m, 6H), 0.88~
1.55(m, 6H)

3) (S)-3-tetrahydropyranyloxybutan-1-01(3)2] &4

100 ml 3+ T Tk~ LiAlH, 0.48 g(12.3 mmol)
S Y3 AzdE qHZ 0miEs 1 Hrtshdok 9
Herd 2 2 weretH A 50C 2 7Sk LIAIHE =9
= tetrahydropyranyloxyester(2b) 3.53 g(16.32 mmol)-&
oAlElE 3yl =of M3 dojmelnl Friste} 74l

1 2 3]

\E= Nl

]

>J
¢

g

T AEo] H
TLCZ ¥H3-ZH S &9
15% NaOH 8 144 ml 557
AL Wyt F =g A : 5
= 7 sintered glass funnulg E3) ojzsial of €
27 o A¥E § 47152 2ot F3d A¥E
3% 283g(163mmol) YUDE 98%): 'H-NMR
(CDCls) 4.69~4.74(br, 1H), 3.34~4.17(br, m, 5H), 1.55
~1.84(m, 6H) , 1.12~1.23(d, 3H)

4) (S)-3-Tetrahydropyranyloxybutyraldehyde(d)2} %

50mi B2 Z#23E dry ice-acetone bath(—78T)
off & ¥ CHoCl, 20 miE ¥ 12 oxalyl chloride 0.5 mi(5.
75 mmohE H7beteh WAz 2%k —50 A —
60C 7} =™ 0.82 ml DMSO(11.54 mmol)E 2.4 m/e] ¢
Fe g Haste] Auwel Jrietdt 57§ g
32 32 1.0g(5.75 mmol)E HH3I HrietHcth 15%
% triethylamine 1.6 m/(23.1 mmol)E #7138}l 58 %,

L2 oo Sk qk-g ool o) Lx7} Abeo]
Z5F 25mE ¥ % UE ¥ EFS HEEEA
gos 2zt f7|5S Loa F4 MgSOE Az

o3 F 23 F Ay ARvfE12I(silica gel,
EtOAc: cyclohexane:1 :2, Ry 045~05)8 Fe#lstd
EelE 48 045 g(F8 92%)5 243tk 'H-NMR(CDCLy)
9.57 (1H, J=2.1 Hz), 4.67(1H), 3.75(2H), 3.5(1H), 2.6(2
H), 1.6(6H), 1.4(3H)

5) Triethyl 2-phosphonopropionate(7)2] &4

Oil bath#+ol 25 miEo] Fe FehiAd triethylphos-
phite, 4.6 g(27.6 mmol)& ¥il Z HolFHAl AAf3]
7 3led 160T ) 3} t}L-of 2-bromoethylpro-
pionate 5 g(27.6 mmol 234 Ntgsidoid &

ol E

%
w J*’“
nz
UJ

AL ethylbromlde I g 25HAE ArE 2
H enE gy 190C & 29 5 1A S S
A e) ¥l 60T 2 WA H R 7S F(bps

:132—133@6}@1 %éﬁ %fgrﬂ el BE 78
5.75 g(24.1 mmol) A HFE 88%). TLC(EtOAc : yclo-
hexane=1:2), Ry=04: 'H-NMR(CDCl;) § 44~4.6(6H,
m), 3.6~2.7(1H), 1.75(3H), 1.41~1.12(m, 9H)
6) Ethyl 2-methyl-(S)-5-tetrahydropyranyloxyhex-2-
enoate(5)9] A
5()ml =2 Zepade EE 72 0.6 g2.6 mmol)S
I dry iceacetone bath(—78C)et EA 718kl A
THF 10migt ANHl2 5mid EHPck § A4S = o
ualw A 16M nBuli 1.75 m/(2.8 mmol)& HAs A
7¥alar 308 Heo 33E 4 04 g(2.33 mmoh)S A3
A7pstgcy whg-o el Azto] gioj X n-Buli L75 miE



Carpenter bee pheromone?] 2-methyl-5(S)-hexanolide?] 2 A== A4 27

\_
4% olo
-~

2

BN

=

1o

~IL

o,

b

N

o

A

R0

N
—
5]

o A3 *J *1 S
%3 NHCl $88 gmiE FHo] o] #riataeh
ofFpsted AAGE doi §/15S S5

2355 NaHCO, 589, /5, Eifhgs Ad2 Al
Agt 5 g MgSOE 7x3s 7
s v Ve ERES 12g 9v 43 A%
vlE gt 2) 714, EtOAc : cyclohexane=1:2, Ri=
0.85) 2 Eelsle &43% op-EX 3ol 82 bE 0.52¢g
(2.0 mmol) AUTHE& 78%): 'H-NMR(CDCly) & 595/
6.75(1H, =CH—, tq; Z/E), 4.6(1H, THP, m), 4.15(2H,
—OCH2, ), 3.75(2H, THP, m), 3.55(1H, THPO-CH,
m), 2.65(2H, — CH2—, m), 1.8(3H,d), 1.5(6H, THP, m), 1.2
1.13H, t

.7) Ethyl 2-methyl«(S)-5-tetrahydropyranyloxyhexa-
noate(6)2 4

30ml Bt Fepaze) Pd-C(%) 011gs B2 41X
2 Ue smiE Bk FeolA] wykeldA af-=
235 o~H= 55 1.3¢6G.08 mmol)& WA HIhstA
o IFTFPER W8] <o) FU1E AvEhaL Ao

jss
B IREMG £2T A5 AN FAhbEg B

S
)
=

xf'_
A5

o]
oT1
/U\/co g —L A COoE /‘\/co Et
2 3
c OTHP b QTHP
— H > R CHO
. /\/\OH SN
4 5
i
CHJ(llHCO2Et + (EOLP » (ELOP. COEt _58E
Br \r
8
OTHP OTHP
WCOQEt T AN COE &
H
6 7
0

Fig. 1. Synthetic scheme of 2-methyl-5(8)-hexano-
lide.

A. Baker's yeast, 30T, 4days; B. DHP, PPTS, CH.Cly;
C. LAH, Et;,0, room temp., 5 hrs; D. (COCD.;, DMSO,
EtN, CHycl, —60C -r.t,, 30 min; E. n-Bulli, Et,O-THF,
—~78C -rt., 4 hrs; F. H,, Pd-C (5%), MeOH, rt., 4 hrs;
G. PPTS, CH.Cl,, refrux, 12 hrs.
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The diastereoselective synthesis of 2-methyl-5(S)-hexanolide

Jay-Hyok Chang, Sang-Jun Lee and Jung-Han Kim* (Department of Food and biotechnology,
Yonsei University, Seoul, Korea)

Abstract : 2-methyl-5(S)-hexanolide(1); the major component of pheromonal blend of the
male carpenter bee was synthesized via Horner-Emmons reaction from Ethyl(S)-3-hydroxy-
hutyrate(2a) which had been obtained by Baker's Yeast reduction in overall yield 39%.



