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9o} ok BRFol P2 ol E SHE EE 0| 4E FY A
WY T AY PhF-o] Fato] FA T (chiral carbon)F 7+
Ae FHBYAL SASL oM FoBY A BT FBBA
£ o aarE g U Qe ATk o]2]@ AP AFo] chiral’d

HOOC >/\/COOH HOOC COOH
N’ \/151\<N}12

D-(-)-Glutamic acid L-(+)-Glutamic acid
Not tasty Tasty

GEZQ= Q?O

Thalidomide

Malformation Not malformation

Chirality and Biological Activity



TAHZHE o A5 & 5o the AS A ZshE 2k A
iodo g Bz glom, Aol 2709 Z}Z}e] enantiomer(#-&4 ©]/g
A - B vk dE 2%, 53ty HA2 )= e
A2 oE FHER QA 5 Ut A olop] | 7"_‘-';}-
oefEe] 95 AR AANBHER R 2oFEH 499
JFoF FEdglon FAEZNE dojxl o okg2 A & o]
34318/ A (single enantiomer) 2 A] FE] 31 Q1oL /g of oFE-9] = oF
Ikt B ol A S JHX] & chiralid B oL} ofz] tiR-E o]
2} A o] o| E (racemate - Fato| A o 53 EFE)R A|HF L gt
£3], 28] A7hE A og sk 9 okEo] Aol QlojA & PaHe 7]
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Routes to Optically Active Chemicals

Classical Synthesis ) [ Use of Natural Asymmotnc
with Resolution Chiral Compounds Synthem

Racemic Mixture

(Chemical Catalyst )

Biocatalyst
enzyme

Resolution

Chiral Product Chral Product

Gh'ral Building Block h

Chemical Conversion

Optically Pure
Product

Chiral building block} #| & whHol= 1. JFEFy 2. §)4 £o]3H J3}

B4 AR AVHOZ ol g3k Wy 3 B9 RAPY 45D
Aol 28 18 ste] ALBISol 9ot
ool USF YIS U B4 Bob PH(.2.3)

& F2 o] §HHX T &) Tols MG S SIS Fol TN HE

. O

N

A7) £ L o]L%k chiral building block®] A X o] W& w8 7]-29]

Vo -

T3tk EATYLS S0 chory Sol i 7| A g Azsted of



7)ol 2| E-0]7 A2 (stereospecificity) ¢ ) A1 e 2 A} A (steroselectivity)
o] 2 AETH WHE FolA T2 lipase & o] &3 F-A 7t RS
(asymmetric hydrolysis)3} 1 ¢ 31-3-q1 o] 2 & 23} ¥k-S-(esterification)5-&
Qo 2H LRI} AhA o] BEA Yk S Bl Hold DA
o FA] GF-& FALEF GG BB SR ol F-ETMEL
chiral building block?] Az 9 FsYA) o) okE Z 749 M- =5}
B, o] o] 23}o] chiral centers] E¢Jo] Eagt 42 BAHEYS] A4
(total synthesis)ol] Qlo| A= 7Y H 3 M9 A 25 A9t 6k A i)

3. 278 2 Ed

chabsta Sol g 71l shatd g W AAsket 2 S o] S5
TSI Y-S E85t 23R FIFBA o FA] LS (epoxy
alcono) S Mz GO 2A| o FEL FA OB Chobs 42l
Az 27k o] Mg o)L gl o] 0]8H enzyme] chemical reagent3}
E AV|H EXFZsle E A oA+ o-tocopherol, mevalolactone,
frontaline, bicyclomycinS- 3} Zto| £2} ol 2B E 33 o-Z(tertiary
alcoholy& 7HAl&= E-2 A QA ALY BHEAEY ol 9] 0|32 3

T APPSR Pk 20] 35 oZ(tertiary alcohol) chiral
building block 2] | £} o] & o] &g A2 B HAE Y Loz T
% 421 8d & 25 pheromone ] frontalin®] Y% &4 o] JAAE 4
3}A) s}gdc). 18] altemnaric acid, AF toxin II, baciphelacin, bacitracin,

sitophilate’s-3} o] Thebeh WA BB A S ¥ e T2 Ju] 24



= A& 1A 5}e] )+ diol, hydroxy-methyl, amino-hydroxy group5-&- A
2 gl BTH LA BB 2.3-cpory-pentan-l-old] AL A x5}
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Target Chiral Building Blocks
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Summary

The tert-alcohol chiral building block, oprically active (R)-(-)-2-
acetoxymethylglycidol was prepared by asymmetric hydrolysis of geminally
disubstituted achiral diacetate with lipase PPL(pig pancreatic lipase). And as
the application of this chiral building block to enantioselective syntheses of
biologically active compounds, we report a new synthesis of both the
enantiomers of frontalin.  Frontalin is a component of the aggregation
pheromone of females of the southem pine bark beetle, Dendroctonus frontalis
Zimmerman and of males of the westem pine bark beetle, Dendroctonus
brevicomis Le Conte and only (1S, SR)-(-)- isomer is physiologically active.

And we studied the development of optically active cis-2,3-epoxy pentan-1-ol
the chiral building block for the preparation of diol, hydroxy-methyl and amino-
hydroxy groups, which are useful chiral intermediates in natural products

syntheses.

Key Words : tert-alcohol / chiral building block / enantiomer / asymmetric
hydrolysis / (R)-2-acetoxymethylglycidol / lipase / enantioselective synthesis /

pheromone / frontalin / 2,3-epoxy- pentan-1-ol
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L A &

AA el & A(lipase)s AW AHAtE S AER R
(hydrolysis) A] 7] &= FA2 4 X] 7 o] ol & of 2E| 2 % e 2 (RCOOR) t}
¥E SFES JE Al Uok Lipasert Sofshs w2 gubdog
FEANA JAHEE AT GFEE SR A7) Jhe RS o]
o= F7] &M FoANA F, 2/ B StollA] yhg- A7) H =54 vHS
3} vl LafA] Ao Wi WS E v =R 2k g 2 7] Bol S
ZFA] 2 ZhEal whS- o] k-39l of AE| 2 Sl(esterification) = of AH|E

.3 kS(transesterification) 50| 7158FcH(A] 1).

RCOOR' + R’OH @¥—* RCOOR’ + R'OH-- (4] 1)
Hydrolysis : R'=alkyl, R>=H
Esterification : R'=H, R%*=alkyl

Transesterification : R'=R*=alkyl

Lipaset= o] 2§t RFS-F-(FhE8l v ol 2EH 23} - 4] Doj] RA 84
(chiral carbon)Z ¢l A} 3= =812l ¢)x]|E-0] & A) A (stereospecificity) 3 ¢
2 e &) 2 (steroselectivity)o] w2 A EEE 58E 7| qlojA &
Aol 2bA g ststatEo] FRBAPAE AR FHo R o2 F 2
S o] &3] st &, M WA Yojuhe Folg 452 A 99
flaskyol 4] SATE 71 00] H2EE HEAIA AYHSAS T2 A
AFIEE ARRE AYB8AHENY BsH8/dA §/d(chiral synthesis)e]
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A B EAGE oY L2 35 A BHEIY B He o] T35
E F(insect pheromone) frontalin®] % 7]-2-4} o] Al 2] 2| (enantiomen) S
A} &} 2112, altemaric acid, AF toxin II, baciphelacin, bacitracin, sitophilate
S3} o] chobet WA YHEA TS BETRE Yo BASHE AR
218} ¢} diol, hydroxy-methyl, amino-hydroxy groupS-2 A| & &%)
= W70 24 BB 23-epoxy-pentan-1-0l8] 7} ¥HE A 59T,

II. (R)-2-Acetoxymethylglycidol

FEA 3G 4FE AL A= AR ERES 4REY o-
tocopherol, mevalolactone, frontaline, bicyclomycinS-3} o] th4 EA5}HaL
olom 32 oUF LS 7 BA ek 422 (terr-alcohol chiral building block)
& F5317] 9isho] habg S o] Wislo] 9oL} I3 o Thepet o]
248 xd HL_A 9)%= chiral building block®] | ZH}H-& ¢l A% o]
o whebA WEAglE Yo7 YA 37 2T chiral building
block ] 7w chofet 33 &3] W uhe-& A A AN Al ds 9l
ot Z2#A] lipase 2] A} 7}4=- 3l ¥H-3-(asymmetric hydrolysis)& ©]-3-3}+
R-unit 9} S-unitS FA)ol 2 &9l w449 B384 33 422
(R)-2-acetoxymethylglycidol-- 353 2+3-2 chiral building block . 2 7" 5}

on] B Ao o] HAE el 5§28 o] & hF A =3t
L3 A28 AAEZQ T e(southern pine bark beetle, Dendioctonus
frontalis Zimmerman and westem pine bark beetle, Dendroctonus brevicomis
Le Conte)2] 33| 2 E(insect pheromone)! frontalin®] % 74 o4

Z) )| (enantiomer) S A} 22 0. & ¥HAsled B 15} T
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NEW SYNTHESIS OF BOTH THE ENANTIOMERS OF
FRONTALIN

YOUNG-BAE SEU* and YUNG-HEE KHO
Genetic Engineering Research Institute. KIST,
P.O. Box 17. Taedok Science Town. Daejon 305-606, KOREA

(Received 30 Novemper 1993,

Abstract : Both the enantiomers of frontalin were synthesized from a
tert-alcohol chiral building block, (R)-2-acetoxymethylglycidol, prepared by
an enzyme-catalyzed reaction.

Key Words : Frontalin / Enantdomers / (R)-2-Acetoxymethylglycidol
/ terr-Alcohol chiral building block / Enantioselective synthesis /
Lipase / Asymmetric hydrolysis

In the previous paper, we reported a new terr-alcohol chiral bu1ld1ng block
(R )-2-acetoxymethylglycidol 3 prepared by lipase-catalyzed reaction'. We now
report, as the application of this chiral synthon to enantioselective syntheses of
biologically active compounds, a new synthesis of both the enantiomers of frontalin.
Frontalin 1s a component of the aggregation pheromone of females of the southern
pine bark beetle, Dendroctonus frontalis Zimmerman and of males of the western
pine bark beetle, Dendroctonus brevicomis Le Conte®. In the biological activity
test, Mori has reported that only (1§, 5R ) isomer is physiologically active and its
antipode is inactive®, and because of this interesting pheromone acumy many papers
have been pubhshcd on the enantioselective synthesis of frontalin®.  Our synthetic
strategy 1s to empoly terminal olefin rerr-alcohol A{=(S)-7} or A'{=(R)-7} as a
frontalin precursor, whose Wacker oxidation affords (-)-frontalin or (+)-frontalin.
Indeed Kongkathip's and Murahashi's groups synthesized fronta.lm by the Wacker
process using (+)-A and optically active A or A', respectively’. We also used this
Pd- catalyzcd oxidation method in chiral syntheses of endo-brevicomin and exo-
brevicomin®. S or R unit of chiral quaternary center at C-2in A(or A') can be
derived from regioselective conversion of primary hydroxy group into methyl group
in B(=5). Preparation of B is possible from chiral synthon C(=3).

-13 -
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HOg  (CH: O
HO M -
0
l y A=(S»T: (-)-frontalin
oS -}-
|
(e HO
AO \>>\/OH :> HO\%/\/\
C (=3 B (=5) %
HO CH: O
HO\ﬁ(Z\/\ -
o]

A'{=(R)-7] t~r-fromtalin

Synthetuic Strategy

Our starting material. the opucallv active epoxy alcohol (R )-3 (92% e.e.) as the
rert-alcohol chiral building block, was obtained by asymmetric hydrolysis of a
symmetric achiral epoxide 2 with lipase PPL (pig pancreatic lipase)'. After
silylation of (R )-3 with ¢-butyldimethylsilyl chloride (TBDMSCI), the resulting silyl
ether 4 {93%, [a],-4.1° (c=4.5, Et,0)} was converted to the desired key
intermediate § {96%, [a],-1.5°(c=1.5, chloroform)} by alkylation with a Grignard
reagent prepared from 4-bromo-1-butene (6 equivalent). One of the two primary
hydroxy groups, the one is a free alcohol and the other is a silyl protected alcohol. in
5 was regioselectively converted to methyl group via tosylation and reduction with
lithium aluminum hydride (LAH). This selectivity gave both the S and R units of
chiral quaternary center at C-2 in frontalin precusor (S )-7 and (R)-7. respectively.

The bioactive enantiomer (-)-1 was synthesized as follows. Selective tosylation
of the primary hydroxy group of the diol § provided the mono-tosylate 6
{[a]p+1.1° (c=2.0, chioroform)} in 85% yield. and this tosylate was reated with
LAH to give frontalin precursor (S )-7 {67%, [a]y-2.3°, (c=2.8, chloroform) : lit.”,
fodp -2.6° (c=1.4, chloroform)} with a methyl group and simultaneously a TBDMS
deprotected hydroxy group. Finally the Wacker oxidation with PdCl,-CuCl,
converted (S )-7 into frontalin (1S, 5R )-(-)-1 {41%, [a],-49.0°, (c=1.2, Et,O);
lit”, [, -50.4°(c=1.19. Et,0)} as a volatile oil.

The antipode (+)-1 was also prepared from the intermediate § as follows. Diol
5§ was transformed into protected acetonide 8 {[a ], +2.0°. (c=5.3. chloroform)} in
98% vield by treatment with 2,2-dimethoxypropane-acetone in the presence of
p-toluenesulfonic acid. Subsequently. selective removal of the TBDMS protecuve

group of 8 with tetra-n-butylammonium fluoride (TBAF) yielded 9 {92%. [a],

_14_



NEW SYNTHESIS OF FRONTALIN

AcO &OAC -~ ACO\)\/O” e ’“O\}\/ "‘

2 3 92% e.e.

|
OSli +
AN

OSI
6

OH\OXC/HB\/\ D \@
—
0

S)-7
(5) ()-1
|
OSli-+— OR
g) O, h). d =0, 1)
5 P o S mI_ o™ ~
8 9 R=H
10 R=0Ts
\ﬁé/\/ HO\,}{/\/\ %/
11 (R)-7 (+1-1

Synthesis of (-)- and {+)-frontalin

Reagenss o a) PPL by ~BuSi(Me).Cl. DMAP / Et N. DMF ¢} CH,=CHCH.CH MgBr.
0.IM-L1.CuCl, / THF d) p-TsCl/ pyndine ¢) LAH /Et.O f) PdCl.. CuCl,
g) 2.2-dimethoxypropane. aceone, p-TsOH h) (n-Bu} NF/ THF 1) N-HC! / MeOH
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-2.1°, (c=4.4, chloroform)}, which was converted into the tosylate 10 as the

s0lid{98%, [a]p-1.4°, (c=2.5. chloroform)} with syl chloride in pyridine.
Reduction of the tosyloxy group of 10 with LAH gave no conversion into methyl
group. Then, after removal of the acetonide protective group of 10 with N-HCl-
methanol to give quantitatvely the diol-tosylate 11, this tosylate 11 was eated with

LAH to give a precursor (R )-7 {[a]y +2.1°, (c=4.1, chloroform)} in 73% yield.
Finally, Wacker oxidation afforded (1R, 55 )-(+)-1.

In summary, the synthesis of both the enantiomers of frontalin has been
achieved from rert-alcohol chiral building block, (R )-2-acetoxymethyiglycidol 3 via
the key intermediate 5. The total yield of biologically active frontalin (-)-1 was
21% in 5 steps from chiral synthon 3.
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III. 2,3-Epoxy-pentan-1-ol

(=)H gH 3
\/\é/\OH \/\i/\oH
OH On
N A
\/n\/OH
N HZ C H3

Cn
=
@)

B8 A cis-2,3-epoxy-pentan-1-012 epoxide3}THE- 2 X o] o} 3}
epoxide-opening © & 2,3-diol, 2-hydroxy-3-methyl, 2-methyl-3-hydroxy, 2-
hydroxy-3-amino groups: Tt 4 @ shat Bl 414 7S AR 849
= chiral building blocko|®] o] & 34 SIS 22 F272E 7K
A JAHERNEE AyHd JAEZRZ alternaric acid, AF toxin II,
baciphelacin, bacitracinS-3} -5 pheromone.2 & serricornin, sitophilate, (S)-
4-methyl-3-hexanone, brevicominS- %2 71 50| &A%t F3tgA =)
S AF2-%F 3137 w2l Sharpless epoxidation methodol] 2] 3F Al & Hl o]
Higlo] glot o] A Aol e LR Agele ofF 83 Al o]
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=
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W
lo

2= M 3shA] PTFIRS R 1 -20°Coll A S 7he
WHSAIZH. THA A ol §4S HA) WA cis2,3-epoxy-pentan-1-
ole] Az P 71Ee) shebd Aol obd 4B e W F, AAS
Q) A4S o] & Yo e A =sc

713 (+)-cis-2,3-epoxy-pentan-1-ol acetater= A] 2| cis-2-penten-1-0l-2
pyridine 5ol A] acetic anhydride & acetylationA]71 & 0|54 3-8 MCPBA

(meta-chloroperoxybenzoic acid) £ epoxidationA] #| | & s}l c}.

A0 m-CPBA
N\ mimd A \/D\/)

Prepatation of (+)-cis-2,3-epoxy-pentan-1-ol acetate

712 (4)-cis-2,3-epoxy-pentan-1-ol acetates lipase PPL(pig pancreatic
lipase) 2 lipase OF(from Candida cylindracea)E ©]-83}o] F-A| 713l
(asymmetric hydrolysis) ¥F3-8 7 E 3= 23} lipase PPLY 7-9-7} 7}
AN LAY dFL (2S,3R)-2,3-epoxy-pentan-1-01 { 1] A1 34X (specific
rotation) : [a]p +1.9° ~ +3.6° (Et,0), lit.V) +11.9°,1it.9) +3.0° }3} n]ukg-2]
B A o AHE (2R, 35)-2,3-epoxy-pentan-1-ol acetate S 34 A F.2
] o]zl o AH|E (2R,3S)-2,3-epoxy-pentan-1-ol acetateE K,CO, & 7}~
Tl A1A AR e A 7HAE 238 932 (2R38)-2,3-
epoxy-pentan-1-ol{ 8} 41 335 (specific rotation) : [a], -1.2° (Et,0) } & =35}
of Z}zte] Betol 4 YA ATk

__18_



(Y

A

o . (2S,3R)
\/Z\f“ lipase
sol,
VoA
(2R,38)
K,CO;
MeOH/H,0

(2R,38)

X MTPA-CI 2
\/D\/)H - \/n\/)-(k)-MTPA
(2S,3KR) (2S§,3R)
T
*MTPA = —C— C—Ph

(l)Me

Optically Active (2S,3R)- and (2R,3S)-2,3-epoxy-pentan-1-ol
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Aozl VYA o EA| YT L (25,3R)- U (2R,3S)-2,3-epoxy-pentan-1-ol
9] FJa}4-X (optical purity)S RALS}7| Y5l o] 5L FEPFAH 4F LY
B3ter SAo gl olgEHE Wi MTP A(a-methoxy-a-
(trifluoromethyl)phenylacetic acid) o ~H| 2 5 =3 & 3|4 NMR 3} HPLC
2 8245 A3 7471 enantiomer?) $-2]7} £-0]5}17] ¢rol BA o] E2] 7}
B BehHe Aol 3ok

v. 4
lipase ] 3LA)) 7}4=5-8)) #h-2-(asymmetric hydrolysis)y& ©|-83}o] R-unit 9}
S-unitE Ao 2F Fdle WL BB 33 ¢FEE chinl
building block$] (R)-2-acetoxymethylglycidol-2- | Z3}o] o] 5 o] 23+ HA
E oY S8 08 o] F hF ARt 5 A BHEHU G Y
(southern pine bark beetle, Dendroctonus frontalis Zimmerman and westemn
pine bark beetle, Dendroctonus brevicomis Le Conte)2} -3 3| 2 (insect

pheromone) ¢! frontalin®] FZ 24} o] A} A & (enantiomern) & 4} 33 &

g5t Rshg) o, o] 333 ¢+F-& chiral building block2- T 33 &

sitophilate, (S)-4-methyl-3-hexanone, brevicominS3} 72 thofst M E 3}

Aol Z7M R o] L= 9= F3HEA (25,3R) U (2R,3S)-2,3-epoxy-

pentan-1-ol8] A£E 2L ) BES lipased 0T FA7HE
3 g0 2 Mg ALE sho] Rt ohuiAE GUstgon] 23
SeEo 4HEE 97 A Hexe) YES T Yk
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