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Utilizing Stereoconversion Reactions
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In spite of recent development of pyrethroid insecticides, chrysanthemic acid still remain
as an important intermediate for many synthetic pyrethroid insecticides. ~Chilarity of chry-
santhemic acid determines the insecticidal activity, (4-)-acid forming active ingredients.
Among possible production methods of (4 )-acid, optical resolution is advantageous to obtain
optically pure acid. Major breakthrough has been accomplished by epimerization and racemi-
zation techniques. Thus, synthetic racemic chrysanthemic acid is optically resolved with
(S)-1-phenyl-2-(p-tolyl)ethylamine to give (-+)-chrysanthemic acid, and the residue, (—)-acid,
is racemized to provide racemate. Other stereochemical studies have been conducted sys-
tematically aimed at stereochemical interconversion reactions, namely C1 and C3 epimeriza-
tions as well as racemization. Selective ring-opening reactions and the application were also
studied. Some chiral perfumes were synthesized from optically active chrysanthemic acid.
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Fig. 1 Pyrethrin (left), Fenvalerate (right).
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Table 1 Activity of synthetic pyrethroids (=) (+) ez s

against house flies (LD, topical application ERFPEEAIMEELTE 2. HROIZAELS L HE
/fly). U, S BRI o Mok & ST 5 RS 2 ST IR R i
EFRL, UTo3BEORIGEHRE L.

. (+) () (=) (=)
Chrysanthemic trans cis trans  cis
acid )
(%) : H ] (
Allethrin 0.38 0.56 51 9.4 3R ¥—1R 13
Furamethrin 0.16 0.28 61 1.9 R’ cox XO((: —t
Phenothrin 0.08 0.13 69 2.3 . (H)-trans —)trans
2
H H H H
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(—)-cis

(-+)-cis

Fig. 4 Optical isomers of chrysanthemic acids.
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NI | -El ectronic Library Service



Pestici de Science Society of Japan

Journal of Pesticide Science 15 (3), August 1990 475

Cl =vft: (—)-v2fk (1S, 3R) % (+)-+F v A
# (1R, 3R) wEH®T 5.

C3 =efb: (+)-vAfk (IR, 35) & (+)-+F VA
R ERT 5.

S ifk: (=)-F 7 vAk (1S, 3S) 2 (+)-tb
5 VAKEAERIED.
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Cl=vik: @7 e ) VRmETHHELHLAY, =
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BT LCWw5 (Table 2).
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Table 2 Cl Epimerization of (—)-cis-ethyl
chrysanthemate.
Temp. (—)cis (+)trans
Catalyst
(°C) (%)
NaH 120 8.0 92.0
NaOEt 130 8.8 91.2
NaOMe 120 8.5 91.5

Table 3 C3 Epimerization of (-+)-cis-ethyl

35 b B L7t () -v 2 tk% Exh 4% chrysanthemate.
()t v AKCELDPER A5 x % (Table T (+)cis  (+)trans
3) Catalyst (BOIS)P'
) . (%)
Bty & LCHRE D C2-C3 2 BIZ L PHIR = A
FAnBbhHT L LY, C2-C3 iy OBIE L fcril e . o o s
e HEEEHEE LT\ 5 (Scheme 1). e ' '
Pkem s s BT ( . l . BF;-Et,0 70 6.0 94.0
5% i{b: C3 = ¥(LKIE T A AlRL 3 (LD 1L
H H >
) Me COOEt
Lewis Acid &)
COOEt — ( COOEt —»— COOEt
e LA \
COOEt
Scheme 1 Plausible mechanism for C3 epimerization.
Table 4 Racemization of chrysanthemoyl chloride.
Starti . (=) ;+) ;—)
arting emp. cis rans rans
Catalyst material (°C)
(%)
BCl; (—)trans —10 3.7 3.5 46.5 46.3
BCl, (—)cis —10 3.6 3.6 46.5 46.3
BF; (—)trans - 78 1.1 1.0 48.9 49.0
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o7 v ) FieQR3E—4&MT T2 7« {bLiy (Fig.
5). %t BlIAEME L THED C1-C3 EaMMA LA
PRGIMEONR D & & X v, C1-C3 4B bRIk
REHT 5 RGBS 2 #E LT\~ % (Scheme 2).
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DIRTBEEEMCTELDT - E 5EFICcs.
T, EET bR LD LT, BEETAE
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Fig. 5 Substrates for racemization.
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Scheme 2 Plausible mechanism for racemiza-
tion.

Fig. 6 Pyrocin.

BRI GRS

Cl=vfk: BWaEmEdss 5 vaibt2 2 En
MBIAT D, FF TR L B\ O b 2 Bt
L7ekER, BRI Cl = b LCw5 & L b
odc. MBMRELY L5 &g uevy (Fig. 6) i
A3 2239, —EREHEN T Cl = bh\BeT
% (Table 5),

C3=vfb: <5 vy aflfkfilifEsx lv5 L C3 =y
EHEFTT5 2 2R3 Lc!® (Table 6), Rettig &
GHUOFETE RO + 5 v A ERBE L TS,

7 it BT BEs ie o4 ABEEH XI5
LR, YAERT 7 MELY e FRZ Vv eSS
7 b Y BAERTEH, LI B Licys (Scheme
3). Lavl, ZRET L I 2EHIED LEHNCT ¢
HMEF2 LB RWELE. ZoB&ceEkL, 40
B ERCER, BREHOFETRE810E 5 %,
ZERAT A IR EEREXES LFCS 2 3 AT
5 Ehbd otz (Table 7)1,

Table 5 Thermal Cl epimerization of (—)-cis
chrystanthemic acid.

Temp. (—)cis (+)trans
°C
e (%)
250 12.9 87.1
220 11.7 88.3
Table 6 C3 Epimerization of (4-)-cis chry-

santhemic acid.

(+)cis (+)trans

Temp.

Catalyst C Note
C
< (%)
Pd(PhCN),Cl, 20 7.6 90.7 a
Pd(PhCN),Cl, 100 37.0 60.6 b

a: contents 0.19, of (—)cis and 1.69, of (—)trans
isomers.
b: contains 2.49, of (—)#trans isomer.

BF,
COOH o

O

Y

Scheme 3 Lactonization of ¢is chrysanthemic
acid.
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Table 7 Racemization of chrysanthemic acid.

(+) (=) (+) (—)

; Starting Temp. cis cts trans trans
Catalyst material °C)
(%)
BBr;/TBHP (—)rich 20 2.1 2.1 47.3 48.5
AlBr;/TBHP (—)cis 20 3.3 4.2 46.2 46.2
PhSH/AIBN (—)eis 80 3.8 3.8 44.7 44.8

(—)rich: (+)eis 3.09%, (—)cis 22.0%, (+)trans 11.89;,, (—)trans 63.29.

Bre o 0
- U —— .
3,) 4
Br

1-(4) C/HBr/hv in toluene Br
—150C
g=2.003

i\ e

1-(+) C/HBr/hv in toluene
Flow cell, 20C
g=2.017

Fig. 7 ESR spectra.

Schem 4 Plausible mechanism for racemization.

HHOESEMET T « I LEERD D Z b ol
(Table 8). Ll EnF—x X b Ax7 3 {LRIEX C1-C3
LSO LT o AhREGRE R L TET LTS
LD LHEFE LTS (Scheme 4),

S EMRBEETNER

Table 8 Racemization catalysts.

Radical source Initiator b oYezEsrEl, ARG SRS
. R TR NFEEH B 7 » e ARER L.
Br compounds Peroxides )
HBr Hydroperoxides Thbb, BRI i FER=ATLDCl = ALK It
BBr; Hydrogen peroxide X b by ALELHIE U, MKAELT (£)-
AiBry Peracids HEE, ChEXFEAEL (O -HRrEETs. )
ﬁﬁ?&' Peresters D (—)-HET € (e X »T (£)-KIZERLT
PBr; Azo compounds BORFAEIRRT. —77, KFEDEFOT < ik
RCOBr AIBN E LCHE, SETIBETHVA., ChiRX-oTT s
SOBr, th D& R 100% Bk 7x  BhiEtfk & LTHIM S
Br, Irradiation n2 X5l te
SH compounds =
RSH Oxygen BIRRLIS & Z DA
RCOSH

LR X o, fEax OB EITI\CILARZEASUG b3
RCETT 5 &L LT, —H, HBOBR

RIn OB OBEC, FRCHERORIALIFAH
X T OEmEEA~OM ML E LGS, AIBN O
FETCHRBEEDERLRIGISED & T 1 LAETT
Lo EBHB LI, ChixT oA RIGEESREL,
gz ESR g © 7 oA @I hi: Fig. 7). €
ST LR OBE, BRIy, 7 LEw. b B
Fie & OERALH & FREREY, 14 TILAWDIR

R AEERWBEORR L LTARTH DD, &
RIVBABR I IG D &2 ML T 5 & & & BUREE

o TIRBIRMBIR G & Thr bl LB R EY
DERERBNT 5.

C1-C2 #&&BAZY: %k k35 & C1-C2 a5
ZULBHB LM r Y VHMEDbRh D, FBO 3 UIE
LU D CHFIEREBEACS &, HERE M7
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Scheme 5 Preparation of chiral “tonalid”’.

o AN +
TOOEt COOEL COOEL
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COOEt COOEt ~~O0OH

Scheme 6 Preparation of chiral tetrahydrolavandurol.
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Scheme 7 Possible pathway of the ring-cleaved intermediate.

YYREORD., COREFEAI v R L=V L 8 ¥ AERM=AT L DI —HRELLCa, 8
RIGde2 L7 —=F - 7235 7y R EREKCE ffl= R 7 AT 5.

D—BETT T 79 vERIER TS, S hoa bR CLALIBEML L i e B A 2 F - 5 & ey
B, 7YMELT, AATRERER “FFY L FP O ElcAFAMELRS. ThobERTH 5 HFIE
AT LR, TOE, SRERLNEETE T rIerrsSve.m—A®2ER LY. KRG
DHEIeDHZ LDk (Scheme 5), ((+)-k) DHSIARBIIARECTH - 7228, (1R)-%

C2-C3 i BBRZ: H=AT VA A% fFf X
BTLBHLBED C2-C3 FAMAN X Z M, Fe b
VBRI CD LR I BEBERSE SRS, ARy

MaBWT (F)- R EoRi-z & X b KRRMKiL (R)-
BTHBZ Ehdoh o7z (Scheme 6),
Cl-C3f55B%: $M7 = ) Fic A A A A S
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AN 1) BBr,
coci > [’ COOMe

R 2) MeOH

R BBrs(mol%) Conv.(%) Yield(%) R

OMe 2.0 100 61

Me 10.0 100 51

H 20.0 17

Cl 20.0 0O

Scheme 8 Rearrangement of styrylcyclopro-

panecarbonyl chloride.

Flxen & C1-C3 a0 ML i bad s ERETA
B3 %. Scheme 7 vk L7-BABRFHGAN A DL —F T
BEThET 2 i{tl, Bor—1rcr e+ vBiEETH
GEBGCEshS. L LA— b CE R s ARA
AERTHETCHS. HEETIEr—+ CORIGIZERD
Shichotehd, T )V —AFEEBATLILRTX
S THHDORIEEEK TE . TAyr=yranrrss
VNN LA A AR X o Ty 2 vV T ViEH
a8 % FIHREMRIGY BiFE T & 1. (Scheme 8)®. &
iz, AFRCHRED 7« LSO BRI S 2% .
chbik, ZEBREAMORIGHEC W THL VAR
Ex530ThHY, BEAERKIGELTHAEMRTHS.

& » Y [C

EEIE VAR, FOREPHEGETHY, F0f
ped ML EORRONR Lo TE . bhbh
WLEEE D R ERER DB Y & F X THRD L VILEER
KiE, MEERMERARIGEHEL TE . Thid%
Bk T ke LTTIRR YA, I vARGEDIA
BEOWEREA L LTI -> TR LD TRLET S
iz,

WE TR Y RS T 5 & L34 D ETORR
i hoD0H BN, bbb Dz ECER
L, FEEC VAR 4 FADBEXBV. SHITEK
BIEONFEARED LT b b D THE. G
b NEIEALIC X B EiEER O BER OB b
DrBbns.

BHRCARROEEICY b SHI TR WSO
HACERSEHLET.
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