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greatly increased.
therefore,

dinger and Ruzicka®,

which the reader is referred.
the subsequent developments in pyrethrum chemi-
stry that the present article is concerned. Litera-
ture has been consulted up to September of 1960.

5’,‘%

Advances in Pyrethrum Chemistry Yuzo
Kyoto University)

31. [REAHOLZO#S  Frbyg=

During the decade that has elapsed since publ-

ications of some comprehensive reviews!"®, our
knowledge of the chemistry of pyrethrum has

It has been found desirable,
to devote. some pages of the Silver

Jubilee Issue of this Journal to the chemistry of
pyrethrum, '

The disclosure of the héterogeneify of the

pyrethrolone®? has made much of the earlier
degrative and synthetic works carried out prior
to 1945, including the outstanding ones of Stau-

of dubious value. “The

evidence for the existence of and the currently
accepted structures of the four insecticidal consti-
tuents, cinerins-I, II, pyrethrins-I and II, has
‘been summarised in the above-cited reviews, to

It is chiefly with

As the pyrethrins are esfers, both structural and

synthetic problems conveniently resolve themselves
into those of the kefoalcohol moiety and those
of *chrysanthemic or pyrethric acids moiety and
consequently, this account will conveniently follow
the separate part of the pyrethrins. v

Me, IYIe
R’ ’ \CO-O- / T
>c=cn-/ N—Lko
Me
(49
R R’ .
Pyrethrin-1, -CH,-CH=CH-CH=CH,, -Me
Pyrethrin-1I, -CH,-CH=CH-CH=CH,, -COOMe
Cinerin-I, -CH~CH=CH-Me, -Me
Cinerin-II, ~-CH,-CH=CH-Me,

-COOMe

CHRYSANTIHEMIC ACID

can exist in four stereoisomers due to the two

Inouve (Institute for Chemical Research,

GRUBANE ALPRIERT KEFBIE)

‘asymmetric carbon atoms in the cyclopropane

ring and the naturally derived acid has been shown
to have the (+ )-frans- configuration.  All isome-
ric acids have been synthesised, separated and
optically resolved by Harper®=!v,

N,CHCOOEt Me:C

Me,C=CH-CH=CMe, AN |>cu-coorst
‘ Me.C=CH-CH
(D (1D
-OH MQZC\
- |7 CH.COOH
Me,C=CH-CH
avy.

Having been supplied with 2, 5-dimethylhexa-2,
4-diene (II) from Reppe synthesis, the improved
method of synthesis has now enabled one to
manufacture chrysanthemic acids on commercial
basis for incorporation as a component of allethrin
((D : R= -CH,-CH=CH,, R’=Me). Extensive and
elaborate studies on esterification, " lactonisation,
hydration and catalytic hydrogenation of the
chrysanthemic acids have been worked out by
Harper!?~1, Of these achievements, the elucida-
tion of the structure of (-)-pyrocin'®, originally
isolated from the pyrolysis of pyrethrum by
Japanese worker!®~19, js of particular interest.
(—-)‘-ﬁ-—Isobutenylisohexano-r-]actone’ V) was
deduced to this lactone and the ozonolysis to give
(+)-tcre5ic acid (VI) has made possible the
correlation of the absolute configurations of the
optically act'ive chrysanthemic acids to (=) -glycer-
aldehyde through the key intermediates, (-)-iso-
propylsuccinic (VII) and (-)-methylsuccinic acids.

Interrelations of the epimeric chrysanthemic

" acids have been completed by the conversion of

(+)-cis-chrysanthemic acid into (+)-pyrocin,
thereby revealing the fact that the enantiomeric
(-)-cis-chrysanthemic acid is the C¢, epimer of
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- - CH=CMe; COOH -COOH .
: : |
Me,C—~C—H O Me,C—C—H Me,CH—-C—H
(H)-trans-(AV) —> -] — | | —_ |
0O 'CH, CH, C|:H2
9 C COOH
1]
(o] (0]
QD) VD (VID

(+)-trans-acid!®, Thus, (+)-trans-, (-)-trans-,

(+)-cis-, and (-)-cis-chrysanthemic acids have
‘the (1R:3R)-, (15:3S)-, (1R:3S)- and (1S:3R)
-configurations in the ordeir respectively,

N,CHCN Mezc\ NaOH
= CH-CN ——> (V)

Me,C-CH-CH
“(VIID

an

Another modified route to this acid has been
devised?®, involving the addition of diazoacetoni-
trile to 2, 5-dimethylhexa-2, 4-diene (II), followed
by alkaline hydrolysis of the resultant chrys-
anthemonitrile (VIII) into exclusively #rans-chrys-
anthemic acid. Successive homologations of opti-
cally active and.racemic chrysanthemic acids by
means of Arndt-Eistert reaction yielded the next
higher homologous acids with ¢rans-isomers, whilst
with the cis-acid, an anomalous. ring .expansion
leading to a cyclobutane . derivative has been
observed?'~», Modified chrysanthemic acids such
that contain substituted aryl-, halogenated-25®
and piperonyl-side chains?”, have been. prepared
and their allethronyl esters have been.tested for
insecticidal activity. Methyl (#)-cis-chrysanthe-
mate was converted. by the. action of sodium ¢-
amylate in benzene .into.the (+)-frans-isomer?®,
The geometrical stereochemistry of the cyclopro-
pane ring. of chrysanthemic acid portion in both
natural and synthetic rethrins-I was readily decided

by the characteristic bands in infrared spectra?®,
Lithium aluminum hydride reduction of chrysan-

themic acids yielded the corresponding alcohols,

chrysanthemol®®, and some of its esters have

been claimed to have insecticidal activity®!,
- 'CHRYSANTHEMUM DICARBOXYLIC ACID

must have either ¢is- or frans-configuration about
the side chain double bond in addition to that of

ccyclopropane and therefore, eight stereoisomeric

forms——four pairs of frans,irans-; irans, cis-;
cis, trans~ and cis, cis-racemates——are possible.
Three isomeric acids except cz'é, cis-form, have
been synthesised and their geometrical configura-
tions were assigned®~4, By treating {rans-2,5-
dimethylsorbic acid ester (IX) with ethyl diazo-
acetate, (£)-trans,trans- and (*)- cis, trans-
chrysanthemum dicarboxylic aéids, both having
the trans-side chain double bond, were obtained
in preponderance of the former. The trans-confi-
guratiori of the starting dimethylsorbic acid was
evidenced in elaborate works?%84449),

In an alternative route to this acid®*~* which
involved the addition of dimethyldiazomethane to
the ester of isomeric a-methylmuconic acids XD,
followed by thermal decomposition of pyrazoline
intermediate (XII), (+)-trans, cis- and (+)-lrans,
trans-chrysanthemum dicarboxylic acids were
obtained,

This affords another evidence for the geometry

e.C= - = ——
’ \COOMe  2) NaOH Me | >CH-COOH
IX) > c-CH-CH
Hooc”, - -
@
o Me MecNs o Me DN,
- MeOOC-CH=CH-CH-C{__ - -———3 MeOOC-CH-C-CH=-C{ L BN
: T\COOMe Mol N COOMe 2)NaOH
XD . 2 P
NH
XID
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of chrysanthemum dicarboxylic acid. Of the three
racemates thus obtained, the frans, frans-acid
was equated with the naturally derived (+)-acid
by infrared spectra and the optical resolution of
the synthetic acid completed the total synthesis of
chrysanthemum dicarboxylic acid®»*®, Selenium
dioxide oxidation of chrysanthemates gave aldehy-
dic esters, which upon treatment with silver
dioxide, yielded chrysanthemum dicarboxylic acids.
85,5, This conversion of (4 )-frans-chrysanthe-
mic acid into (+)-frans, trans-chrysanthemum
dicarboxlic acid revealed that both of the chrys-
anthemum carboxylic acids are of the same optical
series and have the same (+)-(1R : 3R)-configur-
ation with regards the two asymmetric carbon
atoms, This interrelation was also obtained by
the ozonolysis of methyl (+)-frans-chrysanthe-
mate and of methyl (+)-frans, trans-chrysanthe-
mum dicafboxylate to give equally the same
(1) methyl (2) hydrogen (—)-trans-caronate’?,
Pyrethric acids were prepared by the partial
hydrolysis of dimethyl (*)-frans,trans-, (£)
-cis, trans- and (+) -frans, trans-chrysanthemum
dicarboxylates and the esterifications with alleth-
rolone afforded the first synthetic rethrins-II for
testing the insecticidat activity*®, Methyl (+)
-trans, trans-chrysanthemum dicarboxylate, when
treated with potassium methoxide in absolute
methanol, racemised into exclusively (£)-trans,
trans-isomer. A dicarbanion was postulated as
the transition intermediate in this racemisation
and the cis->frans inversion of chrysanthemate by
the action of sodium f-amylate?® seems to have
some common features in mechanism with this

racemisation.

PYRETHROLONE (XIII-a) AND CINEROLONE
(XIH-b)

constituting the ketoalcohol moiety of the pyre-
thrins, each possess one asymmetric carbon at
4-position and a double bond capable of cis-frans
isomerism in 2’-position of the side chain and,
therefore, four stereoisomers are possible for each.
The absolute configuration of the asymmetric
carbon in both of the naturally derived cyclopen-
tenolones was established to be the (})-S—bonﬁ-
guration by converting these (4)-ketoalcohols

m 25 B—N

into the corresponding (+)-methylethers (XIV),
followed by successive oxidations with ozone and
then hypobromite to give equally the.same (—)
-methoxysuccinic acid (XV) which had been cor-
related with (—)-glyceraldehyde®s~*9,

Me I\/'Ie 'COOII
H, /A H MeO-C-H
HO™ \[-R——>Me°>[/\‘-R 0, "y,
L0 I .o KOBr éO“OH
X1 XIV) xXV)

R= —CHz-CH=CH-CH:CH2
-CH.-CH=CH-Me

a, pyrethrolone,
b, cinerolone, =

In earlier works, cinerolone and pyrethrolone
were isolated in both (+)- and (%)-forms, but
the latter might probably be artefact which was
formed during isolation procedures and only the
(+)-form occurrs in the natural esters. Ciner-
olone and its derivatives are rather stable to heat,
whilst - pyrethrolone and its derivatives undergo
thermal isomerisation with migration of the side
chain double bonds into conjugation with the
cyclopentenone ' ring.
accompanied by an increase in the negative rota-
tions of the compounds and they probaBly explain
the conflicting rotations previously reported for
these compounds and resynthesised pyrethrins®~
™, The fifth and sixth pyrethrolone semicarba-
zones were considered to be formed by undergoing

These isomerisations are

this change during rigorous fractional distillation.
This structural change can not take place without
affecting the rotaions as well as the geometry of
the side chain double bond. It is no exaggeration
to say that after the chemical structures had been
determined, works on the natural rethrolones were
concentrated to the elucidation of the geometry of
the side chain double bond. Qur present knowledge
may reveal that the disagreement found between
the synthetic and the natural rethrolones may
reasonably ascribed to the heterogeneity of the
natural pyrethrolone preparativons caused by con-
tamination of the (X)-forms and/or those with
rearranged 1’-double bond, " The synthesis of (%)
-cinerone and its homologues™ was the first to
confirm the cyclopentenone structure presented by
LaForge™~"®, Subsequently, 3-methyl-2-s-alkyl-
cyclopent-2-en-1-ones were brominated with N-
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CH;—CH:; - Cl; CH,—CHCl MeMgBr |CHz——CHCl Na

[ —> | | — ] —> Me—CH CH-CHz—CHZOH ——)
CH; CH, CH, -CHCI1 CH; CHMe
N/ ANIV4 : \O/ 0.4%))
‘ NaNH, ' H, PBr,
Me-CHBr-CHBr-CHn-CH OH — Me-C =C-CH,-CH,OH —> Me-CH= CH CHz-CHzO}{ -—)
XVID (XVIID XIX)
Mg © Et:CO4
Me-CH=CH-CH,-CH,Br —> Me—CH CH-CHg-CHz-CO—Me —>
(XX) Ac,0 (XXD _
NaOH MeCOCHO
Me-CH= Cél CH,-CH,-CO-CH,-CO,Et —> Me-CH= CH(;ggIIg—CHg—CO—CHZ—COONa —>
b.419] 1D .
Me-CH=CH-CH- CHz-CO-CHZ-CH(OH) -CO-Me—>(XIII-b)
. XXIV) :
bromosuccinimide to 4-bromoketones, which were stage syntheses of cinerolone and cineréne, whose
converted via acetoxyketone into (+)-4~-hydroxy- identity with naturally derived racemic compounds
ketones™*, By this means were prepared (&) was established by direct comparison of the semi-
-dihydrocinerolone and (=+)-tetrahydropyrethrol- carbazones and acetate semicarbazones, as well
one®®, thereby providing the first synthetic evid- as of their infrared spectra®,®=~%, Sgon after,an
ence for the 4-position of hydroxy group in natural improved ten stage synthesis of cinerolone, involy-
rethrolones. The synthetic /rans-cinerone was not ing n-pent-3-yn-l-ol (XVIII) as the key inter-
identical with the cinerone derived by degradation mediate, was devised®®,
of natural cinerolone, pointing to this having the (£)-trans-Cinerolone was synthesised by the

cis-configuration. Harper devised the fourteen following route®,®:

H, HBr AcCHNaCOOEt
Me-CH=CH-CHO —> Me-CH-CH-CH,OH —> Me-CH-CH-CH;Br ———>

NaOH
Me-CH=CH-CH,-CH(COMe)-COOEt —> (XXI)->(XXID->(XXII)->(XXIV)->(XIll-b)

The lack of identity of (=)-trans-cinerolone assigned to these.compounds. By adopting this
with naturally derived racemic cinerolone which synthesis to that of the cis-isomer, Harper has
was shown by comparison of semicarbazones, éynthsised (+£)-cis-cinerolone in an improved
acetate semxcarbazones and infrared spectra®®, overall yield®®,

provided further evxdence for the configurations

Na;CO; NaOH Cl;,
Me-CCl= CH—CHQCI — Me—CCl CH-CH,OH —> Me-C=C-CH,O0H -—>
AcCHNaCOOEt NaOH
Me-C=C-CH,Cl —————> Me-C=C-CH,-CH(COMe)-COOEt —> Me-C=C-CH,-CH,-CO-Me

H
. —29(XXI) —=>(XXID - (XX - (XXIV)~>(XIII-b)

~ The resolution of synthetic (+)-cis-cinerolone synthesis of cinerin-I1°®, When the starting alke-
into its (+)- and (—-)-énantiomers by means of nyl chloride, RC], is readily accessible, the pro-
(+)—or(—-)-trahs—chrysan_thematesemicarbazones duction. of the corresponding alkenyl-rethrolone
and the subsequent esterification with enantiomeric is greatly facilitated in the following six stage
trans-chrysanthemic acids completed the total Synthesis in actual operation,

AcCHNaCOOEt NaOH Et.CO,
RCl —m8 ™ ————> R-CH(COMe) -COOEt — R-CHg—COMe — R-CHz—CO CHz'COOEt

M
NaOH MeCOCHO NaOH /\
—> R-CHg-CO—CHz-COONa ——) R-CHZ—CO CH,-CH(OH)-COMe —> HO-‘ \‘
L—=0.
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Many analogues of cinerolone have been synthe-
sised in this way and have been esterified
with the chrysanthemic acids to give analogues
of cinerin-I""~", Among these discoveries, the
commercial production of allethrin®%+-* has been
developed and now substantial quantities have been
marketed at a pricecom parable to that of pyre-
thrum. In the similar manner to that of cinerolone,
allethrolone was resolved® and esterified with
enantiomeric frans-chrysanthemic acids to afford
four optical isomers of trans-allethrins'®®,

A crystalline allethrin, e-dl-#rans-allethrin, was
shown to be a racemic compound of (+)-alleth-
ronyl (—=)-trans-chrysanthemate and (—)-alle-
thronyl (—)-trans-chrysanthemate”:‘““. This is

CH: CH, CH

AN 4\ 4N\

CH, CH Cl, CH; CHCI KOH CH; CH H,PO,
—> CH,=CH-CH-CII-CHO —> CH, CH-CH-CH-CII:OH
t

[ I —> 1. |
CH; CHEtOH CH, CHOEt CH, CHOE
N/ N/ N/

PCl, AcCHNaCOOEt

—> CH,=CH-CH-CH-CH.(Cl

an useful standard for both chemical and bio-ass-
ai's of the pyrethroids.

Following a similar course to that of cinerolone,
Harper has synthesised (%)-frans-pyrethrolone
as well as (&)-trans-pyrethrone!®®.

Comparison with naturally derived pyrethrolone
B-2 showed lack of identity and hence, it was
con_cluded that pyrethrolone B is cis-pyrethrolone.
This configuration so assigned was further con-
firmed by the complete identity of cis-jasmone
with nafurally derived (+) ~dihydropyrethrone!®®,
Esterification of (+)-frans-pyrethrolone with(4)
-trans-chrysanthemic acid gave a frans-pyrethrin-I

with considerable activity. Endeavour has been

LiAlH,

NaOH

—> CH,=CH-CH-CH-CH,-ClI(COMe)-CO.Et ~———>

Et,COs , NaOH
CH,-CH-CH=CH-CH,CH,-CO-Me ———> CH,-CH-CH-CH-CII,-CH,-COCH,-COOEt——>

MeCOCHO

CH,-CH-CH-CH-CH,-CH,-CO-CH;-COONa ———>

NaOH
CH,=-CH-CH-CH-CH,-CH,-CO-CH,-CH(OH)-CO-Me ———> (XIII-a)

made to introduce c7s-pent-2, 4-dienyl system into
cyclopentenolone, the last pending and the most
difficult problem in pyrethrum chemistry. Using
the intermediates elaborated in the preliminary
work!%4~19_ Crombie has achieved the synthesis
of (+)-cis-pyrethrolone!”™, which was found to
be identical with pyrethrolone B-2 of natural
origin. The diasteroisomeric mixture of esters(+4)
-cis-pyrethronyl (4)-frans-chrysanthemate and
(=)-cis-pyrethronyl  (—)-frans-chrysanthemate
was prepared, the former being the natural pyr-
ethrin-I. _

_ With many homologues and analogues, varieties
of stereoisomers of the pyrethroids now made

Et,CO ' : ‘ ,
CHy=CH-C=C-CHy-CHy-CO-Me —— CHy=CH-C=C-CHy-CH,-CO-CH,-COOEL "

NaH

1) NaOH
2) MeCOCHO :

readily available for testinging insecticidal acti-
vity, the relationship between chiemical structures
and insecticidal activity has become revealed!*!®,
In particular, the stereochentical conformation
theory, exemplified by a complete set of stereo-
isomeric allethrins and closely strucured modifica-
tions, has been greatly developed in the light of
the established stereochemistry of pyrethroids®®!"®,

Absorption and metabolism by insects of pyr-
ethroids were followed by means of the modern tracer
technique with *C-labelled pyrethroids!10~112,

Many attempts have been made to solve the
vexed question of

m

NaOH
—> CH,-CH-C=C-CH,~-CH,-CO-CH,-CH(OH)-CO-M¢ —> (XIII-a)
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PYRETHRUM ANALYBIS

but little has so far been achieved. The Seil
titrimetric method!'®, formerly widely used,A was
made obscure because-of its substantial faults.
The so-called’ mercury reduction method is cur-
rently employed, but correct results are obtained
only by strict adherénce to the specified conditions,
which, like the factor used to calculate the results,
are quite empirical. Some important versions of
this method were proposed but even’ these modi-
fications were far from making it perfect!!4~12%,
Attempts have also been made to utiliée spectro-
photometry to determine the total pyrethrins as
such and an UV-method was initiated by Beckley
129+13 and was developed by Shukis'®® in combi-

nation with a high vacuum technique. The IR~

spcctrophotométric method!¥13%, polarographict®,

colorimetric and chromatographic methods!®-~147?
have been proposed for their claimed accuracy,
reproducibility, convenient and speedy performa-
nce, but their practical application to the assay
of pyrethroids is probably limited. Since the
problem of pyrethrum analysis is 2 most entangled
one, it can not be exhausted in this brief account
and the reader should refer to the summarie's_‘by
other authors?~1*7, l '

MISOELLANEOUS COMPOUNDS

other than the pyrethroids have been reported to
be present, free or combined, in pyrethrum.

- Pyrethrosin was first isolated by Rose and Haller
as early as 1937159~160),

has no further been prosecuted until 1957, .Barton

but its structural problem

has deduced the following decagonal structure to
this lactone'é!~®, :

Pyrethrosin is the first decagonal terpenoids
found in nature and is of particular interst in its
biogenetic significance as a possible precursor of
A-Amyrin
or a related triterpene!®®, ceryl alcohol!®®, hent-

most of the bicyclic sesquiterpenoids.

182

“13) idem, ibidem,

riacontane and nonacosane'®®, all the normal par-
affins from  C,,~Css and possible higher members
189 an irritant phenolic compound!®®, tiglic!é®,
palmitic and linoleic acids'®*”, chlorophyllin mixt-
ure'®® light oil with characteristic odour!®® and
a hydrocarbon CjpH ! have been detected in
pyrethrum, ’
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