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FOREWORD 
The A C S S Y M P O S I U
a medium for publishing symposia quickly in book form. The 
format of the SERIES parallels that of the continuing A D V A N C E S 
I N C H E M I S T R Y SERIES except that in order to save time the 
papers are not typeset but are reproduced as they are sub
mitted by the authors in camera-ready form. As a further 
means of saving time, the papers are not edited or reviewed 
except by the symposium chairman, who becomes editor of 
the book. Papers published in the A C S S Y M P O S I U M SERIES 
are original contributions not published elsewhere in whole or 
major part and include reports of research as well as reviews 
since symposia may embrace both types of presentation. 
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PREFACE 

The valuable insecticidal properties of pyrethrum were recognized in 
the 19th century and stimulated detailed examination of the chemical 

constitution of the active esters in the first quarter of the 20th century. 
Although the acidic components of the esters were correctly identified 
at an early stage in these studies, only in 1947 were the structures of the 
alcohols settled. The first synthetic pyrethroid, allethrin—still important 
today—was developed soon afterwards. By 1968, tetramethrin, a good 
knockdown agent, and resmethrin and bioresmethrin, the first synthetic 
compounds with greate
toxicity than the natural esters, had been discovered. These compounds 
did not greatly extend the range of application of pyrethroids for, like 
the natural compounds, they were unstable. Investigation of structure-
activity relationships continued, and by 1973 compounds had been devel
oped which were more photostable yet retained many of the favorable 
characteristics of the natural esters and earlier synthetic compounds. 
The new materials are now being critically assessed to establish those 
applications where their special combination of properties may be espe
cially advantageous; in some instances, they may replace existing insecti
cides which have properties no longer considered acceptable. 

The structures of pyrethroids are more complex than those of other 
major classes of insecticides, and they are relatively expensive to manu
facture; however, their greater insecticidal activity, permitting fewer 
applications of lower doses, may give an advantage over present com
pounds, especially when persistent residues in the environment must be 
avoided. Further, industrial processes have been developed by which 
the most active optical and geometrical isomers of some pyrethroids 
could be prepared on a multi-ton scale—an outstanding achievement of 
modern chemical technology. 

The introductory paper on "Synthetic Pyrethroids" reviews the com
pounds now available from an historical viewpoint and traces develop
ment of our understanding of relationships between chemical structure 
and insecticidal activity, photostability and mammalian toxicity. The 
general implications of the discovery of more stable compounds, which 
may be considered to constitute a new group of insecticides, are impor
tant themes of this collection of papers. 

Pyrethroids are flexible molecules and their conformations probably 
greatly influence their insecticidal activity. In the first paper, preferred 
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conformations are calculated solely on the basis of non-bonded inter
actions and considered in relation to the conformations in the solid state 
and to biological results. The next papers consider the effects of modi
fying the acidic and alcoholic components of pyrethroids; nearly al l the 
new compounds are less active than the parent esters on which they are 
based. These results and other work reviewed in the book show the 
difficulty of discovering new acidic and alcoholic components of syn
thetic pyrethroids with the combination of properties necessary to justify 
commercial development. The most promising examples so far are 
3-phenoxybenzyl and a-cyano-3-phenoxybenzyl alcohols and the optical 
and geometrical isomers of 3-(2,2-dihalovinyl)-2,2-dimethylcyclopropane-
carboxylic acids and a-(4-chlorophenyl) isovaleric acid. Much of the vol
ume therefore describes syntheses, the biological properties, metabolism, 
and analysis of esters formed from combination of these components. 

Although recognized
which pyrethroids act remains obscure; however, investigations described 
here on the housefly nervous system and on the crayfish abdominal nerve 
cord disclose many significant results. The observation that some com
pounds which are potent insecticides have relatively weak action on the 
nervous system of crayfish compared with closely related esters which 
are much less active insecticidally may have important implications. 

The final group of papers deals with factors concerning the practical 
application of pyrethroids. Although there is now abundant evidence 
that pyrethroids with appropriate structures are sufficiently stable to 
control agricultural pests, it is important to establish precisely how long 
they persist and the nature and toxicity of their metabolites in various 
environments. The results so far indicate that although some of the newer 
compounds are relatively photostable, they are readily metabolized by 
organisms which have esteratic or oxidative mechanisms to non-toxic 
products which do not accumulate in mammalian systems. The papers 
presented thus span the many rapidly advancing aspects of pyrethroid 
studies and indicate that some of the newer pyrethroids discussed may 
make valuable, practical contributions to insect control within a short 
time. 

The symposium "Synthetic Pyrethroids: Recent Advances" arranged 
by the Division of Pesticide Chemistry of the American Chemical Society 
at the 1976 Autumn meeting in San Francisco was therefore particularly 
opportune. It was complemented by a meeting of the Pesticides Group 
of the Society of the Chemical Industry in London in November 1976 
on "Newer Applications of Pyrethroids."* 

The Division of Pesticide Chemistry chose to honor me at this time 
with the Burdick and Jackson International Award for Pesticide Chem-

* Pestic. Sci. (1977) 8 (in press). 
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istry. I am conscious of the prestige of the Award, and it is noteworthy 
that the Division should make this characteristically warm and generous 
gesture to a British chemist in the 100th year of the American Chemical 
Society and at the time of the Bicentennial celebrations of the Declara
tion of American Independence. It is also appropriate to recognize and 
to acknowledge the broad base of international research on which the 
work of my colleagues and myself rests and into which it is integrated. 

The Award having been given for work on pyrethroid insecticides, 
it is fitting to recall the wisdom which led F . B. LaForge in the United 
States and Frederick Tattersfield and Charles Potter, successive heads 
of the Insecticides and Fungicides Department, Rothamsted Experimen
tal Station, to continue to investigate the insecticidal action and chemical 
properties of pyrethrum. Potter at Rothamsted and Stanley Harper at 
the Universities of Southampton and London discerned the long-term 
advantages of continuin
persistent insecticides with low mammalian toxicity even when immediate 
applications appeared limited by the development of major groups of 
synthetic insecticides. 

I owe a considerable debt to Stanley Harper and Charles Potter for 
help and support over a long period and more recently to Norman Janes, 
whose scientific and personal cooperation has been of rare and outstand
ing quality. David Pulman has contributed greatly to our work by his 
skill and perseverance. W e thank Roman Sawicki, Paul Needham, and 
Andrew Farnham for many bioassay results, essential to our progress, 
and many other colleagues for valuable help and discussions. 

Harpenden, Herts., England M I C H A E L E L L I O T T 
December 1976 
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INTRODUCTION 

The following remarks are those of Professor Ryo Yama-
moto, Professor Emeritus of the Tokyo University of Agri
culture. He represents the many Japanese chemists who 
have made distinguished contributions to the knowledge 
of natural and synthetic pyrethroids. Professor Yamamoto 
was investigating the structure of the pyrethrins in Japan 
during the period when Staudinger and Ruzicka were 
working in Switzerland. 

It is an honor and a great pleasure for me to introduce Dr . Elliott's 
award collection "Synthetic Pyrethroids" and to offer my congratulations. 

I am an old chemist. It was 1923 when I first derived frans-caronic 
acid from the natural pyrethrins and demonstrated the presence of the 
cyclopropane structure in the chrysanthemic acid moiety in Tokyo. Now 
in 1976, I am an active member of Pesticide Science Society of Japan 
and still interested particularly in the science of pyrethroids. 

I am deeply impressed by the development of pyrethroid chemistry: 
from structural assignment of natural pyrethrins to recent developments 
of synthetic pyrethroids. These are all puzzling, and I can hear the early 
rumblings of what may become "Pyrethroid Age." I am very pleased to 
learn that permethrin by Dr. Elliott and S-5602 by the Sumitomo group 
are particularly promising for agricultural uses and those interested in 
pyrethroids are developing newer and newer ideas. Further development 
of pyrethroids w i l l be accelerated not only by studying the chemistry 
but also by elucidating the biological aspects, particularly the mode of 
action. Here is a wonderful area of research and development for all . 

San Francisco, Calif. R Y O Y A M A M O T O 
August 1976 
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1 

Synthetic Pyrethroids 

M I C H A E L E L L I O T T 

Rothamsted Experiment Station, Harpenden, Hertfordshire, A L 5 2JQ, England 

I n s e c t i c i d e s with a range of physical, chemical 
and biological p r o p e r t i e
as present methods o f crop p r o t e c t i o n continue and 
until d iseases t r a n s m i t t e d by i n s e c t s no longer a f f e c t 
man and his livestock. I d e a l l y , both e s t a b l i s h e d and 
new products will be used efficiently (1,2) i n rational
ly conceived pest management schemes, (3,4) i n some 
cases complemented by new approaches to i n s e c t control. 
(5,6,7,8). M i l l i o n s of human beings owe their freedom 
from s t a r v a t i o n and p r o t e c t i o n from disease to insecti
cides. N e v e r t h e l e s s , the present range o f compounds 
is inadequate because r e s i s t a n t i n s e c t species have 
emerged to d i m i n i s h their e f f e c t i v e n e s s f o r some appli
cations, because they have been judged unduly persis
tent or e x c e s s i v e l y t o x i c to men and mammals or because 
they are not sufficiently selective between pests and 
beneficial i n s e c t s . New insecticides w i t h s u p e r i o r 
p r o p e r t i e s are needed; to i n d i c a t e what improvements 
might be p o s s i b l e some of the p h y s i c a l and biological 
p r o p e r t i e s of the c l a s s e s o f insecticides at present 
available will first be reviewed. 

Table I - Properties of Classes of I n s e c t i c i d e s 
Polarity, Approximate Solu Systemic 

Class Log P* bility i n water, Action 
p.p.m. 

Carbamates -1 to 3 > 40 + and -
Organophosphates 1 to 5.5 > 1 + and -
Organochlorines 5.5 to 

7 R 
< 1 -

Pyrethroids 4 to 9 < 1 -
* Ρ = Octanol-water partition coefficient 
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2 SYNTHETIC PYRETHROIDS 

Table 1 shows that most carbamates {9) and many organo-
phosphates (10) are r e l a t i v e l y p o l a r , water-soluble 
compounds, a number of which have u s e f u l systemic and 
translaminar p r o p e r t i e s . In contrast, most organo-
chlo r i n e i n s e c t i c i d e s are non-polar, s t a b l e and there
fore r e l a t i v e l y p e r s i s t e n t compounds (11.,L2) . The 
nat u r a l pyrethrins ( ] ^ , 1^,3^,15,16^,17,18,19) and a l l the 
syn t h e t i c pyrethroids used at present are also non-
polar compounds, as i n d i c a t e d by t h e i r octanol-water 
p a r t i t i o n c o e f f i c i e n t s (20,21), and have very small 
s o l u b i l i t y i n water. They a l s o , therefore, have no 
systemic or translaminar p r o p e r t i e s . Unlike the 
organochlorine compounds, however, they are unstable 
and non-persistent, r e s t r i c t e d i n t h e i r a p p l i c a t i o n s by 
these c h a r a c t e r i s t i c s and because they are more com
plex and more expensiv
groups of i n s e c t i c i d e s
bine, as f a r as p o s s i b l e , the most valuable properties 
of these groups. 

Table II - T o x i c i t i e s of Classes of I n s e c t i c i d e s to 
Insects and Mammals^ 

b c Class Rats Insects Ratio 
Carbamate 45 mg.kg"1(15) 2.8 mg.kg""1(27) 16 
Organophosphate 67 " 11 

Organochlorine 230 " " 
Pyrethroid 2000 " " 

(83) 2.0 " " (50) 33 
(21) 2.6 " " (26) 91 
(11) 0.45" " (35) 4500 

^Geometric means of no. of data items i n brackets 
From published acute o r a l LD50 values 

CFrom published values, p r i n c i p a l l y to 4 species, by 
t o p i c a l a p p l i c a t i o n . 

S i m p l i f i e d b i o l o g i c a l data f o r the four groups of 
i n s e c t i c i d e s i n Table II demonstrate a r e l a t i v e advan
tage f o r pyrethroids. The l e v e l of i n s e c t i c i d a l 
a c t i v i t y a t t a i n a b l e with carbamates, organophosphates 
and organochlorine compounds i s remarkably s i m i l a r 
(22,22) a n c ^ apart from a few s p e c i a l cases (2Λ) i n t e n 
s i v e research over three decades (25) has f a i l e d to 
discover acceptable compounds i n these categories with 
generally greater potency to a wide range of species. 
In contrast, i n v e s t i g a t i o n of pyrethroids during the 
same period, with much smaller t o t a l research e f f o r t , 
has revealed compounds with p r o g r e s s i v e l y increasing 
a c t i v i t y , up to four or f i v e times higher than that of 
the other classes to most in s e c t species (26). 
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1. ELLIOTT Synthetic Pyrethroids 3 

R e l a t i v e safety i s i n d i c a t e d by the r a t i o of t o x i c i t i e s 
to r a t and i n s e c t (Table I I , column 4). In t h i s r e 
spect pyrethroids are also c l e a r l y superior, because 
they are both very a c t i v e against i n s e c t s and r e l a 
t i v e l y non-toxic to mammals. 

The scope f o r s t r u c t u r a l v a r i a t i o n i n pyrethroids 
and the r e s t r i c t e d a t t e n t i o n given to them suggest that 
d e t a i l e d knowledge of the chemical and biochemical 
basis f o r t h e i r i n s e c t i c i d a l a c t i o n might show how r e 
l a t e d compounds with improved properties could be d i s 
covered. Therefore progress i n research and develop
ment i n t h i s challenging area i s reviewed i n t h i s and 
subsequent contributions to the symposium. 

Structure and A c t i v i t

The evolution of synthetic pyrethroids can be 
assessed appropriately by r e l a t i n g t h e i r a c t i v i t y to 
that of p y r e t h r i n I which has an LD50 of 0.33ug per 
female house-fly (27) and provides a convenient proto
type and standard. In the f i g u r e s i n t h i s paper, 
successive f i l l e d boxes show ten f o l d changes i n a c t i 
v i t y r e l a t i v e to p y r e t h r i n I, compounds l e s s a c t i v e 
being on the l e f t of the arrow and those ten, one hund
red and one thousand times more ac t i v e than t h i s stan
dard to the r i g h t . Thus p y r e t h r i n I I , which with py
r e t h r i n I i s the most important constituent of natural 
pyrethrum (18^19/28) and decamethrin, with LD50 values 
per house-fly of 0.20ug (.29) and 0.0003ug (30), respec
t i v e l y are represented as shown i n Figure 1. 

The structures of p y r e t h r i n I ( e s p e c i a l l y e f f e c 
t i v e f o r k i l l (_31) ) , of p y r e t h r i n II (a good knock
down agent) and of decamethrin i l l u s t r a t e features r e 
quired f o r highest a c t i v i t y i n t h i s group of i n s e c t i 
cides. A l l three compounds are cyclopropane carboxy-
l i c a c i d esters with two methyl groups on C-2 and an 
unsaturated side chain on C-3, trans to the carboxyl 
group i n the n a t u r a l e s t e r s , c i s i n the s y n t h e t i c com
pound. The r e l a t i v e d i s p o s i t i o n i n space of s u b s t i -
tuents at the c a r b o x y l i c a c i d centre, C - l , i s import
ant, compounds of the opposite stereochemical configu
r a t i o n , (S), being much l e s s a c t i v e (32); (a nomen
c l a t u r e appropriate f o r t h i s s e r i e s i s discussed by 
E l l i o t t et a l . , (_33) ) . The a c i d i n each es t e r i s 
combined with a secondary alcohol of which the 
hydroxyl group i s e i t h e r part of a nearly planar cyclo-
pentenolone r i n g (34) as i n pyrethrins I and II or i s 
attached through a t e t r a h e d r a l carbon atom to an 
aromatic r i n g . A centre of unsaturation (cis-buta-
d i e n y l , or phenyl) i s l i n k e d v i a a methylene or 
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4 SYNTHETIC PYRETHROIDS 

Figure 1. The natural pyrethrins compared with a synthetic ester 

oxygen bridge and a 3 or 4 carbon spacing u n i t to the 
c h i r a l centre which bears the hydroxy1 group. 

From t h e i r work i n the years 1910-1916 (published 
i n 1924 (35)) i t i s c l e a r that Staudinger and Ruzicka, 
who, l i k e R. Yamamoto (_36,31_,38), were eminent pioneers 
of pyrethrum chemistry, recognised many of the features 
i n the structures of pyrethroids necessary f o r i n s e c t i 
c i d a l a c t i v i t y . They knew that the constituent a l c o 
hols and acids were only a c t i v e when combined with one 
another, and that an i n t a c t e s t e r - l i n k a g e was import
ant. The gem-dimethyl group on the cyclopropane r i n g 
was required and a c t i v i t y diminished by sa t u r a t i n g the 
side chains i n a c i d i c and a l c o h o l i c components. 
Staudinger and Ruzicka detected i n s e c t i c i d a l a c t i v i t y 
i n the chrysanthemate of the cyclopentenolone (Figure 
2) which had an a l l y l rather than a pentadienyl side 
chain. This concept of a shorter unsaturated side 
chain was l a t e r used by Schechter, Green and La Forge 
(39^,40,41,42) when they developed a l l e t h r i n , the f i r s t 
important s y n t h e t i c pyrethroid. Dienic unsaturation 
i n the a l c o h o l i c side chain was therefore not necessary 
to a t t a i n a p r a c t i c a l l e v e l of i n s e c t i c i d a l a c t i v i t y . 

Staudinger and Ruzicka also detected i n s e c t i c i d a l 
a c t i v i t y i n esters of piperonyl alcohol (Figure 2) (as 
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1. ELLIOTT Synthetic Pyrethroids 5 

l a t e r d i d Synerholm (£3)) and 4-isopropylbenzyl (cumi-
nyl) a l c o h o l , foreshadowing the important s e r i e s of 
benzyl esters such as those of 3-phenoxybenzyl alcohol 
(31,44) i n modern pyrethroids. They f u r t h e r examined 
compounds incorporating open chain equivalents of 
cyclopropane carboxylates, envisaging i n p r i n c i p l e the 
non- c y c l i c compounds which Ohno and h i s co-workers i n 
1974 (£5,4j>) demonstrated to be important i n s e c t i 
cides; the gem-dimethyl group of the cyclopropane was 
retai n e d as i s o p r o p y l , with an unsaturated centre 
placed on the <*-carbon atom of the a c i d . 

Development of the r e l a t i v e l y complex ba s i c 
chemistry of the n a t u r a l pyrethrins and r e l a t e d syn
t h e t i c compounds was g r e a t l y a s s i s t e d by spectroscopic 
methods, u l t r a v i o l e t (£7,£8) and i n f r a r e d i n i t i a l l y 
(49) and more re c e n t l
and mass spectrometri  techniques
i n v e s t i g a t i o n of the viscous, unstable, h i g h - b o i l i n g 
l i q u i d s and t h e i r isomerization (j>2,j[3,S4) and degrada
t i o n products (55) was r e l a t i v e l y d i f f i c u l t . U n t i l 
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6 SYNTHETIC PYRETHROIDS 

ten years ago only one synthetic pyrethroid, a l l e t h r i n , 
was s i g n i f i c a n t i n p r a c t i c e , but since then progress i n 
developing new compounds has been r a p i d , and, as the 
basis f o r f u r t h e r d i s c u s s i o n , a c t i v e compounds now 
a v a i l a b l e w i l l be reviewed. 

S - B i o a l l e t h r i n (56), Figure 3, has a l l the s t r u c 
t u r a l features of na t u r a l p y r e t h r i n I, except that an 
a l l y l side chain replaces the cis-pentadienyl system. 
I t i s more polar (20) than p y r e t h r i n I with f a s t e r 
knockdown but poorer k i l l i n g power to most ins e c t s ex
cept h o u s e - f l i e s (3^/5^7) . E a r l y bioassays overempha
s i s e d the potency of a l l e t h r i n because frequently they 
were confined to h o u s e - f l i e s and evaluated mainly the 
knockdown response; the subtle d i f f e r e n c e s i n basic 
s t r u c t u r e needed f o r r a p i d knockdown on the one hand 
and high k i l l on the other were not recognised (20). 
The outstanding potency of p y r e t h r i n I against many i n 
sect species was overlooked u n t i l i t was obtained pure 
(55) and undiluted by l e s s a c t i v e components (28_) . 

In Synthetic Pyrethroids; Elliott, M.; 
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1. ELLIOTT Synthetic Pyrethroids 7 

Continued i n v e s t i g a t i o n of the s t r u c t u r a l require
ments f o r high i n s e c t i c i d a l a c t i v i t y i n pyrethroids l e d 
to the compound bioresmethrin ( 5 8 , 5 9 0 (Figure 3 ) , i n 
which the cyclopentenolone nucleus has been replaced by 
the s t e r i c a l l y equivalent furan r i n g , and the unsatur
ated alkenyl side chain by an aromatic nucleus. Bio
resmethrin was the f i r s t s y n t h e tic p y r e t h r o i d to show 
equal or higher k i l l i n g a c t i v i t y than the n a t u r a l com
pounds against many i n s e c t species ( 26^3Ji ' _58 ) and, a 
welcome property unanticipated during the developmental 
work, lower mammalian t o x i c i t y ( 6 0 ) . 

With the same furan a l c o h o l , but the more l i p o 
p h i l i c ethanochrysanthemic a c i d i n the compound K-
Othrin (R/U 1 1 , 6 7 9 ) ( 6 _ 1 , 6 2 , 6 κ 3 ) Martel and co-workers 
increased i n s e c t i c i d a l a c t i v i t y s t i l l more ( 31 ) 
although at the expens

I n s e c t i c i d a l a c t i v i t
was r a i s e d even more by another m o d i f i c a t i o n at the 
same s i t e i n the molecule: s u b s t i t u t i n g c h l o r i n e f o r 
the methyl groups i n the isobutenyl side chain ( 6 4 , 6 5 , 
6 6 ) . This transformation also had the important con
sequence of e l i m i n a t i n g the p r i n c i p a l photosensitive 
centre i n the a c i d (6J7,68[) . Correspondingly, r e p l a c 
ing the p h o t o l a b i l e 5-benzyl - 3-furylmethyl u n i t or 
other previous alcohols with 3-phenoxybenzyl gave the 
compound biopermethrin (61) the f i r s t s ynthetic pyre
t h r o i d with adequate s t a b i l i t y f o r f i e l d use. Insec
t i c i d a l a c t i v i t y i s maintained on a l e a f surface f o r 
two weeks or more i n b r i g h t s u n l i g h t , without unduly 
long persistence i n the s o i l (.69 , 7 0 ) . Biopermethrin 
a l s o retained the low o r a l and intravenous mammalian 
t o x i c i t y of the unstable synthetic pyrethroids ( 6J7 ,71 ) * 

Conformation and A c t i v i t y of Pyrethroids 

The n a t u r a l pyrethrins and the synthetic com
pounds j u s t reviewed are a l l f l e x i b l e molecules. In 
the l i g h t of present knowledge t h e i r i n s e c t i c i d a l 
a ction i s best i n t e r p r e t e d as an a b i l i t y to adopt a 
conformation i n which a l l the s t r u c t u r a l features 
e s s e n t i a l f o r potency are appropriately o r i e n t e d with 
respect to each other and to a complementary receptor. 
A c h a r a c t e r i s t i c of pyrethroids i s the s e n s i t i v i t y of 
t h e i r i n s e c t i c i d a l a ction to changes i n substituents 
at c e r t a i n important centres by which e i t h e r the 
balance of conformers present i s disturbed, or contact 
of the molecule with a receptor i s obstructed. 
Valuable i n d i c a t i o n s of the c h a r a c t e r i s t i c s of the r e 
ceptor and conformations needed f o r optimum i n s e c t i c i 
dal a c t i v i t y can be gained by the following d e t a i l e d 
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8 SYNTHETIC PYRETHROIDS 

examination of the s e n s i t i v e p o s i t i o n s i n the molecule. 
One such important s i t e i s the c h i r a l centre i n 

the a c i d component to which the carboxyl group i s 
attached (Figure 4). Esters of cyclopropane carboxy-
l i c a c i d with substituents i n the (R) c o n f i g u r a t i o n 
shown, whether the side chain i s trans or c i s to the 
carboxyl group, are a c t i v e , whereas esters of the (S) 
epimers are i n a c t i v e , or much l e s s a c t i v e . S i m i l a r l y 
( S ) - i s o p r o p y l a r y l acetates, which correspond to (IR)-
chrysanthemates i n t h e i r c h i r a l arrangement of s u b s t i 
tuents (45>,£6,12) , are much more a c t i v e than t h e i r (R) 
epimers. This i s strong evidence that i n t e r a c t i o n 
with a c h i r a l receptor i s involved i n the l e t h a l 
a c t i o n , since i n a l l phenomena i n v o l v i n g migration and 
p a r t i t i o n , f o r example at a phase boundary  each mem
ber of a p a i r of isomer

X* H, alkyl ,alkenyl, halo, etc. 

Figure 4. Potency of esters from [R]- and [S]-forms of cyclopro
pane and phenylacetic acids 

The potency of esters of cyclopropanecarboxylic 
acids i s also s e n s i t i v e to s u b s t i t u t i o n at or on the 
side chain at C-3. (Figure 5) . Some compounds with a 
t r a n s - d i c h l o r o v i n y l substituent (see, f o r example, 
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1. ELLIOTT Synthetic Pyrethroids 9 

compounds i n Figure 4, χ = Cl) are powerful i n s e c t i 
cides. An a d d i t i o n a l methyl substituent g r e a t l y 
diminishes potency; the a c t i v i t y of alkenyl cyclopro-
panecarboxylates (Figure 5) (73.*74.) i s a l s o lowered by 
a 1-methyl substituent. An analogous depression of 
a c t i v i t y by methyl s u b s t i t u t i o n occurs i n the éC-iso-
p r o p y l a r y l acetates of Ohno et a l (4S,46j , where 
ortho-substituted a r y l compounds are much l e s s a c t i v e . 
In the three s e r i e s of compounds i n Figure 5 the added 
methyl groups are at s i t e s i n the molecule where they 
may d i s t u r b p r e f e r r e d conformations, as discussed i n 
the succeeding paper (74) or may block access to an 
e s s e n t i a l p o s i t i o n on the receptor s i t e . 

Figure 5. Influence of methyl suhstituents on acid components of 
various esters 

These examples show that the a c i d side chain 
attached at C-3 of the cyclopropane r i n g i s a p o s i t i o n 
where s t r u c t u r a l changes g r e a t l y influence i n s e c t i c i d a l 
a c t i v i t y . In the v a r i a t i o n s shown i n Figure 6, 
a c t i v i t y again depends on the nature of the substituent 
at t h i s s i t e . Thus, i f there are no methyl groups at 
C-3 or C - l (cf. Figure 5) extremely high i n s e c t i c i d a l 
a c t i v i t y i s a t t a i n e d i n esters with Z- and E-butadienyl 
and -pentadienyl substituents trans, and, to a smaller 
extent, c i s to the (1R) carboxyl centre (33,75). 
Further, some esters of 3-dihalovinyl s u b s t i t u t e d acids 
are outstandingly potent i n s e c t i c i d e s (30,^4,6j5) ; i n 
t h i s s e r i e s , the c i s esters are u s u a l l y more a c t i v e 
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10 SYNTHETIC PYRETHROIDS 

11 +Z isomer 

CI CI 
or Br Br 

1 
CI CI 

or Br Br 

Figure 6. Side chains of esters of 5-
benzyl-3-furyl methyl alcohol that are 

very effective for kill 

I I Γ 

than the trans (66). Esters with oximino ether sub-
s t i t u e n t s at C-3 are also a c t i v e i n s e c t i c i d e s (76.) . 

Although r a p i d i t y of knockdown i s l e s s important 
than a c t i v i t y f o r k i l l i n most a p p l i c a t i o n s , t h i s i s 
an i n t e r e s t i n g property also markedly influenced by 
modifications of the C-3 substituent. In Figure 7, 
r e l a t i v e knockdown e f f i c i e n c y i s i n d i c a t e d rather than 
k i l l . The pyrethrate r e l a t e d to bioresmethrin i s a 
b e t t e r knockdown agent than bioresmethrin i t s e l f (20), 
while the d i f l u o r o v i n y l compound (NRDC 173) (6j6) i s 
even more a c t i v e i n t h i s respect. The t h i o l a c t o n e , 
Kadethrin, R/U 15,52 5 acts more r a p i d l y against house-
f l i e s than any other compound yet reported (77). The 
d e l i c a t e balance between struct u r e and a c t i v i t y i n py
r e t h r o i d s i s demonstrated by the f a c t that the r e l a t e d 
3-phenoxybenzyl ester (73) almost completely lacks 
knockdown a c t i v i t y . In most compounds, as with Kade
t h r i n , good knockdown i s only achieved at the expense 
of k i l l i n g a c t i v i t y . However, the d i f l u o r o v i n y l 
e ster (Figure 7) i s an exception i n t h i s respect, be
cause i t combines good knockdown action with k i l l i n g 
power three times as great as that of bioresmethrin 
(66,18,79). 
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1. ELLIOTT Synthetic Pyrethroids 11 

Figure 7. Modification of acid side 
chain for knockdown 

Like cyclopropanecarboxylates, the a c t i v i t y of 
the oc-isopropylaryl acetates introduced r e c e n t l y by 
Ohno and co-workers (£5,£6) i s very s e n s i t i v e to s t r u c 
ture and s u b s t i t u t i o n . The d i c h l o r o i s o s t e r e of the 
is o p r o p y l compound (Figure 8, R = 3-phenoxybenzyl or 
oC-cyano-3-phenoxybenzyl) i s i n a c t i v e , p o s s i b l y because 
hydrogen c h l o r i d e i s eliminated extremely r a p i d l y to 
give a monochlorolefin lacking the s t r u c t u r a l charac
t e r i s t i c s f o r i n s e c t i c i d a l a c t i o n . The i s o s t e r i c 
amine and carbamate (73) are also i n a c t i v e . 

Figure 8. Compounds related to a-isopropylphenyl acetates I 
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12 SYNTHETIC PYRETHROIDS 

Ohno et a l . (45>,_46) also showed that e t h y l s u b s t i 
tuted compounds had i n s e c t i c i d a l a c t i v i t y only 
s l i g h t l y below that of the isop r o p y l d e r i v a t i v e s ( F i g 
ure 9). However, both the r e l a t e d d i e t h y l and mono-
methoxy compounds shown were i n a c t i v e (7J3) . 

R' R' 
OHNO «t al. 1974 

Figure 9. Compounds related to a-isopropylphenyl acetates II 

In another s e r i e s of v a r i a t i o n s examined (73) 
(Figure 10) the aromatic centre was disp l a c e d by an 
oxygen or methylene bridge to a p o s i t i o n more r e 
mote from the c h i r a l centre. The compounds were not 
ac t i v e . Two f u r t h e r compounds, one a phenylcyclopro-
pane, the other a tetrahydronaphthalene i n which the 
isop r o p y l group was locked i n e i t h e r of two ways were 
also non-toxic; they show that i n both cyclopropane-
carboxylates and iso p r o p y l a r y l a c e t a t e s a pr e c i s e s t r u c 
ture i n the appropriate configuration i s needed f o r i n 
s e c t i c i d a l a c t i v i t y . These a d d i t i o n a l r e s u l t s support 
the conclusion (4j5) that the i n s e c t i c i d a l a c t i v i t y of 
both cyclopropane carboxylates and o<-isopropylarylace-
tates depends on common s t r u c t u r a l features. 

Such examples i l l u s t r a t e how g r e a t l y i n s e c t i c i d a l 
a c t i v i t y i s influenced by small changes i n the s t r u c 
ture of a c i d i c components of pyrethroids. The a l c o 
h o l i c constituents are equally s e n s i t i v e , as compounds 
su b s t i t u t e d at the oc-methylene groups of esters of f u r -
f u r y l , furylmethyl, and benzyl alcohols exemplify (in 
Figure II R i s a representative cyclopropanecarboxy-
l a t e with R' = H, Me or CN). 
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1. ELLIOTT Synthetic Pyrethroids 13 

Figure 10. Compounds related to a-isopropylphenyl acetate III 

Esters of 5-benzyl-3-furylmethyl alcohol (R' = H) 
are u s u a l l y two to three times as potent as those of 
3-phenoxybenzyl a l c o h o l and some ten times more potent 
than those of 5-be n z y l f u r f u r y l a l c o h o l . A methyl sub
s t i t u e n t (R1 = Me) almost eliminates a c t i v i t y of a 3, 
5-disubstituted furan e s t e r and depresses that of 3-
phenoxybenzyl d e r i v a t i v e s . Esters of oc-cyanoalcohols 
(R1 = CN) are most i n t e r e s t i n g . The cyano substituent 
has l i t t l e i n f l uence on the a c t i v i t y of 2,5-disubsti
tuted furan d e r i v a t i v e s , depresses that of 3,5-furans 

Low activity whan R'- CH-CH2,COCH3,C02CH, 
CH2OCH3.CH2CI . C H (0CHs)2 

MATSUO at al.. 1976 

Figure 11. Influence of substituents at the α-methylene group 
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14 SYNTHETIC PYRETHROIDS 

and increases the a c t i v i t y of 3-phenoxybenzyl esters to 
produce the most e f f e c t i v e a l c o h o l i c constituent f o r 
pyrethroids yet reported (30,66,,80) . Other more bulky 
substituents at t h i s s i t e i n the molecule depress or 
eliminate a c t i v i t y (80). 

The potency of esters of (+)-ot-cyano-3-phenoxy-
benzyl a l c o h o l stimulated attempts to i s o l a t e pure i s o 
mers. The mixed esters (NRDC 156) of the ( 1 R ) - c i s - d i -
bromovinyl a c i d i n hexane gave c r y s t a l s (m.p.1000; NRDC 
161, decamethrin) and a l i q u i d s t i l l containing some 
NRDC 161 (30). The c r y s t a l l i n e isomer was estimated 
to be about s i x times as t o x i c as the l i q u i d , i t s e l f 
l i t t l e more ac t i v e than the 3-phenoxy-benzyl ester (32). 
Whether s i g n i f i c a n t or c o i n c i d e n t a l , i t i s notable that 
the esters of the two o p t i c a l forms of a l l e t h r o l o n e 
also d i f f e r e d s i x f o l
although at a l e v e
hundred times lower. 

RS R S S/R 

HOUSEFLIES (MOLAR BASIS) 

Figure 12. Relative potencies of esters of chiral ahohoh 

Because the ester of the (S)-cyanhydrin had such 
great a c t i v i t y , the 2- and 6-cyano-3-phenoxybenzyl 
esters (Figure 13) were synthesised, with the p o s s i 
b i l i t y that i n one or other compound the l o c a t i o n of 
thecc-cyano group would be simulated by the extra cyano 
substituent. However, both esters were i n a c t i v e (730 . 

The ester l i n k (Figure 14) i s another s i t e where 
small changes i n stru c t u r e g r e a t l y influence a c t i v i t y . 
The s u b s t i t u t e d phenyl ester (top) which lacks the 
methylene group of,the benzyl esters i s i n a c t i v e (73) 
and although, as noted, some cyanohydrin esters 
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1. ELLIOTT Synthetic Pyrethroids 15 

Figure 13. <*-, 2-, and 6-cyano-3-phenoxybenzyl esters 

(centre) are potent
not. A common f a c t o
the changed conformations induced at t h i s c e n t r a l l i n k , 
which would g r e a t l y influence the o v e r a l l shape of the 
molecule. 

Figure 14. Modifications at the 
ester bond 

Some unsaturation i s present i n the side chain of 
the a l c o h o l i c component of a l l powerful pyrethroids 
described so f a r , but again small changes remove 
a c t i v i t y (Figure 15). Thermal isomerisation of pyre-
t h r i n I to a compound with the t r a n s - c i s d i e n i c system 
conjugated with the r i n g , as shown (520 almost e l i m i 
nates a c t i v i t y , and although the benzyl furan bioresme
t h r i n i s i n s e c t i c i d a l , the corresponding phenylfuran i s 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



16 SYNTHETIC PYRETHROIDS 

Figure 15. Esters of alcohols with various side chains 

again almost i n a c t i v e (83 ,84_) . The 4-propenylbenzyl 
chrysanthemate i s much le s s a c t i v e than the 4 - a l l y l 
compound (85̂ /86̂ ) · The l o c a t i o n of unsaturation with 
respect to the nucleus i s therefore important/ shown 
al s o by the i n a c t i v i t y of the compounds i n Figure 16, 
which are r e l a t e d to 3-phenoxybenzyl e s t e r s , but have 
an extra methylene group. 

Figure 16. Esters of 3-phenoxybenzyl and related alcohols 
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1. ELLIOTT Synthetic Pyrethroids 17 

The f i e l d of s y n t h e t i c compounds with structures 
r e l a t e d to the n a t u r a l pyrethrins i s developing very 
r a p i d l y and may perhaps be considered i n a state com
parable to that of organophosphates and carbamates some 
twenty years ago. Therefore m o d i f i c a t i o n of some of 
the s t r u c t u r e a c t i v i t y p r i n c i p l e s discussed may be 
necessary with f r e s h d i s c o v e r i e s . However, present 
knowledge reviewed here i s consistent with the conclu
sion i n d i c a t e d e a r l i e r that the i n s e c t i c i d a l a c t i o n of 
these compounds requires a number of s i t e s on the 
molecular framework to be appropriately oriented so 
that intimate contact with a complementary c h i r a l sur
face or structure i s p o s s i b l e . The p r o b a b i l i t y that 
t h i s p a r t i c u l a r o r i e n t a t i o n w i l l be achieved may depend 
on the balance of conformers i n which the molecule 
e x i s t s . 

Such concepts provid  thoug  pre
sent n e c e s s a r i l y s u p e r f i c i a l , i n t e r p r e t a t i o n of the 
s e n s i t i v i t y of the i n s e c t i c i d a l a ction of pyrethroids 
to small changes of substituent or c o n f i g u r a t i o n at 
c e r t a i n centres; i t implies that t h e i r l e t h a l action 
involves the i n t a c t molecules, unlike that of organo
phosphates and carbamates where cholinesterase i s phos-
phorylated or carbamoylated (87,88) i n a biochemical 
r e a c t i o n i n which the nature of the leaving group i s 
not c r i t i c a l . 

An e x c i t i n g question, to which f u r t h e r research 
may provide an answer, i s whether the molecule i s i n 
the f u l l y a c t i v e conformation at the moment of f i r s t 
contact, or forms a bound complex by a sequence of 
steps following i n i t i a l impact at one of the a c t i v e 
centres - the s o - c a l l e d "zipper" concept (89). 

P h o t o s t a b i l i t y and Mammalian T o x i c i t y 

This survey of synthetic pyrethroids has shown 
the r a p i d advance i n knowledge of the r e l a t i o n s h i p of 
i n s e c t i c i d a l a c t i v i t y to s t r u c t u r e , c o n t r i b u t i n g to 
fundamental understanding of biochemical processes i n 
i n s e c t s . Two other regions of research i n f l u e n c e the 
development of s y n t h e t i c pyrethroids f o r p r a c t i c a l 
a p p l i c a t i o n i n the f i e l d . These are the r e l a t i o n s h i p s 
of s t r u c t u r e to p h o t o s t a b i l i t y and to mammalian t o x i 
c i t y . 

For many years, i t was recognised that i f the 
n a t u r a l pyrethrins and a l l e t h r i n could be induced to 
p e r s i s t on l e a f surfaces i n s u n l i g h t , they might be 
very valuable f o r c o n t r o l l i n g a g r i c u l t u r a l crop pests, 
e s p e c i a l l y i f t h e i r other favourable c h a r a c t e r i s t i c s 
could be retained. However, the n a t u r a l pyrethrins 
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are n o t o r i o u s l y unstable and attempts to protect them 
from UV l i g h t with f i l t e r s (90), as i n c l u s i o n compounds 
(91) and otherwise are only p a r t l y s u c c e s s f u l , p a r t i c u 
l a r l y as the pyrethrins are already more expensive than 
competing i n s e c t i c i d e s . Recently, i n a more d i r e c t 
approach photostable pyrethroids have been evolved, 
(2j6 ,45>,£6 ,62,9_2 ,92) which may assume an important r o l e 
i n i n s e c t c o n t r o l i n the future. 

Figure 17 shows some stages i n the development of 
pyrethroids stable enough to use i n the f i e l d . The 
f i g u r e s i n brackets are i n s e c t i c i d a l potencies against 
Anopheles stephensi r e l a t i v e to DDT (70,94). The as
t e r i s k s show p h o t o l a b i l e s i t e s i n the molecules. 

UNSTABL

RESMETHRIN (18) CYPERMETHRIN (38) 
(NRDC 149) 

DECAMETHRIN (630) 
(NRDC 161) PHENOTHRIN (β·3) 

ACTIVITY AGAINST A.STEPHENSI 
( DDT -1-0 ) 
DATA OF BARLOW AND Η ADA WAY 

* — • C O M P O U N D INSUFFICIENTLY C l 

STABLE FOR AGRICULTURAL USE 

S 5602 

Figure 17. Development of photostable pyrethroids 

Investigations with pure p y r e t h r i n I (55^.95) and 
r e l a t e d compounds (6J3) i d e n t i f i e d centres i n the s t r u c 
tures s e n s i t i v e to photosensitised attack by oxygen, 
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the more important ones being the side chain of chrys-
anthemic a c i d and the cis-pentadienyl side chain. 
Systematic synthesis and t e s t i n g (59) of a s e r i e s of 
compounds r e l a t e d to p y r e t h r i n I l e d to resmethrin, a 
more powerful i n s e c t i c i d e i n which a stable aromatic 
r i n g had been s u b s t i t u t e d f o r the photosensitive diene 
side chain but which had a p h o t o l a b i l e furan r i n g (67, 
96). A f u r t h e r step was the r e c o g n i t i o n that a meta 
sub s t i t u t e d benzene r i n g was equivalent i n some r e 
spects to the 3,5-furan i n resmethrin (31) and i n the 
compound phenothrin (44) where the methylene bridge i s 
also replaced by an oxygen l i n k , the a l c o h o l i c compo
nent i s photostable. However, phenothrin s t i l l con
t a i n s the l a b i l e chrysanthemate centre, so i s not suf
f i c i e n t l y stable f o r most a g r i c u l t u r a l a p p l i c a t i o n s 
and, moreover, i s generall
t h r i n . In permethri
places the isobutenyl u n i t of chrysanthemic a c i d with 
enhancement of i n s e c t i c i d a l a c t i v i t y and, a l l photo-
l a b i l e centres having been eliminated, the compound i s 
more stable on l e a f surfaces than many organophosphates 
and carbamates. Nonetheless, when exposed to systems 
a c t i v e i n metabolism of organic compounds, f o r example, 
microorganisms i n the s o i l , i t i s degraded s u f f i c i e n t l y 
r a p i d l y to a l l a y any concern about undue accumulation. 

Theot-cyano group i n cypermethrin gives s t i l l 
greater i n s e c t i c i d a l a c t i v i t y , a l b e i t with somewhat i n 
creased mammalian t o x i c i t y . As described, i n v s t i g a t -
ing the combinations of o p t i c a l and geometrical isomers 
of the d i h a l o v i n y l acids with the cyanohydrins l e d to 
the discovery of the outstandingly potent compound 
decamethrin (NRDC 161) which apparently has each centre 
i n the optimum co n f i g u r a t i o n for a c t i v i t y . Decame
t h r i n (30,32.) which i s also adequately s t a b l e (97,98) 
for f i e l d use (70,9£,£9) i s sixteen times as a c t i v e as 
cypermethrin and s i x hundred times as a c t i v e as DDT to 
A. Stephensi (94) and i s the most powerful l i p o p h i l i c 
i n s e c t i c i d e yet synthesised. A f u r t h e r important 
stage i n the evolution of pyrethroids f o r use i n a g r i 
c u l t u r e was the discovery of the a c t i v i t y of esters of 
oc-cyano-3-phenoxybenzyl alcohol with non-cyclopropane 
acids such as oC-isopropyl-4-chlorophenylacetic a c i d . 
Most information has so f a r been published on fenvale-
rate (sumicidin, S 5602) (45,46,70). 

The other important area of i n v e s t i g a t i o n which 
influences development and p r a c t i c a l a p p l i c a t i o n of 
synthetic pyrethroids i s the molecular basis f o r mam
malian t o x i c i t y , to which important contributions have 
been made by groups l e d by J.E. Casida i n the Univer
s i t y of C a l i f o r n i a at Berkeley and by J . Miyamoto of 
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the Sumitomo Chemical Company. The t o p i c i s covered 
i n more d e t a i l l a t e r i n t h i s symposium and here the 
dis c u s s i o n i s r e s t r i c t e d to some emerging p r i n c i p l e s . 

The o r a l t o x i c i t i e s to mammals of many synt h e t i c 
pyrethroids are so low (60,71) (8000-10,000 mg.kg."1 

f o r female rats) that comparing them gives l i t t l e 
guidance to the s t r u c t u r a l f a c t o r s i n f l u e n c i n g mammal
ian t o x i c i t y . Intravenous t o x i c i t i e s to female r a t s , 
u s u a l l y some ten times greater than the o r a l values are 
more u s e f u l . In view of t h e i r reputation, p y r e t h r i n I 
and p y r e t h r i n I I , esters of secondary al c o h o l s , have 
unexpectedly high intravenous t o x i c i t i e s (60) (Figure 
18). In contrast, bioresmethrin, an ester of the same 

Pesticide Biochemistry and Physiology 

Figure 18. Intravenous toxicities to female rats (60) 

trans s u b s t i t u t e d cyclopropane a c i d but with a primary 
a l c o h o l , i s some s i x t y times l e s s t o x i c by t h i s route 
(60). The same furan alcohol e s t e r i f i e d with a c y c l o 
propane a c i d having two substituents (methyl groups) 
c i s to the carboxyl linkage (NRDC 108) (60) again has 
high intravenous t o x i c i t y , probably due to s t e r i c h i n 
drance of ester cleavage. The t o x i c i t y of cismethrin 
(NRDC 119) (100), with isobutenyl and methyl groups c i s 
to the ester function i s s i m i l a r , and i s somewhat i n -
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creased (in NRDC 142) (101) by s u b s t i t u t i n g c h l o r i n e 
f o r methyl. However, a compound derived from NRDC 142 
by changing the a l c o h o l i c component to 3-phenoxybenzyl 
alcohol has diminished t o x i c i t y , probably because 
another s i t e , at the 4 1- p o s i t i o n on the phenoxy r i n g , 
i s a v a i l a b l e f o r o x i d a t i v e d e t o x i f i c a t i o n . 3-Phenoxy-
benzyl a l c o h o l , therefore, i s a p a r t i c u l a r l y favourable 
a l c o h o l i c component of pyrethroids, f o r i t i s not 
ph o t o l a b i l e yet gives esters of low mammalian t o x i c i t y 
because i t can be d e t o x i f i e d by oxi d a t i v e and e s t e r a t i c 
attack at several s i t e s . These concepts are consider
ed i n more d e t a i l i n other papers i n t h i s symposium, 
and elsewhere. (102,103,104,105). 

Properties of Recent Pyrethroids 

I n s e c t i c i d e s o
discussed above, combine potency to insects greater 
than that of other categories of i n s e c t i c i d e s with 
lower mammalian t o x i c i t y , l i m i t e d persistence i n s o i l 
(j59,70) and f i e l d s t a b i l i t y adequate to co n t r o l i n s e c t 
pests of a g r i c u l t u r a l crops. The changes i n each of 
these properties with v a r i a t i o n of structure have so 
far been considered only generally and i n concluding, 
i t i s appropriate to emphasise progress i n r e a l i s i n g 
the i n s e c t i c i d a l potency l a t e n t i n the structure of 
pyr e t h r i n I by a s p e c i f i c example. For t h i s purpose, 
Figure 19 compares the a c t i v i t y of py r e t h r i n I with 
that of decamethrin, the most powerful i n s e c t i c i d e yet 
synthesised. To some species of i n s e c t , decamethrin 

MEDIAN LETHAL DOSES (mg.kg ') 

PHAEDON 
COCHLEAR IAE 

PER I PLAN ETA 
AMERICANA 

MUSCA ANOPHELES 
DOMESTICA STEPHENSI 

GLOSSINA 
AUSTEN I 

UNSTABLE, VISCOUS LIQUID 

0-33 16 2 4 0-37 

0032 0056 003 002 0004 

STABLE, CRYSTALLINE (M.P.100) 

Figure 19. Pyrethrin I and decamethrin compared 
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may be several hundred-fold as a c t i v e as the natu r a l 
compound. I t s p r o p e r t i e s , a white c r y s t a l l i n e s o l i d 
with a melting point of 100° (30), and a str u c t u r e 
f u l l y confirmed by X-ray an a l y s i s (106) contrast with 
those of p y r e t h r i n I, which even i n the purest form yet 
attained (9_5) i s an unstable, viscous l i q u i d . Figure 
19 gives r e s u l t s of laboratory t e s t s but f i e l d p e r f o r 
mance i s equally impressive, as i n d i c a t e d by the r e 
s u l t s of Hadaway and Barlow (9_4) i n an experiment to 
explore the p o t e n t i a l of permethrin and decamethrin 
against the Tsetse f l y (Table I I I ) . 

Table I I I - Residual T o x i c i t y to Tsetse F l i e s (Glossina 
austeni) of I n s e c t i c i d a l Deposits on Ivy 
Leaves* 

Compound 
Rate 
g.ha -1 1 minute to deposits(age i n weeks) 

0 1 2 3 4 6 
Endosulfan 500 100 92 50 17 - -
D i e l d r i n 500 100 88 54 4 - -
Permethrin 500 100 100 100 100 100 100 

25 96 96 - - 100 69 
Decamethrin 22 100 100 100 - 100 100 

4. 7 100 100 100 - 100 100 
1. 0 94 - 88 - 79 -

* Data adapted from Hadaway, Barlow, Turner and Flower 
(94) 

On a waxy l e a f surface, the i n v o l a t i l i t y , photosta
b i l i t y and great i n s e c t i c i d a l a c t i v i t y of these com
pounds r e s u l t i n deposits s t i l l t o x i c to f l i e s at s i x 
weeks and at rates of a p p l i c a t i o n l/20th, l/100th and 
even l/500th of those of endosulphan and d i e l d r i n . 

Future Prospects f o r Pyrethroids 

These r e s u l t s , with compounds shown i n i n i t i a l 
studies to degrade wi t h i n weeks i n many s o i l types (69, 
70) i n d i c a t e the great p o t e n t i a l of appropriate members 
of t h i s group of compounds f o r p r a c t i c a l a p p l i c a t i o n s . 
Important features are the many s t r u c t u r a l v a r i a t i o n s 
p o s s i b l e providing a range of u s e f u l combinations of 
i n s e c t i c i d a l a c t i v i t y , i n s e c t species s p e c i f i c i t y , 
mammalian t o x i c i t y and environmental s t a b i l i t y to match 
d i f f e r i n g requirements. The r a p i d l y developing 
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knowledge of r e l a t i o n s h i p s between chemical structures 
and t h e i r i n s e c t i c i d a l a c t i v i t i e s , mammalian t o x i c i t i e s 
and p h o t o s t a b i l i t i e s suggests that continued research 
w i l l d i s c l o s e a number of i n s e c t i c i d e s with improved 
properties i n t h i s group of compounds. 
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Preferred Conformations of Pyrethroids 

MICHAEL ELLIOTT and NORMAN F. JANES 
Rothamsted Experimental Station, Harpenden, Hertfordshire, AL5 2JQ, England 

The importance of molecular shape as a factor 
influencing insect ic ida
well-established (1,2,3); the structure-act ivi ty 
relationships recognised so far are best interpreted by 
assuming that the whole molecular interacts at a s i te 
in the insect with speci f ic s ter ic requirements for op
timum fit (4). Because all known active pyrethroids 
are f lexible molecules (eg. pyrethrin 1 (Figure 1) and 
decamethrin (Figure 6)) most structure-act ivi ty 
studies frequently do not give direct information about 
conformations adopted at the s i te of action. Any 
method of investigating the shapes which pyrethroid 
molecules tend to adopt therefore deserves attention as 
the features revealed could persist when the molecule 
is acting i n s e c t i c i d a l l y . One such approach used with 
other types of b io logica l ly -act ive molecule i s to study 
the preferred conformations predicted by theoretical 
calculations (5). With pyrethroids especial ly , some 
information on the arrangement of the molecule in the 
s o l i d state i s also available , because crystal 
structures of several pyrethroids have now been deter
mined by X-ray analysis (6,7,8). This paper describes 
preliminary attempts to identify features which may be 
bio logical ly s ignif icant using a simplifed approach 
based on these methods. 

Method 

Preferred conformations can be predicted q u a l i t a 
t ive ly from Dreiding molecular models by v isual i s ing 
atomic interactions, but for quantitative predict ion, 
calculation of the energies involved i s necessary. In 
the present work the following function (9) consisting 
simply of a repulsive and an attractive term for non-
bonded interaction between 2 atoms was used: -
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Ε = A exp (-Cr) - Br 
Values of A, Β and C f o r various p a i r s of atoms have 
been suggested (10). Neither t h i s f u n c t i o n , nor more 
so p h i s t i c a t e d r e l a t i o n s h i p s using molecular o r b i t a l s 
(eg. (13.) )assess accurately the actual energy l e v e l s 
involved, but, as Hoffmann suggests (11), even the 
simpler functions w i l l often i n d i c a t e r e l i a b l y the 
p o s i t i o n of minimum energy, i . e . the p r e f e r r e d confor
mation. In t h i s approach, the coordinates of each 
atom of a p a r t i c u l a r conformer are measured from the 
Dreiding model/ whence the coordinates of any desired 
conformer can be generated by computer, using Gibbs' 
r o t a t i o n a l matrix method (12). This process repeated 
f o r a s e r i e s of rotamers
energy i n each case
bond studied (see Figures 2-4, 7, 9). The v e r t i c a l 
axis on each graph i s c a l i b r a t e d i n a r b i t r a r y energy 
u n i t s , based on the b a r r i e r c a l c u l a t e d f o r ethane, and 
the h o r i z o n t a l axis represents a f u l l r o t a t i o n about 
the bond. C l e a r l y the r e s u l t s f o r any one bond w i l l 
be influenced by the d i s p o s i t i o n of the r e s t of the 
molecule, so i t i s important to i n t e r p r e t c o r r e c t l y 
the o r i g i n s of the energy b a r r i e r s i n d i c a t e d by the 
computation. The computer i s therefore programmed to 
c a l c u l a t e the t o t a l energy f o r each rotamer, and i n 
ad d i t i o n to l i s t the p a i r s of atoms responsible f o r 
the major c o n t r i b u t i n g i n t e r a c t i o n s . 

Results and Discussion 

The procedure was f i r s t applied to p y r e t h r i n 1 
(Figure 1) which has seven s i n g l e bonds about which 
r o t a t i o n i s r e l a t i v e l y f r e e . The r o t a t i o n graph f o r 
bond 2 (Figure 2) has two maxima which a r i s e from 
int e r f e r e n c e between the cis-methyl group and e i t h e r 

ETHANE 
UNITS 

Figure 1. Pyrethin I 

10H 
Interference by 
cis-methyl group 

» maxima 
Interference across 
ester bond decides 
which valley is 
deeper & wider 

360' 

Figure 2. Rotation graph for bond 2 
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oxygen atom of the este r l i n k . One of the corres
ponding v a l l e y s i s f i l l e d by i n t e r a c t i o n s between the 
cis-methyl group and the bulky a l c o h o l i c group on 0-27, 
so the other v a l l e y i s most l i k e l y to contain the pre
f e r r e d conformer. 

For bond 3, s t e r i c considerations only (Figure 3) 
i n d i c a t e a wide v a l l e y with the two l a r g e r groups 
d i s t a n t from each other. However, f o r t h i s bond, 
other considerations apply. Sutton (13) concluded 
that esters p r e f e r one of two planar conformations, so 
that, with maximum ρ- ττorbital overlap, some double-
bond character develops i n the c e n t r a l bond. The 
importance of t h i s i nfluence was confirmed by subse
quent X-ray c r y s t a l l o g r a p h i c studies (surveyed by 
Cornibert et a l . (14))  In pyrethroids  with t h e i r 
c e n t r a l e ster bond,
i n f l u e n t i a l i n determinin
e a r l i e r (1). The r o t a t i o n graph (Figure 3) emphasises 
that probably only the t r a n s o i d conformer i s important 
i n p y r e t h r i n 1, the c i s o i d form being r e l a t i v e l y 
hindered. 

Wide valley includes 
transoid form 

Cisoid form sterically 
disfavoured 

Figure 3. Rotation graph for bond 3 

0 32-26 

10 2 valleys, one deeper, 
with C=0 and 
C Η 29 skew 

Ο 360* 

Figure 4. Rotation graph for bond 4 

The graph f o r bond 4 (Figure 4) has e s s e n t i a l l y 
one v a l l e y , with the carbonyl group nearer to H-29 
than to the lar g e r groups on the r i n g . This v a l l e y i s 
s p l i t because o f f s e t t i n g the carbonyl to e i t h e r side of 
H-29 i s s l i g h t l y favoured e n e r g e t i c a l l y , and one o f f s e t 
p o s i t i o n i s p r e f e r r e d to the other. 

S i m i l a r procedures were applied to the remaining 
s i n g l e bonds i n p y r e t h r i n 1; the r e s u l t s are compared 
(Figure 5) with those a c t u a l l y observed (6) i n the 
c r y s t a l l i n e state f o r a c l o s e l y r e l a t e d compound 
( S - b i o a l l e t h r i n 6-bromo-2,4-dinitrophenylhydrazone). 
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Found in crystalline 128° 106 180 190 99 241 -
derivative of allethrin 

B
< R « N N H @ N 0

N0 2 

Figure 5. Preferred angles in Pyrethrin I and crystals of an 
allethrin derivative 

The two esters d i f f e r only i n the length of the s i d e -
chain ( a l l y l or pentadienyl) and i n that the carbonyl 
group has been converted to a hydrazone i n the cry s 
t a l l i n e compound. The angles f o r the bonds near the 
centre of the molecule are s t r i k i n g l y s i m i l a r , but 
there are d i f f e r e n c e s between the conformations c a l c u 
l a t e d and observed f o r the side chains; p o s s i b l y i n t e r -
molecular forces are more s i g n i f i c a n t i n the c r y s t a l , 
and influence obtruding groups more than c e n t r a l ones. 
Also the s t r u c t u r a l d i f f e r e n c e s between the compounds 
may a f f e c t the i n t e r a c t i o n s i n v o l v i n g the a l c o h o l i c 
side chain. 

Figure 7. Rotation graph for bond 1 
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Decamethrin (Figure 6) i s e x c e p t i o n a l l y s u i t a b l e 
f o r the present purpose because i t i s a c r y s t a l l i n e 
dibromo compound, m.p. 100°, and the structure may 
therefore be determined d i r e c t l y by X-ray a n a l y s i s (1)· 
Further, i t i s a considerably more powerful i n s e c t i c i d e 
(15) tham most other pyrethroids, and thus probably 
approaches more nearly the optimum shape when i t acts 
i n the i n s e c t . 

The r o t a t i o n graph (Figure 7) f o r bond 1 i n deca
methrin i s more complicated than i n the examples above 
because r o t a t i o n s about i t and about others i n the 
molecule ( p a r t i c u l a r l y bond 2) are more interdependent. 
In one form of the molecule there i s a wide v a l l e y f o r 
the side chain, but as i n t e r f e r e n c e increases t h i s 
narrows, and there i s preference f o r one p a r t i c u l a r 
conformation. The
uncertain but 13C magneti
dicates that i t may be s i g n i f i c a n t i n s o l u t i o n . 
Figure 8 shows those carbon atoms i n decamethrin and 
i t s epimer at the ©<-carbon whose chemical s h i f t s 
d i f f e r . In the f u l l y extended molecule, the side 
chain carbon atoms are d i s t a n t from the <*-carbon and 
i n v e r s i o n there would not be expected to produce 
measurable s h i f t s . 

RorS 

ETHANE 
UNITS 

# Atoms with different chemical 
shifts in the two isomers 

Figure 8. 13C nmr spectra of deca
methrin and a stereoisomer 

No sterically 
preferred 
conformation 

Ο 3βΟ' 

Figure 9. Rotation graph for bond 
5 

The d i f f e r e n c e s detected suggest that the side chain 
spends a s i g n i f i c a n t proportion of the time c l o s e r to 
the a l c o h o l i c part of the molecule, i n d i c a t i n g appre
c i a b l e i n t e r f e r e n c e such as changes the v a l l e y shape i n 
Figure 7. 

The c a l c u l a t i o n s f o r bond 5 i n decamethrin (Figure 
9) i n d i c a t e no preference f o r any p a r t i c u l a r conformer 
despite m u l t i p l e s u b s t i t u t i o n on the bond. The f u l l 
r e s u l t s f o r decamethrin (Figure 10) are l e s s d e f i n i t e 
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Calculated for 
free molecule ° r 3 0 1 preference minimise 

interdependent 
interference 

Found in crystal 271° 218 180 104 309 44 19 

Figure 10. Preferred
in the crystal 

than with p y r e t h r i n 1, although the t r a n s o i d form of 
the ester i s s t i l l i n d i c a t e d both by c a l c u l a t i o n and by 
observation. Further, only bond 4 i s d e f i n i t e l y not 
within a v a l l e y of the r o t a t i o n graph. 

Thus, f o r some bonds, p a r t i c u l a r l y those i n the 
centre of p y r e t h r i n 1, s i m i l a r i t i e s are observed. The 
question therefore a r i s e s as to how s i g n i f i c a n t these 
preferences are f o r i n s e c t i c i d a l a c t i v i t y . Comparing 
the energies associated with the various perturbations 
to which the molecule may be subjected i n the i n s e c t 
with the strength of conformational preference provides 
a p a r t i a l answer. Thus, during transport the pertur
bations w i l l probably be comparable to those f o r a 
molecule i n s o l u t i o n , where thermal k i n e t i c energy i s 
s u f f i c i e n t to overcome the r o t a t i o n a l b a r r i e r s between 
conformers about a s i n g l e bond; the nmr s i g n a l s of 
pyrethroids i n s o l u t i o n at ambient temperature are 
sharp because conformers are interconverted r a p i d l y 
enough on the nmr time scale to produce a spectrum 
representing t h e i r weighted average. At the s i t e of 
a c t i o n , the molecule w i l l experience a d d i t i o n a l forces 
due to binding, which may also overcome those involved 
i n conformational preference. I t i s not s u r p r i s i n g 
therefore that no d i r e c t r e l a t i o n s h i p has been d i s c e r n 
ed. However, one concept of b i o l o g i c a l action 
suggests that as the molecule reaches and begins to 
i n t e r f e r e with the t a r g e t , there i s a c r u c i a l p e r i o d 
during which i t (or parts of i t i n succession (16) )must 
achieve the c o r r e c t o r i e n t a t i o n f o r f i t ; the proba
b i l i t y of binding then depends to some extent on con
formational preference. Expressed otherwise, i f the 
optimum conformation i s l e s s e a s i l y adopted, perhaps 
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through s t e r i c hindrance within the molecule, i n s e c t i 
c i d a l a c t i v i t y may be diminished. 

The great i n s e c t i c i d a l a c t i v i t y of decamethrin 
may be r e l a t e d to lack of strongly p r e f e r r e d conforma
ti o n s about some of the important bonds, so that h i n 
drance to the molecule adopting the optimum shape 
within the c r u c i a l period at the action s i t e i s mini
mised. S i g n i f i c a n t l y , Owen showed (8) that other 
c r y s t a l l i n e c i s - d i h a l o v i n y l compounds, also powerful 
i n s e c t i c i d e s , adopt conformations about bond 1 (Figure 
10) d i f f e r e n t from that i n decamethrin. The i n s e c t i 
c i d a l data i n Figure 11 are also consistent with t h i s 
suggestion. The 3-substituent can be changed quite 
d r a s t i c a l l y without l o s i n g i n s e c t i c i d a l a c t i v i t y (17, 
18); f o r example, a methyl group (in A) can be removed 
(B) and replaced elsewher
i t destroys a c t i v i t
s t e r i c hindrance and conformational preference are much 
stronger i n these l a s t two compounds (D & E). The 
p r e f e r r e d conformation may be l e s s appropriate, and 
therefore the optimum shape f o r f i t much l e s s e a s i l y 
achieved. 

5-Benzyl-3-furylmethyl Relative insecticidal 
esters activity (housef lies) 

Figure 11. A possible correlation 
between insecticidal activity and 

disturbance of conformation 
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A b s t r a c t 

P r e f e r r e d conformations for two pyre thro ids are 
calculated from simple models based solely on non
-bonded atomic interactions. The conformations corres
pond closely with those found in the crystalline s ta te 
f o r some bonds, but differ f o r o thers , particularly 
those near the ex tremi t i e s of the molecule . Despite 
r a p i d r o t a t i o n about s i n g l e bonds in solution, the 
shpae of the p r e f e r r e d conformation may be significant 
f o r insecticidal a c t i o n , i n f l u e n c i n g the probability 
that the p y r e t h r o i d will adopt the appropr ia te shape 
as it approaches the targe t site. Some re levant 
biological r e s u l t s are d i scussed . 
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Pyrethroid Insecticides Derived from Some 

Spiroalkane Cyclopropanecarboxylic Acids 

R. H. DAVIS and R. J. G. SEARLE 

Shell Research Ltd., Shell Biosciences Laboratory, Sittingbourne Research Centre, 
Sittingbourne, Kent ME9 8AG, England 

The h i s t o r i c a l developmen
roughly into three stages
on the s t ruc tura l e luc idat ion of the natural pyrethr ins , this 
was followed by a search for simpler alcohol components from 
which to form esters with the natural acids and in the las t 
decade considerable attention has been devoted to expanding the 
variety of acids that can give pyrethroid esters of s ign i f i cant 
i n s e c t i c i d a l a c t i v i t y on a broad spectrum of species. The 
success of this l a t t e r work i s demonstrated by the se lect ion of 
acid structures shown (Figure 1). 

The structure-activity relationships derived from the work 
on acid components may be briefly summarised as follows:-

(a) The cyclopropane ring is not essential for activity (1 ). 

(b) Trisubstitutedcyclopropane acids bearing unsaturated 
substituents give high activity; several such 
substituents are known and geometrical configuration 
can be important (2). 

(c) In unsymmetrical acids activity is highly dependent on 
chirality (_3, 4_) . (The only exception is 
2,2-dimethylcyclopropanecarboxylic acid (5).) 

(d) Geminal dimethyl groups are an essential structural 
requirement (3). 

(e) Few tetrasubstitutedcyclopropanecarboxylic acids give 
active esters (6). 
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A l t h o u g h many o f t h e s e o b s e r v a t i o n s w e r e n o t a v a i l a b l e w h e n o u r 
s e a r c h f o r s t a b l e p y r e t h r o i d s t h a t c o u l d b e u s e d t o c o n t r o l 
a g r i c u l t u r a l p e s t s w a s s t a r t e d , i t a p p e a r e d t h a t t h e d e a r t h o f 
s u i t a b l e t e t r a s u b s t i t u t e d c y c l o p r o p a n e c a r b o x y l i c a c i d s a f f o r d e d 
some s c o p e f o r n e w s y n t h e s i s . P r e v i o u s l y t h e i n s e c t i c i d a l a c t i 
v i t y o f t h e a l l e t h r o n y l a n d p y r e t h r o n y l e s t e r s o f 2 , 2 , 3 , 3 -
t e t r a m e t h y l c y c l o p r o p a n e c a r b o x y l i c a c i d h a d b e e n d e s c r i b e d (6) 
a n d , a l t h o u g h s u c h e s t e r s w o u l d b e t o o u n s t a b l e f o r a g r o n o m i c 
u s e , i t w a s s o o n e v i d e n t Ç 7 , 8 ) t h a t s e v e r a l s u b s t i t u t e d b e n z y l 
e s t e r s o f t h i s a c i d w e r e b o t h a c t i v e a n d p h o t o s t a b l e . I n v i e w 
o f t h e s e r e s u l t s , t h e e f f e c t o f r e p l a c i n g t h e g e m i n a l d i m e t h y l 
g r o u p s in t h e t e t r a m e t h y l c y c l o p r o p a n e a c i d b y s p i r o f u s e d a l k a n e 
r i n g s t o g i v e m a n y p r e v i o u s l y u n r e p o r t e d a c i d s ( c f . 9 ,̂ 1 0 ) , w a s 
s y s t e m a t i c a l l y s t u d i e d . 

S y n t h e s i s o f t h e r e q u i r e
i n t e r r e l a t e d m e t h o d s . I n t h e f i r s t o f t h e s e ( F i g u r e 2) t h e 
w e l l - k n o w n c y c l o p r o p a n a t i o n o f a n o l e f i n w i t h e t h y l d i a z o a c e t a t e 
w a s u s e d a n d in t h e s e c o n d ( F i g u r e 3) t h e same o l e f i n w a s 
r e a c t e d w i t h c h l o r o k e t e n e t o g i v e o n l y o n e o f t h e t w o p o s s i b l e 
α - c h l o r o c y c l o b u t a n o n e s w h i c h u n d e r w e n t a r e a d y r i n g c o n t r a c t i o n 
w h e n t r e a t e d w i t h a q u e o u s b a s e ( 1 1 ) . I n t h o s e c a s e s w h e r e t h e 
a p p r o p r i a t e o l e f i n w a s n o t r e a d i l y a v a i l a b l e , o t h e r k e t e n e - o l e f i n 
c y c l o a d d i t i o n s w e r e u s e d t o p r e p a r e a c y c l o b u t a n o n e w h i c h w a s 
t h e n h a l o g e n a t e d p r i o r t o r i n g c o n t r a c t i o n t o t h e c y c l o p r o p a n e -
c a r b o x y l i c a c i d . A t y p i c a l s e q u e n c e ( F i g u r e 4) u s e s m e t h y l e n e -
c y c l o b u t a n e a n d d i m e t h y I k e t e n e a s s t a r t i n g m a t e r i a l s a n d , 
i n t e r e s t i n g l y , in t h i s c a s e a l s o t h e c y c l o a d d i t i o n p r o d u c e s o n l y 
o n e o f t h e p o s s i b l e i s o m e r i c c y c l o b u t a n o n e s . T h i s i s in c o n t r a s t 
t o t h e a d d i t i o n o f d i m e t h y I k e t e n e t o m e t h y l e n e c y c l o p r o p a n e w h i c h 
g i v e s a 1 : 1 m i x t u r e o f b o t h p o s s i b l e p r o d u c t s ( 1 2 ) . 

R i n g c o n t r a c t i o n o f α - h a l o c y c l o b u t a n o n e s w i t h a q u e o u s b a s e 
o f f e r s a m e c h a n i s t i c a l l y i n t e r e s t i n g a n d u s e f u l m e t h o d o f 
p r e p a r a t i o n o f c y c l o p r o p a n e c a r b o x y l i c a c i d s w h i c h a v o i d s t h e u s e 
o f a d i a z o e s t e r . A l t h o u g h s u p e r f i c i a l l y s i m i l a r t o t h e w e l l -
k n o w n F a v o r s k i r e a r r a n g e m e n t o f o t - h a l o k e t o n e s ( 1 3 ) i t h a s b e e n 
s h o w n ( 1 1 ) t h a t a n u n s y m m e t r i c a l m e c h a n i s m o f t h e s e m i b e n z i l i c 
r e a r r a n g e m e n t t y p e i s o p e r a t i v e . I n t h i s , h y d r o x i d e i o n a d d s t o 
t h e c a r b o n y l c a r b o n a t o m f o l l o w e d b y a c o n c e r t e d d i s p l a c e m e n t o f 
h a l i d e i o n b y t h e 1 , 2 m i g r a t i o n o f t h e C f - C c a r b o n y l b o n d 
( F i g u r e 5 ) . F u r t h e r e v i d e n c e f o r a n u n s y m m e t r i c a l m e c h a n i s m i s 
a f f o r d e d b y t h e o b s e r v a t i o n t h a t 2 - b r o m o - 2 , 3 , 3 , 4 , 4 - p e n t a m e t h y l -
c y c l o b u t a n o n e r e a d i l y c o n t r a c t s t o t h e c o r r e s p o n d i n g p e n t a m e t h y l -
c y c l o p r o p a n e c a r b o x y l i c a c i d . T h e s c o p e o f t h e r i n g c o n t r a c t i o n 
m e t h o d t h u s a l l o w s m o n o , d i , t r i , t e t r a a n d p e n t a s u b s t i t u t e d -
c y c l o p r o p a n e c a r b o x y l i c a c i d s t o b e p r e p a r e d . 
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COOH 

R - H : R = CK 3 , CH 3 CH 2 , CH « CH 2 

R - R# = CH, 

R = C H 3 : R = COOCH3 

R = R - F, CI, Br 0 

H 3 C \ / C H 3 

H 3C 

H 3 C 
-COOH 

H 3 C C H 3 

γ 

Figure 1. Some acids which give active pyrethroid esters 

Ph3P 
H 3C 

H„C 

H 3C 

H 3C 
-COOH 

NaOH 

y = < + Ph3P0 
H 3 C ^ \ | 

NLCHCOOEt 

H 3C 

H 3C 
-COOEt 

Figure 2. Synthesis from diazoester-olefin addition 

COOH 

Figure 3. Synthesis from chloroketene-olefin cycloaddition 
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H 3C 

COOH aq-ICjCOs 

S Y N T H E T I C P Y R E T H R O I D S 

CH, 

H 3 C-

Br, 

Figure 4. Synthesis from dimethylketene-olefin cycloaddition 

General mechanism 

a Hal 12 Hal 

Ο 
II 
C—Β 

Specific example 

H 3C 

H 3 C -

H 3 C- -Br 

H 3C CH-

aq. KjCOg 

Figure 5. Ring contraction of a-halocyclobutanones 
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Figure 7. Synthesis route to

Toxicity index Parathion = 100 Knockdown activity 

η M.d. S.I. T.u. B.m. % Concentration K D 5 0 

min 

K D 9 0 

min 

3 32 530 <1 23 0.1 6.8 8.9 

5 <1 <1 <1 <1 0.4 >10.0 >10.0 

Figure 8. Activity of two spiroalkanedichlorovinylcyclopropanecarboxylates 
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E s t e r i f i c a t i o n o f t h e a c i d s p r e p a r e d b y t h e a b o v e r o u t e s 
w i t h a v a r i e t y o f a l c o h o l s g a v e n o v e l m a t e r i a l s w h i c h h a v e b e e n 
t e s t e d o n a r a n g e o f i n s e c t a n d a c a r i n e s p e c i e s ( F i g u r e 6 ) . 

S e v e r a l c o m p o u n d s , p a r t i c u l a r l y t h o s e d e r i v e d f r o m o t - c y a n o -
3 - p h e n o x y b e n z y l a l c o h o l , h a v e s h o w n g o o d a c t i v i t y o n h o u s e f l i e s 
( M . d . ) , t h e c o t t o n l e a f w o r m ( S . l . ) a n d c a t t l e t i c k s ( B . m . ) in 
c o m p a r i s o n w i t h e x i s t i n g c o m m e r c i a l p y r e t h r o i d i n s e c t i c i d e s s u c h 
a s S - b i o a l l e t h r i n a n d r e s m e t h r i n . T h e k n o c k d o w n e f f e c t o n 
h o u s e f l i e s i s a l s o c o m p a r a b l e w i t h c o m m e r c i a l s t a n d a r d s , 
p a r t i c u l a r l y w i t h c o m p o u n d ( I ) , a n d i s a s i g n i f i c a n t f e a t u r e o f 
m a n y o f t h e s p i r o a c i d e s t e r s s t u d i e d . 

A l t h o u g h in c o m p a r i s o n w i t h t h e p a r e n t t e t r a m e t h y l c o m p o u n d 
( V I I ) t h e a n a l o g o u s s p i r o c o m p o u n d s w e r e l e s s t o x i c t o i n s e c t s , 
i t w a s n e v e r t h e l e s s s i g n i f i c a n t
v i e w p o i n t , t h a t t h e s e c o m p o u n d s , some o f w h i c h l a c k t h e ' e s s e n t i a l
g e m i n a l d i m e t h y l g r o u p s , s t i l l r e t a i n e d t o x i c i t y . I t w a s t h u s 
o f s c i e n t i f i c i n t e r e s t t o s y n t h e s i s e o t h e r a c i d t y p e s w h e r e 
g e m i n a l d i m e t h y l g r o u p s in k n o w n a c t i v e s t r u c t u r e s w e r e r e p l a c e d 
b y s p i r o a l k a n e r i n g s . T h u s f a r , some a n a l o g u e s o f t h e d i h a l o -
v i n y l c y c l o p r o p a n e c a r b o x y l i c a c i d t y p e ( 1 4 , 15) h a v e b e e n p r e p a r e d 
( F i g u r e 7 ) . I n t h e e x a m p l e s h o w n , c o n d e n s a t i o n o f c h l o r a l w i t h 

m e t h y l e n e c y c l o b u t a n e g a v e a n e q u a l m i x t u r e o f i n t e r n a l a n d 
e x t e r n a l o l e f i n s a n d t h e l a t t e r w a s s e p a r a t e d b y c o l u m n 
c h r o m a t o g r a p h y a n d u l t i m a t e l y c o n v e r t e d i n t o a 1 : 1 m i x t u r e o f 
c i s a n d t r a n s a c i d s . T h e s e w e r e d i s t i n g u i s h a b l e b y t h e v i n y l i c 
p r o t o n w h i c h a p p e a r e d in t h e n . m . r . s p e c t u r m a t 6 5 . 9 5 p p m 
( d , J 8 H z ) f o r t h e c i s a c i d a n d a t 6 5 . 3 3 p p m ( d , J 8 H z ) f o r t h e 
t r a n s c o m p o u n d . E s t e r i f i c a t i o n o f t w o o f t h e s p i r o d i h a l o v i n y l 
a c i d s t h u s p r e p a r e d g a v e m a t e r i a l s , t h e i n s e c t i c i d a l a c t i v i t y o f 
w h i c h ( F i g u r e 8) t e n d s t o r e i n f o r c e p r e v i o u s e x p e r i e n c e w i t h 
s p i r o c o m p o u n d s a n d may b e s u m m a r i s e d a s : -

( a ) R e p l a c e m e n t o f g e m i n a l d i m e t h y l g r o u p s b y a s p i r o f u s e d 
r i n g , w i t h i n c e r t a i n l i m i t s , l e a d s t o r e a s o n a b l e 
i n s e c t i c i d a l a c t i v i t y o n s e v e r a l s p e c i e s . 

( b ) K n o c k d o w n a c t i v i t y o n h o u s e f l i e s i s e x c e l l e n t a n d i s 
n o t m u c h a f f e c t e d b y t h i s m o d i f i c a t i o n . 

( c ) L i m i t i n g t h e s i z e o f t h e s p i r o f u s e d r i n g t o f i v e c a r b o n 
a t o m s o r l e s s l e a d s t o g r e a t e s t a c t i v i t y . 

T h e l a t t e r o b s e r v a t i o n w i l l h a v e t o b e t a k e n i n t o a c c o u n t in a n y 
c o m p r e h e n s i v e r a t i o n a l i s a t i o n o f s t r u c t u r e - a c t i v i t y r e l a t i o n s h i p s 
in p y r e t h r o i d s a n d i s r e m i n i s c e n t o f t h e ' a x i a l g r o u p 1 s i z e 
r e q u i r e m e n t o b s e r v e d f o r a c t i v i t y in DDT a n d i t s a n a l o g u e s ( 1 6 ) . 
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Abstract 

Several cyclopropanecarboxylie acids containing spirofused 
cycloalkane rings have been synthesised and their esters with 
α-cyano-3-phenoxybenzyl alcohol have been examined for 
insecticidal activity. Some of these compounds show moderate 
activity on caterpillars and rapid knockdown of houseflies. 
Existing structure-activity relationships in pyrethroids are 
reviewed in the light o
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4 
Recent Progress in Syntheses of the New and Most 

Potent Pyrethroids 

NOBUSHIGE ITAYA, TAKASHI MATSUO, NOBUO OHNO, TOSHIO MIZUTANI, 
FUMIO FUJITA, and HIROSUKE YOSHIOKA 

Synthesis Laboratory, Pesticide Division, Institute for Biological Science, Sumitomo 
Chemical Co. Ltd., 4-2-1 Takatsukasa, Takarazuka, Hyogo 665, Japan 

There have been disclose
stable pyrethroids in whic
derivative are incorporated as alcohol moieties "Figure 1". 

3-Phenoxybenzyl alcohol and its α-cyano derivative had 
originally been discovered to be useful as esters of chrysanthemic 
acid, i . e . S-2539 or Phenothrin (1,2), and S-2703 (3,4), the 
potent pyrethroids. Moreover, the former pyrethroid has been known 
to be more resistant to photo-irradiation than the pyrethroids 
with other alcohol moieties such as 5-benzyl-3-furylmethyl alcohol 
(5). But, the photo-stabilities of these pyrethroids had been 
assessed to be still insufficient under agricultural field 
conditions 

On the other hand, the acid moieties recently developed, i . e . 
2,2-dimethyl-3-(2,2-dichlorovinyl)-cyclopropanecarboxylic acid 
(6,7) and α - ( 4 - c h l o r o p h e n y l ) - i s o v a l e r i c acid (8,9) have the double 
bonds stabilized by the two electron-withdrawing chlorine atoms or 
by the aromatization forming the chloro-substituted benzene ring. 
2,2,3,3-Tetramethylcyclopropanecarboxylic acid has apparently no 
double bond. Therefore, the esters of these acids are much more 
stable to photo-irradiation than the esters of chrysanthemic acid. 

Among these new pyrethroids, S-3206 or Fenpropanate (3,4), 
NRDC-143 or Permethrin (10), NRDC-149 or Cypermethrin (11) and 
S-5602 or Fenvalerate (8,9) are being assessed to be most 
promising insecticides for agricultural use owing to their 
extraordinarily high potency and sufficient field persistency. 

Meanwhile, there have been a variety of synthesis studies 
seeking for the best chemical processes for production of the 
respective new pyrethroids. In this connection, we now briefly 
review a number of known synthetic pathways and report new routes 
leading to the important synthetic pyrethroids and some of their 
essential intermediates. 

Method of esterification 

Figure 2 f irs t represents a conventional method to prepare 

45 
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R. 

CHR 
ι 

C 
Ν 

S - 2 5 3 9 

OR PHENOTHRIN 

S - 2 7 0 3 1 

N R D C - 1 4 3 

OR PERMETHRIN 

α 

S - 3 2 0 6 

OR FENPROPANATE 

N R D C - W 9 

OR CYPERMETHRIN 

S - 5 6 0 2 

OR FENVALERATE 

Figure 1. Potent synthetic pyrethroids 

oy ο (-CH3) 

OoiX 
T . M I Z U T A N I ET A L . Bf 
J A P . PAT.11106 ( 1 9 7 6 ) 

Figure 2. Intermediates of 3-phenoxybenzyl esters 
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3-phenoxybenzyl a l c o h o l , which i s an i n t e r m e d i a t e o f P h e n o t h r i n 
and Permethrin, and i n t r o d u c e s i n c o n t r a s t a new method o f the 
p r e p a r a t i o n o f 3-phenoxybenzyl e s t e r s w i t h a new i n t e r m e d i a t e . 

So f a r , both the a c i d and the a l c o h o l a re p r i m a r i l y the 
r e q u i s i t e s f o r the p r e p a r a t i o n o f the s y n t h e t i c p y r e t h r o i d s . The 
c o n v e n t i o n a l method t o prepare the 3-phenoxybenzyl e s t e r comprises 
the o x i d a t i o n o f 3-phenoxytoluene by a u t o - o x i d a t i o n a t the methyl 
group t o form 3-phenoxybenzoic a c i d , the c o n v e r s i o n o f the a c i d 
i n t o the methyl e s t e r and the r e d u c t i o n o f the e s t e r w i t h a c o s t l y 
h y d r i d e reagent t o y i e l d the o b j e c t i v e a l c o h o l , which i s t o be 
e s t e r i f i e d w i t h the o p t i o n a l a c i d c h l o r i d e t o g i v e the f i n a l 
p y r e t h r o i d e s t e r . 

On the o t h e r hand, the new r o u t e comprises two c h a r a c t e r 
i s t i c s t e p s . The f i r s t s t e p i s the p r e p a r a t i o n o f the q u a r t e r n a r y 
ammonium s a l t , 3-phenoxybenzyl t r i e t h y l ammonium bromide (12)
and the second s t e p i
the sodium s a l t o f th

The p r e p a r a t i o n o f the ammonium s a l t i s a c h i e v e d by the 
br o m i n a t i o n o f 3-phenbxytoluene a t the methyl group f o l l o w e d by 
the q u a r t e r n i z a t i o n w i t h t r i e t h y l a m i n e . 

We i n i t i a l l y i n t e n d e d t o prepare pure 3-phenoxybenzyl bromide 
, which i s t o be co n v e r t e d i n t o the o b j e c t i v e e s t e r w i t h the 
sodium s a l t o f the o p t i o n a l a c i d , but we encountered two major 
d i f f i c u l t i e s i n t h i s attempt. One o f which was t h a t the s e l e c 
t i v i t y f o r the b e n z y l bromide was not h i g h enough t o n e g l e c t the 
fo r m a t i o n o f the b e n z a l bromide and a number o f by-products 
brominated a t the aromatic n u c l e i . The another d i f f i c u l t y was l a c k 
o f heat s t a b i l i t y o f the bro m i n a t i o n mixture, t h a t i s e s s e n t i a l 
f o r the r e c t i f i c a t i o n t o i s o l a t e the b e n z y l bromide from the 
mix t u r e . 

These d i f f i c u l t i e s were s u c c e s s f u l l y overcome by the q u a r t e r -
n i z a t i o n procedure. Thus, the r e s u l t i n g ammonium s a l t can be 
i s o l a t e d i n a pure s t a t e as e i t h e r c r y s t a l s by f i l t r a t i o n o r an 
aqueous s o l u t i o n l e a v i n g o t h e r w a t e r - i n s o l u b l e m a t e r i a l s i n an 
o r g a n i c l a y e r on phase s e p a r a t i o n , and the y i e l d i s q u a n t i t a t i v e 
on the b a s i s o f the b e n z y l bromide co n t e n t . 

In o r d e r t o i n i t i a t e the e s t e r i f i c a t i o n r e a c t i o n , a mixture 
o f the aqueous ammonium s a l t and the sodium s a l t o f the o p t i o n a l 
a c i d i s b o i l e d i n a pr o p e r o r g a n i c s o l v e n t t o a z e o t r o p i c a l l y 
remove water. T r i e t h y l a m i n e i s r e l e a s e d i n sequence o f the e s t e r i -
f i c a t i o n and a few p e r c e n t o f N,N-diethyl-3-phenoxybenzylamine 
and the e t h y l e s t e r o f the adopted a c i d a r e d e t e c t e d i n the crude 
p r o d u c t , which a p p a r e n t l y r e s u l t from the N-C bond cleavage o f 
N - e t h y l bond i n s t e a d o f the N-benzyl bond cleavage " F i g u r e 3". 
The t e r t i a r y amine can be removed by acid-washing and the e t h y l 
e s t e r can be d i s t i l l e d o f f under reduced p r e s s u r e . The y i e l d o f 
the f i n a l b e n z y l e s t e r i s over 90% and the p u r i t y o f the b e n z y l 
e s t e r i s over 90%. 

T h i s new method i s more p r a c t i c a l than the c o n v e n t i o n a l 
method, because the use o f a c o s t l y and dangerous h y d r i d e 
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reagent and the p r e p a r a t i o n o f the c o r r e s p o n d i n g a c i d c h l o r i d e 
can be a v o i d e d . 

Syntheses o f a c i d m o i e t i e s 

The a c i d moiety o f S-3206, 2,2,3,3-tetramethylcyclopropane-
c a r b o x y l i c a c i d still appears t o be b e s t p r e p a r e d by the carbene 
r e a c t i o n w i t h e t h y l d i a z o a c e t a t e and 2,3-dimethyl-2-butene (14). 

a - ( 4 - C h l o r o p h e n y l ) - i s o v a l e r i c a c i d f o r S-5602 can be 
p r e p a r e d in a q u a n t i t a t i v e y i e l d by the h y d r o l y s i s o f the c o r r e s 
ponding n i t r i l e , t h a t i s most simply o b t a i n e d from 4 - c h l o r o p h e n y l -
a c e t o n i t r i l e by the a l k y l a t i o n w i t h i s o p r o p y l c h l o r i d e and aqueous 
sodium hy d r o x i d e , where a phase t r a n s f e r c a t a l y s t i s e s s e n t i a l t o 
conduct the r e a c t i o n (150 " F i g u r e 4". 

In c o n t r a s t , the a c i d moiet f NRDC-143 d -149  2,2
d i m e t h y l - 3 - ( 2 , 2 - d i c h l o r o v i n y l ) - c y c l o p r o p a n e c a r b o x y l i
we c a l l DV-acid f o r s h o r t
d i f f e r e n t pathways w i t h p a r t i c u l a r c o m p l i c a t i o n s and d i f f e r e n t 
c i s / t r a n s isomer compositions " F i g u r e 5". 

Thus, in F a r k a s method (J), the s a f e and steady h a n d l i n g o f 
e t h y l d i a z o a c e t a t e and the p r e p a r a t i o n o f 1 , 1 - d i c h l o r o - 4 - m e t h y l -
1,3-pentadiene appear t o be major problems. In Sagami method (16) 
and Kuraray method (Γ7), e t h y l o r t h o a c e t a t e i s a common r e q u i s i t e , 
which does not seem t o be a v a i l a b l e y e t a t an economic p r i c e . 
Moreover, the C l a i s e n rearrangements are t o be conducted in the 
e a r l y stage o f the methods, where e t h y l o r t h o a c e t a t e and the 
r e s p e c t i v e o l e f i n i c a l c o h o l s undergo rearrangements a f f o r d i n g the 
c o r r e s p o n d i n g o l e f i n i c e s t e r s in moderate y i e l d s . In NRDC method 
(6), the W i t t i g r e a c t i o n may be a n e c e s s a r y method f o r the p r e p a 
r a t i o n o f p a r t i c u l a r s t e r e o i s o m e r s . 

F i g u r e 6 shows one o f the new r o u t e s l e a d i n g t o DV-acid, 
where the s t a r t i n g m a t e r i a l s are the caron aldehyde e s t e r and 
c h l o r o f o r m (18). The mixture o f the aldehyde e s t e r and c h l o r o f o r m 
i s t r e a t e d w i t h potassium hydroxide t o a f f o r d the c h l o r o f o r m 
adduct o f the aldehyde, which i s c o n v e r t e d i n t o the a c e t a t e w i t h 
a c e t i c anhydride and reduced w i t h z i n c d u s t t o y i e l d the DV-acid 
e s t e r in a 65% y i e l d . A l t e r n a t i v e l y , the c h l o r o f o r m adduct o f the 
caron aldehyde e s t e r can be s y n t h e s i z e d from e t h y l 2,2-dimethyl-
3 - a c e t y l c y c l o p r o p a n e c a r b o x y l a t e (19) by the c h l o r i n a t i o n a t the 
a c e t y l methyl group. In t h i s pathway, the W i t t i g r e a c t i o n can be 
r e p l a c e d by the treatments w i t h c h l o r o f o r m , a c e t i c anhydride and 
z i n c d u s t . 

The f i r s t s t e p o f the another r o u t e t o the DV-acid i s the 
s y n t h e s i s o f 3 , 3 - d i m e t h y l - 4 - ( 2 , 2 - d i c h l o r o v i n y l ) - b u t a n o l i d e (20), 
which i s o b t a i n e d in a 40% y i e l d by the condensation o f 1,1,1-
t r i c h l o r o - 2 - h y d r o x y - 4 - m e t h y l - 3 - o r -4-pentene (21) and v i n y l i d e n e 
c h l o r i d e in the presence o f a 90% s u l f u r i c a c i d a t a temperature 
around -10°C " F i g u r e 7". The subsequent cleavage o f the l a c t o n e 
r i n g w i t h methanol and hydrogen c h l o r i d e y i e l d s methyl 3,3-
d i m e t h y l - 4 , 6 , 6 - t r i c h l o r o - 5 - h e x e n o a t e , which i s the same i n t e r -
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mediate as t h a t o f Kuraray method and i s c o n v e r t e d i n t o the DV-
a c i d e s t e r in a h i g h y i e l d . F i g u r e 8 shows an assumed mechanism 
o f the l a c t o n e f o r m a t i o n , in which the mixture o f the t r i c h l o r o 
a l c o h o l s (Compound VI) i s converted i n t o the more s t a b l e s i n g l e 
isomer (Compound VI*) and v i n y l i d e n e c h l o r i d e behaves l i k e e t h y l 
o r t h o a c e t a t e to cause the C l a i s e n type rearrangement. In t h i s 
pathway, v i n y l i d e n e c h l o r i d e can be u t i l i z e d in p l a c e o f e t h y l 
o r t h o a c e t a t e . 

In the l i g h t o f c o n t i n u i n g r o u t e s c o u t i n g t o the DV-acid, 
we now i n t r o d u c e another new pathway s t a r t i n g from the known 
enone, 4,4-dimethyl-5-hexen-2-one (22) , which i s o b t a i n e d by 
e i t h e r the rearrangement o f the p r e n y l e n o l e t h e r o f e t h y l a c e t o -
a c e t a t e f o l l o w e d by the h y d r o l y s i s and d e c a r b o x y l a t i o n o f the 
r e s u l t i n g keto e s t e r w i t h sodium hydroxide, o r the G r i g n a r d 
r e a c t i o n o f m e s i t y l o x i d e w i t h v i n y l magnesium c h l o r i d e in the 
presence o f cuprous c a t i o

The a d d i t i o n o f carbo
XII) was a c h i e v e d in the presence o f a 'redox c a t a l y s t 1 such as 
C U 2 C I 2 in ethanolamine t o g i v e 4 , 4 - d i m e t h y l - 5 , 7 , 7 , 7 - t e t r a c h l o r o -
heptan-2-one in more than 80% y i e l d . 

When the t e t r a c h l o r o ketone (Compound XIV) was t r e a t e d w i t h 
aqueous m e t h a n o l i c sodium hydroxide a t a temperature around 0°C, 
2 , 2 - d i m e t h y l - 3 - ( 2 , 2 , 2 - t r i c h l o r o e t h y l ) - c y c l o p r o p y l methyl ketone 
was q u a n t i t a t i v e l y o b t a i n e d in a 9 t o 1 c i s / t r a n s r a t i o " F i g u r e 
10". The r i n g c l o s u r e m a j o r l y a f f o r d i n g the c i s isomer may be 
e x p l a i n e d by the assumption t h a t the e n o l a t e a n i o n and the t r i -
c h l o r o m e t h y l group behave as a b i d e n t a t e l i g a n d f o r the sodium 
c a t i o n , in analogy w i t h the r e f e r r e d example where the c y c l o -
p r o p a n e d i c a r b o x y l a t e o f c i s c o n f i g u r a t i o n i s o b t a i n e d (24). 

The c i s c y c l o p r o p y l methyl ketone (Compound XV) has been 
d i s c l o s e d t o be the key i n t e r m e d i a t e f o r the DV-acid o f an 
o p t i o n a l c i s / t r a n s isomer r a t i o by c h o o s i n g two d i f f e r e n t sequen
ces (25,26) " F i g u r e 11". 

Thus, the c i s r i c h DV-acid was o b t a i n e d through the f o l l o w 
i n g s t e p s , i . e . the o x i d a t i o n o f the c i s c y c l o p r o p y l methyl 
ketone w i t h sodium h y p o c h l o r i t e a t a temperature around 5°C 
a f f o r d e d the c o r r e s p o n d i n g t r i c h l o r o a c i d (Compound XVI) and the 
e l i m i n a t i o n o f hydrogen c h l o r i d e from the t r i c h l o r o e t h y l group o f 
the a c i d w i t h aqueous methanolic sodium hydroxide y i e l d e d the 90% 
c i s DV-acid. 

The 90% t r a n s DV-acid was o b t a i n e d through the o t h e r s t e p s . 
The c i s c y c l o p r o p y l methyl ketone (Compound XV) was f i r s t t r e a t e d 
w i t h sodium hydroxide in b o i l i n g methanol t o c o n v e r t the t r i 
c h l o r o e t h y l group i n t o the d i c h l o r o v i n y l group, w h i l e the c i s to 
t r a n s e p i m e r i z a t i o n s i m u l t a n e o u s l y o c c u r r e d a t the C - l carbon 
atom y i e l d i n g the t r a n s d i c h l o r o v i n y l ketone (Compound X V I I ) . 
The f i n a l s t e p was the o x i d a t i o n o f the methyl ketone group w i t h 
sodium h y p o c h l o r i t e t o a c a r b o x y l i c a c i d group t o a f f o r d 90% 
t r a n s DV-acid. 

A l l these s t e p s from the t e t r a c h l o r o ketone (Compound XIV) 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



ITAYA ET A L . Most Potent Pyrethroids 

:p2Me AC 20 Cl3C-
OAc 

(ID (ΙΠ) 

Zn Q DV acid 
CC^Me ester 

Y. 6 5 Z FROM (I) 

N.ITAYA ET A L . 

UNPUBLISHED ( 1 9 7 5 ) 

^ (IV) 

c i p 
-co^t NaBri; 

(V) 

OH 
c i 3 c -< 

(II) 

Figure 6. New method
hyde ester). 

>^Η+^Μ^^Λ Γ + o t h e r s ) 
(VDCCI3 (νΠ)Τγ. 40X 

MeOH £ > ^ > ( ^ e NaOMe ^ > = X c 0 2 M e 
H C l

 ( v n n C l DV acid ester 
Y . 90X FROM ( V U ) N.ITAYA ET A L . 

CIS/TRANS - 3/7 UNPUBLISHED(1976) 

Figure 7. New method to prepare the DV acid (from 1,1,1-tri-
chloro-2-hydroxy-4-methyl-3- or -4-pentene) 

Figure 8. Assumed mechanism of the lactone formation 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



S Y N T H E T I C P Y R E T H R O I D S 

A, 
(IX) 

COoEt EtOH EtO>_. ^ ^ O H 
^F^O ^ T ^ E t -EtOH 

( X ) 

(XII) 

XP2B 

or 

>1 
(ΧΠΙ) 

"MgQ 
(ΧΠ) 

Helvetica Chimica Acta 

Figure 9. Methods
first method was presented by Brack et al (22). 

0(Χ ^ Λ Χ Λ N§OH Λ Χ λ 
(ΧΠ) C C l 3 c l (XIV) C C l 3 (XV 

Y. 797. 

l3 (XV) C I S / T R A N S = 9/1 

Y. QUANT. 

(XIV) (XV) 

C2H5-C \ b- o c H3a h. 
Wc_/g- 5 Me Me 
o c V ' N i ' " 

Modern Synthetic Reactions 

Figure 10. Formation of cis-cyclopropylmethyl ketone 
and assumed mechanism (24) 

0 u ^ c a 3 (XVI) 

CIS/TRANS = 9/1 

cis DV acid 
Y. 85% 

CIS/TRANS = 9/1 

v4& 

(χνπ) Y 
MATSUO ET AL. 

UNPUBLISHED (1975) 

; , S / T R A N S = 1/9 

F .FUJ ITA ET AL. 

trans DV acid UNPUBLISHED (i976) 

Y. 877. 
CIS/TRANS = 1/9 

Figure 11. Formation of cis- and trans-DV acid from 
cis-cyclopropylmethyl ketone 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



4. ITAYA ET A L . Most Potent Pyrethroids 53 

to e i t h e r o f the c i s o r the t r a n s DV-acid may be conducted in one 
po t r e a c t i o n . And, i f the DV-acid o f an o p t i o n a l c i s / t r a n s r a t i o 
i s p r e f e r r e d , i t may be done by a pr o p e r s e l e c t i o n o f the r e a c 
t i o n c o n d i t i o n s in the cyclopropane r i n g c l o s u r e and the subse
quent s t e p s . The p r e s e n t method has an unique advantage over the 
oth e r methods, s i n c e the p y r e t h r o i d s d e r i v e d from the DV-acid 
have d i f f e r e n t i n s e c t i c i d a l n a t u r e s , depending on the c i s / t r a n s 
isomer r a t i o s . 

Tab le I. RELATIVE TOXICITIES OF CIS AND TRANS ISOMERS 

COMPD. ISOMER 

HOUSEFLY 
(TOPICAL APPLICATION) 

L D 5 0 ( Y / F L Y ) 

GERMAN COCKROACH 
(FILM COTACT METHOD) 

L C 5 0 (MG/M2) 

HRDC-M3 HRDC-M3 

TRANS 0.020 (1.0) 1.7 (1.0) 

NRDC-119 

CIS 0.0032 (1.9) 0.16 (2.2) 

NRDC-119 

TRANS 0.0060 (1.0) 0.35 (1.0) 

Table I r e p r e s e n t s the r e l a t i v e i n s e c t i c i d a l p o t e n c i e s o f 
the c i s and t r a n s NRDC-143 and -149, in which the c i s isomers are 
n e a r l y twice more t o x i c t o i n s e c t s than the co r r e s p o n d i n g t r a n s 
isomers, T h e r e f o r e , the c i s p y r e t h r o i d s are more p r e f e r r e d than 
the t r a n s p y r e t h r o i d s from the potency c r i t e r i a and t h i s i s the 
f i r s t r e p o r t o f the s e l e c t i v e method f o r the c i s dominant DV-acid. 
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5 
Insecticidally Active Synthetic Pyrethroid Esters 

Containing a 3-(2,2-Dichlorovinyloxy)benzyl Fragment 

PHILIP D. BENTLEY and NAZIM PUNJA 

ICI Plant Protection Division, Jealott's Hill, Berkshire, England 

Progress of syntheti  pyrethroid  in term f thei
structure - activity
led to three important acid and two alcohol fragments :

Chrysanthemic acid 
and i ts halo, analogues 
(x = methyl and halogen) 

Isopropyl-4-substituted 
phenylacetic acid 
(e.g. R = alkyl , halogen) 

3-phenoxybenzyl and α-cyano alcohol (R = Η and CN) 

The combination of each of the acids with the corres
ponding alcohols has thus produced insecticidally active 
pyrethroid esters e.g. :-

55 
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phenothrin NRDC 143 

NRDC 161 S 5602 

Examination of the alcohol fragment shows that both 
these alcohols (and many others) comprise of a primary 
alcohol or cyanohydrin attached to an aromatic or hetero-
aromatic ring to which is also attached in a 1,3-arrange
ment a freely rotating phenoxy or benzyl group. 

We wished to investigate this freely rotating phenoxy 
group and to replace it with the dichlorovinyloxy function 
to give, e.g. :-
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A molecular model of 3-(2,2-dichlorovinyloxy) benzyl alcohol 
retained the structural, special and rotational requirements 
believed to be essential for insecticidal activity. 

1,2-Elimination in a trichloroethyl group to give 1,1-
dichlorovinyl group has been applied, using zinc, to several 
systems. There are notabl
elimination 1,2 :-

We, therefore, needed as our precursor, either the acetate 
or the sulphone moitey :-

A paper by Von Hess and Moll3 which described the reaction 
of substituted phenols with anhydrous chloral in the presence 
of acetyl chloride gave us a direct entry into this synthesis. 
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Addition of 3-cresol to an ethereal solution of anhydrous 
chloral at room temperature, followed by triethylamine and 
acetyl chloride, gave l-acetoxy-2,2,2-trichloroethyl 3-tolyl 
ether. 

The latter was dissolved in glacial acetic acid and 
reacted with zinc dust at ca. 50°, to give 3-(2,2-dichlorc— 
vinyloxy) toluene. 

Bromination of the 3-(2,2-dichlorovinyloxy) toluene with 
N-bromosuccinimide gave 3-(2,2-dichlorovinyloxy) benzyl bromide. 
There was no evidence of nuclear bromination. 
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Reaction of the bromide with the potassium carboxylate 
(prepared from anhydrous potassium carbonate and the acid in 
acetone) of chrysanthemic acid, 3,3-dimethyl-2-(2,2-
dichlorovinyl) cyclopropanecarboxylic acid and isopropyl-4-
tolyl acetic acid gave the corresponding pyrethroid esters 
related to their insecticidally active analogues. 

"V ^ 
cook — > g>= 

Sommelet reaction of the bromide with hexamethylene 
tetramine gave a crystalline quarternary ammonium salt, 
which upon treatment with aqueous acetic-hydrochloric acid, 
gave 3-(2,2-dichlorovinyloxy)-benzaldehyde. 

The aldehyde upon treatment with hydrogen cyanide gave 
3-(2,2-dichlorovinyloxy)-benzaldehyde cyanohydrin. 

The cyanohydrin was in turn reacted with the acid 
chloride (prepared from the acid and thionyl chLoride) of 
chrysanthemic acid, 3,3-dimethyl 2-(2,2-dichlorovinyl) cyclo
propanecarboxylic acid and isopropyl 4-tolyl and 4-chloro-
phenyl acetic acid gave the corresponding pyrethroid esters 
related to their insecticidally active analogues. 
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Ate. 

By analogous procedure, the corresponding 2- and 4-
(2,2-dichlorovinyloxy) benzyl esters were also prepared. 

Structure-Activity Relations 

The following generalisation can be made. 

1. As in the NRDC series with 3-phenoxybenzyl alcohol, 
only the pyrethroids containing the 3-(2,2-dichlorovinyloxy) 
benzyl fragments are insecticidally active. The 2- and 4-
substituted compounds are inactive. 

2. As in the NRDC series, the 3-(2,2-dichlorovinyloxy) 
benzyl fragment attached tothe cis -3f3-dimethyl-2-(2,2-
dichlorovinyl) cyclorpropanecarboxylic acid gives more activ 
pyrethroid esters than with the trans - acid. D-acid gives 
higher activity than the DL-add. 
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3. As in the NRDC series, the cyanohydrin gives more 
active pyrethroid esters than the primary alcohol. 

4. On representative test insect species (Plutella, 
Phaedon, Musca and Aedes), the insecticidal activity of the 
pyrethroid esters containing the 3-(2,2-dichlorovinyloxy) 
benzyl fragment are somewhat less active than their corres
ponding NRDC counterparts. 

5. The spectrum of activity of these pyrethroid esters 
correspond to that of the NRDC series of pyrethroids, e.g. 
activity is good against Lepidoptera, Coleoptera and Diptera, 
fa i r against Homopter

6. The rationale for structure-activity relationship 
thus parallels that of the NRDC pyrethroids containing the 
3-phenoxybenzyl fragment. The change from phenyl to dichloro
vinyl group thus only affects the degree and not-the nature 
and spectrum of insecticidal activity. 
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Pyrethroid-Like Esters of Cycloalkane Methanols and 

Some Reversed-Ester Pyrethroids 

MALCOLM H. BLACK 

Wellcome Research Laboratories, High St., Berkhamsted, 
Hertfordshire, HP4 2DY, England 

Two aspects o
of s y n t h e t i c pyre thro id

P y r e t h r o i d - L i k e E s t e r s of Cycloalkane Methanols . 

A common feature in the a l c o h o l i c components of 
more effective p y r e t h r o i d e s ters ( e . g . p y r e t h r i n I , 
resmethrin and phenothrin) is an unsubs t i tu ted s ide 
cha in supported by a p lanar r i n g conta in ing at l e a s t 
one olefinic bond. However, it has been c laimed (1,2) 
tha t an olefinic group can p lay a similar r o l e to the 
cyclic nucleus; f o r example 

62 
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4-aryl-trans-2-butene-1-yl chrysanthemates (I, R=R"=H, 
R'=Cl) have been shown to be more effective against 
h o u s e f l i e s than allethrin ( 1 ) . The corresponding cis
-buteny l e s ters were not de tec tab ly a c t i v e . 

It was, t h e r e f o r e , o f i n t e r e s t to a s c e r t a i n 
whether the potency of the t rans -buteny l chrysanthem-
ates could be r e t a i n e d without the olefinic bond, 
solely by p r o v i d i n g the a l c o h o l with a rigid trans 
arrangement of benzy l and hydroxymethyl groups. An 
indication t h a t such a result might be realised was 
suggested by a repor t (3) tha t the 4 -phenylbuty l 
chrysanthemate, I I , was twice as t o x i c to h o u s e f l i e s as 
the 4 -phenyl -2 -buteny l chrysanthemate (I, R=R'=R"=H). 
Although surprising, such a result might be a t t r i b u t e d 
to the preference of th  b u t y l e s t e r  I I  t  e x i s t in a 
transoid conformat ion

As the d e s i r e d s t r u c t u r a l features are prov ided by 
s m a l l sa turated c a r b o c y c l i c r i n g s , the corresponding 
c i s and t r a n s - c y c l o p r o p y l , I I I a , b , and c y c l o b u t y l , 
I V a , b , analogues were examined. 

Preparation of Compounds. 4-Phenyl-2-butene~J~yl 
(+)-trans-chrysanthemate, I, was prepared by the method 
of Sota et a l . , ( . 1 ) , 4-phenyl-butyl (+)-trahis-chrysan
themate TlÎ]T"from the 4-phenyl-butanol (4) and ( + )-trans-
chrysanthemoyl c h l o r i d e and the cycloalkylmethyl (+)-
trans-chrysanthemates I I I and IV as shown (Figure l ) . 
A n a l y t i c a l and s p e c t r a l data were consistent with the 
proposed s t r u c t u r e s . 

Results and Discussion. The a c t i v i t i e s f o r k i l l 
of h o u s e f l i e s , are shown in Table I. In disagreement 
with the report (3,), the b u t y l e s t e r , I I , was only one 
quarter as potent"as the trans-butenyl e s t e r , I. This 
r e s u l t could be a t t r i b u t e d to d i f f e r e n t t e s t methods 
and species s u s c e p t i b i l i t y . Of the cycloalkylmethyl 
chrysanthemates, only the tran s - c y c l o p r o p y l analogue, 
I l l b , showed detectable a c t i v i t y , approximately h a l f 
that of the t r ans-buteny1 ester, I, but s i g n i f i c a n t l y 
greater than the b u t y l ester I I . I f the a c t i v i t y of 
the t r a n s - c y c l o p r o p y l analogue depended upon the r i g i d 
trans arrangement of benzyl and hydroxymethyl groups, 
the r e l a t e d t r a n s - c y c l o b u t y l analogue, IVb, would also 
be expected to be a c t i v e . Since it was a c t u a l l y l e s s 
a c t i v e , the potency of the tr a n s - c y c l o p r o p y l compound 
is probably associated with the nature of the c y c l o -
propanyl r i n g , the hybrid o r b i t a l s of which, u n l i k e 
those of cyclobutane, can provide it with some of the 
c h a r a c t e r i s t i c s of an olefinic bond, apparently 
necessary f o r u s e f u l a c t i v i t y within t h i s s e r i e s of 
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Table I. 

chrys .O , C H 2 - X - C H 2 -

Compound X Isomer 
L D 5 O γ/ο Relative 

Compound X Isomer 
Alone + P . B . ( 1 : 5 ) 

Potency 
Synergised 

I - C H = C H - trans 0 . 4 3 0 . 3 4 0 

II - C H 2 — C H 2

Ilia - C H CH - cis > 6 . 0 > 2 . 4 < 5 

Illb - C H — CH - trans 3 . 4 0 . 7 1 7 

IVa 
/ / 

- C H — C H - cis > 6 . 0 > 2 . 4 <5 

IV b 
/ / 

- C H — C H - trans > 6 . 0 > 2 . 4 < 5 

Bioallethrin 0 . 4 2 0 . 1 2 1 0 0 

compounds. 

Reversed Ester Pyrethroids. 

P y r e t h r o i d - l i k e esters of cyclopropane methanols 
(jL'ÎL>Z) a n c * other r e l a t e d compounds (Table II) have 
been examined to determine the e f f e c t on a c t i v i t y of 
modifying the e s t e r l i n k . A l l were considerably l e s s 
potent than the parent esters and a carbonyl group 
adjacent to the cyclopropane r i n g appears to be 
e s s e n t i a l f o r p y r e t h r o i d - l i k e a c t i v i t y . However the 
compounds th a t lack t h i s appropriately placed carbonyl 
group also l a c k the s p a t i a l c h a r a c t e r i s t i c s of the nor
mal ester linkage. 

Therefore, in t h i s work, p y r e t h r o i d - l i k e compounds 
(Table i l l , V-VEH) r e t a i n i n g the s p a t i a l c h a r a c t e r i s t i c s 
of the normal es t e r linkage but l a c k i n g carbonyl groups 
adjacent to the cyclopropane r i n g , were examined. 
Reversal of the e s t e r linkage provides these features 
and also r e t a i n s a region of p o l a r i t y in the linkage 
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Figure 2. Reagents: (i) (n-Bu)3SnH; (ii) Li/02 [-70°]; (Hi) ClCOOEt/EtsN; (iv) 
SOCl2/C6H6; (υ) CH2N2/Ag20; (vi) TsCl/pyridine [R = l-benzyl-3-furyl andMe-phen-

oxy phenyl] 
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Table I I , 

COMPOUND R.T. COMPOUND R.T. 

tet-CO-NH-CH 2-bf 130 chr-CH 2 - 0-CO-bf <1 

tet-CO-CH 2-CH 2-bf 47 chr-NH-CO - 0-CH 2-bf <1 

t e t - C H 2 - C O - 0 - a l l <1 chr-NH-CO-O-all <1 

tet-CH .OH-CH 2-CH 2-b

chr-CO-CH 2-all 16 chr-CO-O-all (allethrin) 100 

c h r - C H 2 - 0 - a l l <1 tet-CO - 0-CH 2-bf (NRDC 108) 1600 

R.T. = R e l a t i v e t o x i c i t y ( A l l e t h r i n = 100). 

t e t = 2,2,3,3-Tetramethylcyclopropyl. 

b f = 5 - B e n z y l - 3 - f u r y l . 

a l l = 2-Allyl-3-methylcyclopent-2-ene-4-yl» 

chr = 2,2,-Dimethyl-3-(2-methylpropenyl)-cyclopropyl. 

near to that of the normal e s t e r . 

Preparation of Reversed Esters» The compounds 
were synthesised as shown in Figure 2 . A n a l y t i c a l and 
s p e c t r a l data were consistent with the proposed 
s t r u c t u r e s . The α-isopropyl-phenylacetate, IX and 
NRDC 1 0 8 were prepared by reported procedures ( 7 , ^ , 8 ) . 

Results and Discussion. The a c t i v i t i e s , against 
h o u s e f l i e s , both alone and synergised with piperonyl 
butoxide are shown in Table I I I . A l l the reversed 
es t e r pyrethroids are le s s potent than the parent 
esters 5 however, they are s i g n i f i c a n t l y more a c t i v e 
than previously reported compounds tha t lack a 
carbonyl group adjacent to the cyclopropane r i n g . It 
was s i g n i f i c a n t that with both c y c l o p r o p y l and phenyl-
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Table III. 

No. COMPOUND ESTER 
LINK 

LD50 %l% 
F . o . S . No. COMPOUND ESTER 

LINK ALONE +P.B.(1:5) 
F . o . S . 

V 

— 

R 5.14 1.35 3.8 

VI 

NRDC 
108 Ν 0.022 0.012 1.8 

VII R 4.8 0.98 4.9 

VIII R c.6.0 1.35 4 .5 

IX Ν 0.475 0.1 4.75 

BIOALLET.HRIN 0.42 0.12 3 .5 
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propyl esters, the benzyl furan moeity conferred great
er a c t i v i t y than the phenoxyphenyl moiety. The phenyl-
propyl ester, V I I I , has only one-tenth the a c t i v i t y of 
the parent e s t e r , IXj the cyclopropyl ester, V, s u f f e r 
ed an even greater reduction ( c . l / l O O t h ) . This 
suggested th a t the potency of reversed esters might be 
improved f u r t h e r by using other s y n e r g i s t s . 

The compounds were therefore t e s t e d with FMC 
1 6 8 2 4 , a synergist claimed ( 9 . ) to be hi g h l y effective 
f o r tetramethrin. As shown in Table IV, increase in 
a c t i v i t y was r e a l i s e d with the cyclopropyl furanacetate 
V. This compound was te s t e d f u r t h e r with an analogous 
sy n e r g i s t FMC 1 1 5 2 3 . A s i m i l a r and s l i g h t l y improved 
r e s u l t was obtained, revealing an a c t i v i t y approaching 
that of b i o a l l e t h r i n

Figure S. 

The reduction in a c t i v i t y that accompanies 
r e v e r s a l of the ester linkage might be ascribed t o a 
change in the geometry of the linkage, as shown in 
Figure 3 (x = approximately 1 0 ° ) . This could a l t e r 
the s t r u c t u r a l i n t e r a c t i o n s of the " a l c o h o l i c " p o r t i o n 
at the s i t e of a c t i o n . However, the r e s u l t s of t h i s 
study demonstrate tha t , providing the linkage has 
s i m i l a r s p a t i a l c h a r a c t e r i s t i c s to the normal ester, a 
carbonyl group adjacent to the cyclopropane r i n g is not 
an e s s e n t i a l requirement f o r p y r e t h r o i d - l i k e a c t i v i t y . 
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Table IV. 

No. COMPOUND ESTER 
LINK 

LD50 %/% 
F . o . S . No. COMPOUND ESTER 

LINK ALONE +16824(1:5) 
F . o . S . 

V 

— * 

R 5.14 
0.19 

|0.16| 

27 

11 

VI R >6.0 2.3 >2.6 

NRDC 
108 Ν 0.022 0.020 1 

VII R 4.8 1.0 4.8 

VIII R c6.0 2.0 3 

BIOALLETHRIN - 0.42 0.12+ -

P-OCH 0CsCH 
I 2 

OCH 2 CH(CH 3 ) 2 

FMC 16824 

CI 

FMC 11523 
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Evaluation of I n s e c t i c i d a l Activities» 

Compounds were te s t e d by t o p i c a l a p p l i c a t i o n of 
c e l l o s o l v e s o l u t i o n s ( 0 . 6 μΐ alone and 0 . 2 4 μΐ with 
piperonyl butoxide) on the dorsum of the thorax of 
female h o u s e f l i e s (Musca domestica - laboratory 
s u s c e p t i b l e s t r a i n ) by a micrometer syringe. The dose 
to give an L D 5 0 , based on the m o r t a l i t y twenty-four 
hours a f t e r treatment, was es t a b l i s h e d . The maximum 
dose f o r compounds t e s t e d alone was 6 V and f o r those 
i n combination with piperonyl butoxide ( 1 :5 ) 2 . 4 2 Γ · 
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Insecticidal Activities of Synthetic Pyrethroids 
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YASUO YURA, and KEISUK MURAYAMA 

Central Research Laboratories, Sankyo Co. Ltd., No. 2-58 Hiromachi 1-chome, 
Shinagawa-ku, Tokyo 140, Japan 

Pyrethroids (natural
c o m i n g increasingly important
b e c a u s e t h e y p o s s e s s a u n i q u e combination of desirable 
properties including exceptionally good insecticidal 
activity, l o w mammalian toxicity, and rapid bio
degradation. These features, c o m b i n e d with their b r o a d 
spectrum o f insecticidal activities, h a v e made them 
commercially successful, and also environmentally safe. 

T h e r e have been desired synthetic insecticide 
having higher toxicity on insects, l o w e r cost, l o w e r 
mammal ian toxicity and some u n i q u e properties f o r 
actual u s e s . I n general, t h e u s e s o f pyrethroids a r e 
mainly limited by high cost and by their instability 
for certain possible u s e s . 

RESULTS AND DISCUSSION 
It was recognized by Nakada and collaborators 

(1) t h a t several compounds were isolated by 
pyrolysis of allethrin heated a t 400°C. Two of the 
compounds obtained by the pyrolysis were indanone de
rivatives as shown in Fig. 1. These indanones showed 
themselves weak insecticidal activities. 

The activity was measured by using first instar 
nymphs of the American cockroach as first screening 
insect. According to this method, each compounds dis
solved in acetone were deposited into a 20 ml glass 

vial. After evaporating the solvent, 10 nymphs of the 
cockroach were introduced into the vial. Then the 
vial was covered with a plastic lid. Mortality of 
nymphs after 24 hours was measured. 

As shown in Fig. 2 the degree of effectiveness 
against nymphs of the cockroach was presented by using 
a mark from A to E. In the case of A, 100 per cent 
kill of nymphs of cockroach was obtained by using 1 
ygr of the compound. 

These indanones obtained by pyrolysis have a 
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Figure 1. Pyrolysis of allethrin 

0 

Ε Β C 

Degree of 
effectiveness Insecticidal effect 

A 1 jjg 100 e/o k i l l 
Β 1 0 jjg 100 °/. k i l l 
C 1 0 0 jjg 1 0 0 7o k i l l 
D 1 0 0 0 jjg 100 °/o k i l l 
Ε 1 0 0 0 jjg 0 °/o 

Dose: j j g / v i a l test insect . f i rst instar nymphs 
of the American cockroach. 

Figure 2. Degree of effectiveness 
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s t r u c t u r a l s i m i l a r i t y t o a l l e t h r o l o n e . Thus, i n d a n o l 
e s t e r o f c r y s a n t h e m i c a c i d was s y n t h e s i z e d . T h i s 
compound d i d n ' t show i n s e c t i c i d a l a c t i v i t y . T h e r e f o r e , 
more s i m p l i f i e d d e r i v a t i v e s were s y n t h e s i z e d . 

As a r e s u l t , 1 - i n d a n y l c h r y s a n t h e m a t e i n d i c a t e d 
i n s e c t i c i d a l a c t i v i t y t h o ugh t h e a c t i v i t y was l e s s 
t h a n t h a t o f a l l e t h r i n . 

T h e r e f o r e m o d i f i c a t i o n s o f i n d a n y l and r e l a t e d 
b e n z o f u r a n y l o r b e n z o t h i o p h e n y l compounds were c a r r i e d 
o u t . C h e m i c a l s t r u c t u r e and t h e i r i n s e c t i c i d a l a c 
t i v i t i e s a r e shown in F i g . 3. The m e t h y l group a t im
p o s i t i o n was effective b u t b e n z y l o r c h l o r o s u b s t i t u 
e n t were n o t effective. F u r t h e r i n t r o d u c t i o n o f 
m e t h y l group was n o t effective. 2 , 3 - D i h y d r o - 7 - m e t h y l -
3 - b e n z o f u r a n y l c h r y s a n t h e m a t e w h i c h c a l l ES-56  ex
h i b i t e d a c t i v i t y . 

S y n t h e t i c r o u t  F i g
A c c o r d i n g t o o u r s y n t h e t i c r o u t e , t h e f i r s t s t e p is 
e t h e r f o r m a t i o n w i t h o - c r e s o l and c h l o r o a c e t i c a c i d . 
C o n v e r s i o n w i t h t h i o n y l c h l o r i d e t o t h e a c i d c h l o r i d e 
f o l l o w e d by F r i e d e l - C r a f t c y c l i z a t i o n w i t h a l u m i n i u m 
c h l o r i d e gave 7 - m e t h y l - 2 , 3 - d i h y d r o b e n z o f u r a n o n e . Re
d u c t i o n o f t h e k e t o n e l e a d s t o 7 - m e t h y l - 2 , 3 - d i h y d r o 
b e n z o f u r a n o l . E s t e r i f i c a t i o n o f t h e b e n z o f u r a n o l w i t h 
c h r y s a n t h e m i c a c i d c h l o r i d e r e s u l t s in f i n a l p r o d u c t . 

The a c t i v i t i e s o f ES-5 6 were compared w i t h known 
p y r e t h r o i d s . 

I n s e c t i c i d a l a c t i v i t i e s o f p y r e t h r o i d s a g a i n s t 
nymphs o f t h e c o c k r o a c h and t e r m i t e a r e shown in 
T a b l e 1. 

U s i n g d r y f i l m method, 0.1 y g r o f p e r m e t h r i n k i l l e d 
10% o f c o c k r o a c h o r 8 5% o f t e r m i t e . P e r m e t h r i n was 
most effective. 

The amount o f 0.1 y g r o f d - t r a n s o f ES-56 k i l l e d 
20 p e r c e n t o f c o c k r o a c h . 

T a b l e 2 shows t h e r e s u l t o f i n s e c t i c i d a l a c t i v i t y 
o f p y r e t h r o i d s a g a i n s t common h o u s e f l y by t o p i c a l ap
p l i c a t i o n method. L D 5 0 o f ES-56 was 0.41 y g r p e r f l y . 
d - t r a n s P h e n o t h r i n and r e s m e t h r i n showed h i g h e r in
s e c t i c i d a l a c t i v i t y . 

T a b l e 3 shows t h a t t h e i n s e c t i c i d a l a c t i v i t y o f 
p y r e t h r o i d s a g a i n s t t h r e e s p e c i e s o f c o c k r o a c h was 
examined by t o p i c a l a p p l i c a t i o n method. Only d - t r a n s 
p h e n o t h r i n and r e t h m e t h r i n were more effective t h a n 
ES-56. 

The p e r s i s t e n c e o f ES-5 6 and r e s m e t h r i n a r e shown 
in T a b l e 4 u s i n g t e r m i t e , C optotermes formosanus. 
Each amount o f 0.1 mg and 1 mg o f p y r e t h r o i d s were 
added in a g l a s s v i a l p r e v i o u s l y m e n t i o n e d , and mor
t a l i t y was measured a f t e r 1 t o 12 8 days. I n t h e c a s e 
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T a b l e 2. I n s e c t i c i d a l a c t i v i t y o f ES-56 and o t h e r 
P y r e t h r o i d s on t h e h o u s e f l y by t o p i c a l 
a p p l i c a t i o n method. 

Compounds LD50 ( y g / f l y ) 
ES-56 0.41 
A l l e t h r i n 1.44 
P h t h a l t h r i n 1.55 
R e s m e t h r i n 0.10 
P h e n o t h r i n C d - t r a n s ) 0.09 
F u r a m e t h r i n 0.55 
P r o p a r t h r i n 
B u t e t h r i n 0.33 

3 T ^ X C H 3 C H 3 

X none 

Substituents 
1-CH 3 2-CH3 

( Y ) 
3-CH3 4 - C H 3 4 - C H 2 C 6 H 5 

CH2 C C c c Β C 

0 Β — c Β A Β 

S Β c D Β Β — 

Figure S. Modifications of indanyl and related benzofuranyl or benzothiophenyl 
compounds 
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COOH . 
ClCH 2COOH ff^, I 1) S0C1 2 1=0 

^OH NaOH S^O^ * 2) Al C l 3 ^ ^ 0 ^ 
C H 3 γ. 97 ./. CH 3 Y. 65 ./. C H 3 

Reduction -QH >= ^ COCt 

Pyridine or Et3N 
C H 3 Y. 93 ./. 

CH 
C H 3 / C = C H - C H - C H C O 0 T -

Compound E S - 5 6 (dl-cis . trans) 
CH 3 C H 3 C H 3 

Reduction : Na BH4 in MeOH-i - Propyl ether Y. 87 ./. 

H2/5%

Figure 4. Synthesis of
(dl-cis, trans-mixture). 

T a b l e 4. The p e r s i s t e n c e o f e f f e c t i v e n e s s 
a g a i n s t t e r m i t e . 

ι 
Compounds j 

Dose M o r t a l i t y (%) ι 
Compounds j (mg) l d a y 7 14 28 56 64 128 
ES-56 i 0.1 100 100 100 100 100 5 0 

i 1.0 100 100 100 100 100 100 0 
R e s m e t h r i n \ 0.1 100 55 0 0 0 0 0 

1.0 100 100 100 0 0 0 0 
Dry f i l m method. 

o f 1 mg o f ES-56, t h e e f f e c t t o k i l l 100% o f t e r m i t e s 
c o n t i n u e d f o r 64 days. Whereas t h e c o r r e s p o n d i n g 
e f f e c t o f r e s m e t h r i n was o n l y 14 days. 

A l a b o r a t o r y t e r m i t e t e s t was c a r r i e d o u t u s i n g 
-Coptotermes f o r m o s a n u s . The t e s t b l o c k was Japanese 
c e d a r and t h e s i z e o f t h e b l o c k was l x l x l cm. The 
b l o c k was t r e a t e d w i t h m e t h a n o l s o l u t i o n o f each com
pounds and t h e volume o f a b s o r b e d s o l u t i o n was 300 ml 
p e r m2. The e x p o s u r e t o t e r m i t e was c a r r i e d o u t f o r 
15 days w i t h o u t w e a t h e r i n g . Then, w e i g h t l o s s o f t h e 
b l o c k and s u r v i v a l o f t h e t e r m i t e were measured. The 
r e s u l t s a r e shown in T a b l e 5. P e r m e t h r i n showed t h e 
s t r o n g e s t e f f e c t s a g a i n s t t e r m i t e . But ES-56 was a l s o 
effective. 
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A new box t y p e a p p a r a t u s was d e v i c e d f o r f u m i 
g a t i o n o r m i s t s p r a y i n g t e s t . The s i z e o f t h e box was 
30 χ 30 χ 30 cm. T e s t i n s e c t s were i n t r o d u c e d i n t o 
t h e box a f t e r f u m i g a t i o n o r m i s t s p r a y i n g w i t h o u t l e a k 
i n g o f t h e i n s e c t i c i d e . The d i a g r a m is shown in F i g . 5. 

The knockdown e f f e c t b a s e d on v a p o u r a c t i o n o f 
p y r e t h r o i d s was measured by u s i n g common h o u s e f l y . 
One mg o f each compound was h e a t e d up t o 142°C o f t h e 
h e a t e r d u r i n g 7 m i n u t e s . Then, t h e t e s t i n s e c t s were 
i n t r o d u c e d i n t o t h e box and t h e p e r c e n t a g e o f knock
down was d e t e r m i n e d . The r e s u l t s a r e shown in T a b l e 6. 
ES-56 showed b e t t e r r e s u l t t h a n a l l e t h r i n , p h t h a l t h r i n 
and r e s m e t h r i n . 

The i n s e c t i c i d a l a c t i v i t y o f ES-56 was i n c r e a s e d 
when combined w i t h s a f r o x a n  1 - d o d e c y l i m i d a z o l e

U s i n g t h e box
t h e e f f e c t o f m i s t s p r a y i n g y
t e s t e d u s i n g 0.4% a c e t o n s o l u t i o n . The r e s u l t s a r e 
shown in T a b l e 7. The knockdown e f f e c t was i n c r e a s e d 
when 1 - d o d e c y l i m i d a z o l e was added. The i n s e c t i c i d a l 
e f f e c t o f s a f r o x a n e was s t r o n g e r t h a n t h a t o f 1-
d o d e c y l i m i d a z o l e . 

T a b l e 7. M i s t s p r a y i n g t e s t a g a i n s t h o u s e f l y 
by u s i n g a new box a p p a r a t u s . 

Compounds C o n c e n t r a t i o n 
(%) 

K T 5 0 

(min.) 
M o r t a l i t y 

(%) 
A l l e t h r i n 0.4 55.2 2.5 
ES-56 0.4 39.8 5.0 
ES-5 6 + S a f r o x a n e 0.4 + 2 32.8 50.0 
ES-56 + ^ D o d e c y l 

i m i d a z o l e 0.4 + 2 29.1 37.5 

S o l v e n t : a c e t o n e 
Amount o f s p r a y : 0.65ml/30x30x30cm 

I n t h e c a s e o f t h e mix e d r a t i o , 1 t o 5, b e t t e r 
s y n e r g i s t i c e f f e c t s were o b s e r v e d . 

The i n s e c t i c i d a l a c t i v i t y o f t h i n wood t r e a t e d 
w i t h p y r e t h r o i d s c o n t a i n i n g s y n e r g i s t s was t e s t e d a f t e r 
e x p o s i n g t o u l t r a v i o l e t l i g h t . I n t h i s e x p e r i m e n t , 
w e a t h e r -Ometer h a v i n g one c a r b o n a r c lamp was used. 
The i r r a d i a t i o n t i m e was f r o m 3 t o 12 h o u r s . A f t e r i r 
r a d i a t i o n , t h e f i r s t i n s t a r nymphs o f t h e A m e r i c a n 
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30cm 

ο ο 
CO 

Fun 

Hole for spraying 

Sample pan 

•A Insect 

Packing 

Heater 
Figure 5. A diagram of new box-type testing apparatus 
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c o c k r o a c h were c o n t a c t e d on t h e s u r f a c e o f t h e t h i n 
wood and t h e m o r t a l i t y was measured. The r e s u l t s a r e 
shown in T a b l e 8. 

T a b l e 8. I n s e c t i c i d a l a c t i v i t y o f wood 
t r e a t e d w i t h p y r e t h r o i d s a f t e r 
e x p o s i n g t o u l t r a v i o l e t l i g h t 

P y r e t h r o i d s S y n e r g i s t s M o r t a l i t y (%) P y r e t h r o i d s S y n e r g i s t s 
Ohr* 3 6 9 12 
100 80 30 0 0 

ES-56 S a f r o x a n 100 100 100 25 0 
1-Dodecy

i m i d a z o l e 
100 0 0 0 0 

R e s m e t h r i n S a f r o x a n e ; l o o 0 0 0 0 
1-Dodecyl 

i m i d a z o l e J 100 0 0 0 0 

* I r r a d i a t i o n t i m e 
C o n c e n t r a t i o n : 0.2% a c e t o n e s o l u t i o n 
M i x e d r a t e , 1 : 1 
Weather-0 meter was used. 

ES-56 was w e l l p r o t e c t e d by t h e a d d i t i o n o f s y n 
e r g i s t s f r o m u l t r a v i o l e t l i g h t . 

As a p a r t o f t h e t o x i c i t y s t u d i e s o f ES-56, L D 5 0 
(mg/kg) was examined. The r e s u l t s a r e shown in T a b l e 
9. The t o x i c i t y o f compound 56 w o u l d be l e s s t h a n 
t h a t o f a l l e t h r i n . 

I n c o n c l u s i o n , ES-56 has b e t t e r i n s e c t i c i d a l a c 
t i v i t y and r e l a t i v e l y l o n g e r r e s i d u a l e f f e c t . Moreover, 
l o w e r c o s t is t o be e x p e c t e d . There is much o f work 
y e t t o be done in f u n d a m e n t a l t e s t s on t h i s new 
p y r e t h r o i d . We a r e now making e x t e n s i v e e f f o r t f o r 
f u r t h e r development o f t h i s compound, e s p e c i a l l y t o x i -
c o l o g i c a l s t u d i e s on it. 

REFERENCES 
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In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



Ta
bl

e 
9.

 
To

xi
ci

ty
 
of

 c
om

po
un

d 
ES

-5
6 

An
im

al
s 

se
x 

LD
5

0 
(m

g/
kg

) 
An

im
al

s 
se

x 
Pe

ro
ra

l 
Su

bc
ut

an
eo

us
 

Pe
rc

ut
an

eo
us

 

Mo
us

e 
ma

le
 

69
2 

32
6 

30
00

 ~
 
40

00
 

(d
dy

) 
fe

ma
le

 
66

1 
33

4 
35

24
 

Ra
t 

ma
le

 
35

90
 

18
63

 
> 

3 
ml

 

(w
is

te
r)

 
fe

ma
le

 
34

12
 

17
58

 
> 

3 
ml

 

Al
le

th
ri

n 
: 
mo

us
e,

 m
al

e 
51

3,
 f

em
al

e 
41

6 
/ 

ra
t,
 
ma

le
 
10

84
, 

fe
ma

le
 

12
17

 

00
 1 Ο I 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



8 
Neurophysiological Study of the Structure-Activity 

Relation of Pyrethroids 

T. NARAHASHI, K. NISHIMURA, J. L. PARMENTIER, and Κ. ΤΑΚΕΝΟ 

Department of Physiology and Pharmacology, Duke University Medical Center, 
Durham, N. C. 27710 

M. ELLIOTT 

Rothamsted Experimental Station, Harpenden, Hertfordshire, AL5 2JQ, England 

Much information is
tween the s t r u c t u r e and
of insecticides, i n c l u d i n g DDT and its d e r i v a t i v e s , organophos-
phates, carbamates and pyrethroids (1) . A common procedure in 
such s t u d i e s is to compare activities of compounds with systemat
ically a l t e r e d s t r u c t u r e s . To i n t e r p r e t such r e s u l t s rationally, 
the complex nature of the t o x i c a c t i o n of insecticides, illus
trated diagrammatical ly in Figure 1 (2 , 3) must be recognized. 

The first step in the a c t i o n of an insecticide is penetra
tion i n t o the i n s e c t body, v i a the cuticle, mouth or r e s p i r a t o r y 
system. The i n s e c t i c i d e t h a t enters will migrate to various 
t i s s u e s by the open circulation system. Some of the insecticide 
may be d e t o x i f i e d before reaching the t a r g e t site; mixed f u n c 
t i o n o x i d a s e s , f o r example, are known to be involved in the 
metabolic degradation of a v a r i e t y of organophosphates, c a r 
bamates and DDT analogues. With some compounds metabolic 
products are more t o x i c than the o r i g i n a l insecticides; t h e i r 
formation is termed " a c t i v a t i o n " . For example, o x i d a t i o n of 
parathion to paraxon increases potency to inhibit c h o l i n e s t e r a s e s 
by a f a c t o r of 1 0 5 . 

Eventually, either the original or the activated insecticide 
reaches and influences the target site, usually the nervous 
system. The symptoms of poisoning are a variety of secondary 
and tertiary disturbances in the insect, and death finally 
results from these integrated toxic actions. Unlike mammals, 
insects do not die by a single dysfunction of a key organ. 
Mammals, for example, suffer respiratory failure or cardiac 
arrest following intoxication by the insecticide, whereas the 
death of insects involves a complex series of reactions in 
various organs such as metabolic exhaustion and paralysis of the 
entire nervous system. 

This outline of insecticidal action indicates that the 
relative insecticidal activity of different compounds is the 
outcome of a complex series of interacting processes. Comparison 
of overall potencies, therefore, cannot elucidate fully 

85 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



86 S Y N T H E T I C P Y R E T H R O I D S 

structure-activity r e l a t i o n s h i p s , but must be supplemented by 
studies on primary activities a t the t a r g e t f o r thorough c l a r i f i 
c a t i o n . This approach has indeed been used widely in studying 
organophosphates and carbamates (^, b) which i n h i b i t c h o l i n e s -
t e r a s e s . With these groups, such experiments are t e c h n i c a l l y 
s t r a i g h t f o r w a r d , s i n c e c h o l i n e s t e r a s e s can be handled in v i t r o . 
However, f o r i n s e c t i c i d e s which do not i n h i b i t c h o l i n e s t e r a s e s 
the s i t u a t i o n is more compl icated; a t a r g e t s i t e preparation 
p e r m i t t i n g many experiments in a short time with minimum expense 
is r e q u i r e d . As d i s c u s s e d , most i n s e c t i c i d e s a f f e c t the nervous 
system, so the best model would be a nerve p r e p a r a t i o n . Few 
such studies with nerve preparations have been made. However, 
attempting to def ine structure-activity r e l a t i o n s h i p s f o r 
rotenoids Fukami et al[. (6J compared rotenone d e r i v a t i v e s f o r 
t h e i r potency against i n s e c t s , and f o r a b i l i t y to i n h i b i t 
glutamic dehydrogenase
a t i v e e f f e c t i v e n e s s wa
a few d e r i v a t i v e s which showed weak insecticidal a c t i o n d e s p i t e 
strong i n h i b i t i o n of enzymic a c t i o n and b l o c k i n g of nervous 
conduction. For f i v e s y n t h e t i c pyrethroids Berteau et à]. (7) 
found a good c o r r e l a t i o n between insecticidal potency, mammalian 
t o x i c i t y and b l o c k i n g of nervous conduction. Recently Burt and 
Goodchild {8, 9̂ , JO) using a sucrose gap technique tested the 
e f f e c t s of a large number of s y n t h e t i c pyrethroids on g i a n t 
f i b r e s and c e r v i c a l nerve-giant f i b r e synapses of the cockroach, 
P e r i p l a n e t a americana L. They compared the n e u r o t o x i c i t i e s with 
the a c t i o n of the compounds on l i v i n g i n s e c t s , concluding t h a t 
although a r a t i o n a l pattern of r e l a t i o n s h i p s was apparent f o r 
o v e r a l l t o x i c i t y , no comparable connection could be discerned f o r 
n e u r o t o x i c i t y , except that n e u r o t o x i c i t y tended to increase with 
p o l a r i t y . Neither s i t e of a c t i o n was l i k e l y to contain a 
c r i t i c a l s i t e of a c t i o n f o r p y r e t h r o i d s . 

I n t e r e s t i n g r e s u l t s were a l s o obtained with DDT analogues 
(2> 11» JiL)- Although insecticidal potency c o r r e l a t e d wel l with 
a b i l i t y to increase the negative ( d e p o l a r i z i n g ) a f t e r - p o t e n t i a l 
and to induce r e p e t i t i v e a f t e r - d i s c h a r g e s f o r most of the 
d e r i v a t i v e s t e s t e d , s t r i k i n g anomalies were found with other 
d e r i v a t i v e s . For example, s u b s t i t u t i n g amino or hydroxy groups 
f o r the ρ , ρ ' - c h l o r i n e s of ρ , ρ ' - D D T made the compound i n s e c 
t i c i d a l l y i n a c t i v e ( 1 3 ) , yet the analogues were still a c t i v e on 
the nerve ( 1 2 ) , but in a manner, b l o c k i n g rather than e x c i t a t o r y . 
Thus t h e i r a c t i o n is e n t i r e l y d i f f e r e n t from t h a t of the parent 
compound, ρ , ρ ' - D D T . The structure-activity r e l a t i o n s h i p can 
therefore only be f u l l y defined by experiments using the t a r g e t 
s i t e jm v i t r o . 

Methods 

A simple method has been developed whereby potency to a f f e c t 
the nervous system of a l a r g e number of compounds can be 
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compared (14). Natural pyrethroids and a l l e t h r i n are known to 
s t i m u l a t e and then paralyze various nerve preparations (15, 1 6 , 
U , 18, 19, 20, 21). 

The compounds used in t h i s work were prepared as described 
p r e v i o u s l y (22, 23, 24, 25) or by standard procedures, and t h e i r 
s t r u c t u r e s , with stereochemical features (26J, are shown in 
Table I. I n s e c t i c i d a l activities were determined by t o p i c a l 
a p p l i c a t i o n of measured drops of acetone s o l u t i o n s to the a d u l t , 
female h o u s e f l y , Musca domestica L. (27). 

Of several nerve preparations examined, the i s o l a t e d c r a y 
f i s h nerve cord was most s e n s i t i v e to various i n s e c t i c i d e s and 
e a s i e s t to handle (14). The nerve cord discharges impulses 
spontaneously, a t a frequency g r e a t l y increased by low c o n c e n t r a 
t i o n s of p y r e t h r o i d s . Figures 2 i l l u s t r a t e s an experiment with 
a l l e t h r i n . 

The abdominal nerv
Procambarus c l a r k i or Orconeste
P l e x i g l a s s chamber equipped with a p a i r of wire e l e c t r o d e s , 
van Harreveld s o l u t i o n (207.3 mM NaCl, 5.4 mM KC1, 13.0 mM C a C l 2 -
2 H 2 0 , 2.6 mM M g C l 2 ' 6 H 2 0 , 1.9 mM Trizma HC1, 0.4 mM Trizma Base 
with a f i n a l pH adjusted to 7.55) (28) was used as the bathing 
medium, and when it had been drained by s u c t i o n , the nerve cord 
preparation was hung on the e l e c t r o d e s , and spontaneous impulse 
discharges were recorded. Four nerve cord p r e p a r a t i o n s , mounted 
in separate chambers, were used s imultaneously , and each switched 
e l e c t r o n i c a l l y at r e g u l a r i n t e r v a l s v i a a p r e a m p l i f i e r to an 
o s c i l l o s c o p e , an audiomonitor and an e l e c t r o n i c counter. The 
counter d i s p l a y e d the frequency of impulse discharges in d i g i t a l 
form. In some experiments, the output of the counter was fed 
i n t o a d i g i t a l - t o - a n a l o g c o n v e r t e r , in turn connected to a s t r i p 
c h a r t recorder to r e g i s t e r the analog form of the frequency as a 
f u n c t i o n of t ime. A more d e t a i l e d account of t h i s method w i l l be 
published elsewhere. 

For each of the four nerve cord p r e p a r a t i o n s , the number of 
discharges was counted f o r a period of one second 15 times a t an 
i n t e r v a l of 1-2 seconds, g i v i n g the mean frequency of discharges 
per second. This procedure was repeated 3 times every 10 min
u t e s , and the o v e r a l l mean value was c a l c u l a t e d from the 45 
measurements. Then the lowest concentrat ion of a t e s t compound 
( u s u a l l y 1 χ 10" 8 M) prepared from a stock s o l u t i o n in e t h a n o l , 
was a p p l i e d to the nerve. Frequency counts were made 10, 20 and 
30 minutes a f t e r applying the t e s t compound. A f t e r the l a s t 
count, the concentrat ion of the t e s t compound was increased 10-
f o l d , and three sets of counts were made every 10 minutes. 
These procedures were repeated u n t i l the concentrat ion of the 
t e s t compound reached 1 χ 10" 5 M, the highest value t e s t e d . The 
ethanol concentration in the t e s t s o l u t i o n was 0.1% (v/v) at the 
highest t e s t compound concentrat ion of 1 χ 10" 5 M, and had no 
e f f e c t on the spontaneous discharges of the nerve c o r d . 

Dose-response curves were constructed by p l o t t i n g o v e r a l l 
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10 20 30 40 50 
Time (min ) 

60 70 80 

Figure 2. Frequency of impulse discharges from the abdominal nerve cord of the 
crayfish before and during application of allethrin at a concentration of 1 X JO-7 M 
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mean values f o r 45 counts in the c o n t r o l and in each concentra
t i o n of a t e s t compound a g a i n s t the logarithm of the concentra
t i o n . The frequency of impulse discharges passed through a 
maximum with i n c r e a s i n g c o n c e n t r a t i o n . By connecting each 
measurement by a s t r a i g h t l i n e , the concentrat ion a t which the 
frequency increased to 200% of the c o n t r o l was e s t i m a t e d , and 
designated N S 2 0o (nerve s t i m u l a t i o n to 200%). Some compounds 
d i d not s t i m u l a t e the nerve to increase the impulse frequency 
to 200% of the c o n t r o l even a t 1 χ 10" 5 M. 

Burt and Goodchild (19) examined the s e n s i t i v i t y of the 
terminal ganglion of the abdominal nerve cord of P e r i p l a n e t a 
americana to p y r e t h r i n I by a method s i m i l a r in p r i n c i p l e and 
obtained comparable r e s u l t s . 

Nerve A c t i o n Vs. I n s e c t i c i d a l A c t i o n 

The s y n t h e t i c pyrethroids d i f f e r e d g r e a t l y in t h e i r a b i l i t y 
to s t i m u l a t e spontaneous impulse discharges of the c r a y f i s h 
abdominal nerve c o r d . The value of NS 2oo is p l o t t e d against the 
l e t h a l dose 50 ( L D 5 0 ) r e l a t i v e to t h a t of bioresmethrin (0.005 
ng/insect) (Figure 3 ) . I f nerve potency alone determined 
insecticidal activity, a l l measurements would f a l l on a l i n e 
with a d e f i n i t e s l o p e . However, many of the compounds deviated 
g r e a t l y from such a simple r e l a t i o n s h i p . For example, compounds 
I, 9, 13 and 15 were approximately e q u a l l y t o x i c to i n s e c t s , y e t 
t h e i r nerve s t i m u l a t i n g potencies were g r e a t l y d i f f e r e n t , the 
N S 2 0o r a t i o of 15 to 9 being more than 1 0 3 . Correspondingly, 
v a r i a t i o n s of nerve potency in compounds with s i m i l a r insecticidal 
activity were observed with the compound 14 which had a high 
N S 2 0o of 1.5 χ Ι Ο " 8 M and 37 and four other compounds which d i d 
not s t i m u l a t e the nerve a t 1 χ 10" 5 M. Thus the d i f f e r e n c e is 
nerve potency between these two groups is over 600. 

Some compounds had approximately the same nerve potency, y e t 
d i f f e r e d considerably in t h e i r insecticidal potency. For exam
p l e , the compounds 10 and 23 had comparable N S 2 0o v a l u e s , but 
the former was 200 times effective as an i n s e c t i c i d e . L i k e w i s e , 
the compound 9 was almost equipotent to 14 in respect to the 
nerve a c t i o n , yet the former was about 50 times more effective 
as an i n s e c t i c i d e . The compound 13 was one-tenth as potent on 
the nerve than 14, yet 5 0 - f o l d more a c t i v e i n s e c t i c i d a l l y . 

Comparison of Isomers and Analogs 

Very i n t e r e s t i n g d i f f e r e n c e s in activity were d i s c l o s e d by 
comparing isomers and analogs f o r t h e i r e f f e c t s on the nerve. 
For example the 5 - b e n z y l - 3 - f u r y l m e t h y l ( + ) - c i s - f l u o r o v i n y l e s t e r , 
I I , was h i g h l y potent on the nerve with a N S 2 0o value of 
1.75 χ 10" 9 M, whereas the corresponding (+)-trans isomer, 10, 
was 5 3 - f o l d l e s s effective with a N S 2 0 0 value of 9.2 χ 10" 8 M. 
However, the insecticidal potencies were l e s s d r a s t i c a l l y 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



8. N A R A H A S H I E T A L . Neurophysiological Studies 93 

ΙΟ"8 

1 I I I ΐ τ τ η 1 — Γ I I I I Μ | " Τ Γ Ί I 1 II Ι Ι | 

— - INEFFECTIVE #15 

• 25 

• 8 .2,19,2734,37 
• 26 . 2 9 

• 18 
• 24 

• 17,20,30,33— 

• 4 

•3. : 

• 31 

Γ* 
• 36 

lllll I • 28 

• 32 "Ξ 
• 6 Ζ 

— • 12 

• 1 
=* . 10 

— 

I I 1 

• 23 

• 9 
• 3 

• 14 
-

-T
TT

1 M
 I ! 

• 11 
-

1II1 1 1 ζ. 

— 

INEFFECTIVE 
i 

• ι ι ι ι iiil ι ι I I Mill I I ι nu l l t 0.1 1 10 100 

RELATIVE L D 5 0 (BIORESMETHRIN = 1) 

Figure 3. Relationship between the concentration to stimulate the impulse fre
quency of the crayfish abdominal nerve cord to 200% of the control (NS200) and 

the lethal dose 50 (LD50) against the housefly for synthetic pyrethroids 
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Table I I . Comparison of 5-Benzyl -3-fury lmethyl Pyrethroids 

f o r Their S t r u c t u r e s , NS 2oo and L D 5 0 Values 

Compound 
No. 

Stereochem
i s t r y R 

• 
N S 2 u 0 

(Χ Ι Ο - 8 M) 

* 
R e l a t i v e 

L D 5 0 

11 [1R, c i s ] F 0.175 0.33 

10 [1R, trans] F 9.2 0.5 

15 [1RS, c i s j Cl t 1.25 

Bioresmethrin [1R, trans] CH3 5 1 

*Lowest value corresponds to highest potency. 

+ 
No s t i m u l a t i n g e f f e c t at 1 χ 10-5 M. 
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Table I I I . Comparison of 3-Phenoxybenzyl Pyrethroids 

f o r Their S t r u c t u r e s , NS 2oo and L D 5 0 Values 

Compound 
No. 

Stereochem
i s t r y Ri 

* 
N S 2oo 

R2 (Χ Ι Ο - 8 M) 

* 
R e l a t i v e 

LD50 

1 [1R, trans] CH3 12 1.25 

9 [1R, ç i s . ] CH3 1.9 2 

Biopermethrin 
(NRDC 147) [1R, trans] CI t 0.6 

14 [IS, trans] CI 1.5 100 

13 
(NRDC 168) [1R, c i s ] CI CN 15 2 

*Lowest value corresponds to highest potency. 

+No s t i m u l a t i n g e f f e c t at 1 χ 1 0 - 5 M. 
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d i f f e r e n t , t h e ( + ) - c i s f o r m b e i n g more p o t e n t t h a n t h e ( + ) - t r a n s 
f o r m by a f a c t o r o f o n l y 1.5 ( T a b l e I I ) . A g a i n , 5 - b e n z y l - 3 -
f u r y l m e t h y l ( + ) - t r a n s - c h r y s a n t h e m a t e ( b i o r e s m e t h r i n ) showed h i g h 
n e r v e and insecticidal p o t e n c i e s , b u t t h e e q u a l l y a c t i v e i n s e c 
t i c i d e , 1 5 , an e s t e r o f t h e r a c e m i c c i s form o f t h e a c i d w i t h 
c h l o r i n e r e p l a c i n g m e t h y l g r o u p s , d i d n o t s t i m u l a t e n e r v e s 
( T a b l e I I ) a l t h o u g h it r e t a i n e d n e r v e b l o c k i n g power. 

3 - P h e n o x y b e n z y l ( + ) - t r a n s - c h r y s a n t h e m a t e , 1 , was 6 . 3 - f o l d 
l e s s p o t e n t on t h e n e r v e t h a n its c i s f o r m , 9 , y e t 1 . 6 - f o l d more 
p o t e n t as an i n s e c t i c i d e ( T a b l e I I I ) . B i o p e r m e t h r i n was much 
l e s s p o t e n t on t h e n e r v e t h a n its ( - ) - t r a n s f o r m , 1 4 , y e t 1 6 7 -
f o l d more a c t i v e as an i n s e c t i c i d e ( T a b l e I I I ) . The a - c y a n o - 3 -
p h e n o x y b e n z y l ( + ) - c i s - d i c h 1 o r o v i n y l e s t e r , 1 3 , was 1 0 - f o l d l e s s 
p o t e n t on t h e n e r v e t h a n t h e 3 - p h e n o x y b e n z y l ( - ) - t r a n s e s t e r , 1 4 , 
b u t 50 t i m e s more p o t e n t as an i n s e c t i c i d e ( T a b l e I I I ) . 

C o n c l u s i o n s 

Most o f t h e i n s e c t i c i d a l l y a c t i v e p y r e t h r o i d s s t i m u l a t e d t h e 
i s o l a t e d c r a y f i s h a b d o m i n a l n e r v e c o r d , i n c r e a s i n g t h e f r e q u e n c y 
o f i m p u l s e d i s c h a r g e s . Such s t i m u l a t i n g a c t i o n p a r a l l e l e d 
a b i l i t y t o k i l l i n s e c t s w i t h some o f t h e compound, b u t o t h e r s , 
a l t h o u g h p o t e n t on t h e n e r v e , were weak insecticides, and v i c e 
v e r s a . Some o f t h e d i s c r e p a n c i e s may be due t o d i f f e r e n t i a l 
c u t i c l e p e n e t r a t i o n and d e t o x i c a t i o n , b u t t h e s e f a c t o r s do n o t 
a d e q u a t e l y a c c o u n t f o r a l l t h e d i f f e r e n c e s ( f o r e x a m p l e , t h o s e 
between t h e 5 - b e n z y l - 3 - f u r y l m e t h y l ( + ) - t r a n s - and ( + ) - c i s -
d i f l u o r o v i n y l i s o m e r s , 10 and 11) and a n o m a l i e s ( s u c h as t h e 
l a c k o f n e r v e s t i m u l a t i n g activity o f t h e p o t e n t i n s e c t i c i d e 
5 - b e n z y l - 3 - f u r y l m e t h y l ( + ) - c i s - d i c h 1 o r o v i n y l e s t e r , 1 5 , and t h e 
i n v e r s i o n in activity o f t h e ( + ) - and ( - ) - t r a n s i s o m e r s o f 
p e r m e t h r i n ) . The r e s u l t s i n d i c a t e t h a t p r o p e r t i e s and activities, 
o t h e r t h a n t h o s e c o n s i d e r e d and e v a l u a t e d in t h e p r e s e n t w o r k , 
may be more d i r e c t l y r e l a t e d t o insecticidal a c t i o n o f some 
p y r e t h r o i d s . 

A c k n o w l e d g e m e n t s . T h i s s t u d y was s u p p o r t e d by a g r a n t f r o m 
t h e N a t i o n a l I n s t i t u t e s o f H e a l t h ( N S 0 6 8 5 5 ) . T e c h n i c a l a s s i s 
t a n c e f r o m Pamela Van B u s k i r k and s e c r e t a r i a l a s s i s t a n c e f r o m 
V i r g i n i a A r n o l d and A r l e n e M c C l e n n y a r e g r e a t l y a p p r e c i a t e d . 
M i c h a e l E l l i o t t t h a n k s h i s c o l l e a g u e s in t h e Department o f 
I n s e c t i c i d e s and F u n g i c i d e s , Rothamsted E x p e r i m e n t a l S t a t i o n , 
f o r p r e p a r i n g and e v a l u a t i n g most o f t h e compounds used and f o r 
many v a l u a b l e d i s c u s s i o n s and comments. 
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9 
Central vs. Peripheral Action of Pyrethroids on the 

Housefly Nervous System 

T. A. MILLER and M. E. ADAMS 

Department of Entomology, University of California, Riverside, Calif. 92502 

Despite years of research
pyrethroids have defie
tion as peripheral or centrally acting has not been possible to 
date. On one hand, pyrethroids act in a manner resembling DDT, 
which is known to be a peripheral neurotoxin in insects (1). The 
activities of both DDT (1) and pyrethrum (2) exhibit a negative 
dependence on temperature, being more toxic at lower temperature. 
Both DDT and pyrethroids produce negative after potentials, and 
repetitive discharge to single stimuli in axons (3). And both 
DDT and pyrethrum are extremely sensitive in causing trains of 
sensory nervous impulses when perfused on leg preparations of 
insects (4, 5, 6). The actions of DDT and allethrin are also 
similar on the lateral-l ine organ of the clawed toad, Xenopus 
laevis (7). 

Despite the impressive actions of pyrethroids on sensory 
nerve structures and the similarity between the actions of DDT and 
pyrethroids on isolated preparations on the nervous system, there 
is evidence of actions by pyrethroids on the central nervous sys
tem. Burt and Goodchild (8) found that speed of knockdown was 
proportional to the distance between the site of topical applica
tion and the central nervous system. They considered this to 
suggest strongly that knockdown, even the rapid knockdown reported 
by Page and Blackith (9), is due to an action on the central 
nervous system. 

Burt and Goodchild (10) found that the isolated and perfused 
central nervous system of Periplaneta amerieana was sensitive to 
extremely low concentrations of pyrethrin I (below 5 X 10 8 M). 
In contrast, DDT was without effect on the thoracic ganglia of 
Peviptaneta even when applied in emulsions of 4.5 X 10 3M concen
tration (6). This latter observation is the best demonstration 
of a difference between the actions of DDT and pyrethroids. 

The ultimate actions of pyrethroids, then, could involve 
central and peripheral nervous structures—which of these might 
be involved during poisoning has been diff icult to show unti l 
in vivo recording methods were developed to record the activity 

98 
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o f f l i g h t m o t o r u n i t s o f t h e i n t a c t h o u s e f l y d u r i n g p o i s o n i n g 
( 1 1 , 1 2 , 1 3 , 1 4 , 1 5 ) . T h i s p r e p a r a t i o n a l l o w s t h e m o n i t o r i n g o f 

a c e n t r a l n e u r a l c o o r d i n a t i o n b e t w e e n f l i g h t m o t o r n e u r o n s f r o m 
t h e w h o l e i n t a c t h o u s e f l y d u r i n g p o i s o n i n g . U s i n g t h i s m e t h o d , 
it w a s f o u n d t h a t t h e p a t t e r n o f activity r e c o r d e d d u r i n g D D T 
p o i s o n i n g w a s u n i q u e a n d d i s t i n c t f r o m t h a t o f c e n t r a l l y a c t i n g 
p o i s o n s ( 1 1 , 1 2 ) . F u r t h e r m o r e , s i n c e t h e p y r e t h r o i d trans-
B a r t h r i n s h o w e d p a t t e r n s o f activity s i m i l a r t o D D T a n d u n l i k e 
c e n t r a l n e r v o u s p o i s o n s , it w a s c o n c l u d e d t h a t trans-Barthrin 
w a s p e r i p h e r a l l y a c t i n g ( 1 2 ) . 

T h e s e r e s u l t s w e r e c h a l l e n g e d i n f o r m a l l y b y P a u l B u r t ( 1 6 ) , 
s o t h a t a m o r e e x t e n s i v e e x a m i n a t i o n w a s u n d e r t a k e n t o c h a r a c t e r 
i z e t h e a c t i o n s o f p y r e t h r i n s . 

M e t h o d s 

T h r e e p y r e t h r o i d s w e r
T e t r a m e t h r i n ( s y n o n y m s = n e o p y n a m i n , p h t h a l t h r i n , 2 , 3 , 4 , 5 - t e t r a = 
h y d r o p h t h a l i m i d o m e t h y l c h r y s a n t h e m a t e ) w a s s a i d t o h a v e v e r y 
f a s t k n o c k d o w n b u t p o o r t o x i c i t y o n i n s e c t s ( 1 7 ) . We o b t a i n e d 
a s a m p l e f r o m R i c h a r d H a r t , W e l l c o m e R e s e a r c h L a b o r a t o r i e s , 
B e r k h a m s t e d . T h i s s a m p l e w a s r e p o r t e d l y a + 2 5 / 7 5 eis/trans 
c h r y s a n t h e m a t e m i x t u r e . 

cis- 0 t e t r a m e t h r i n 

C i s - m e t h r i n w a s c h o s e n f o r i n t e r m e d i a t e k i l l a n d k n o c k d o w n p r o 
p e r t i e s (NRDC 1 1 9 ) . C i s - m e t h r i n is 5 - B e n z y l - 3 - f u r y l m e t h y l 
(+)eis c h r y s a n t h e m a t e : 

eis-
m e t h r i n 

T h e t h i r d c o m p o u n d e x a m i n e d w a s R U 1 1 6 7 9 , p r o v i d e d b y t h e 
P r o c i d a C h e m i c a l C o m p a n y t h r o u g h W e l l c o m e R e s e a r c h ( s y n o n y m s = k -
O t h r i n , B i o e t h a n o m e t h r i n ) 5 - B e n z y l - 3 - f u r y l m e t h y l (+)trans 
e t h a n o c h r y s a n t h e m a t e . 
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F o r p u r p o s e s o f c o m p a r i s o n , D D T w a s u s e d a s w e l l a s t h e 
c a r b a m a t e i n s e c t i c i d e c a r b o f u r a n ( 2 , 2 - d i m e t h y l - 2 , 3 - d i h y d r o b e n z o = 
f u r a n y l - 7 W - m e t h y l c a r b a m a t e ) . 

P h y s i o l o g i c a l p r e p a r a t i o n s i n c l u d e d t h e h o u s e f l y l e g , t h e 
c o c k r o a c h l e g , t h e f l i g h t m o t o r o f t h e h o u s e f l y in b o t h i n t a c t 
a n d d i s s e c t e d p r e p a r a t i o n s . C o c k r o a c h l e g p r e p a r a t i o n s w e r e 
e s s e n t i a l l y t h o s e d e v e l o p e d b y R o e d e r a n d W e i a n t (5, 6). 

N e r v o u s i m p u l s e s a s c e n d i n g t h e c r u r a l n e r v e o f t h e c o c k r o a c h , 
Pevvplaneta amerieana, w e r e r e c o r d e d a c c o r d i n g t o o r d i n a r y p r o 
c e d u r e s u s i n g a g r e a s e e l e c t r o d e (18). E x p o s e d t i s s u e s w e r e 
b a t h e d in a c a r b o n a t e s a l i n e a t p H 6.9 (19). C o m p o u n d s w e r e 
d i s s o l v e d in a c e t o n e , t h e n d i l u t e d a t l e a s t 20 t i m e s i n t o s a l i n e . 
T h e s o l u t i o n w a s i n j e c t e d i n t o t h e t i b i a t h r o u g h t h e o p e n i n g 
l e f t a f t e r r e m o v a l o f t h e t a r s u s . E n o u g h s o l u t i o n w a s i n j e c t e d 
t o d i s p l a c e t h e h e m o l y m p h in t h e l e g . 

N e r v o u s i m p u l s e s w e r
a c i c l e g o f t h e h o u s e f l y
t h e l e g w a s s t a p l e d t o w a x a s a b o v e . A n e l e c t r o l y t i c a l l y e t c h e d 
t u n g s t e n w i r e 1 m i l (25 urn) in d i a m e t e r w a s p u n c h e d t h r o u g h t h e 
c u t i c l e o f t h e t i b i a n e a r t h e f e m u r . A n i n d i f f e r e n t e l e c t r o d e 
w a s p l a c e d in t h e f e m u r . C o m p o u n d s w e r e a p p l i e d t o p i c a l l y in Ο . ΐ λ 
d r o p l e t s o f a c e t o n e w h i c h w a s j u s t e n o u g h t o w e t t h e t a r s u s . 

T h e f l i g h t m o t o r p r e p a r a t i o n h a s b e e n d e s c r i b e d in d e t a i l 
e l s e w h e r e (12, 13). T h e a r r a n g e m e n t o f d o r s o l o n g i t u d i n a l f l i g h t 
m u s c l e s in Musea domestiaa f o l l o w s t h e g e n e r a l p a t t e r n f o r m u s c o i d 
f l i e s (20). S i x p a i r s o f g i a n t f i b r i l l a r m u s c l e c e l l s o c c u p y a 
l a r g e p o r t i o n o f t h e t h o r a c i c c a v i t y o n e i t h e r s i d e o f t h e m i d 
l i n e ( F i g . 1). T h e m u s c l e s o r i g i n a t e o n t h e r e a r o f t h e t h o r a c i c 
b o x a n d i n s e r t o n t h e a n t e r i o - d o r s a l a r e a o f t h e t h o r a x . T h e 
a r e a o f i n s e r t i o n is s h o w n in F i g . 1. T h e p o s i t i o n o f m a j o r 
b r i s t l e s o n t h e d o r s a l t h o r a x a l l o w s m u s c l e i n s e r t i o n s t o b e 
l o c a t e d q u i t e a c c u r a t e l y a n d e l e c t r o d e w i r e s a r e p l a c e d j u s t 
t h r o u g h t h e c u t i c l e o v e r t h e m u s c l e s o f i n t e r e s t a n d w a x e d i r t 
p l a c e . O n l y d o r s o l o n g i t u d i n a l m u s c l e s w e r e u s e d in t h i s s t u d y . 

P o t e n t i a l s r e c o r d e d f r o m t h e f i b r i l l a r f l i g h t m u s c l e s w i t h 
n o n - i n s u l a t e d s i l v e r o r s t a i n l e s s s t e e l w i r e s o f 25 ym d i a m e t e r 
a r e s u f f i c i e n t l y l a r g e a s t o b e c o n n e c t e d d i r e c t l y t o m o n i t o r i n g 
o s c i l l o s c o p e o r B r u s h 220 r e c o r d e r w i t h o u t a m p l i f i c a t i o n . S i n c e 
t h e s e m u s c l e c e l l s a r e s i n g l y i n n e r v a t e d , t h e p o t e n t i a l s a r e 
s i m p l e . C o m p o u n d s w e r e a p p l i e d t o t h e t i p o f a b d o m e n in a c e t o n e . 

F o r m e a s u r e m e n t s o f t h e i n h e r e n t t o x i c i t y o f p y r e t h r o i d s o n 
t h e t h o r a c i c g a n g l i o n o f h o u s e f l i e s , f e m a l e s w e r e i m p l a n t e d w i t h 
w i r e e l e c t r o d e s in t h e a p p r o p r i a t e m u s c l e s , t h e n m o u n t e d u p s i d e 
d o w n . T h e f r o n t t w o p a i r s o f l e g s w e r e r e m o v e d a n d t h e v e n t r a l 
s u r f a c e o f t h e t h o r a c i c g a n g l i o n w a s e x p o s e d . T h e f u r c a s t e r n i t e 
o f t h e m e s o t h o r a c i c s e g m e n t w a s l e f t i n t a c t a s its r e m o v a l c a u s e d 
e x c e s s i v e d i s t u r b a n c e t o t h e t h o r a c i c g a n g l i o n . 

C o m p o u n d s w e r e p e r f u s e d o n t o t h e e x p o s e d t h o r a c i c g a n g l i o n 
u s u a l l y o n c e in Calliphora s a l i n e d e s c r i b e d b y B e r r i d g e (21) a s 
I V - d i s s e c t i n g m e d i u m , a n d a l s o u s e d b y T h o m s o n (22) f o r Phormia. 

In Synthetic Pyrethroids; Elliott, M.; 
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Figure 1. Dorsal view of thoracic musculature of Musca domestica. Two dorso
longitudinal flight muscles (DLM) run longitudinally in the dorsal thorax, each com
prised of six fibers. The six fibers of each DLM are stacked unihterally and are 
designated 1-6 from ventral to dorsal Recordings were made by inserting fine wires 
just below the cuticle into the appropriate motor unit. The desired unit was located 

in relation to the major bristles depicted in the map with circles. 

In Synthetic Pyrethroids; Elliott, M.; 
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T h e s a l i n e p H w a s a d j u s t e d t o 6 . 9 a n d r e c h e c k e d a f t e r a d d i t i o n o f 
c o m p o u n d s . T h e p r o c e d u r e w a s d e s c r i b e d b r i e f l y in a p r e v i o u s 
s t u d y ( 1 4 ) . 

R e s u l t s a n d D i s c u s s i o n 

T h e r e a r e 2 d o r s o l o n g i t u d i n a l m u s c l e s (DLM) in Musca 
domesticcLy e a c h c o n t a i n i n g 6 f i b e r s ( F i g . 1 ) . E a c h o f t h e 12 
f i b r i l l a r m u s c l e f i b e r s a r e s o m e t i m e s c a l l e d g i a n t f i b e r s s i n c e 
t h e y a r e s i n g l e m u l t i n u c l e a t e c e l l s . F i b e r s 1 t h r o u g h 4 e a c h 
h a v e a s i n g l e s e p a r a t e m o t o r n e u r o n i n n e r v a t i n g t h e m . T h e t w o 
d o r s a l - m o s t f i b e r s in t h e r i g h t D L M ( l a b e l l e d 5R a n d 6R in F i g . 1 ) 
a r e i n n e r v a t e d b y a s i n g l e m o t o r n e u r o n w h o s e a x o n b i f u r c a t e s 
b e f o r e r e a c h i n g t h e m u s c l e f i b e r s . T h e same p a t t e r n o f i n n e r v a 
t i o n is t r u e o f t h e m u s c l e c e l l s in t h e l e f t D L M . 

T h e 5 m o t o r n e u r o n
c e l l s c o m p r i s e 5 m o t o r u n i t s . A m o t o r u n i t is o n e n e u r o n a n d e a c h 
m u s c l e c e l l it i n n e r v a t e s . 

I n Calliphora, e a c h o f t h e 5 m o t o r n e u r o n s in a D L M is 
f u n c t i o n a l l y c o n n e c t e d s u c h t h a t a n a n t i d r o m i c n e r v e i m p u l s e in 
o n e u n i t c a n r e s e t t h e f i r i n g r h y t h m o f a n e i g h b o r i n g u n i t ( 2 3 ) . 
T h i s f u n c t i o n a l c o n n e c t i o n is t h o u g h t t o b e a s t r o n g l a t e r a l 
i n h i b i t o r y c o n n e c t i o n b e t w e e n a n y o n e n e u r o n a n d t h e o t h e r 4 o f 
t h e D L M ( 2 3 , 2 4 ) . It is a s s u m e d t h a t Musca h a s s i m i l a r c e n t r a l 
n e r v o u s c o n n e c t i o n s b e t w e e n f l i g h t m o t o r n e u r o n s . 

A n t i d r o m i c i m p u l s e s a s c e n d i n g a x o n s o f a n y m o t o r u n i t o f t h e 
r i g h t D L M h a v e n o r e s e t t i n g i n f l u e n c e o n t h e u n i t s o f t h e l e f t 
D L M in Calliphova ( 2 3 ) . A s i m i l a r c o n d i t i o n l i k e l y o c c u r s in 
Musoa a n d i m p l i e s t h a t t h e u n i t s o f t h e r i g h t D L M a r e w e a k l y 
c o n n e c t e d t o u n i t s o f t h e l e f t D L M . T h e n a t u r e o f t h e s e c o n n e c 
t i o n s is t h o u g h t t o i n v o l v e l a t e r a l i n h i b i t o r y i n n e r v a t i o n 
( 2 3 ) ; h o w e v e r , t h e d e t a i l s o f c i r c u i t r y a r e n o t k n o w n a t p r e s e n t . 

F o r p u r p o s e s o f a n a l y z i n g t h e a c t i o n o f n e u r o - a c t i v e i n s e c t i 
c i d e s , it is s u f f i c i e n t t o e m p h a s i z e o n l y a f e w b a s i c p r o p e r t i e s 
c o n c e r n i n g t h e D L M u n i t s . 

T h e f l y h a s l o s t i n d i v i d u a l c o n t r o l o v e r t h e D L M m u s c l e s 
w h i c h a r e p r e s u m a b l y u s e d o n l y d u r i n g f l i g h t f o r t h e g e n e r a t i o n o f 
f o r c e t o c a u s e t h e w i n g d o w n s t r o k e . A t r e s t , t h e m o t o r u n i t s f i r e 
in n e a r u n i s o n s p o n t a n e o u s l y a r o u n d r o o m t e m p e r a t u r e a n d b e l o w . 
I n f a c t , w h e n p r o s t r a t e in c o l d s t u p o r t h e f l i g h t m o t o r c o n t i n u e s 
t o a c t i v a t e s p o n t a n e o u s l y w i t h o r w i t h o u t d e c a p i t a t i o n ( 1 2 ) . 

T h e D L M f l i g h t m o t o r u n i t s s t a r t r e f l e x l y o n l o s s o f t a r s a l 
c o n t a c t t o i n i t i a t e f l i g h t . O n c e o n , t h e u n i t s a r e r e i n f o r c e d t o 
r e m a i n o n b y s e n s o r y f e e d b a c k . T h e f l y c a n i n c r e a s e o r d e c r e a s e 
t h e r a t e o f f i r i n g o f a l l o f t h e D L M f l i g h t m o t o r u n i t s t o 
i n c r e a s e o r d e c r e a s e t h e p o w e r o f t h e w i n g d o w n s t r o k e . H o w e v e r , 
u n d e r a l l n o r m a l c o n d i t i o n s , e a c h o f t h e D L M f l i g h t m o t o r u n i t s 
a l m o s t a l w a y s f i r e a t a s i m i l a r , r a t h e r l o w r a t e a s a r e s u l t o f 
o f p r e s u m e d l a t e r a l i n h i b i t i o n . T h e b a s a l r a t e o f f i r i n g is 
7 H z a t 2 0 ° C ( 1 2 ) . 
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P r e l i m i n a r y s t u d i e s suggest t h a t a group of nerve c e l l b o d i e s 
a r e l o c a t e d near the l e f t l a t e r a l edge of the g a n g l i o n and in 
between the p r o t h o r a c i c and m e s o t h o r a c i c neuromeres. T h i s group 
of c e l l s i n c l u d e s the 5 motor neurons i n n e r v a t i n g the l e f t DLM. 
Although no evidence e x i s t s , one may assume as a working hypothe
s i s t h a t l a t e r a l i n h i b i t o r y c o n n e c t i o n s between these 5 neurons 
occur w i t h i n t h e i r immediate l o c a l i t y . The motor neurons send 
axons d o r s a l l y out the main d o r s a l nerve which l e a v e s the gan
g l i o n a t a p o i n t above the c e l l b o d i e s . The monopolar neurons 
a l s o send branches d o r s a l l y then a r c h i n g toward the mid l i n e of 
the g a n g l i o n to presumably connect w i t h symmetrical branches of 
the r i g h t DLM motor neurons. The f i n e d e t a i l s of these l a t t e r 
c o n n e c t i o n s a r e unknown, but they a r e presumed to support the 
c o u p l i n g between r i g h t DLM and l e f t DLM u n i t s . 

I n s e c t Leg B i o a s s a y s
t r a i n s of ascending sensory impulses from t o p i c a l treatment to 
the house f l y l e g ( F i g . 2) or p e r f u s i o n of p y r e t h r o i d s through 
the cockroach l e g ( F i g . 3 ) were f a i r l y s i m i l a r . Compounds p r o 
ducing f a s t knockdown were more effective in p r o d u c i n g t r a i n s 
of sensory p u l s e s . T e t r a m e t h r i n was s l i g h t l y more po t e n t than 
c i s - m e t h r i n on the house f l y l e g ( F i g . 2 ) , but b o t h t e t r a m e t h r i n 
and c i s - m e t h r i n were f a r b e t t e r than k - O t h r i n in p r o d u c i n g 
ascending t r a i n s of neuron impulses. The potency of k - O t h r i n was 
more s i m i l a r t o t h a t of DDT than the two p y r e t h r o i d s e x h i b i t i n g 
knockdown p r o p e r t i e s . 

F l i g h t Motor B i o a s s a y s . F l i g h t motor p a t t e r n of a normal 
f l y d u r i n g t e t h e r e d f l i g h t shows t h a t motor u n i t s a r e a c t i v a t e d 
a t the same r a t e w i t h s l i g h t d i f f e r e n c e s in exact t i m i n g ( F i g . 4 ) . 

T o p i c a l treatment of the house f l y w i t h 1 yg of c a r b o f u r a n 
causes h y p e r a c t i v i t y in a few minutes, then c o n v u l s i o n s in about 
5 minutes. By 1 0 minutes f o l l o w i n g treatment, the f l i g h t muscle 
p o t e n t i a l s show u n c o u p l i n g between the l e f t and r i g h t DLM u n i t s 
( F i g . 5, t r a c e s marked: 6R & 6 L ) . Comparison between 6 L and 5 L 
shows t h a t the muscle p o t e n t i a l s o v e r l a p e x a c t l y r e f l e c t i n g t h e i r 
common i n n e r v a t i o n by the same motor neuron. 

T h i s " u n c o u p l i n g " between i n d i v i d u a l u n i t s of the f l i g h t 
motor neurons i m p l i e s t h a t c a r b o f u r a n is a c t i n g on the c e n t r a l 
nervous system without an a c t i o n on the p e r i p h e r a l nervous system. 
No c o n c l u s i o n s can be drawn c o n c e r n i n g the s i t e or mode of a c t i o n 
of c a r b o f u r a n in c a u s i n g t h i s abnormal u n c o u p l i n g response 
because other c e n t r a l l y a c t i n g n e u r o t o x i n s a l s o cause u n c o u p l i n g : 
p i c r o t o x i n , l i n d a n e , d i e l d r i n and organophosphates. 

DDT e x e r t s l i t t l e or no d i r e c t a c t i o n on the c e n t r a l nervous 
system, but can be r e a d i l y c h a r a c t e r i z e d by m o n i t o r i n g f l i g h t 
motor p o t e n t i a l s ( 1 2 ) . L e t h a l doses of DDT cause a g r a d u a l 
i n c r e a s e in f l i g h t motor activities and s p l i t t i n g of f l i g h t p o t e n 
t i a l s i n t o 2 and sometimes m u l t i p l e s p i k e s ( F i g . 6 , a r r o w s ) . T h i s 
i n c r e a s e in a c t i v a t i o n e v e n t u a l l y l e a d s to a s t a t e of c o n s t a n t 
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Figure 2. Dose-response relationships for insecticides applied to the isolated meta-
thoracic leg of Musca. Dose is expressed on the abscissa as (-)log concentration 
vs. latency to sensory trains in the crural nerve. Latency is short for tetramethrin 
and cis-methrin, but significantly longer for k-Othrin, which lacks activity at lower 

concentrations. Barthrin and DDT analogs have effects in the range of k-Othrin. 
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Figure 3. Flot of dose vs. latency to sensory trains in the isolated metathoracic 
leg of the cockroach, Periplaneta american. The same trends apply here as in 
Musca, although cis-methrin assumes a more intermediate position between 

tetramethrin and k-Othrin. 

4R-*-4—X—~L-«-*X- >,.L—̂ -L-—X L-

eRn^T-f^f 1 f f "t "'f— 
Figure 4. Flight motor pattern of a normal housefly 
during tethered flight. Each trace represents a discrete 
motor unit. A common firing frequency is maintained by 
all motor units, but a loose phase relationship prevents 
units from firing in unison. The pohrity of 6R and 6L is 

reversed for comparison. Calibration: 100 msec. 
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m o t o r o u t p u t s e v e r a l h o u r s a f t e r t r e a t m e n t ( F i g . 7 ) . N o t e t h a t 
e v e n in d e e p p o i s o n i n g , t h e f l i g h t m o t o r r e m a i n s c o u p l e d . A b r i e f 
e x a m i n a t i o n o f t h e p y r e t h r o i d , trans-Barthrin, o n t h i s p r e p a r a t i o n 
a l s o s h o w e d a p a t t e r n o f activity s i m i l a r t o D D T ( 1 2 ) . 

T h u s , t h e m a i n d i f f e r e n c e b e t w e e n a c t i o n o f D D T a s a p e r i 
p h e r a l n e r v e p o i s o n a n d c e n t r a l l y a c t i n g i n s e c t i c i d e s r e m a i n s 
t h e u n c o u p l i n g c a u s e d b y c e n t r a l p o i s o n s . A n o t h e r i m p o r t a n t 
d i f f e r e n c e , s e e n f r o m r e c o r d i n g s o f activity in t h e f l i g h t m o t o r 
s y s t e m , w a s in t h e n a t u r e o f t h e o v e r a l l activity r e c o r d e d a t a 
c o n s i d e r a b l e t i m e a f t e r p o i s o n i n g . T h e h o u r s f o l l o w i n g t r e a t m e n t 
b y DDT a n a l o g s w e r e c h a r a c t e r i z e d b y a s t e a d y i n c r e a s e in a c t i 
v a t i o n in t h e f l i g h t m o t o r u n i t s a n d , f r o m c u r s o r y e x a m i n a t i o n , 
in o t h e r m o t o r u n i t s a s w e l l . 

B y c o n t r a s t , t h e c e n t r a l l y a c t i n g insecticides, s u c h a s 
c a r b o f u r a n , t e n d e d t o p r o d u c e c o n v u l s i v e b u r s t s o f v a r y i n g l e n g t h 
s e p a r a t e d b y r e l a t i v e i n a c t i v i t y
in f l i g h t m o t o r u n i t s a
r a t e s w i t h c o n v u l s i v e b u r s t s o f v e r y h i g h f r e q u e n c y I m m e d i a t e l y 
p r e c e d i n g c o m p l e t e i n a c t i v i t y . T h e p e r i o d o f i n a c t i v i t y w a s 
r o u g h l y p r e d i c t a b l e f r o m t h e s t r e n g t h o f t h e p r e c e d i n g b u r s t . 

T h i s d i f f e r e n c e b e t w e e n c e n t r a l l y a c t i v e i n s e c t i c i d e s a n d 
D D T a n a l o g s is c r u c i a l t o t h e c h a r a c t e r i z a t i o n o f t h e a c t i o n o f 
p y r e t h r o i d s f o r it e n a b l e s o n e t o d i s t i n g u i s h b e t w e e n c e n t r a l 
a n d p e r i p h e r a l a c t i o n s d u r i n g p o i s o n i n g . 

A s f u r t h e r e v i d e n c e o f c e n t r a l o r p e r i p h e r a l a c t i o n , p y r e 
t h r o i d s w e r e a l s o e x a m i n e d o n t h e l e g p r e p a r a t i o n s a n d o n t h e 
i s o l a t e d c e n t r a l n e r v o u s s y s t e m t o o b t a i n some m e a s u r e o f i n h e r 
e n t p o t e n c y . 

T e t r a m e t h r i n P o i s o n i n g . W h e n t r e a t e d o n t h e a b d o m e n a t 0 . 1 
y g w i t h t e t r a m e t h r i n , h o u s e f l i e s d e v e l o p e d h y p e r a c t i v i t y v e r y 
q u i c k l y . O n e m i n u t e f o l l o w i n g t r e a t m e n t , t h e f l i g h t m u s c l e 
p o t e n t i a l s b e g a n s h o w i n g m u l t i p l e d i s c h a r g e s ( F i g . 8 , a r r o w s ) f r o m 
s i n g l e n e r v o u s i m p u l s e s . T h e o v e r a l l p a t t e r n , h o w e v e r , w a s still 
c o u p l e d b o t h b e t w e e n u n i t s o f t h e s a m e m u s c l e ( F i g . 8 , 6 R , 4 R ) a n d 
b e t w e e n t h e r i g h t a n d l e f t m u s c l e s ( F i g . 8 , c f . 6R a n d 4R w i t h 6 L 
a n d 4 L ) . T h i s c a n b e s e e n f r o m F i g . 8 w h e r e a l l o f t h e u n i t s 
r e c o r d e d a r e a c t i v e a t a p p r o x i m a t e l y t h e s a m e t i m e s a n d p a u s e s 
b e t w e e n p o t e n t i a l s a r e common t o a l l u n i t s . 

A t 2 m i n u t e s f o l l o w i n g t e t r a m e t h r i n t r e a t m e n t , a n o c c a 
s i o n a l e x a g g e r a t e d d i s c h a r g e o c c u r r e d in o n e o f t h e u n i t s ( F i g . 
9 , a r r o w ) . T h e o r i g i n o f t h i s d i s c h a r g e in t h e n e r v o u s s y s t e m 
h a s n o t y e t b e e n d e t e r m i n e d a n d is u n d e r i n v e s t i g a t i o n . T h e h o u s e 
f l y w a s e x h i b i t i n g h y p e r a c t i v i t y a t t h i s p o i n t a n d t h e r e c o r d 
o b t a i n e d f r o m t h e first f e w m i n u t e s o f p o i s o n i n g w a s v e r y s i m i l a r 
t o r e c o r d s o b t a i n e d 1 a n d 1 / 2 h o u r s l a t e r . W i t h i n 4 m i n u t e s a t 
t h i s d o s e , t h e h o u s e f l i e s l o s t l o c o m o t o r y a b i l i t y a n d w e r e c o n 
s i d e r e d " k n o c k e d d o w n " , b u t r e c o v e r e d o v e r a p e r i o d o f s e v e r a l 
h o u r s . 

A t t h i s s u b l e t h a l d o s e o f t e t r a m e t h r i n t h e r e w a s some 
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6R 

6L ULUillliUJ llllllillllllllMllllllllllUllllli I 
51 ΓΤΓΤΠΓΤΓΎΙΒΙΙΒΓ 111 mm uni iniimi 11II III 11111II ι II11 

Figure 5. Disruption of coordination between motor units 6L and 
6R caused by a lethal dose (1 μβ) of carbofuran. This effect on 
central coordination is characteristic of cholinesterase poisons. The 
firing of 5L mirrors that of 6L, indicating common input from a 

single motor neuron. Calibration: 1 sec. 

4L 

4R Jt-JU-JU-i-JU-JU—-Jul—L-JuJt-—I 

6R X^XJ^XUJ^^XXXiXik^ Figure 6. Flight motor pattern during tethered flight 
1 hr after treatment with 1 pg DDT. Splitting of spikes 
is evident (arrows). Coupling between individual motor 
units is maintained despite symptoms of hyperactivity 
and locomotory in coordination at this stage of poisoning. 

Calibration: 100 msec. 

4L.IUU \ HHUU44U-4U-1-
4RÎ111 1 I H H J U j l - U L 1 ίίίΐ i 
6L uni ί lima nu u ι • u ιι mi \ 

6RJIUJ—ll ι ill, j,ιιι ii ι . ί I ll ji ι ι 

Figure 7. Condition of the flight motor almost 4 hr after 
treatment with 1 g DDT. The insect is in tetany and 
flight motor activation is almost continuous, yet the 
coupling between units is intact. Calibration: 0.5 sec. 
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e v i d e n c e o f u n c o u p l i n g . H i g h e r d o s e s o f t e t r a m e t h r i n o n t h e 
a b d o m e n p r o d u c e d m o r e o b v i o u s u n c o u p l i n g a s d i d t h o r a c i c t r e a t 
m e n t ( i . e . , d o s e s a p p l i e d n e a r e r t h e t h o r a c i c g a n g l i o n ) . 

( % s - m e t h r i n P o i s o n i n g . T o p i c a l t r e a t m e n t o f t h e h o u s e f l y o n 
t h e a b d o m e n w i t h 0 . 1 \xg o f c i s - m e t h r i n p r o d u c e d h i g h l y e x a g g e r a t e d 
b u r s t d i s c h a r g e s w i t h i n 2 m i n u t e s ( F i g . 1 0 ) . T h e d i s c h a r g e s 
o c c u r r e d in s i n g l e u n i t s ( F i g . 1 0 , t o p t r a c e A) o r c o u l d o c c u r in 
m o r e t h a n o n e u n i t ( F i g . 1 0 , a l l t r a c e s B ) . T h i s activity w a s 
a c c o m p a n i e d b y h y p e r a c t i v i t y . 

O n e h o u r f o l l o w i n g c i s - m e t h r i n t r e a t m e n t t h e h o u s e f l y w a s 
p r o s t r a t e , h a v i n g l o s t l o c o m o t o r y a b i l i t y in t h e first s e v e r a l 
m i n u t e s a f t e r t r e a t m e n t . T h e r e w a s g r e a t e r e v i d e n c e o f u n c o u p l i n g 
a f t e r o n e h o u r ( F i g . 1 1 , d o t s ) w h i l e h i g h f r e q u e n c y s h o r t b u r s t 
d i s c h a r g e s c o n t i n u e d t o o c c u r in s i n g l e u n i t s . 

k - O t h r i n P o i s o n i n g
d o s e s n e a r t h e LD50 p r o d u c e d n o s y m p t o m s o t h e r t h a n a n e x a g g e r a t e d 
still p e r i o d ( c f . 1 5 f o r d e s c r i p t i o n o f t h e t e r m still p e r i o d ) o r 
q u i e s c e n c e w h i c h l a s t e d f o r h o u r s b e f o r e t h e a p p e a r a n c e o f p o i s o n 
i n g s y m p t o m s . T o p i c a l t r e a t m e n t o f h o u s e f l i e s b y 0 . 1 y g o f k -
O t h r i n ( 2 5 X t h e LD50) o n t n e a b d o m e n h a s t e n e d t h e a p p e a r a n c e o f 
s y m p t o m s w h i c h w e r e q u a l i t a t i v e l y s i m i l a r t o r e s p o n s e s t o l o w e r 
d o s e s . 

14 m i n u t e s f o l l o w i n g t r e a t m e n t b y 0 . 1 y g o f k - O t h r i n e x a g g e r 
a t e d b u r s t d i s c h a r g e s w e r e r e c o r d e d ( F i g . 1 2 , a r r o w s ) , p l u s s o m e 
u n c o u p l i n g . 20 m i n u t e s a f t e r t r e a t m e n t p r o n o u n c e d u n c o u p l i n g 
o c c u r r e d ( F i g . 1 3 ) . T h e u n c o u p l i n g b e t w e e n 2 u n i t s in t h e s a m e 
m u s c l e ( F i g . 1 3 , c o m p a r e 4R w i t h 6R) w a s m o r e o b v i o u s i n i t i a l l y 
t h a n u n c o u p l i n g b e t w e e n o p p o s i n g p a i r s o f u n i t s ( F i g . 1 3 , c o m p a r e 
6 L w i t h its o p p o s i t e u n i t 6 R ) . T h i s s u g g e s t e d t h a t m o t o r u n i t s 
in t h e s a m e m u s c l e w e r e p e r h a p s m o r e s u s c e p t i b l e t o u n c o u p l i n g 
t h a n u n i t s b e t w e e n m u s c l e s ; h o w e v e r , d e t a i l s o f t h e u n c o u p l i n g 
p h e n o m e n o n d u r i n g p o i s o n i n g a r e b e i n g s u b j e c t e d t o f u r t h e r s t u d y 
a n d w i l l b e r e p o r t e d o n in g r e a t e r d e t a i l e l s e w h e r e . 

CNS A s s a y s . T h e r e l a t i v e p o t e n c y o f p y r e t h r o i d s o n t h e c e n 
t r a l n e r v o u s s y s t e m ( C N S ) o f t h e h o u s e f l y w a s d e t e r m i n e d . T h e 
t i m e f r o m t r e a t m e n t o f t h e e x p o s e d C N S ( t h o r a c i c g a n g l i o n in t h i s 
c a s e ) b y p y r e t h r o i d s in v a r i o u s c o n c e n t r a t i o n s in s a l i n e t o t h e 
a p p e a r a n c e o f u n c o u p l i n g in t h e f l i g h t m o t o r u n i t s w a s p l o t t e d 
o v e r a r a n g e o f c o n c e n t r a t i o n s . 

T h e h i g h p o t e n c y o f t e t r a m e t h r i n o n t h e C N S p r e p a r a t i o n w a s 
s u r p r i s i n g in v i e w o f its p o o r e r t o x i c i t y t o h o u s e f l y in c o m 
p a r i s o n t o k - O t h r i n . I n f a c t , c o m p a r i n g t h e t h r e e p y r e t h r o i d s , 
t h e i r p o t e n c y w a s in t h e s a m e r a n g e ( F i g . 1 4 ) . T h i s s u g g e s t e d 
t h a t t h e p y r e t h r o i d s w e r e o f s i m i l a r p o t e n c y in f i t a t t h e c e n 
t r a l s i t e o f a c t i o n in t h e t h o r a c i c g a n g l i o n o f t h e h o u s e f l y 
a n d in f a c t , t e t r a m e t h r i n p o s s e s s e d t h e b e s t f i t . 

U n f o r t u n a t e l y , o u r s a m p l e o f t e t r a m e t h r i n w a s a m i x t u r e o f 
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6L U—Jk- WUULU-A- -I 
e n |T I I! 'I'M! « ! 

4L i T ^ t | î f î ( ^ M f ~ ~ 1 
4R ••^ -̂•ffr|

,rV,V ~1 Υ. 
Figure 8. Flight motor output 1 min after a topical dose 
of 0.1 / A g tetramethrin. Symptoms of hyperactivity were 
obvious and accompanied by slight splitting of flight 

motor potentials

6R - 4 J U J L — U J J J U 
4L —|f^--ipT|^——Υ^γ^Υ^γνγ 

Figure 9. An exaggerated burst (arrow) in 6L 
occurs 2 min after treatment with 0.1 μg tetrameth
rin. Slight uncoupling is evident between 6L and 
6R and 4R (hollow arrow). Calibration: 100 msec. 

4L i\Mm Μ Ι ε μ -
ο — H H U J U4JM#. 
6 1 — f f M * i — — ^ — 

Figure 10. Topical treatment with 0.1 μ-g cis-methrin elicited exagger
ated burst discharging in motor units separately (a.) or in unison (b). 

Calibration: 100 msec. 
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Figure 11. Flight potential pattern 1 hr after treatment with 0.1 μ-g cis-methrin. 
Flight motor is uncoupled and hursts of high frequency discharge occur separately 

in different

4R -—~—*^$mmi -

6L f j ̂ 0Hh f — — 

6R ^ ^ ^ ^ ' — 

Figure 12. Onset of high frequency discharge (arrows) and uncoupling of flight 
motor coordination 14 min after treatment with 0.1 pg of k-Othrin (25 X LD50). 

Calibration: 100 msec. 

4RÎ ,1 1 • • 1 • ι η •! 4 •.. . — 
6L frftTtiTftirrnrnninrwrnfriHrTrHT ι ί 
éRi'Hririi-rri'fitiiriTHiTiii ffr t i n 
Figure 13. Pronounced uncoupling between flight motor neurons 20 

min after treatment with 0.1 μg k-Othrin. Calibration: 1 sec. 
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cis a n d trans i s o m e r s . It w o u l d b e i n s t r u c t i v e t o d e t e r m i n e t h e 
CNS activity o f t h e r e s o l v e d i s o m e r s . 

T h e a n a l y s i s o f CNS activity a n d p e r i p h e r a l activity ( l e g 
a s s a y s ) d o e s p r o v i d e t h e b a s i s f o r p r e l i m i n a r y c o n c l u s i o n s : 1 . 
K n o c k d o w n p r o p e r t i e s in p y r e t h r o i d s a r e c o r r e l a t e d w i t h a b i l i t y 
t o p r o d u c e t r a i n s o f n e r v o u s i m p u l s e s in p e r i p h e r a l s e n s o r y a x o n s . 
2 . T o x i c i t y o f p y r e t h r o i d s is a t e m p o r a l p r o c e s s , i . e . , i f a 
c o m p o u n d c a n r e s i s t m e t a b o l i s m o r d e t o x i c a t i o n f o r a s u f f i c i e n t l y 
l o n g t i m e , it c a n a c c u m u l a t e a t t h e CNS in a l e t h a l d o s e r e g a r d 
l e s s o f k n o c k d o w n p r o p e r t i e s . 3 . S t r u c t u r e - a c t i v i t y s t u d i e s 
u s i n g t o x i c i t y d a t a w o u l d b e m i s l e a d i n g w i t h o u t a c c o u n t i n g f o r 
m e t a b o l i s m . 

T h e s e h y p o t h e s e s m a y b e e x a m i n e d b y c o m p a r i n g t h e 3 p y r e 
t h r o i d s e x a m i n e d h e r e a n d B a r t h r i n a s s h o w n in T a b l e I. 

KNOCKDOWN 
2 M i n o n 
T r e a t e d 
P a p e r KD 

T r a i n s 
1 . 0 n g X 

CNS 1 0 M 
U n c o u p l i n g 

y g / f l y 

COMPOUND M i n . M i n . M i n . A l o n e P B S R 

T E T R A M E T H R I N 5 . 7 5 0 . 5 1 8 . 7 + 7 . 2 9 . 0 7 4 

C I S - M E T H R I N 7 . 9 7 0 . 8 2 4 . 9 + 7 . 0 8 . 0 3 2 . 8 

k - O T H R I N 3 1 . 2 1 . 2 2 0 . 7 + 5 . 0 0 5 . 0 0 3 1 . 7 

B A R T H R I N 2 . 3 >60 . 6 6 . 2 3 . 3 

T A B L E I. C o m p a r a t i v e k n o c k d o w n , p e r i p h e r a l s e n s o r y a c t i o n , 
c e n t r a l n e r v o u s a c t i o n a n d t o x i c i t y f o r 4 p y r e t h r o i d s . 

k - O t h r i n a t 1 . 7 h a s t h e l o w e s t s y n e r g i s t i c r a t i o w i t h p i p e r -
o n y l b u t o x i d e o f t h e c o m p o u n d s c o m p a r e d in T a b l e I. T e t r a m e t h r i n 
w i t h a s y n e r g i s t i c r a t i o o f 4 a n d B a r t h r i n a t 3 . 3 a r e h i g h e r t h a n 
k - O t h r i n s u g g e s t i n g t h e l a t t e r a r e d e t o x i f i e d m o r e r e a d i l y . E v e n 
h i g h e r s y n e r g i s t i c r a t i o s a r e r e p o r t e d f o r t e t r a m e t h r i n w i t h 
o t h e r s y n e r g i s t s ( 2 5 , 2 6 ) . 

B a r t h r i n h a s p o o r CNS p o t e n c y w h i c h c o u l d a c c o u n t f o r its 
a c t i o n r e s e m b l i n g t h a t o f DDT m o r e t h a n t h a t o f c e n t r a l l y a c t i v e 
p y r e t h r o i d s . A s a c o i n c i d e n c e , t h e p e r i p h e r a l a c t i o n s o f D D T a n d 
B a r t h r i n ( F i g . 2 ) a r e v e r y s i m i l a r in b i o a s s a y o n t h e h o u s e f l y 
l e g . T h e s e f a c t o r s s u g g e s t t h a t p y r e t h r o i d s c a n b e t o x i c b y 
v i r t u e o f a D D T - l i k e a c t i o n ( B a r t h r i n ) , b u t t h a t t h e m o d e r n s y n 
t h e t i c p y r e t h r o i d s a s p i o n e e r e d b y D r . E l l i o t t owe t h e i r p o t e n c y 
t o a n i m p r o v e d a c t i o n o f t h e c e n t r a l n e r v o u s s y s t e m . I n e f f e c t , 
t h e r e a r e 2 s i t e s o f a c t i o n a n d t h e p e r i p h e r a l r e s p o n s e s m a s k t h e 
m o r e i m p o r t a n t e f f e c t s in t h e c e n t r a l n e r v o u s s y s t e m . 

A l t h o u g h t h e r e is a c o r r e l a t i o n b e t w e e n k n o c k d o w n a n d t h e 
a b i l i t y t o p r o d u c e t r a i n s o f s e n s o r y n e r v e i m p u l s e s f o r t h e 4 
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" J 

1 10 100 

MINUTES (log scale) 

Figure 14. Dose-response curves for pyrethroids applied directly on the exposed 
CNS in saline. Dose is plotted on ordinate as (—) log concentration in mol/h against 
mean time to uncoupling on the abscissa. Tetramethrin shows slightly higher potency 

than cis-methrin or k-Othrin, but all fall in approximately the same range. 
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pyrethroids examined, th i s does not prove that knockdown is 
caused e n t i r e l y by per ipheral act ions . Uncoupling indicates 
chemical poisoning in the centra l nervous system. However, we 
do not know yet i f centra l nervous poisoning can occur without 
uncoupling or before uncoupling. 

Therefore, the f r i e n d l y disagreement between Paul Burt and 
ourselves concerning centra l versus per ipheral poisoning w i l l not 
be resolved u n t i l more is known about the centra l s i t e and mode 
of act ion of pyrethroids . There is l i t t l e doubt, however, that 
some pyrethroids are act ing both on per ipheral nerves and on the 
CNS. At present, it is not en t i re ly possible to assess the con
t r i b u t i o n from per ipheral act ion and that from centra l act ion to 
symptoms of poisoning. 
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Synthetic Route to the Acid Portion of Permethrin 

M. S. GLENN and W. G. SCHARPF 

FMC Corp., Agricultural Chemical Division, Box 8, Princeton, N.J. 08540 

The diene was originally
Kourim, and Sorm (1

Although the P r i n s r e a c t i o n proceeded i n good yield 
with only a small amount of polymer format ion , a c e t y l -
a t i o n and reduct ion requ ired large amounts of p y r i d i n e 
and z inc which were too c o s t l y for commerc ia l i za t ion . 
The o v e r a l l yield of 1,1-dichloro-4-methyl-1,3-penta-
diene was only 38%. 

Our r e a c t i o n sequence cons i s t ed of three steps 
with an overall yield of 57%, although y i e l d s were not 
maximized. Only low c o s t , c o m m e r c i a l l y - a v a i l a b l e 
chemicals were used. 

The Darzens-Kondakov reaction of 1 , 1 - d i c h l o r o -
ethene with i s o b u t y r y l c h l o r i d e proceeded as f o l l o w s : 
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The reaction was developed by Heilbron, Jones, and 
J u l i a (2); improved by Soulen et al. (3) who used 
carbon tetrachloride as a diluent; and f ina l l y by 
Atvin, Levkovskaya, and Mirskova (4) who used po
tassium carbonate to remove a mole of hydrogen chlor
ide. The thermal removal of hydrogen chloride was 
difficult for this compound and required steam dis
tillation followed by fract ional distillation. We 
found that removal of hydrogen chloride was best 
achieved by using sodium carbonate. The reaction pro
ceeded smoothly at 16 gram moles and gave a minimum of 
67% distilled y i e l d . Other Lewis acids such as stan
nic chloride and f e r r i c chloride gave zero or a poor 
y ie ld respectively. 

The reduction of the ketone to the alcohol was 
attempted by the catalyt i
(platinum oxide and  chloride) ,
reduction was not obtained. 

A standard reduction (60 using an equimolar amount of 
commercial aluminum isopropoxide gave an 82% yield of 
the alcohol. When one-quarter mole of freshly pre
pared aluminum isopropoxide was used per mole of 
ketone, a 62% yield of the alcohol was isolated. 
Equimolar amounts of freshly prepared isopropoxide 
afforded a 94% yield of the d i s t i l l e d alcohol. The 
Prins reaction of isobutyraldehyde and 1,1-dichloro-
ethene did not give the desired alcohol because of 
aldol formation. 

The dehydration of the alcohol gave 1,1-dichloro-
4-methyl-l,3-pentadiene and smaller amounts of the 
corresponding 1,4-diene. The results from various 
acidic catalyst were shown in the following table. 

Ο OH 

OH 2) 
H+ 1) 

89% 
26 
20 
14 
57 
83 

2) 
0.5% Acid Clay (Superfiltrol) 

K 2S 20 7* 
pTSA 
KHSO4 
H3PO 9 

0.5 Superfiltrol* 
*Azeotropic removal 
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The best commercial method used 1.0-1.5% of acid c l a y 
at 100-120° and an i n e r t gas to a i d in the removal of 
water. A f t e r the evolution of water was completed 
the diene was d i s t i l l e d d i r e c t l y from the r e a c t i o n 
f l a s k . Since the 1,4-diene may be isomerized to the 
1,3-diene with £-toluenesulfonic a c i d , a t o t a l y i e l d 
of 90% was obtained. The acid c l a y , S u p e r f i l t r o l , 
was a low v o l a t i l e m a t e r i a l obtained from the F i l t r o l 
Company, Los Angeles, C a l i f o r n i a . 

The r e a c t i o n of the diene with e t h y l diazoacetate 
as described by Farkas (1) was repeated to give a 37% 
conversion and a 71% y i e l d of e t h y l 3-(2,2-dichloro-
vinyl)-2,2-dimethylcyclopropanecarboxylate. 

The cost evaluation f o r 1,l-dichloro-4-methyl-
1,3-pentadiene gav  u n i t t f $1.87 d 
based on the p r i c e o

The commercializatio  preparatio
e t h y l diazoacetate and its re a c t i o n to form the e t h y l 
ester of the permethrin a c i d would be s i m i l a r to that 
of past a l l e t h r i n synthesis (7). 
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Novel Routes to 1,1-Dichloro-4-methyl-1,4-pentadiene 

and 1,1-Dichloro-4-methyl-1,3-pentadiene 

M A N U E L A L V A R E Z and MORRIS L. F I S H M A N 

F M C Corp., Agricultural Chemical Division, Box 8, Princeton, N.J. 08540 

Pyrethroids, in
activity as insecticides
toxicity. The natural pyrethroids cannot be used com
m e r c i a l l y to protect agricultural crops mainly because 
of their high cost and their poor photostability. The 
synthesis of 3-phenoxybenzyl-3-(2,2-dichlorovinyl)-
2,2-dimethylcyclopropanecarboxylate (NRDC 143) has 
been reported (1). This material has high insectici-
d al activity and low mammalian toxicity. It also has 
greater photostability than the natural pyrethroids. 

N R D C 143 has been prepared from its corresponding 
e t h y l ester. Acid h y d r o l y s i s of e t h y l 3-(2,2-dichloro-
vinyl)-2,2-dimethylcyclopropanecarboxylate 1 formed 
3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane c a r -
bo x y l i c a c i d 2. Treatment of 2 with t h i o n y l c h l o r i d e 
gave the corresponding a c i d c h l o r i d e 3, in an 80% over
all yield from 1. Treatment of 3 with 3-phenoxybenzyl 
al c o h o l formed the desir e d N R D C 143. 

N R D C 143 

1 2 

N R D C 143 
3 
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I ^ C H 
Cl-C-CH-CH -C 

-CI 
e~, - C l " 

0 H ΓΗ 

C l C-CH-CH -C 
2 X C H 

C l C-CH-CH -C 
Z i 2 N C H 3 

^ C H 2 Cl nC-CH-CH -C 
2 I 2 X C H OH C H3 

OH 
(-)| 

Cl-C-CH-CH -C 
2. 2. CH. 

* I ^ C H
2 

p r o t o n C l CH-CH-CH -C 

source CH^ 

8 

Cl nC=CH-CH -C 2 2 \ 
^ C H 2 

Figure 1 
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Compound 1 has been prepared by the method of 
Farkas (2). Condensation of c h l o r a l wi th isobutylene 
gave 1,1,1-trichloro-2-hydroxy-4-methyl-4-pentene 4 
and its isomeric 3-pentene 13. Ace ty l a t ion of 4 and 
13, with a mixture of ace t ic anhydride and pyr id ine 
gave 2-acetoxy-1,1,1-tr ichloro-4-methyl-4-pentene 5 
and its corresponding isomer, 14. Treatment of the 
acetoxy mixture with z inc -ace t i c ac id gave the expected 
1,1-dichloro-4-methyl-1,4-pentadiene 6 and the 
1,3-pentadiene 7. Isomerization of 6 and 7 with 
p- toluenesulfonic ac id gave the desired 1 ,1-d ichloro-
4-methyl-1,3-pentadiene 7 which upon treatment wi th 
e thy l diazoacetate gave the e thy l cyclopropanecar-
boxylate 1. 

A1C1  OH 
C13CCH0 + (CH 3) 2C=CH

° H OAc OAc 

C I 3 C > N > X A c 2 ° > c i 3 c > ^ + c l c ^ v A g - > 
13 pyr id ine 3 14 

JETSA^ z 2 2 ^ A 

In order to avoid the z inc r eac t ion , routes more 
amenable to commercialization were s tudied. Some 
electrochemical reductive e l iminat ions of and other 
2-subst i tuted analogs of 4 to intermediate 6 were 
studied in our l abora to r ies . 

Some electrochemical pathways for the e l e c t r o 
chemical reductive e l imina t ion of ^ t o the desired 
d i e n e £ are shown in Figure 1. Compound could be r e 
duced by a one e lec t ron step to first form the d ich loro 
r a d i c a l which could e i the r dimerize at that point or 
acquire another e lec t ron to form the carbanion. The 
carbanion could then be protonated by a proton source, 
such as a p r o t o l y t i c solvent , to form 1 ,1-d ich loro-
2-hydroxy-4-methyl-4-pentene β , or undergo e l imina t ion 
to form d i r e c t l y the desired diene As expected for 
organo chlor ine compounds, the rate of two e lec t ron 
addi t ion was rapid enough that r a d i c a l formation was 
not s i g n i f i c a n t and the observed products were con
s i s t en t with the formation of a carbanion intermediate. 

A d iv ided e l e c t r o l y s i s c e l l , as diagrammed in 
Figure 2, was used in the electrochemical react ions so 
that ox ida t ion of the s t a r t i ng mater ia l or product 
could not occur at the anode. The cathode and anode 
are general ly separated by means of a permeable ba r r i e r 
such as f r i t t e d d iscs or ion exchange membranes. Three 
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electrodes were used in each experiment; a cathode, an 
anode and a reference electrode such as the saturated 
calomel electrode. By using the reference electrode, 
the cathode p o t e n t i a l can be e a s i l y c o n t r o l l e d at a 
pre-set value r e l a t i v e to a reference electrode which 
is s i t u a t e d as near to the cathode surface as is ex
perimentally p o s s i b l e . A center compartment ( s a l t 
bridge) f i l l e d with a catholyte (fluoroborates) g r e a t l y 
minimizes intercompartment d i f f u s i o n of catholyte and 
anolyte. D i l u t e s u l f u r i c a c i d is a convenient anolyte 
and the o v e r a l l anode r e a c t i o n is e l e c t r o l y s i s of water 
to oxygen and protons. A photograph of one e l e c t r o l y 
s i s c e l l used in our l a b o r a t o r i e s is shown in Figure 3. 

E l e c t r o l y s i s of ̂ i n dimethylformamide, using a 
mercury cathode, gave a product which consisted of 
35.2% of 6, accordin
a n a l y s i s . The mass spectr
of ^ p r e p a r e d v i a the Farkas route. A double s a l t 
bridge was used in t h i s experiment to reduce the leak
age of proton sources from the reference elec t r o d e . 
Dimethylformamide was used as the solvent in t h i s r e 
a c t i o n mainly because it is an a p r o t i c solvent which 
coordinates with the OH group to favor reductive 
e l i m i n a t i o n of the OH group. However, there was still 
s u f f i c i e n t proton activity from to form 

OH OH 

c i . c Hg-DMF ^ C l C + C l 0 H C 

The e l e c t r o r e d u c t i o n of compounds with better 
leaving groups than hydroxy and also free of l a b i l e 
protons were studied. E l e c t r o l y s i s of in aceto-
n i t r i l e using a mercury cathode gave a product which 
contained 41% of the desired diene according to gc. 

OAc 

c u e Hg-CH 3CN > CI 

In the search f o r an even better l e a v i n g group, 
we chose to make the methanesulfonate. Treatment of 
4^with methanesulfonyl c h l o r i d e gave 1,1,1-trichloro-
4-methyl-4-penten-2-yl methanesulfonate J),, mp 60-61°C, 
in a 69% y i e l d : nmr ( C D C I 3 ) , otitis 3.2 (s, 3H, 
- O S O 2 C H 3 ), no evidence of hydroxyl protons; ms, 185 
(M-CH3SQ2, 3C1 present), 149 (185-HC1, 2C1 present), 
molecular ion (280) observed only with chemical i o n i z a 
t i o n ; Anal. Calc. f o r C 7H 1 1C1 30 3S: C, 29.84; H, 3.91; 
CI, 37.83; S, 11.37. Found: C, 29.89; H, 4.06; CI, 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



124 S Y N T H E T I C P Y R E T H R O I D S 

37.76; S, 11.48. 
Electrochemical reductive e l i m i n a t i o n of^9, in 

a c e t o n i t r i l e using a platinum cathode gave the de
s i r e d d i e n e ^ i n a nearly q u a n t i t a t i v e y i e l d . The 
current e f f i c i e n c y in t h i s case was e s s e n t i a l l y quanti
t a t i v e . 

O H O S O 2 C H 3 

C 1 3 C ^ ^ — C 1 3 C ^ ^ pt-CH C N ? C I C ^ 
4, ^ JL 

In some instances, synthesized samples of the 
above methane sulfonate decomposed a f t e r storage g i v i n g 
black, t a r r y and a c i d i c products. The following mech
anism is suggested f o

H polymeric material 
χ 

Since the methane s u l f o n a t e ^ may be unstable, a 
compound with a better leaving group than an acetoxy 
one but not as good as a mesyloxy one was prepared. 
Treatment of ^ with t h i o n y l c h l o r i d e gave 1 , 1 , 1 - t r i -
chloro-4-methyl-4-penten-2-yl c h l o r o s u l f i n a t e 
which could not be i s o l a t e d in pure form by normal 
d i s t i l l a t i o n . The b o i l i n g point of JlO. was 69-82° 
( 0.09 - 0 . 1 mm) (62% p u r i t y by vapor phase chromatograph
i c a n a l y s i s ) . GC-MS a n a l y s i s of the d i s t i l l e d product 
e s t a b l i s h e d that the main component gave m/e 284 (Μ), 
248 (M-HC1) and 185 (M - S O 2 C I , 3 CI present). E l e c t r o 
chemical treatment of 1Q, in a c e t o n i t r i l e using a 
platinum cathode gave a product which contained 10% of 
the desired diene according to gc. 

O H 

. o s o c i 
C l . c A A " C I , l ^ 2 é 3 ^ ' " C l ^ C > CA C 

4^ 3 1 0 P T - C H 3 O R 2 6 

Treatment of with phosphorus t r i c h l o r i d e gave 
l,l,l,4-tetrachloro - 2-hydroxy-4-methylpentane l l y mp 
79-81°C in a 25% y i e l d , nmr ( C D C I 3 ) , otitis 4.4 (m, 1H, 
-CHOH), otitis 2.25 (m, 2 H , - C H 2 - ), 6tms 1.7 (s, 6 H , 
- C ( C H 3 ) 2 ) ; Anal. Calc f o r C^H^ 0Cl 4O: C, 30.00, H,4.17; 
CI: 59.17. Found: C, 29.89; H, 4.27; CI, 59.09. 
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Figure 3 
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Figure 4 
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Reaction of with phosphorus pentachloride gave 
1,l,l-trichloro-4-methyl-2,4-pentadiene 12, MS, 185 
(MH+, 3C1 present), 149 (MH+-HC1). ^ 

OH 

CUC 

As shown previously, condensation of c h l o r a l with 
isobutylene gave a mixtur f d 13̂  A c e t y l a t i o
of 13̂  with a mixtur
gave 2-acetoxy-l,1,l-trichloro-4-methyl-3-penten , 
bp 85-90°C (4-4.3 mm) (2) in an 82% y i e l d . E l e c t r o 
chemical reductive e l i m i n a t i o n of 14 in a c e t o n i t r i l e 
using a mercury cathode gave the expected diene i-n 

a 48% y i e l d based on gc area %. 

AC20 v OAc 2 e 

p y r i d i n e ' c l c Hg-CH CN 
3 1 4 

The electrochemical reactions can be run in a 
large divided electrolysis c e l l , shown in Figure 4, 
which is similar in design to a commercial unit. Flow 
ce l l s can also be used in these electrochemical ex
periments. 

Acknowledgments 
The authors wish to thank Messrs. Ken Goldsmith 

and Harold Jarrow for their technical assistance, Mr. 
Robert Rosen for help in interpreting mass spectra and 
Mr. Robert Schipmann for construction of the electroly
sis c e l l s . 
Literature Cited 
1. Burt, P. E., Elliott, M., Farnham, A. W., Janes, 
Ν. F., Needham, P. H. and Pulman, D. Α., Pestic Sci. 
(1974), 5, 791-799. 
2. Farkas, J., Kourim, P. and Sorm, F., Collection 
Czechoslov. Chem. Commun. (1959), 24, 2230-2236. 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



12 
New Synthesis of the Acid Moiety of Pyrethroids 

KIYOSI KONDO, KIYOHIDE MATSUI, and AKIRA NEGISHI 

Sagami Chemical Research Center, 4-4-1 Nishi-Ohnuma, 
Sagamihara, Kanagawa 229 Japan 

Since the discover
bromo analogue (2)
cation of natural pyrethroids has been renewed owing 
to their potential use as agricultural pesticides as 
well as household insecticides. The reaction of ethyl 
diazoacetate with 1,1-dichloro-4-methyl-1,3-pentadiene 
was originally used by Farkas (3) in the synthesis of 
the acid moiety of permethrin. Most of the acid moi
eties, however, were usually prepared by the ozonoly-
sis of the parent chrysanthemate followed by conden
sation of the resulting 2-formyl-3,3-dimethylcyclopro-
panecarboxylate (caronaldehyde) with appropriate 
Wittig reagents (4,5) . 

We have developed a new and generally applicable meth
od for the preparation of these potentially useful 
synthetic pyrethroids. The method is based on the 
reaction between al ly l ic alcohol and orthoester to 
produce γ-unsaturated carboxylate, followed by the 
addition of carbon tetrahalide to the double bond, or 
al lyl ic bromination with N-bromosuccinimide. The de-
hydrolhalogenation of the resulting halides afforded 
the desired cyclopropanecarboxylates. 

Synthesis of the Dihalovinyl Analogues of Chrysanthe
mate 

The condensation of 3-methyl-2-butenol (I) with 
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t r i e t h y l o r t h o a c e t a t e ( l i a ) in t h e p r e s e n c e o f a c i d 
c a t a l y s t w a s p e r f o r m e d a t l i + 0 - l 6 0 ° a c c o r d i n g t o t h e 
m e t h o d d e s c r i b e d b y J o h n s o n ( 6 ) t o g i v e e t h y l 
3 , 3 - d i m e t h y l - ^ - p e n t e n o a t e ( i l i a ) ( 7 . ) . T h e α - s u b s t i 
t u t e d a n a l o g u e o f I I I c a n s i m i l a r l y b e p r e p a r e d b y t h e 
c o n d e n s a t i o n o f I w i t h a p p r o p r i a t e o r t h o c a r b o x y l a t e s 
( 8 , 9 ) . 

Λ Α + R 1 C H 2 C ( O E t ) r 

c a t . 

O H 
I I 

a : R 1 = H 
b ; R 1 = M e 

0 

R 1 

I I I 

: R1- H 
b : R - M e 

X 
b a s e A 

R 1 X 1 

C X 2 

a : R ^ H , X = C 1 
b : R 1 = = H , X = B r 
c : R 1 = M e , X = C 1 

I V a : R ^ H , X = X f = C l 
b : R X = H , X f = B r , X = C 1 
c : R * = H , X = X T = B r 
d : R 1 = M e , X = X f = C l 

T h e e f f e c t o f t h e v a r i a t i o n o f r e a c t i o n c o n d i t i o n o n 
t h e y i e l d o f I I I is s u m m a r i z e d in T a b l e I. 

T a b l e I. P r e p a r a t i o n o f ^ - P e n t e n o a t e s 

R 1 m o l . r a t i o C a t a l y s t * T i m e Y i e l d o f I I I 
o f 1 : 1 1 ( h r ) 

Η 1 : 2 p h e n o l 25 76 
Η 1 : 1 . 0 5 p h e n o l 25 60 
Η 1 : 2 H 3 P 0 * 6 81 
Η 1 : 3 H3PO4 k 93 
Η 1 : 2 o x a l i c a c i d 27 65 
Η 1 : 2 i - b u t y r i c a c i d 23 70 
Η 1 : 2 H g ( 0 A c ) 2 23 69 
Η 1 : 2 h y d r o q u i n o n e 23 51 
M e 1 : 2 p h e n o l 2k 70 
E t * * 1 : 1 . 5 p h e n o l 25 57 

* T h e a m o u n t o f c a t a l y s t w a s u s u a l l y - 1 - 5 m o l e % 
b a s e d o n I 

** T r i m e t h y l o r t h o b u t y r a t e w a s u s e d . 
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W h e n t h e r e a c t i o n w a s s t a r t e d f r o m 1 : 1 m o l a r m i x 
t u r e o f I a n d l i a , t h e r e w a s o b s e r v e d t h e f o r m a t i o n o f 
3 - m e t h y l - 2 - b u t e n y l 3 , 3 - d i m e t h y l - 4 - p e n t e n o a t e a s b y 
p r o d u c t in c a . 2 0 $ y i e l d . T h u s , in o r d e r t o a t t a i n 
t h e m a x i m u m y i e l d o f I I I , a n e x c e s s a m o u n t o f o r t h o -
a c e t a t e m u s t b e u s e d . M o s t o f t h e e x c e s s o r t h o e s t e r 
c a n , h o w e v e r , b e r e c o v e r e d b y f r a c t i o n a l d i s t i l l a t i o n . 
A m o n g t h e c a t a l y s t s e x a m i n e d , p h o s p h o r i c a c i d s e e m s t o 
b e t h e b e s t in v i e w o f t h e y i e l d a n d r e a c t i o n r a t e . 

T h e a d d i t i o n o f c a r b o n t e t r a h a l i d e t o t h e h-
p e n t e n o a t e I I I w a s e a s i l y a c h i e v e d e i t h e r in t h e p r e s 
e n c e o f r a d i c a l i n i t i a t o r ( 1 0 ) o r b y i r r a d i a t i o n . 
T h u s , h e a t i n g o f a s o l u t i o n o f I l i a a n d b e n z o y l -
p e r o x i d e ( B P O ) in c a r b o n t e t r a c h l o r i d e f o r 20 h r s a t 
8 0 ° a f f o r d e d e t h y l 3 , 3 - d i m e t h y l - U , 6 , 6 , 6 - t e t r a c h l o r o -
h e x a n o a t e ( i V a ) , b . p
W h e n t h e e s t e r I l i a w a s t r e a t e d w i t h b r o m o t r i c h l o r -
m e t h a n e in t h e p r e s e n c e o f a z o b i s i s o b u t y r o n i t r i l e 
( A I B N ) , e t h y l 3 , 3 - d i m e t h y l - 4 - b r o m o - 6 , 6 , 6 - t r i c h l o r o -

h e x a n o a t e ( i V b ) , b . p . 1 0 2 - 1 0 5 ° / 0 . 1 m m . , w a s o b t a i n e d 
in 89% y i e l d . S i m i l a r l y , r a d i c a l a d d i t i o n o f c a r b o n 
t e t r a b r o m i d e t o I l i a b y i r r a d i a t i o n w i t h v i s i b l e l i g h t 
p r o d u c e d t h e c o r r e s p o n d i n g t e t r a b r o m o a n a l o g u e I V c , 
b . p . lkk°/0.2 m m . , in 60% y i e l d . O t h e r i n i t i a t o r s , 
s u c h a s t r a n s i t i o n m e t a l - a m i n e c o m p l e x e s ( l ^ v i S ^ i J i ) > 
w h i c h a r e w e l l - k n o w n a s effective c a t a l y s t s f o r t h e 
a d d i t i o n o f p o l y h a l o a l k a n e s t o o l e f i n s , c a n a l s o b e 
u s e d . S o m e t y p i c a l e x a m p l e s i n c l u d i n g t h e r e s u l t s w i t h 
α - s u b s t i t u t e d a n a l o g u e s a r e c o l l e c t e d in T a b l e I I . 

T a b l e I I . A d d i t i o n o f CX4 t o U - P e n t e n o a t e s 

R 1 C X 4 C a t a l y s t T e m p . T i m e Y i e l d o f 
I V 

H C C U B P O 8 0 2 0 8 6 
H C C I 4 F e C l 3 6 H 2 0 - B u N H 2 1 2 0 2 0 8 7 
H e c u C u ( O A c ) 2 - B u N H 2 9 0 2 0 8 7 
H e c u C u 2 0 - B u N H 2 9 0 2 0 8 5 
H C B r C U A I B N 1 0 0 1 0 8 9 
H C B r C l 3 B P O 8 0 2 0 8 7 
H C B r C l 3 F e C l 3 6 H 2 0 - B u N H 2 1 2 0 1 5 5 2 
H C B r 4 A I B N 1 2 0 ^ 1 3 0 5 4 5 
H C B r 4 h V r . t . 1 0 6 0 
M e e c u B P O 1 3 0 ^ 1 4 0 2 0 7 0 
M e C B r C l 3 B P O 1 0 0 1 0 8 1 
M e e c u F e C l 3 6 H 2 0 - B u N H 2 1 2 0 1 0 4 9 
E t * C C I 4 F e C l 3 6 H 2 0 - B u N H 2 1 2 0 1 0 8 0 

M e - e s t e r 
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T r e a t m e n t o f t h e e s t e r I V w i t h t w o m o l a r e q u i v a 
l e n t s o f b a s e i n d u c e d c y c l i z a t i o n a n d d e h y d r o h a l o g e n a -
t i o n s i m u l t a n e o u s l y t o a f f o r d d i h a l o v i n y l c y c l o p r o p a n e -
c a r b o x y l a t e V . T h e c i s i t r a n s r a t i o o f t h e r e s u l t i n g 
e s t e r V v a r i e d d e p e n d i n g o n t h e r e a c t i o n c o n d i t i o n s 
u s e d . T y p i c a l e x a m p l e s a r e s h o w n in T a b l e I I I . 

T a b l e I I I . D i h a l o v i n y l c y c l o p r o p a n e c a r b o x y l a t e s V 

S t a r t 
i n g 
h a l i d e 

r 
b a s e 

R e a c t i o n C o n d i t i o n s 

s o l v e n

- P r o d u c t V η 

I V b t - B u O K T H F 6 0 ° k V a ^5 /5 .5 70 
I V a t - B u O K T H F r . t . 3 

V a 5 0 / 5 0 73 
t - B u O K T H F 

6 0 ° 3 . 5 
V a 5 0 / 5 0 73 

I V a t - B u O N a T H F 5 ° 3 V a 5 0 / 5 0 92 

I V a N a O E t E t O H r . t . 
8 0 ° 

2 
1 . 5 

V a 3k/66 9 h 

I V a K O E t E t O H r . t . 
8 0 ° 

2 
1 . 5 

V a 2 6 / 7 4 96 

I V a N a N H 2 T H F - E t O H 2 2 ° 5- 5 V a 5 0 / 5 0 9k 
I V c N a O E t E t O H r . t . 18 V b 2 0 / 8 0 79 
I V d N a H D M E 8 0 ° 20 V c - 55 

T h e a b o v e s e q u e n c e o f r e a c t i o n s h a s n o w b e e n 
a p p l i e d t o t h e d i r e c t p r e p a r a t i o n o f p e r m e t h r i n . T h u s , 
t h e e s t e r I l i a w a s t r e a t e d w i t h 3 - p h e n o x y b e n z y l a l c o h o l 
u n d e r e s t e r - e x c h a n g e c o n d i t i o n t o p r o d u c e 3 - p h e n o x y 
b e n z y l 3 - , 3 - d i m e t h y l - U - p e n t e n o a t e ( V I ) , b . p . 1 5 5 - 1 5 8 ° / 
0 . 3 m m . T h e B P O c a t a l y z e d a d d i t i o n o f c a r b o n t e t r a 
c h l o r i d e t o t h e a b o v e e s t e r a f f o r d e d 3 - p h e n o x y b e n z y l 
3 , 3 - d i m e t h y l - 4 , 6 , 6 , 6 - t e t r a c h l o r o h e x a n o a t e ( V I I ) in 8 2 $ 
y i e l d a s a v i s c o u s o i l , w h i c h w a s p u r i f i e d b y c o l u m n 
c h r o m a t o g r a p h y . T h e e s t e r V I I w a s t h e n t r e a t e d w i t h 
t w o m o l a r e q u i v a l e n t s o f s o d i u m t - b u t o x i d e in a n h y d r o u s 
T H F t o g i v e p e r m e t h r i n V I I I in 7 5 $ y i e l d . T h e n m r 
s p e c t r u m i n d i c a t e s t h a t it c o n s i s t s o f 1 : 1 m i x t u r e o f 
c i s a n d t r a n s i s o m e r s . 
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V I I I 

A t t h e m i d d l e s t a g e o f t h e r e a c t i o n f r o m I V t o V , t h e r e 
w a s o b s e r v e d t h e f o r m a t i o n o f a l l t h r e e p o s s i b l e i n t e r 
m e d i a t e s , I X , X , a n d X I . 

A s t h e r e a c t i o n p r o c e e d s , t h e s e i n t e r m e d i a t e s u s u a l l y 
d i s a p p e a r , b e i n g c o n v e r t e d t o V . T h e p r e s e n c e o f 
e x c e s s b a s e in t h e s y s t e m t e n d s t o i n d u c e f u r t h e r 
d e h y d r o h a l o g e n a t i o n o f V t o a f f o r d 2 , 2 - d i m e t h y l - 3 - ( 2 -
c h l o r o e t h y n y l ) e y e l o p r o p a n e c a r b o x y l a t e ( X I I ) , e s p e c i a l l y 
a t t h e f i n a l s t a g e o f t h e r e a c t i o n . 

T h e i n t e r m e d i a t e I X c a n s e l e c t i v e l y b e p r e p a r e d 
b y t r e a t m e n t o f t h e b r o m o t r i c h l o r o m e t h a n e a d d u c t I V b 
w i t h p i p e r i d i n e in b e n z e n e a t 8 0 ° f o r 15 h r s . T h e 
olefinic l i n k a g e in I X w a s a s s i g n e d t o b e t r a n s b a s e d 
o n t h e c o u p l i n g c o n s t a n t (15 H z ) o f t h e olefinic p r o 
t o n s in t h e n m r s p e c t r u m . T h e r e a c t i o n o f t h e c a r b o n 
t e t r a c h l o r i d e a d d u c t I V a w i t h p y r r o l i d i n e in D M F a t 
r o o m t e m p e r a t u r e a f f o r d e d t h e i n t e r m e d i a t e X 
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s e l e c t i v e l y . T h e s e l e c t i v e p r e p a r a t i o n o f t h e i n t e r 
m e d i a t e X I w a s a t t a i n e d b y t r e a t i n g I V w i t h s o d i u m o r 
p o t a s s i u m t - b u t o x i d e in h y d r o c a r b o n s o l v e n t . W h e n I V b 
w a s u s e d a s s t a r t i n g m a t e r i a l , a l m o s t 1 : 1 m i x t u r e o f 
c i s - a n d t r a n s - X I w a s o b t a i n e d , w h i l e I V a w a s c o n 
v e r t e d p r e d o m i n a n t l y t o t r a n s - X I . A l l t h e s e i n t e r 
m e d i a t e s c o u l d b e t r a n s f o r m e d s m o o t h l y i n t o V b y t r e a t 
m e n t w i t h b a s e u n d e r t h e s a m e c o n d i t i o n b e i n g u s e d in 
t h e d i r e c t c o n v e r s i o n o f I V t o V . 

S y n t h e s i s o f t h e H o m o l o g u e s o f C h r y s a n t h e m a t e 

M o d i f i c a t i o n o f t h e d i m e t h y l v i n y l g r o u p in 
c h r y s a n t h e m a t e t o 1 - p r o p e n y l , 1 - b u t e n y l , o r 1 , 3 - b u t a -
d i e n y l s u b s t i t u e n t a l s o i n c r e a s e s s i g n i f i c a n t l y t h e 
insecticidal activity ( 1 5 ) .
t h e s e h o m o l o g u e s c a n b e p r e p a r e d b y t h e f o l l o w i n g 
s e q u e n c e o f r e a c t i o n s . 

O H 

/%J\/ + R 1 C H 2 C ( O R 2 ) 3 — 

X I I I 

R v Ï 

R 1 

X I V 

N B S 

R 1 R 3 

,2 0 

0 Y V / Y - R / 

R 1 B r 

X V I X V 

T h e s t a r t i n g a l l y l i c a l c o h o l X I I I w a s p r e p a r e d 
e i t h e r b y r e d u c t i o n o f m e s i t y l o x i d e w i t h L A H o r b y 
t h e c o n d e n s a t i o n o f 3 - m e t h y l c r o t o n a l d e h y d e w i t h a p p r o 
p r i a t e G r i g n a r d r e a g e n t s . H e a t i n g o f a m i x t u r e o f t h e 
a b o v e a l c o h o l X I I I a n d t r i e t h y l o r t h o a c e t a t e in t h e 
p r e s e n c e o f p h e n o l a t l V o ° a f f o r d e d t h e γ , ô - u n s a t u r a t e d 
e s t e r s X I V in g o o d y i e l d s . T h e e s t e r X I V w a s t h e n 
b r o m i n a t e d w i t h N - b r o m o s u c c i n i m i d e in c a r b o n t e t r a 
c h l o r i d e in t h e p r e s e n c e o f B P O t o p r o d u c e ε - b r o m o -
γ , ( S - u n s a t u r a t e d e s t e r s X V . T r e a t m e n t o f t h e r e s u l t i n g 
e s t e r X V w i t h p o t a s s i u m t - b u t o x i d e in T H F g a v e f i n a l l y 
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t h e d e s i r e d c y c l o p r o p a n e c a r b o x y l a t e X V I , T h e a - s u b s t J U 
t u t e d a n a l o g u e s ( l é ) " w e r e p r e p a r e d in a s i m i l a r m a n n e r , 
a s d e s c r i b e d a b o v e , s t a r t i n g w i t h a l l y l i c a l c o h o l 
X I I I a n d t r i e t h y l o r t h o p r o p i o n a t e o r t r i m e t h y l o r t h o -
b u t y r a t e . T h e r e s u l t s a n d t h e r e a c t i o n c o n d i t i o n s f o r 
c y c l i z a t i o n s t e p a r e s u m m a r i z e d in T a b l e I V . 

T a b l e I V . H o m o l o g u e s o f C h r y s a n t h e m a t e 

R 1 R 2 R 3 P r o d u c t Y i e l d ( J Ï ) 
X I V X V X V I 

R e a c t i o n C o n d i t i o n s 
f o r C y c l i z a t i o n 

a H E t H 6k 91 85 t - B u O K / T H F 
6 0 ° C : k h r 

b H E t M e 85 91* 66** t - B u O K / T H F 

c H E t E t 88 92* 69** t - B u O K / T H F 
- 3 0 ° C : 1 h r 

d M e E t H 60 86* 77** t - B u O K / T H F 
- 1 0 ° C : 1.5 h r 

e E t M e H k8 83 22 t - B u O K / T H F 
0 ^ 5 ° C : 6 h r 

* C r u d e y i e l d s . C r u d e p r o d u c t s w e r e u s e d in n e x t 
s t e p w i t h o u t p u r i f i c a t i o n . 

* * I s o l a t e d y i e l d s b a s e d o n X I V . 

T h e c y c l i z e d e s t e r w a s u s u a l l y a m i x t u r e o f c i s 
a n d t r a n s i s o m e r s . F o r e x a m p l e , t h e n m r s p e c t r u m o f 
t h e c r u d e p r o d u c t d e r i v e d f r o m X V a r e v e a l e d t h a t X V I a 
w a s a l m o s t a 1:1 m i x t u r e o f c i s a n d t r a n s i s o m e r s . 
F u r t h e r t r e a t m e n t o f t h i s m i x t u r e w i t h t - b u t o x i d e in 
t - b u t a n o l a t 8 0 ° , h o w e v e r , i n d u c e d t h e s m o o t h i s o -
m e r i z a t i o n o f t h e c i s i s o m e r t o t h e t h e r m o d y n a m i c a l l y 
s t a b l e t r a n s X V I a ( ΐ χ ) . I n f r a r e d s p e c t r a o f t h e 
e s t e r s X V I b ^ a n d X V I c e x h i b i t e d a s t r o n g a b s o r p t i o n a t 
9 6 Ο - 9 6 5 c m " " . T h e r e f o r e , t h e g e o m e t r y o f t h e olefinic 
b o n d a t t a c h e d t o t h e c y c l o p r o p a n e r i n g w o u l d b e t r a n s , 
t h o u g h t h e p r e s e n c e o f c i s i s o m e r a s a m i n o r c o m p o n e n t 
c o u l d n o t b e e x c l u d e d . 

T w o s i d e - r e a c t i o n s w e r e o b s e r v e d in t h e c y c l i z a 
t i o n o f X V t o X V I . T h e o n e w a s t h e 1 , 2 - e l i m i n a t i o n o f 
h y d r o g e n b r o m i d e l e a d i n g t o d i e n e , w h i c h o c c u r r e d in 
t h e r e a c t i o n w i t h X V b a n d X V c . T h e o t h e r w a s t h e s u b 
s t i t u t i o n o f h a l o g e n b y t - b u t o x y a n i o n t o g i v e t h e 
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e s t e r X V I I . T h e l a t t e r r e a c t i o n w a s o b s e r v e d e s p e 
c i a l l y w h e n t h e a - s u b s t i t u t e d a n a l o g u e s o f X V w e r e 
e x p o s e d t o t h e a f o r e m e n t i o n e d c y c l i z a t i o n . T h e c o m 
p e t i t i v e o c c u r r e n c e o f t h e s e u n d e s i r e d r e a c t i o n s m i g h t 
b e t h e r e s u l t o f i n s u f f i c i e n t a c i d i t y o f t h e α - h y d r o g e n 
in b r o m o e s t e r X V , e s p e c i a l l y in X V d a n d X V e . B o t h 
s i d e - r e a c t i o n s , h o w e v e r , c o u l d e f f e c t i v e l y b e s u p 
p r e s s e d b y l o w e r i n g t h e r e a c t i o n t e m p e r a t u r e . 

R ι. 
\ 

R 1 

O B u d : R 1 = M e , R 2 = E t 

e : R A = E t , R 2 = M e 

F o r t h e s y n t h e s e s o f b u t a d i e n y l a n d s t y r y l 
a n a l o g u e s , γ , ό - u n s a t u r a t e d e s t e r s X l V f a n d X l V g w e r e 
p r e p a r e d b y t h e c o n d e n s a t i o n o f t r i e t h y l o r t h o a c e t a t e 
w i t h a l l y l i c a l c o h o l s X H I f ( R 3 = v i n y l ) a n d X H I g 
( R 3 = p h e n y l ) in 87 a n d 7 5 $ y i e l d s , r e s p e c t i v e l y . 

B r t - B u O K Λ S V 

X l V f X V I I I X X 
V v 

, v P h N B S 

v V » I 
B r 

X l V g X I X 

P h t - B u O K 
> A > \ X 

P h 
X X I 

T h e s t r u c t u r e o f p r o d u c t s o b t a i n e d b y t h e b r o m i n a t i o n 
o f t h e s e u n s a t u r a t e d e s t e r s w a s n o t s o s i m p l e . 
I n s p e c t i o n o f t h e i r n m r s p e c t r a s u g g e s t e d t h a t t h e 
m a j o r p r o d u c t f r o m X l V f w a s t h e ω - b r o m o e s t e r X V I I I 
(9k% y i e l d ) a n d t h a t f r o m X l V g w a s t h e γ - b r o m o e s t e r 
X I X ( 8 5 $ y i e l d ) . T r e a t m e n t o f t h e s e c r u d e b r o m i n a t i o n 
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products with potassium t-butoxide in THF below 0° 
produced the expected cyclopropanecarboxylates XX, b.p. 
62-65°/0.1 mm., and XXI, b.p. 112-ll8°/0.1 mm., in 59 
and 58$ yields based on XIV, respectively. 
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Photochemical Reactions of Pyrethroid Insecticides 

ROY L. H O L M S T E A D , J O H N E . CASIDA, and LUIS O. R U Z O 

Pesticide Chemistry and Toxicology Laboratory, Department of Entomological Sciences, 
University of California, Berkeley, Calif. 94720 

The natural pyrethrin
synthetic chrysanthemate
agricultural insect pests because of insufficient stabil ity in 
light and air ( l ) . Considerable progress has been made in 
improving the photostability of pyrethroids by suitable 
formulation (e.g. , microencapsulation and inclusion complexes) 
and by adding antioxidants or UV screens. However, the most 
effective stabilization is achieved by replacing the photo-
labile groups by others that give enhanced stability to the 
overall molecule and equal or increased insecticidal activity 
(2,3). Knowledge of the photochemical reactions of the earlier 
pyrethroids contributed to the development of this new genera
tion of photostabilized pyrethroids. It is now necessary to 
define the photochemistry of these newer compounds and the 
significance of their photoproducts as residues and environmental 
contaminants. 

This review considers the types of photolytic reactions of 
pyrethroids with emphasis on permethrin (3), NRDC l 6 l (4) and 
S 5602 (5). 

Isornerization of the Cyclopropane Ring and of Alkenyl 
Substituents 

Epimerization of [lR]-cyclopropanecarboxylate insecticides 
greatly reduces or destroys their insecticidal activity. As 
a corollary, epimerization of suitable [IS]-compounds yields 
the insecticidal conformation. The trans- and cis-isomers also 
differ in potency and persistence. Photoisomerization of the 
cyclopropane ring therefore has important consequences. 

Irradiation (\ > 200 nm) of [lR]- or [1RS]-trans- or - c i s -
chrysanthemic acid or its simple alkyl esters in hexane with 
isobutyrophenone or related sensitizers yields equilibrium 
mixtures of the corresponding [lR,trans]- , [IS,trans]-, [ lR ,c is ] -
and [lS,cis]-compounds in the approximate ratio 32:32:18:18 
(6-9) (Figure l ) . The postulated mechanism involves cleavage 
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Figure 1 

o f t h e C - l t o C - 3 b o n d o f t h e c y c l o p r o p a n e r i n g t o f o r m a 
d i r a d i c a l w h i c h m a y r e f o r m t h e C - l t o C - 3 b o n d t o y i e l d a n y o f 
t h e k p o s s i b l e i s o m e r s . A l t e r n a t i v e l y , t h e d i r a d i c a l m a y 
f r a g m e n t b y C - 2 t o C - 3 b o n d c l e a v a g e t o g i v e t h e s e n e c i o a t e o r 
it m a y r e a r r a n g e t o a l a c t o n e ( 7 , 9 ) . 

S t u d i e s o n k insecticidal T l R , t r a n s ] - c h r y s a n t h e m a t e s 
( p y r e t h r i n I , a l l e t h r i n , d i m e t h r i n a n d t e t r a m e t h r i n ) d i d n o t 
r e v e a l i s o m e r i z e d p r o d u c t s e v e n a f t e r 2h h r s u n l a m p i r r a d i a 
t i o n o n g l a s s ( 1 0 ) . T h u s , n e i t h e r c i s - c h r y s a n t h e m i c a c i d n o r 
m e s o - c i s - c a r o n i c a c i d w a s r e c o v e r e d o n h y d r o l y s i s o f t h e 
p h o t o d e c o m p o s e d e s t e r s . T h e a b s e n c e o f i s o m e r i z a t i o n a t t h e 
c y c l o p r o p a n e r i n g w a s c o n f i r m e d w i t h t r a n s - r e s m e t h r i n i r r a d i a t e d 
o n s i l i c a g e l w i t h s u n l i g h t o r a s u n l a m p X L L ) « T h e s e c h r y s a n -
t h e m a t e s a r e r e l a t i v e l y u n s t a b l e in l i g h t a n d a i r s o t h a t in 
s h o r t - t e r m s t u d i e s o t h e r r e a c t i o n s m a y t a k e p r e f e r e n c e o v e r 
i s o m e r i z a t i o n o f t h e c y c l o p r o p a n e r i n g . 

P y r e t h r o i d s p h o t o s t a b i l i z e d in t h e a c i d m o i e t y b y r e p l a c i n g 
t h e i s o b u t e n y l g r o u p b y a d i h a l o v i n y l s u b s t i t u e n t u n d e r g o 
c y c l o p r o p a n e i s o m e r i z a t i o n t o a s i g n i f i c a n t e x t e n t in b o t h 
s o l u t i o n a n d s o l i d p h a s e r e a c t i o n s ( 1 2 - 1 4 ) . I r r a d i a t i o n ( λ >290 
n m ) o f e i t h e r t r a n s - o r c i s - p e r m e t h r i n l e a d s t o a n e q u i l i b r i u m 
m i x t u r e o f t r a n s - a n d c i s - e s t e r s , t h e i s o m e r i z a t i o n o c c u r r i n g 

m o r e r a p i d l y in h e x a n e o r a s t h i n f i l m s o n g l a s s t h a n in m e t h a n o l 
o r a s d e p o s i t s o n s i l i c a g e l o r s o i l s u r f a c e s ( 1 2 ) . P h o t o -
i s o m e r i z a t i o n o f p e r m e t h r i n a l s o o c c u r s in t h i n f i l m s e x p o s e d 
t o s u n l i g h t ( 1 2 ) . I n d i l u t e a q u e o u s s o l u t i o n s , p h o t o i s o m e r i z a -
t i o n (\ > 290 nm) o f e i t h e r t r a n s - o r c i s - p e r m e t h r i n o c c u r s 
r a p i d l y w i t h t h e r e s u l t i n g i s o m e r m i x t u r e u n d e r g o i n g f u r t h e r 
p h o t o d e c o m p o s i t i o n ( s e e b e l o w ) . O n i r r a d i a t i o n (\ > 290 nm) 
o f NRDC l 6 l s o l u t i o n s , a s m a l l d e g r e e o f i s o m e r i z a t i o n o c c u r s 
in m e t h a n o l (13) a n d c o n s i d e r a b l y m o r e in 2 - p r o p a n o l ; o n 
e x p o s u r e o f t h i n f i l m s o n g l a s s t o s u n l i g h t , 30$ t r a n s - i s o m e r is 
o b t a i n e d a f t e r 6 d a y s i r r a d i a t i o n ( l 4 ) . T h e s e n e c i o a t e 
d e r i v a t i v e s a r e a l s o d e t e c t e d o n e x p o s u r e o f p e r m e t h r i n a n d NRDC 
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l 6 l a s t h i n f i l m s t o s u n l i g h t a n d o f p e r m e t h r i n in w a t e r t o 
s u n l i g h t (12, lk). 

T h e t r a n s 7 c i s - i s o m e r i z a t i o n f o r c h r y s a n t h e m i c a c i d a n d its 
e s t e r s o c c u r s v i a t h e t r i p l e t e x c i t e d s t a t e s i n c e t h e i s o m e r i z a 
t i o n r a t e is m a r k e d l y i n c r e a s e d w i t h i s o b u t y r o p h e n o n e a n d o t h e r 
s e n s i t i z e r s ( 6 - 8 ) . T h i s is a l s o t h e c a s e w i t h t h e a c i d m o i e t y 
o f NRDC l 6 l w h e r e i s o m e r i z a t i o n is t h e o n l y r e a c t i o n o b s e r v e d 
o n i r r a d i a t i o n (\ > 290 nm) in h e x a n e in t h e p r e s e n c e o f t r i p l e t 
s e n s i t i z e r s b u t p h o t o d e b r o m i n a t i o n is t h e m a j o r r e a c t i o n w i t h o u t 
s e n s i t i z e r ( 1 3 ) . 

A l k e n y l s u b s t i t u e n t s in t h e r e t h r o n y l m o i e t y a l s o u n d e r g o 
p h o t o i s o r n e r i z a t i o n , i . e . , t h e a l l y l g r o u p o f a l l e t h r i n is 
c o n v e r t e d t o a c y c l o p r o p y l s u b s t i t u e n t a n d t h e Z ( c i s ) - p e n t - 2 -
e n y l g r o u p o f j a s m o l i n I g i v e s t h e Ε ( t r a n s ) - i s o m e r (15) 
( F i g u r e 2 ) . 

O x i d a t i o n o f F u n c t i o n a l G r o u p s in t h e A c i d a n d A l c o h o l M o i e t i e s 

P h o t o o x i d a t i o n o f t h e i s o b u t e n y l s u b s t i t u e n t in c h r y s a n -
t h e m a t e s a n d o f v a r i o u s f u n c t i o n a l g r o u p s in t h e a l c o h o l 
m o i e t i e s o f t h e e a r l i e r p y r e t h r o i d s g r e a t l y l i m i t s t h e i r 
r e s i d u a l p e r s i s t e n c e . P h o t o d e c o m p o s i t i o n o f p y r e t h r i n I , 
a l l e t h r i n , d i m e t h r i n a n d t e t r a m e t h r i n a s t h i n f i l m s o n g l a s s 
y i e l d s 11-15 p r o d u c t s in e a c h c a s e (10 ) . S a p o n i f i c a t i o n o f t h e 
m i x t u r e o f e s t e r p r o d u c t s f r o m e a c h p y r e t h r o i d l i b e r a t e s 12-16 
a c i d s , o f w h i c h t h e i d e n t i f i e d c o m p o u n d s o r i g i n a t e f r o m o x i d a 
t i o n a t t h e t r a n s - m e t h y l g r o u p o r d o u b l e b o n d o f t h e i s o b u t e n y l 
s u b s t i t u e n t ; p o s s i b l e p a t h w a y s t o a c c o u n t f o r t h e s e c o m p o u n d s 
a r e s h o w n in F i g u r e 3. A l t h o u g h p r o d u c t s d e r i v e d f r o m t h e 
a l c o h o l m o i e t y w e r e n o t e x a m i n e d , t h e h i g h l a b i l i t y o f p y r e t h r i n 
I a n d a l l e t h r i n r e l a t i v e t o t h e o t h e r c o m p o u n d s i n d i c a t e s t h a t 
t h e p e n t a d i e n y l a n d a l l y l g r o u p s a r e v e r y s u s c e p t i b l e t o p h o t o -
o x i d a t i o n ( 1 0 ) . 

R e s m e t h r i n a n d o t h e r p y r e t h r o i d s w i t h t h e 5 - b e n z y l - 3 -
f u r y l m e t h y l g r o u p u n d e r g o r a p i d o x i d a t i o n w h e n e x p o s e d t o s u n 
l i g h t o r s u n l a m p i r r a d i a t i o n in a q u e o u s m e d i u m o r a s t h i n f i l m s 
o n g l a s s o r a s d e p o s i t s o n s i l i c a g e l ( l l ) ( F i g u r e k). O n e 
m a j o r p h o t o d e c o m p o s i t i o n r o u t e i n v o l v e s e p o x i d a t i o n a t t h e 
i s o b u t e n y l s u b s t i t u e n t t o g i v e t h e R - a n d S - e p o x i d e s . F o r m a t i o n 

h v 
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o f t h e o t h e r m a j o r p h o t o p r o d u c t s is i n i t i a t e d b y o x i d a t i o n o f 
t h e f u r a n r i n g t o a c y c l i c o z o n i d e - t y p e p e r o x i d e w h i c h d e c o m 
p o s e s b y t h e f o l l o w i n g p a t h w a y s : r e d u c t i o n t o a d i o l f o l l o w e d 
b y r e a r r a n g e m e n t t o t h e c y c l o p e n t e n o l o n e ( i ) w h i c h is a l s o 
d e t e c t e d a s its e p o x i d e d e r i v a t i v e ( l l ) ; m i g r a t i o n o f a p r o t o n 
o r a h y d r o g e n r a d i c a l f r o m t h e p o s i t i o n s y m m e t r i c a l t o t h e 
b e n z y l g r o u p t o g i v e t h e h y d r o x y l a c t o n e ( i l l ) ; m i g r a t i o n o f t h e 
b e n z y l c a t i o n o r r a d i c a l t o g i v e t h e b e n z y l o x y l a c t o n e ( I V ) 
( 1 1 ) . 

N o p h o t o o x i d i z e d d e r i v a t i v e s r e t a i n i n g t h e e s t e r g r o u p a r e 
i d e n t i f i e d t o d a t e in t h e s t u d i e s o n p e r m e t h r i n ( 1 2 ) , NRDC l 6 l 
(Ik) a n d S 5602 ( 1 2 ) . T h e h a l o g e n - s u b s t i t u t e d d o u b l e b o n d o f 
t h e a c i d m o i e t y a n d t h e 3 - p h e n o x y b e n z y l g r o u p a p p e a r t o b e q u i t e 
r e s i s t a n t t o p h o t o o x i d a t i o n . 
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R e d u c t i v e D e h a l o g e n a t i o n o f D i h a l o v i n y l S u b s t i t u e n t s 

T h e d i h a l o v i n y l r e p l a c e m e n t f o r t h e l a b i l e i s o b u t e n y l f u n c 
t i o n s t a b i l i z e s t h e a c i d g r o u p t o p h o t o o x i d a t i o n b u t it i n t r o 
d u c e s t h e p o s s i b i l i t y o f r e d u c t i v e p h o t o d e h a l o g e n a t i o n t o a 
v i n y l h a l i d e . L e s s e x t e n s i v e d e h a l o g e n a t i o n is e x p e c t e d " w i t h 
p e r m e t h r i n t h a n w i t h NRDC l 6 l b a s e d o n t h e i r r e l a t i v e c a r b o n -
h a l o g e n b o n d s t r e n g t h s . 

P e r m e t h r i n i r r a d i a t e d ( λ > 290 nm) in w a t e r g i v e s t h e 
m o n o d e c h l o r i n a t e d d e r i v a t i v e o f t h e p a r e n t e s t e r a n d o f t h e a c i d 
m o i e t y b u t a l w a y s in m i n o r a m o u n t s (12) ( F i g u r e 5 ) ; s o m e w h a t 
l a r g e r a m o u n t s o f t h e s e p r o d u c t s a r e o b t a i n e d a t s h o r t e r w a v e 
l e n g t h s ( e . g . , \ > 220 n m ) . A l t h o u g h t h e s t e r e o c h e m i s t r y o f t h e 

m o n o d e c h l o r i n a t e d p e r m e t h r i n is n o t a s s i g n e d , it is l i k e l y t o 
b e t h e t r a n s - d e h a l o g e n a t e d p r o d u c t o n a n a l o g y w i t h t h e f i n d i n g s 
o n N R D C 161 . T h u s , d e b r o m i n a t i o n o f N R D C l 6 l in h e x a n e p r o c e e d s 
w i t h a s t e r i c p r e f e r e n c e s o t h a t t h e t r a n s - d e b r o m i n a t e d p r o d u c t 
( F i g u r e 5) a c c o u n t s f o r ~ 80$> o f t h e t o t a l m o n o d e b r o m i n a t e d 
d e r i v a t i v e s ; o n p r o l o n g e d i r r a d i a t i o n , a s m a l l a m o u n t o f d i -
d e b r o m o - N R D C l 6 l is f o r m e d ( 1 3 ) . T h i s s t e r i c p r e f e r e n c e is n o t 
e v i d e n t s t a r t i n g w i t h t h e a c i d m o i e t y o f NRDC l 6 l , i . e . , t h e 
t r a n s / c i s d e b r o m i n a t i o n r a t i o a p p r o x i m a t e s u n i t y ( 1 3 ) . T h e 
p r e s e n c e o f a h y d r o g e n d o n o r is n e c e s s a r y f o r p h o t o d e b r o m i n a t i o n 
o f NRDC l 6 l s i n c e d e b r o m i n a t e d m a t e r i a l is n o t f o r m e d o n i r r a d i a 
t i o n o f e i t h e r b e n z e n e s o l u t i o n s o r t h i n f i l m s ( l 4 ) . I n t h e 
s t u d i e s c a r r i e d o u t t o d a t e ( 1 2 - 1 4 ) , n o s e c o n d a r y o x i d a t i o n 
p r o d u c t s f r o m e i t h e r m o n o d e c h l o r o - p e r m e t h r i n o r m o n o d e b r o m o - N R D C 
l 6 l h a v e b e e n o b s e r v e d . 

R e d u c t i v e d e c h l o r i n a t i o n o f t h e c h l o r o p h e n y l g r o u p o f 
S 5602 is e v i d e n t in h e x a n e w i t h l i g h t s o u r c e s c o n t a i n i n g s h o r t 
w a v e l e n g t h l i g h t ( 1 2 ) . 

P h o t o e l i m i n a t i o n o f C a r b o n D i o x i d e 

T h e i m p o r t a n c e o f p h o t o d e c a r b o x y l a t i o n in e s t e r p h o t o l y s i s 
g e n e r a l l y d e p e n d s o n t h e s t r u c t u r e o f t h e a c i d a n d i r r a d i a t i o n 
c o n d i t i o n s . P h o t o e l i m i n a t i o n o f c a r b o n d i o x i d e is a p r o m i n e n t 
r e a c t i o n in c e r t a i n p y r e t h r o i d s a n d r e l a t e d c o m p o u n d s w h i c h 
c o n t a i n a n α - c y a n o o r o t h e r f r e e r a d i c a l s t a b i l i z i n g g r o u p α t o 
t h e e s t e r l i n k a g e ( l 6 ) . T h i s t y p e o f r e a c t i o n is n e g l i g i b l e in 

N R D C 161 12 % 4 % Figure 5 
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u n s u b s t i t u t e d e s t e r s s u c h a s p e r m e t h r i n (12) b u t it is t h e 
m a j o r p a t h w a y f o r S 5602 o n i r r a d i a t i o n (χ > 290 nm) in m e t h a n o l 
( F i g u r e 6) a n d in h e x a n e , a c e t o n i t r i l e - w a t e r a n d o t h e r s o l v e n t s 
( 1 2 ) . T h e d e c a r b o x y l a t e d d e r i v a t i v e is t h e m a j o r p h o t o p r o d u c t o n 

e x p o s u r e o f S 5602 o n s i l i c a g e l t o s u n l i g h t f o r 28 d a y s ( 1 2 ) . 
I n t h e c a s e o f E R D C l 6 l
in m e t h a n o l ( F i g u r e 6) a n d h e x a n e b u t in m u c h s m a l l e r a m o u n t 
(13) t h a n w i t h S 5602. T h i s d i f f e r e n c e is p r o b a b l y d u e t o a 
c o m b i n a t i o n o f t h e s t a b i l i t y o f t h e b e n z y l i c r a d i c a l f o r m e d f r o m 
t h e a c i d p o r t i o n o f S 5602 a n d t h e v a r i e t y o f o t h e r r e a c t i o n s 
a v a i l a b l e t o NRDC l 6 l . 

E s t e r B o n d C l e a v a g e 

P h o t o l y s i s o f t h e e s t e r b o n d is a s i g n i f i c a n t r e a c t i o n f o r 
t r a n s - a n d c i s - r e s m e t h r i n ( l l ) b u t a p p a r e n t l y n o t f o r p y r e t h r i n 
I , a l l e t h r i n , d i m e t h r i n a n d t e t r a m e t h r i n ( 1 0 ) . It is a m a j o r 
r e a c t i o n w i t h t h e n e w e r p y r e t h r o i d s w h i c h c o n t a i n h a l o g e n a t o m s 
in t h e a c i d m o i e t y a n d a c y a n o g r o u p a t t h e b e n z y l c a r b o n . T h u s , 
i r r a d i a t i o n o f t r a n s - p e r m e t h r i n in w a t e r o r h e x a n e y i e l d s a s 
m a j o r p r o d u c t s t h e t r a n s - a n d c i s - d i c h l o r o v i n y l a c i d s a n d 3 -
p h e n o x y b e n z y l a l c o h o l w h e r e a s p h o t o l y s i s in m e t h a n o l u n d e r s i m i 
l a r c o n d i t i o n s g i v e s t h e m e t h y l e s t e r s o f t h e s e a c i d s a n d t h e 
m e t h y l e t h e r o f 3 - p h e n o x y b e n z y l a l c o h o l ( 1 2 ) ( F i g u r e 7 ) . c i s -

C , W ^ V " A r ^ C 1 W X a o h • a^XA, 
CI permethrin 2 6 % 11% 

OH + H O ^ A r 

2 8 % 

hv 
\ > 2 9 0 ^ 
CH3OH OCH3 C H 3 0 ^ A r 

2 9 % 1 3 % 5 3 % Figure 7 

P e r m e t h r i n u n d e r g o e s a n a l a g o u s r e a c t i o n s ( 1 2 ) . S i m i l a r l y , NRDC 
l 6 l g i v e s t h e t r a n s - a n d c i s - d i b r o m o v i n y l a c i d s in h e x a n e a n d 
a c e t o n i t r i l e - w a t e r a n d t h e i r m e t h y l e s t e r s in m e t h a n o l (13 ) . A s 
t h e v i s c o s i t y o f t h e s o l v e n t i n c r e a s e s ( m e t h a n o l , e t h a n o l a n d 
2 - p r o p a n o l ) , t h e r e is a r e l a t i v e d e c r e a s e in t h e e x t e n t o f e s t e r 
c l e a v a g e w i t h NRDC l 6 l a n d in t h e s o l i d p h a s e , in s u n l i g h t , t h i s 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



13. H O L M S T E A D E T AL. Photochemical Reactions 143 

c e a s e s t o b e t h e m a j o r r e a c t i o n p a t h w a y ( l U ) . 

D i m e r i z a t i o n o f F r e e R a d i c a l s 

I r r a d i a t i o n ( λ > 290 nm) o f NRDC l 6 l in h e x a n e (13) a n d o f 
S 5602 in s e v e r a l s o l v e n t s (12) l e a d s t o d i m e r s o f f r e e r a d i c a l s 
g e n e r a t e d d u r i n g t h e p h o t o l y s i s p r o c e s s ( F i g u r e 8 ) . D i m e r s 

NRDC 161 S 5602 
h Ihexane | hexane 

^ " V U > 2 9 0 " Ί λ > 2 9 0 

NC CN 
NRDC 161 14% 
S 5602 <l% H 

Ar A
NRDC 161 4 % / ~ \ 
S 5602 <l% Ar Ar 

NRDC 161 3 % 
S5602 <l% 

CN 

k 
Ar 

I 

,0./ο Figure 8 

c o n t a i n i n g t h e c y a n o g r o u p a r e p r e s u m a b l y f o r m e d v i a c o u p l i n g 
o f t h e f r e e r a d i c a l s g e n e r a t e d f r o m h e m o l y t i c c l e a v a g e o f t h e 
o x y g e n - c a r b o n b o n d o f t h e a l c o h o l p o r t i o n o f t h e p y r e t h r o i d . 
T h e m a i n d i m e r i c p r o d u c t f r o m S 5602 is f o r m e d f r o m r e c o m b i n a t i o n 
o f t h e a - i s o p r o p y l - O - c h l o r o b e n z y l r a d i c a l r e s u l t i n g f r o m t h e 
d e c a r b o x y l a t i o n r e a c t i o n d i s c u s s e d a b o v e . T h i s d i m e r is o b s e r v e d 
o n g l e a s 2 p e a k s w h i c h g i v e i d e n t i c a l m a s s s p e c t r a a n d p r o b a b l y 
c o r r e s p o n d t o t h e d , l - m i x t u r e a n d t h e m e s o f o r m . D i r e c t p h o t o l y 
s i s o f a - i s o p r o p y l - £ - c h l o r o b e n z y l c h l o r i d e a l s o g e n e r a t e s t h e 
s a m e d i m e r . 

F u r t h e r P h o t o d e c o m p o s i t i o n o f E s t e r C l e a v a g e P r o d u c t s 

P y r e t h r o i d s g e n e r a l l y y i e l d a l a r g e n u m b e r a n d g r e a t v a r i e t y 
o f p h o t o p r o d u c t s m o s t o f w h i c h o r i g i n a t e f r o m f u r t h e r r e a c t i o n s 
o f t h e p r i m a r y c l e a v a g e p r o d u c t s . F o r e x a m p l e , t h e a l c o h o l 
m o i e t y l i b e r a t e d o n p h o t o l y s i s o f r e s m e t h r i n d e g r a d e s f u r t h e r 
t o b e n z y l a l c o h o l , b e n z a l d e h y d e , b e n z o i c a c i d a n d p h e n y l a c e t i c 
a c i d , t h e l a t t e r c o n t r i b u t i n g t o t h e u n p l e a s a n t o d o r o f p h o t o -
d e c o m p o s e d r e s m e t h r i n ( l l ) . P e r m e t h r i n p h o t o l y s i s (\ > 290 nm) 
in w a t e r y i e l d s 3 - h y d r o x y b e n z y l a l c o h o l a n d 3 - h y d r o x y b e n z a l d e h y d e 
( 1 2 ) . S e v e r a l p r o d u c t s o b t a i n e d in v a r y i n g a m o u n t s o n p h o t o l y 
s i s o f t h e a - c y a n o p y r e t h r o i d s , NRDC l 6 l ( l ^ ) a n d S 5602 ( 1 2 ) , 
a r e s h o w n in F i g u r e 9 . S m a l l a m o u n t s o f t h e f r e e c y a n o h y d r i n a r e 
o b s e r v e d o n NRDC l 6 l p h o t o l y s i s in h e x a n e , m e t h a n o l a n d w a t e r 
a n d l a r g e a m o u n t s o f 3 - p h e n o x y b e n z a l d e h y d e a r e f o r m e d w i t h b o t h 
p y r e t h r o i d s in h e x a n e a n d m e t h a n o l . T h e b e n z o y l c y a n i d e is a 
m a j o r p r o d u c t in h e x a n e w h e r e a s in m e t h a n o l it r e a c t s f u r t h e r t o 
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NRDC 161 
I methanol hv 

λ > 2 9 0 

S 5602 
I methanol hv 

I F 
X>290 

" CN 

• O ^ A r 

CN 

JL. 

OCH 3 

O ^ A r 

• 
CN 

H O ^ A r 

H 

O ^ A r 

Figure 9 

give methyl 3-phenoxybenzoate; authentic benzoyl cyanide in 
methanol is readily converted to the methyl ester upon heating 
at 50° or on photolysis (13). Other products include the alde
hyde of the dibromovinyl acid (which yields a great variety of 
additional products on further photolysis) and the dibromovinyl-
cyclopropane derivative or its ring-opened isomer. Analogous 
reactions occur in the acid moiety on photolysis of S 5602. 

Discussion 

The first steps have been taken in understanding pyrethroid 
photochemistry, a f ie ld that w i l l undoubtedly undergo tremendous 
growth within the next few years. This knowledge is useful in 
further stabilizing the pyrethroids to photodecomposition but 
it also signals certain peripheral problems. The early pyre
throids were too unstable in light and air for extensive use 
in agriculture whereas currently available pyrethroids are 
sufficiently stable so that weekly or biweekly applications pro
vide excellent pest insect control. Further stabilization may 
increase the risk of unfavorable environmental persistence. The 
large number and great variety of photoproducts provide a 
challenge to analytical chemists and toxicologists responsible 
for devising methods of residue analysis and experiments to 
evaluate the use safety of these highly effective insecticides. 

Abstract 

Natural and synthetic pyrethroids undergo one or more of 
the following types of reactions upon photolysis in organic 
solvents (hexane, methanol), in water or as thin films: 
isomerization of the cyclopropane ring and of alkenyl substit-
uents; oxidation of functional groups in the acid and alcohol 
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moieties; reductive dehalogenation of dihalovinyl substituents; 
photoelimination of carbon dioxide, particularly with α-cyano-
benzyl compounds; ester bond cleavage yielding the free acid 
and alcohol moieties; dimerization of free radicals generated 
during the photolysis process; further photodecomposition of 
ester cleavage products. The relative importance of these 
reactions is dependent upon the structure of the pyrethroid and 
the photolysis conditions. 
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Permethrin Degradation in Soil and Microbial Cultures 

DONALD D. KAUFMAN and S. CLARK HAYNES 
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EDWARD G. JORDAN and ANTHONY J. KAYSER 
Department of Botany, University of Maryland, College Park, Md. 20742 

Pyrethroids are on
cides known. Although natural and synthetic pyrethroids are excel
lent insecticides, their instability in light and air has limited 
their use in protecting agricultural crops. Recent work (1) has 
demonstrated, however, that the most labile groups in pyrethroids 
can be replaced by others which provide greater stability and equal 
or increased insecticidal activity. 

Knowledge of the pathways by which natural and synthetic pyre
throids are metabolized in mammals (2-11), or photochemically de
graded (1, 12-14), has developed rapidly in the last several years. 
A literature survey indicated that despite their long history of 
use, essentially nothing is known about the degradation or persis
tence of pyrethroids in soil. This paper describes the results of 
a cursory investigation of the degradation and persistence of 
permethrin [m-phenoxybenzyl c i s , trans-(+)-3-(2,2-dichlorovinyl)-
2,2-dimethylcyclopropanecarboxylate] (FMC 33297, Ν DC 143) in soi l 
(15). A more detailed report wi l l be published elseshere. 

Degradation in Aerobic Soil 

Aerobic soi l metabolism studies were performed with soils 
placed in a simple flow-through system which permits simultaneous 
measurement of loss by volatilization and metabolic CO2 evolution 
from soi l (16). Chemical and physical characteristics of the 
soils used are listed in Table 1. 1 4C-Carbonyl (acid) and 1 4 C -
methylene (alcohol) permethrin (Fig. 1) were used in these inves
tigations. Material applications were made in 0.1 ml benzene to a 
final concentration of 0.2 lb/A of the cis/trans mixture after 
which each sample was thoroughly mixed, watered to 75% moisture 
content at 1/3 bar moisture, and incubated at 25°C. Sodium azide 
was used as a microbial inhibitor in soils to assess the contribu
tion of soi l microbial activity to permethrin degradation. At the 
conclusion of the incubation period, the soils were extracted and 
processed as shown in Fig. 2. 
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Figure 1. 14C-labeling pattern of 14C-permethrin indicating 
carbonyl and methylene hbeling positions 

Treated S o i l 
Incubation 

t i c , g lc etc. Bound residues 

Soluble <4 A l k a l i n e extraction • residual (humin) 
^ \ ^ combustion 

F u l v i c Humic 
acid acid 

Figure 2. Soil extraction procedure 

Table I. Chemical and physical c h a r a c t e r i s t i c s of s o i l s . 

% Mois. 
% content 

S o i l type CEC Sand S i l t Clay O.M. pH 1/3 bar 
(meq/lOOgm) 

Memphis s i l t loam 16.3 20.8 54.0 25.2 0. .7 5. 8 37.6 

Dubbs loam 8.5 48.8 44.0 7.2 1. .0 5. 9 23.7 

Sharkey Clay 33.6 20.8 32.0 47.2 6. .1 5. 9 45.5 

Hagerstown s i l . clay loam 8.8 17.0 50.6 32.4 2. .3 7. 5 32.6 

San Joaquin sandy loam 48.0 42.0 9.7 1. .2 7. 2 22.4 
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D e g r a d a t i o n w i t h s u b s e q u e n t e v o l u t i o n o f 1 1 + C 0 2 f r o m b o t h l l f C -
c a r b o n y l - a n d 1 Z + C - m e t h y l e n e - p e r m e t h r i n o c c u r r e d r a p i d l y in t h e 
H a g e r s t o w n s i l t y c l a y l o a m ( F i g . 3 ) . I n a n i n i t i a l e x p e r i m e n t 62% 
o f t h e 1 1 + C f r o m t h e m e t h y l e n e , a n d 52% f r o m t h e c a r b o n y l - l a b e l e d 
p e r m e t h r i n h a d b e e n e v o l v e d a s 1 I + C 0 2 ( F i g . 3A) a f t e r 27 d a y s i n c u 
b a t i o n . T h e s e f i n a l d i f f e r e n c e s w e r e r e v e r s e d in a n o t h e r e x p e r i 
m e n t ( F i g . 3 B ) , w h e r e 6 4 . 5 % o f t h e lhC-carbonyl- a n d 5 8 . 7 % o f t h e 
1 4 C - m e t h y l e n e p e r m e t h r i n h a d b e e n e v o l v e d a s ***00 2 a f t e r 34 d a y s 
i n c u b a t i o n . I n b o t h e x p e r i m e n t s 1 I + C 0 2 e v o l u t i o n w a s i n i t i a l l y 
m o r e r a p i d f r o m t h e 1 1 + C - m e t h y l e n e l a b e l e d m a t e r i a l t h a n f r o m t h e 

l l f C - c a r b o n y l p e r m e t h r i n . I t i s d o u b t f u l a t t h i s t i m e , h o w e v e r , 
t h a t t h e s e d i f f e r e n c e s c a n a c t u a l l y b e c o n s i d e r e d s i g n i f i c a n t . 

T h e i n f l u e n c e o f h i g h c o n c e n t r a t i o n s o f t h e m i c r o b i a l i n h i b i 
t o r s o d i u m a z i d e o n lhC02 e v o l u t i o n f r o m t h e p e r m e t h r i n t r e a t e d 
s o i l s w a s a l s o e x a m i n e d . L e s s t h a n 0 . 3 % o f t h e -permethrin w a s 
e v o l v e d f r o m t h e a z i d e t r e a t e
s o i l m i c r o b i a l activity i s i n v o l v e d in t h e d e g r a d a t i o n a n d u l t i 
m a t e e v o l u t i o n o f l l f C 0 2 f r o m b o t h f o r m s o f l l f C - p e r m e t h r i n . 

L e s s t h a n 1% o f t h e 1 1 + C activity i n i t i a l l y p r e s e n t in t h e 
s o i l w a s r e c o v e r e d a s v o l a t i l e p r o d u c t s t r a p p e d b y t h e p o l y u r e -
t h a n e p l u g s . T h e s e r e s u l t s i n d i c a t e t h a t n e g l i g i b l e l o s s e s o f 
e i t h e r p e r m e t h r i n i t s e l f o r d e g r a d a t i o n p r o d u c t s c o n t a i n i n g e i t h e r 
l a b e l w o u l d o c c u r b y v o l a t i l i z a t i o n w h e n p e r m e t h r i n i s i n c o r p o r 
a t e d i n t o s o i l . 

D a t a o b t a i n e d f r o m t h e s o i l e x t r a c t i o n p r o c e d u r e a r e p r e s e n t e d 
in T a b l e 2 . T h e s e d a t a i n d i c a t e t h a t a n e a r l y c o m p l e t e l i + C - b a l a n c e 
was o b t a i n e d w i t h b o t h t h e l i f C - m e t h y l e n e - a n d l l f C - c a r b o n y l - p e r m e 
t h r i n t r e a t e d s o i l s . O n l y 1 4 . 5 - 1 8 . 8 % o f t h e r e s i d u a l lhC activity 
was r e m o v e d b y m e t h a n o l e x t r a c t i o n f r o m t h e s o i l w i t h n o m i c r o b i a l 
i n h i b i t o r . N e a r l y 70% o f t h e 1 1 + C r e s i d u e s w e r e e x t r a c t a b l e f r o m 
t h e a z i d e t r e a t e d s o i l s . A p p r o x i m a t e l y 2 3 - 3 3 % o f t h e l i + C activity 
r e m a i n e d a s s o c i a t e d w i t h t h e s o i l r e s i d u a l m a t e r i a l ( f u l v i c a n d 
h u m i c a c i d s , a n d h u m i n ) . 

S l i g h t d i f f e r e n c e s w e r e o b s e r v e d in t h e d i s t r i b u t i o n o f t h e 
l l f C - a c t i v i t y w i t h i n s o i l o r g a n i c m a t t e r f r a c t i o n s . T h e b u l k o f t h e 
1 4 C activity f r o m b o t h l a b e l e d p e r m e t h r i n f o r m s w a s p r e s e n t in f u l 
v i c a c i d a n d h u m i n . A s o m e w h a t g r e a t e r p o r t i o n o f 1 ^ C - c a r b o n y l 
p e r m e t h r i n r e s i d u e w a s p r e s e n t in f u l v i c a c i d t h a n in t h e h u m i n , 
w h e r e a s a d i s t i n c t l y g r e a t e r p o r t i o n o f t h e 1 I f C - m e t h y l e n e p e r m e 
t h r i n r e s i d u e w a s in t h e h u m i n f r a c t i o n . I n a z i d e t r e a t e d s o i l s 
t h e b u l k o f b o t h 1 1 + C - l a b e l s was p r e s e n t in t h e f u l v i c a c i d f r a c 
t i o n . T h e s e r e s u l t s i n d i c a t e t h e i m p o r t a n c e o f s o i l m i c r o b i a l 
activity in t h e d e g r a d a t i o n o f p e s t i c i d e s a n d t h e a s s o c i a t i o n o f 
t h e v a r i o u s p r o d u c t s w i t h t h e v a r i o u s s o i l o r g a n i c m a t t e r f r a c t i o n s . 

S i g n i f i c a n t d i f f e r e n c e s in r a t e s o f d e g r a d a t i o n o f l i + C - c a r b o n -
y l p e r m e t h r i n w e r e o b s e r v e d in e x p e r i m e n t s w i t h d i f f e r e n t s o i l 
t y p e s ( F i g . 4 ) . R a p i d d e g r a d a t i o n a s e v i d e n c e d b y l t f C 0 2 e v o l u t i o n 
was o b s e r v e d in H a g e r s t o w n s i l t y c l a y l o a m a n d D u b b s f i n e s a n d y 
l o a m , w h e r e a s i n t e r m e d i a t e r a t e s o f d e g r a d a t i o n w e r e o b s e r v e d in 
S h a r k e y c l a y a n d M e m p h i s s i l t l o a m . A v e r y s l o w d e g r a d a t i o n r a t e 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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Table II. l 4C-Balance in l l +C-permethrin treated 
Hagerstown s i l t y clay loam 

hC-Label % recovered as 
Volati Lies Extract-

posi t i o n i^co 2 Plug able Residual Total 

Carbonyl 64.5 0.2 18. 8 27.3 110.8 

Carbonyl + NaN3 0.3 0.4 71. .5 22.9 95.1 

Methylene 58.7 0.1 14. ,5 25.4 98.7 

Methylene + NaN3 0.1 0.1 67. ,7 32.6 100.5 

Table III. l l + C - D i s t r i b u t i o n in s o i l organic matter (Bound residue) 

1 1 +C-Label S o i l organic matter fr a c t i o n 
position Fulvic Humic Humin 

Carbonyl 48.6 9.7 41.6 

Carbonyl + NaN3 70.5 3.4 26.1 

Methylene 32.3 15.7 52.1 

Methylene + NaN3 54.3 13.8 31.9 

Table IV. 1 4C-Balance in 1 4C-carbonyl-permethrin treated s o i l s 

% recovered as 
S o i l type V o l a t i l e s 

1*+C02 Plug Extractable Residual Total 

San Joaquin sandy loam 2. 2 0. ,6 86.7 10. .6 100. , 1 

Dubbs fine sandy loam 46. 0 0, ,7 17.1 38, .7 102. ,5 

Memphis s i l t loam 31. 5 2, .4 18.6 45, ,0 97. .5 

Hagerstown s i l t y clay loam 51. 0 0. .4 22.5 26, .0 99. .9 

Sharkey clay 31. 1 0, .3 40.7 28, .5 100. ,6 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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was o b s e r v e d in t h e S a n J o a a u i n s a n d y l o a m : o n l y 2 . 2 % o f t h e C -
p e r m e t h r i n w a s e v o l v e d a s l*C02 in 28 d a y s . W h e t h e r o r n o t t h i s 
p a r t i c u l a r l y s l o w r a t e o f p e r m e t h r i n d e g r a d a t i o n in t h i s s o i l i s 
a s s o c i a t e d w i t h s o m e u n i q u e m i c r o b i o l o g i c a l d i f f e r e n c e s o r o t h e r 
s o i l c h e m i c a l o r p h y s i c a l c h a r a c t e r i s t i c s i s n o t p r e s e n t l y k n o w n . 
Some p o s s i b l e i n s i g h t s , h o w e v e r , w e r e o b t a i n e d b y a n a l y s i s o f t h e 
s o i l e x t r a c t s . 

E x c e p t i o n a l l y g o o d l i f C - b a l a n c e s w e r e o b t a i n e d in e a c h o f t h e 
f i v e s o i l s ( T a b l e 4 ) . N e a r l y 87% o f t h e l i + C - p e r m e t h r i n w a s e x t r a c -
t a b l e f r o m t h e S a n J o a q u i n s o i l . I n t e r m e d i a t e a m o u n t s w e r e e x t r a c 
t e d f r o m t h e H a g e r s t o w n a n d S h a r k e y s o i l s , w h e r e a s o n l y l o w e r 
a m o u n t s w e r e o b t a i n e d f r o m t h e D u b b s a n d M e m p h i s s o i l s . A g a i n , a s 
in t h e p r e v i o u s e x p e r i m e n t s , t h e b u l k o f t h e r e s i d u a l 1 1 + C - a c t i v i t y 
a p p e a r e d t o b e a s s o c i a t e d w i t h e i t h e r t h e f u l v i c a c i d a n d h u m i n 
s o i l o r g a n i c m a t t e r f r a c t i o n s ( T a b l e 5 ) . 

D e g r a d a t i o n in A n a e r o b i

A n a e r o b i c d e g r a d a t i o n o f 1 4 C - p e r m e t h r i n w a s e x a m i n e d in f l o o d 
e d H a g e r s t o w n s i l t y c l a y l o a m . T h e t r e a t e d s o i l s w e r e c o n t a i n e d 
in s o i l b i o m e t e r f l a s k s ( 1 7 ) c o n t a i n i n g a n i t r o g e n a t m o s p h e r e . I n 
c o n t r a s t t o a e r o b i c s o i l s , l e s s t h a n 1% o f t h e C i n t r o d u c e d i n t o 
t h e s y s t e m was t r a p p e d a s ^ C C ^ f r o m a n a e r o b i c a l l y i n c u b a t e d s o i l s . 
W h e t h e r o r n o t m o r e was p r e s e n t in t h e a q u e o u s p h a s e o f t h e f l o o d 
e d s y s t e m was n o t d e t e r m i n e d . B a s e d o n t h e h i g h t o t a l r e c o v e r i e s 
o f f r o m t h e t r e a t e d s o i l s , h o w e v e r , i t w o u l d s e e m d o u b t f u l 
t h a t m u c h o f t h e 1 L f C - l a b e l h a d b e e n c o n v e r t e d t o ll*COz. 

S e v e r a l a d d i t i o n a l c o n t r a s t s a r e a l s o o f i n t e r e s t . T h e t o t a l 
e x t r a c t a b l e 1 £ f C - p r o d u c t s w e r e m u c h g r e a t e r f r o m a n a e r o b i c a l l y 
i n c u b a t e d s o i l s ( T a b l e 6 ) t h a n f r o m a e r o b i c a l l y i n c u b a t e d s o i l s 
( T a b l e s 2 § 4 ) . T h e r e a l s o a p p e a r e d t o b e a n i n c r e a s e d r e s i d u a l 
activity in t h e a q u e o u s p h a s e f r o m t h e 30 d a y s i n c u b a t i o n t o t h e 
60 d a y s i n c u b a t i o n ( T a b l e 6 ) . T h i s w o u l d s u g g e s t a t r e n d t o w a r d 
m o r e p o l a r p r o d u c t f o r m a t i o n . A l s o , a s in a e r o b i c a l l y i n c u b a t e d 
s o i l , t h e m a j o r p o r t i o n o f t h e r e s i d u a l 1 4 C in a n a e r o b i c s o i l i s 
a s s o c i a t e d w i t h t h e f u l v i c a c i d a n d h u m i n f r a c t i o n s ( T a b l e 7 ) . 
T h e d i s t r i b u t i o n w i t h i n t h e s e t w o f r a c t i o n s , h o w e v e r , a p p e a r s t o 
v a r y w i t h i s o t o p e a n d i n c u b a t i o n p e r i o d . H e x a n e was u s e d a s t h e 
i n i t i a l e x t r a c t a n t in o r d e r t o t r a p a n d r e m o v e a n y p o s s i b l e l i f C -
m e t h a n e f o r m e d d u r i n g l l f C - p e r m e t h r i n d e g r a d a t i o n . A l t h o u g h s l i g h t 
l y m o r e 1 4 C activity was o b s e r v e d in t h e h e x a n e e x t r a c t s o f t h e 
^ C - m e t h y l e n e p e r m e t h r i n t r e a t e d s o i l s , c o n f i r m a t i o n o f 1 I f C - m e t h a n e 
a w a i t s f u r t h e r a n a l y s i s . 

S o i l P r o d u c t I d e n t i f i c a t i o n 

T h i n l a y e r c h r o m a t o g r a p h i c a n a l y s i s o f s o i l e x t r a c t s f r o m 
1 1 + C - p e r m e t h r i n t r e a t e d s o i l r e v e a l e d t h a t t h e p a r e n t m a t e r i a l i s 
r a p i d l y d e g r a d e d in s o i l t o a n u m b e r o f p r o d u c t s . T e n t a t i v e 
i d e n t i f i c a t i o n o f t h r e e p r o d u c t s w a s e s t a b l i s h e d b y T L C . T h e s e 
a r e 3 - ( 2 , 2 - d i c h l o r o v i n y 1 ) - 2 , 2 - d i m e t h y 1 e y e 1 o p r o p a n e c a r b o x y l i e a c i d , 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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14C Alcohol 

Figure 3. Degradation of ^-car
bonyl (acid) and C14-methylene (al
cohol) permethrin in Hagerstown 

silty clay loam 
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Figure 4. Degradation of 14C-carbonyl permethrin in five soib 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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Table V. Di s t r i b u t i o n of l t +C from 1 4C-carbonyl-permethrin 
s o i l organic matter (Bound residue) 

% 1 4 C present in 
S o i l type Fulvic Humic Humin 

San Joaquin sandy loam 81.2 0.5 18.3 

Dubbs fine sandy loam 50.2 5.0 44.9 

Memphis s i l t loam 64.6 1.2 34.2 

Hagerstown s i l t y cla

Sharkey clay 

Table VI. ^ - D i s t r i b u t i o n from l l fC-permethrin in anaerobic 
Hagerstown s i l t y clay loam 

1 1 +C recovered as 
1 H C - l a b e l Extractable 

Chloro- Aque- Resi-
posi t i o n l i +C0 Hexane form ous dual Total 

Methanol 

30-days incubation 
Carbonyl 0.2 8.2 58.2 n.d.* 27.2 93.8 
Methylene 0.1 12.4 81.0 3.7 12.2 109.4 

60-days incubation 
Carbonyl 0.3 6.8 64.4 23.2 2.9 97.6 
Methylene 0.1 12.6 48.4 11.6 12.6 85.3 

n.d. = not determined 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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3 - p h e n o x y b e n z y l a l c o h o l , a n d 3 - p h e n o x y b e n z o i c a c i d . T h e s e p r o d u c t s 
a n d t h e p a r e n t m a t e r i a l s g e n e r a l l y a p p e a r e d a s t h e p r e d o m i n a n t 
r a d i o p r o d u c t s o n T L C p l a t e s . N u m e r o u s o t h e r l 4 C - p r o d u c t s a l s o 
w e r e d e t e c t e d . T h e s e p r o d u c t s , h o w e v e r , g e n e r a l l y o c c u r r e d in 
q u a n t i t i e s l e s s t h a n 1% o f t h e t o t a l p r o d u c t s i s o l a t e d . 

F o r p u r p o s e s o f d i s c u s s i o n t h e C - c o m p o u n d s a p p e a r i n g o n 2 -
d i m e n s i o n a l p l a t e s w e r e d i v i d e d i n t o 5 c a t e g o r i e s ( A - E ) b a s e d o n 
p r o g r e s s i v e l y i n c r e a s i n g p o l a r i t y ( F i g . 5 ) . Two o r t h r e e c o m p o u n d s 
a p p e a r t o b e p r e s e n t in c a t e g o r y A , t h e l e a s t p o l a r c a t e g o r y . 
T h e s e c o m p o u n d s a r e l e s s p o l a r t h a n e i t h e r t h e c i s o r t r a n s p e r m e 
t h r i n w h i c h a p p e a r in c a t e g o r y B . I n t h e e x p e r i m e n t s d e s c r i b e d 
h e r e i n , t h e y c o n t a i n o n l y t h e c a r b o n y l l a b e l , a n d r e p r e s e n t 0 - 1 . 5 % 
o f t h e p r o d u c t s f r o m e i t h e r a e r o b i c o r a n a e r o b i c s o i l s . C i s a n d 
t r a n s p e r m e t h r i n a r e t h e o n l y c o m p o u n d s p r e s e n t in c a t e g o r y B , and* 
g e n e r a l l y r e p r e s e n t e d 6 6 - 9 4 % o f t h e 1 1 + C - m a t e r i a l s r e c o v e r e d f r o m 
a e r o b i c s o i l , a n d 43 t o
s o i l . Two t o 9 c o m p o u n d
d i a t e in p o l a r i t y b e t w e e n t h e c o m p o u n d s o f g r o u p D a n d B . T h e s e 
c o m p o u n d s w e r e p r e s e n t in q u a n t i t i e s o f 0 . 5 % t o 1 .5% o f t h e 1 4 C 
activity e x t r a c t e d . T h e s o l v e n t s y s t e m s u s e d in t h i s i n v e s t i g a t i o n 
w e r e o n l y c a p a b l e o f p a r t i a l l y s e p a r a t i n g t h e 3 - p h e n o x y b e n z y l a l c o 
h o l a n d a c i d , a n d t h e d i c h l o r o v i n y l a c i d w h i c h c o m p r i s e d c a t e g o r y D . 
T h e s e p r o d u c t s , h o w e v e r , w e r e a l l d i s t i n c t f r o m o t h e r d e g r a d a t i o n 
p r o d u c t s a n d s t a n d a r d s e x a m i n e d . T h e y a r e i n t e r m e d i a t e in t h e i r 
p o l a r i t y a n d c h r o m a t o g r a p h m i d w a y b e t w e e n t h e l e s s p o l a r c i s , t r a n s 
p e r m e t h r i m s a n d t h e o r i g i n . T h e y c o n t a i n e d 2 - 2 0 % o f t h e i l f C a c t i v 
i t y e x t r a c t e d f r o m a e r o b i c s o i l , a n d 2 - 5 1 % o f t h e activity f r o m 
a n a e r o b i c s o i l s . 

C a t e g o r y Ε c o n t a i n e d t h e m o s t p o l a r c o m p o u n d s w h i c h e x h i b i t e d 
l i t t l e m o v e m e n t f r o m t h e o r i g i n . C o m p o u n d s a p p e a r i n g in t h i s c a t e 
g o r y w e r e f r e q u e n t l y u n i q u e t o t h e m e t h y l e n e l a b e l o r b o t h t h e 
c a r b o n y l a n d m e t h y l e n e l a b e l s , b u t s e l d o m t o t h e c a r b o n y l l a b e l 
a l o n e . C o n s i d e r a b l e a d d i t i o n a l w o r k i s n e e d e d t o f u r t h e r c h a r a c t e r 
i z e a n d / o r i d e n t i f y m a n y o f t h e m o r e m i n o r m e t a b o l i t e s . 

S i n c e a l l e x t r a c t s w e r e c o n c e n t r a t e d t o a k n o w n v o l u m e a n d a 
s t a n d a r d a m o u n t w a s u s e d f o r T L C w o r k , i t was p o s s i b l e t o m a k e 
a p p r o x i m a t e q u a n t i t a t i o n s o f t h e r e s i d u a l p e r m e t h r i n p r e s e n t in t h e 
s o i l s a t t h e t i m e o f e x t r a c t i o n . T h e s e d a t a a r e p r e s e n t e d in T a b l e 
8 f o r s o i l m e t a b o l i s m e x p e r i m e n t s . G o o d a g r e e m e n t b e t w e e n l a b e l i n g 
p a t t e r n s was o b t a i n e d in e x p e r i m e n t s e m p l o y i n g b o t h l a b e l e d f o r m s 
o f p e r m e t h r i n . T h e s e d a t a i n d i c a t e t h a t , w i t h t h e e x c e p t i o n o f t h e 
S a n J o a q u i n s o i l , t h e 1 / 2 - l i f e o f p e r m e t h r i n in s o i l a p p e a r s t o 
r e l a t i v e l y s h o r t i . e . , l e s s t h a n 28 d a y s . A d d i t i o n a l d e t a i l e d w o r k , 
h o w e v e r , w i l l b e n e e d e d t o m o r e a c c u r a t e l y d e t e r m i n e t h i s f i g u r e . 

S i n c e t h e c h r o m a t o g r a p h i c s y s t e m s u s e d p r o v i d e d e x c e l l e n t s e p 
a r a t i o n o f t h e c i s a n d t r a n s i s o m e r s o f p e r m e t h r i n , i t w a s a l s o 
p o s s i b l e t o d e t e r m i n e t h e i r i n d i v i d u a l r a t e s o f d i s s i p a t i o n a n d t h e 
r e s u l t i n g c h a n g e s in t h e c i s / t r a n s r a t i o o f t h e r e s i d u e . S u c h a 
c a l c u l a t i o n , h o w e v e r , a s s u m e s n o m a j o r d i f f e r e n c e s in a d s o r p t i v e 
c h a r a c t e r i s t i c s o r in t h e i r e x t r a c t a b i l i t y . T h e c a l c u l a t e d c i s / -
t r a n s r a t i o s o f t h e e x t r a c t e d p e r m e t h r i n a r e p r e s e n t e d in T a b l e 9 . 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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Table VII. D i s t r i b u t i o n of lhC in s o i l organic matter fractions 
of anaerobically incubated s o i l s . 

l i +C Label 
p o s i t i o n 

30 days incubation 

Carbonyl 24.7 4.3 71.0 

Methylene 33.4 11.2 55.4 

60 days incubation 

Carbonyl 68.5 10.6 20.9 

Methylene 55.9 19.9 24.3 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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Figure 5. Two-dimensional TLC phte illustrating positions of standards 
and categories (A-E) of 14C-soil metabolic products generally isolated 
from 14C-permethrin-treated soil. Solid spots: 14C-products common to all 
14C-labels; shaded spots: significant 14C-products of specific 14C-labels; 
open spots: minor 14C-products. Standards: 30062, dichlorovinyl acid; 
30952, 3-phenoxybenzyl acid; 30953, 3-phenoxybenzyl ahohol; 30960, 

trsLns-permethrin; 35171, cis-permethrin. 

In Synthetic Pyrethroids; Elliott, M.; 
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c i s,trans-Permethrin remaining a f t e r indicate 
incubation period. 

Experiment 
Incubation 

(days) 
C-permethrin remaining 

Aerobic I 27 

Aerobic II nonsterile 34 

s t e r i l e 34 

Anaerobic 30 

Five s o i l s 

Dubbs f s l 28 

San Joaquin s i 28 

Memphis s i l 28 

Hagerstown s i c l 28 

Sharkey clay 28 

carbonyl 

7.3 

11.4 

65.3 

38.0 

6.9 

58.0 

15.1 

15.5 

27.7 

methylene 

7.6 

11.3 

57.7 

25.5 

Table IX. Cis/trans r a t i o of residual 1 1 +C-permethrin in 
s o i l experiments. 

Aeration cis/trans r a t i o of 1 uC-permethrin 
status carbonyl methylene 

Original isotope 
Aerobic I 

II nonsterile 
s t e r i l e 

Anaerobic 30 days 
60 days 

Five s o i l s 
Dubbs f s l 
San Joaquin s i 
Memphis s i l 
Hagerstown s i c l 
Sharkey clay 

46/54 
64/36 
60/40 
56/44 
62/38 
57/43 

64/36 
57/36 
71/29 
57/43 
67/43 

22/78 
30/70 
30/70 
28/72 
40/60 
31/69 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



158 S Y N T H E T I C P Y R E T H R O I D S 

S i n c e t h e t r a n s f i g u r e i s t h e d e c r e a s i n g f i g u r e , i t c a n b e a s s u m e d 
t h a t t h i s i s o m e r i s t h e m o s t r a p i d l y a n d e a s i l y d e g r a d e d i s o m e r . 
T h i s o b s e r v a t i o n w o u l d b e c o n s i s t e n t w i t h t h e w o r k o f o t h e r s ( 6 , 7 ) 
w h i c h i n d i c a t e s t h a t t h e t r a n s i s o m e r i s m o r e r e a d i l y h y d r o l y z e d . 

M i c r o b i a l D e g r a d a t i o n 

A c o m p a r i s o n o f r e s u l t s o b t a i n e d in n o n s t e r i l e a n d s o d i u m 
a z i d e t r e a t e d s o i l s ( T a b l e s 2 § 3) i n d i c a t e t h a t s o i l m i c r o o r g a n 
i s m s p l a y a r o l e in t h e d e g r a d a t i o n o f p e r m e t h r i n in s o i l . T w o 
e n r i c h m e n t e x p e r i m e n t s w e r e p e r f o r m e d t o a t t e m p t o b s e r v i n g m i c r o 
b i a l d e g r a d a t i o n o f p e r m e t h r i n in c u l t u r e s o l u t i o n s , a n d t o i s o 
l a t e i n t o p u r e c u l t u r e s o i l m i c r o o r g a n i s m s c a p a b l e o f m e t a b o l i z i n g 
p e r m e t h r i n a s a s o u r c e o f c a r b o n o r e n e r g y . I n a n i n i t i a l e n r i c h 
m e n t e x p e r i m e n t , e a c h f l a s k w a s i n o c u l a t e d w i t h 5 g H a g e r s t o w n 
s i l t y c l a y l o a m . I n a
was i n o c u l a t e d w i t h 5 m
t h i r d e x p e r i m e n t , 5 m l o f a n a c t i v e l y g r o w i n g c e l l s u s p e n s i o n o f 
F u s a r i u m o x y s p o r u m S c h l e c h t was u s e d a s i n o c u l u m . T h i s o r g a n i s m 
was s e l e c t e d f o r i t s k n o w n e s t e r a s e - a m i d a s e t y p e activity ( 1 8 ) . 
A l l c u l t u r e s o l u t i o n s w e r e m o n i t o r e d f o r l i b e r a t i o n o f f r e e c h l o r 
i d e i o n , e v o l u t i o n o f v o l a t i l e p e r m e t h r i n d e g r a d a t i o n p r o d u c t s , 
a n d l t f C 0 2 e v o l u t i o n . 

E s s e n t i a l l y n o c h l o r i d e i o n l i b e r a t i o n o r l i + C Û 2 e v o l u t i o n 
o c c u r r e d in m i c r o b i a l c u l t u r e s o l u t i o n s c o n t a i n i n g e i t h e r l i f C -
m e t h y l e n e o r 1 I f C - c a r b o n y l p e r m e t h r i n . A l t h o u g h i t i s c o n c e i v a b l e 
t h a t t h e p e r m e t h r i n c o n c e n t r a t i o n s u s e d in t h e s e i n v e s t i g a t i o n s 
w e r e t o x i c t o p e r m e t h r i n d e g r a d i n g m i c r o o r g a n i s m s , t h e c u l t u r e 
s o l u t i o n d i d s u p p o r t l u x u r i a n t g r o w t h o f a w i d e v a r i e t y o f m i c r o 
o r g a n i s m s in t h e p r e s e n c e o f t h e s e c o n c e n t r a t i o n s . A t t h e c o n c l u 
s i o n o f t h e s e e x p e r i m e n t s t h e s o i l a n d / o r c e l l g r o w t h w e r e r e m o v e d 
f r o m t h e c u l t u r e m e d i u m b y f i l t r a t i o n . B o t h t h e c u l t u r e m e d i u m 
a n d t h e c u l t u r e f i l t r a t e s w e r e e x t r a c t e d . T h e m a j o r p o r t i o n o f t h e 
1 I f C activity w a s f o u n d a s s o c i a t e d w i t h t h e s o i l r e s i d u e o r c e l l 
d e b r i s ( T a b l e 1 0 ) . 

E x a m i n a t i o n o f c u l t u r e e x t r a c t s b y T L C r e v e a l e d t h a t s o m e 
m i c r o b i a l d e g r a d a t i o n h a d i n d e e d o c c u r r e d . H o w e v e r , e s s e n t i a l l y 
n o c h a n g e s o c c u r r e d in t h e c i s / t r a n s r a t i o o f t h e p e r m e t h r i n in 
c u l t u r e s o l u t i o n s . T h i s i s p a r t i c u l a r l y i n t e r e s t i n g in v i e w o f 
t h e r e s u l t s o b t a i n e d in s o i l e x p e r i m e n t s w h e r e c h a n g e s w e r e m o r e 
p r o n o u n c e d . T h i s w o u l d s u g g e s t t h a t u n d e r t h e c o n d i t i o n s o f t h e s e 
m i c r o b i a l e x p e r i m e n t s , t h e r e w a s v e r y l i t t l e i s o m e r e f f e c t o b s e r 
v e d , a n d t h a t t h e i s o m e r s w e r e h y d r o l y z e d a t a b o u t t h e s a m e r a t e . 
F u r t h e r i n v e s t i g a t i o n w i l l b e n e c e s s a r y t o f u r t h e r s u b s t a n t i a t e 
t h i s p h e n o m e n o n . 

S u m m a r y 

T h e r e s u l t s o f t h e s e i n v e s t i g a t i o n s i n d i c a t e t h a t p e r m e t h r i n 
i s r a p i d l y d e g r a d e d in s o i l . D e g r a d a t i o n o f t h e t r a n s i s o m e r 
o c c u r s m o r e r a p i d l y t h a n w i t h t h e c i s i s o m e r . T h e r e s u l t s 
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H , C v / C H 3 

<\ A 
CI 

>=c^c-o-.?Y/ W 
/ Η II Η \ — y 

H 3 C y C H , 

+ H O - C 
C O O H H \ — 

CI 

CI 

HjC CH, 

CI 

c=c 
/ Η 

A 
O H 

4- C O , 
H O O C - ^ y 

C O , + 

H O 
i 

H O - / 3 

Figure 6\ Tentative degradation pathway of permethrin in soil 

o b t a i n e d w i t h e n r i c h m e n t a n d i s o l a t e d c u l t u r e s , a n d in s o i l e x p e r 
i m e n t s c o m p a r i n g n o n s t e r i l e a n d s o d i u m a z i d e t r e a t e d s o i l s i n d i c a t e 
t h a t m i c r o b i a l m e t a b o l i s m i s a l s o i n v o l v e d . 

B a s e d o n r e s u l t s o b t a i n e d in i d e n t i f y i n g s o i l d e g r a d a t i o n 
p r o d u c t s , i t i s a p p a r e n t t h a t t h e m a j o r d e g r a d a t i o n m e c h a n i s m o f 
p e r m e t h r i n i s h y d r o l y s i s t o t h e d i c h l o r o v i n y l a c i d a n d 3 - p h e n o x y 
b e n z y l a l c o h o l m o i e t i e s ( F i g . 6 ) . F u r t h e r m e t a b o l i s m o f b o t h 
p r o d u c t s r e s u l t s in t h e e v o l u t i o n o f t h e 1 4 C - l a b e l a s 1 < + C 0 2 . B a s e d 
o n t h e s e f i n d i n g s , t h e t e n t a t i v e p a t h w a y s h o w n in F i g . 6 i s p r o 
p o s e d . T h e c o n v e r s i o n o f 3 - p h e n o x y b e n z y l a l c o h o l t o 3 - p h e n o x y -
b e n z o i c a c i d p r e s u m a b l y o c c u r s t h r o u g h t h e f o r m a t i o n o f t h e c o r 
r e s p o n d i n g a l d e h y d e . A d d i t i o n a l i n v e s t i g a t i o n i s n e e d e d t o 
f u r t h e r s u b s t a n t i a t e t h i s p a t h w a y . O t h e r p o s s i b l e p r o d u c t s w o u l d 
p r e s u m a b l y i n c l u d e v a r i o u s h y d r o x y l a t e d p a r e n t c o m p o u n d s , a s w e l l 
a s h y d r o x y l a t e d c l e a v a g e p r o d u c t s . 
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15 
Substrate Specificity of Mouse-Liver Microsomal 

Enzymes in Pyrethroid Metabolism 

DAVID M. SODERLUND1 and JOHN E. CASIDA 
Pesticide Chemistry and Toxicology Laboratory, Department of Entomological Sciences, 
University of California, Berkeley, Calif. 94720 

Rapid detoxificatio
chronic toxicity to mammals of the pyrethrins and other chry-
santhemates (1 ,2) . Increased insecticidal potency in the 
newer synthetic pyrethroids has been achieved by replacing some 
of the biodegradable groupings by substituent s that retain overall 
insecticidal configurations but are more refractory to metabolism 
(3). Currently important pyrethroids include 9 acid moieties 
[A-I; shown as 1R,trans (A-F) or most insecticidal isomer (G, I] 

and 9 alcohol moieties [ a - i ; the most insecticidal isomer of 
a-c and h is shown] as follows (Figure l ) : 

acid moiet ies 

A: R = CH-
C: R = F ' 
D: R = CI 
E: R = Br 

H 
H 

alcohol moieties 
I 

Figure 1 < 

1Present address: Insecticides and Fungicides Department, 
Rothamsted Experimental Station, Harpenden, Hertfordshire, 
AL5 2JQ, England. 
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T h e m o s t e x t e n s i v e i n f o r m a t i o n o n e n z y m a t i c m e t a b o l i s m o f 
p y r e t h r o i d s i n v o l v e s s t u d i e s w i t h m o u s e l i v e r m i c r o s o m a l e n z y m e s 
(1, h9 5 ) . I n t h e p r e s e n t i n v e s t i g a t i o n , t h e e f f e c t o f s t r u c t u 
r a l m o d i f i c a t i o n o n b i o d e g r a d a b i l i t y w a s e x a m i n e d w i t h kk p y r e 
t h r o i d s c o n s i s t i n g o f t h e a b o v e a c i d a n d a l c o h o l m o i e t i e s u s i n g 
m o u s e l i v e r m i c r o s o m a l e s t e r a s e a n d o x i d a s e p r e p a r a t i o n s (6 , 7 ) . 

M e t h o d s f o r E n z y m e S t u d i e s 

M o u s e h e p a t i c m i c r o s o m a l p r e p a r a t i o n s a n d t h e i r a c e t o n e 
p o w d e r s c o n t a i n e s t e r a s e s a c t i v e in p y r e t h r o i d h y d r o l y s i s . 
F r e s h m i c r o s o m a l p r e p a r a t i o n s f o r t i f i e d w i t h N A D P H w i l l s i m u l 
t a n e o u s l y h y d r o l y z e a n d o x i d i z e p y r e t h r o i d s u b s t r a t e s . T o s t u d y 
o x i d a t i v e r e a c t i o n s o n l y , t h e f r e s h m i c r o s o m a l p r e p a r a t i o n i s 
p r e t r e a t e d w i t h a n i r r e v e r s i b l e e s t e r a s e i n h i b i t o r ( e . g . , t e t r a -
e t h y l p y r o p h o s p h a t e o r p a r a o x o n

R a d i o l a b e l e d s u b s t r a t e s p e r m i t i d e n t i f i c a t i o n a n d q u a n t i t a 
t i o n o f i n d i v i d u a l p y r e t h r o i d m e t a b o l i t e s t h e r e b y d e f i n i n g s i t e 
p r e f e r e n c e s in m e t a b o l i c a t t a c k b y t h e o x i d a s e s y s t e m (5., 8 ) . 
H o w e v e r , t h i s a p p r o a c h i s l i m i t e d b y t h e s m a l l n u m b e r o f l a b e l e d 
p y r e t h r o i d s . T h e p r e s e n t s t u d y u s e d u n l a b e l e d s u b s t r a t e s t o 
p e r m i t e x a m i n a t i o n o f a g r e a t v a r i e t y o f p y r e t h r o i d s a n d r e l a t e d 
c o m p o u n d s . M e t a b o l i s m r a t e s in e s t e r a s e a n d o x i d a s e s y s t e m s 
w e r e d e t e r m i n e d a s t h e d i s a p p e a r a n c e o f s u b s t r a t e a s a f u n c t i o n 
o f t i m e (k). T h u s , t h e o x i d a s e r a t e s d o n o t t a k e i n t o a c c o u n t 
t h e v a r i o u s s i t e s o f a t t a c k . T h e r a t e s a r e g i v e n a s d e r i v a t i v e s 
o f p s e u d o - f i r s t o r d e r c o n s t a n t s ( K ^ χ 1θ3) w h e r e t h e o x i d a s e 
p l u s e s t e r a s e r a t e f o r C 1 R , t r a n s ] - r e s m e t h r i n i s 0.21+0.05 m i n . 

T h e m e t a b o l i s m d a t a a r e s u m m a r i z e d in t h e r e s u l t s w h i c h 
f o l l o w b y d i v i d i n g t h e p y r e t h r o i d m o l e c u l e i n t o k r e g i o n s ( W - Z ) 
u s i n g [ l R , t r a n s ] - r e s m e t h r i n a s t h e c o m p a r i s o n c o m p o u n d ( F i g u r e 2). 

S u b s t r a t e S p e c i f i c i t y o f P y r e t h r o i d - H y d r o l y z i n g E n z y m e s 

l y r e t h r o i d h y d r o l y s i s i s h i g h l y d e p e n d e n t o n t h e m o l e c u l a r 
c o n f i g u r a t i o n , p a r t i c u l a r l y in r e g i o n ¥ , t h e s i d e c h a i n a t cyclo
p r o p a n e C - 3 in t h e a c i d m o i e t y . T h i s i s i l l u s t r a t e d in F i g u r e 
3 w i t h 5 - b e n z y l - 3 - f u r y l m e t h y l e s t e r s ; a s i m i l a r r e l a t i o n s h i p i s 
e v i d e n t w i t h a m o r e l i m i t e d s e r i e s o f 3 - p h e n o x y b e n z y l e s t e r s 
w i t h [ l R , t r a n s 3 - a n d [ l R , c i s ] - a c i d s ( R f = C l > C H ^ > B r ) . 

Figure 2 W I X I Υ ι ζ 
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H Y D R O L Y S I S Ρ
 = ^ ^ ^ ^ ΐ Γ ^ ) 

Ryŷ LioR > ̂ JLXor > -y^ioR * RHXAOR 

R' = CI > F > CH3> Br R/=all substituents 

326 300 166 128 40 <6 <6 
[1RS] 

Figure 3. The dependency of pyrethroid hydrolysis on molecular con
figuration is illustrated with 5-benzyl-3-furylmethyl esters 

O n l y t r a n s - s u b s t i t u t e d e s t e r s o f t h e s e p r i m a r y a l c o h o l s a r e 
h y d r o l y z e d a t a p p r e c i a b l e r a t e s ; e s t e r s w i t h a c i s - s u b s t i t u e n t 
o r a g e m - d i m e t h y l a t t h i s p o s i t i o n a r e h y d r o l y z e d p o o r l y o r n o t 
a t a l l . T h e t r a n s - s u b s t i t u t e d e s t e r s w i t h a d i c h l o r o v i n y l o r 
d i f l u o r o v i n y l g r o u p a r e h y d r o l y z e d m o s t r a p i d l y w h i l e i s o b u t e n y l 
a n d d i b r o m o v i n y l e s t e r s a l s o u n d e r g o r a p i d c l e a v a g e . E s t e r s 
w i t h a c y c l o p e n t y l i d e n e m e t h y l s u b s t i t u e n t a r e h y d r o l y z e d l e s s 
r a p i d l y b u t a r e s t i l l m o r e s u s c e p t i b l e t h a n c i s - o r g e m -
d i m e t h y l - s u b s t i t u t e d e s t e r s . T h u s , t r a n s - s u b s t i t u e n t s a p p e a r 
t o b e i m p o r t a n t in p o s i t i o n i n g t h e e s t e r b o n d a t t h e e s t e r a t i c 
s i t e ( s ) . 

R e l a t i v e l y f e w c o m p o u n d s w i t h v a r i a t i o n s in r e g i o n X w e r e 
a v a i l a b l e f o r a s s a y b e c a u s e o f t h e i m p o r t a n c e o f t h e g e m -
d i m e t h y l g r o u p in d e t e r m i n i n g i n s e c t i c i d a l p o t e n c y (9) . T h e 
o n l y s t r u c t u r a l v a r i a n t s in t h i s r e g i o n e x a m i n e d a r e t h e £ -
c h l o r o p h e r r y l - a - i s o p r o p y l a c e t a t e s ( i g ^ I h ) , in w h i c h t h e i s o -
p r o p y l g r o u p s u b s t i t u t e s f o r t h e g e m - d i m e t h y l s u b s t i t u e n t o f 
t h e c y c l o p r o p a n e e s t e r s . T h e p r i m a r y a l c o h o l e s t e r s ( i g ^ 
e n a n t i o m e r s ) a r e s l o w l y h y d r o l y z e d r e l a t i v e t o m o s t t r a n s -
s u b s t i t u t e d c y c l o p r o p a n e c a r b o x y l a t e s , s u g g e s t i n g t h a t t h e j>-
c h l o r o p h e n y l g r o u p ( a n a l a g o u s t o t h e s i d e c h a i n in r e g i o n W) 
d o e s n o t p r o p e r l y p o s i t i o n t h e r e m a i n d e r o f t h e e s t e r f o r 
r a p i d h y d r o l y t i c a t t a c k . 

R a t e d i f f e r e n c e s a t t r i b u t a b l e t o s t r u c t u r a l v a r i a t i o n s 
in r e g i o n X a r e s o m e t i m e s o b s e r v e d b e t w e e n t h e i n s e c t i c i d a l 
[ l R ] - c y c l o p r o p a n e c a r b o x y l a t e s a n d S ( + ) - £ - c h l o r o p h e n y l - a -
i s o p r o p y l a c e t a t e s a n d t h e i r n o n - i n s e c t i c i d a l [ i s ] - a n d R ( - ) -
a n a l o g s ; t h e e f f e c t s o f t h e s t e r e o c h e m i s t r y a t t h i s p o s i t i o n o n 
b o t h h y d r o l y t i c a n d o x i d a t i v e m e t a b o l i s m a r e c o n s i d e r e d e l s e 
w h e r e ( 1 0 ) . 

R e g i o n Y , t h e f r e e o r s u b s t i t u t e d a - m e t h y l e n e p o s i t i o n , i s 
t h e m o s t i m p o r t a n t d e t e r m i n a n t in t h e a l c o h o l m o i e t y f o r 
h y d r o l y s i s ( F i g u r e k). 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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53 6 <6 

Figure 4. The free or α-methylene
determinant

O n l y p r i m a r y a l c o h o l e s t e r s o f a p p r o p r i a t e a c i d s a r e h y d r o l y z e d 
a t a p p r e c i a b l e r a t e s . E s t e r s s u b s t i t u t e d a t t h e t j t - p o s i t i o n 
( e . g . , A a , A b , A c , A h , D h a n d I h ) a r e p o o r l y h y d r o l y z e d o r 
c o m p l e t e l y r e s i s m r i t ^ o ^ T ^ o ^ o l y s i s . T h i s s p e c i f i c i t y i s a l s o 
s e e n in [ l R ^ t r a n s j - c h r y s a n t h e m a t e s o f s i m p l e a l c o h o l s w h e r e t h e 
i s o p r o p y l , s e c - b u t y l , t e r t - b u t y l a n d c r m e t h y l b e n z y l e s t e r s a r e 
h y d r o l y z e d a t < U-10$> o f t h e r a t e f o r t h e c o r r e s p o n d i n g n - a l k y l 
o r b e n z y l a n a l o g s ( 6 ) . S u b s t i t u t i o n a t t h e ^ - p o s i t i o n m a y 
s t a b i l i z e t h e e s t e r b o n d e i t h e r d i r e c t l y o r b y i n t e r f e r e n c e 
w i t h p r o p e r b i n d i n g a t t h e e s t e r a t i c s i t e ( s ) . 

T h e r e q u i r e m e n t s f o r i n s e c t i c i d a l activity in r e g i o n Ζ o f 
t h e a l c o h o l m o i e t y l i m i t e d t h e a v a i l a b l e c o m p o u n d s f o r a s s a y 
t o t h o s e w i t h a p l a n a r s p a c e r f u n c t i o n a n d a d i s t a l u n s a t u r a t e d 
c e n t e r . M o d i f i c a t i o n s in t h e s e c o m p o n e n t s y i e l d a n 8 - f o l d 
v a r i a t i o n in h y d r o l y s i s r a t e s f o r 5 p r i m a r y a l c o h o l [ l R , t r a n s ] -
c h r y s a n t h e m a t e s ; f u r a m e t h r i n a n d p r o p a r t h r i n ( A d , A e ) a r e m o s t 
r a p i d l y c l e a v e d , f o l l o w e d in d e c r e a s i n g o r d e r b y r e ' s m e t h r i n 
( A f ) , p h e n o t h r i n ( A g ) a n d t e t r a m e t h r i n ( A i ) ( F i g u r e k). I t i s 
f S e r e f o r e l i k e l y t f i a t t h e s p a c e r g r o u p a n d u n s a t u r a t e d c e n t e r 
( e s p e c i a l l y w i t h p r o p a r g y l f u r y l m e t h y l c o m p o u n d s ) o f t h e p y r e 
t h r o i d a l c o h o l m o i e t i e s m a y c o o p e r a t e w i t h t h e a c i d s i d e c h a i n 
in p o s i t i o n i n g t h e m o l e c u l e a t t h e e s t e r a t i c s i t e ( s ) . 

T h e e f f e c t o f r e g i o n s Y a n d Ζ t o g e t h e r o n p y r e t h r o i d 
h y d r o l y s i s i l l u s t r a t e d w i t h [ 1 R , t r a n s ] - c h r y s a n t h e m a t e s in 
F i g u r e h i s a l s o e v i d e n t w i t h a m o r e l i m i t e d s e r i e s o f a l c o h o l s 
( j f - h ) e s t e r i f i e d w i t h t h e [ l R , t r a n s 3 - d i c h l o r o v i n y l c h r y s a n t h e m i c 
a c i d (]}) . 

S u b s t r a t e S p e c i f i c i t y o f tyrethroid-Oxidizing E n z y m e s 

T h e o x i d a s e r a t e s f o r p y r e t h r o i d s r e f l e c t t h e s u m o f 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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s e v e r a l c o n c u r r e n t o x i d a t i v e p r o c e s s e s . V a r i a t i o n s in e a c h 
r e g i o n t h e r e f o r e m u s t b e i n t e r p r e t e d in l i g h t o f t h e p r e s e n c e 
o r a b s e n c e o f o x i d a t i v e l y - l a b i l e s i t e s in a d d i t i o n t o s t e r i c 
e f f e c t s o n i n t e r a c t i o n s w i t h t h e e n z y m e ( s ) . 

T h e o x i d a t i o n r a t e o f 5 - b e n z y l - 3 - f r i r y l m e t h y l e s t e r s m a y b e 
a f f e c t e d m a r k e d l y b y w h e t h e r o r n o t t h e s u b s t i t u e n t in r e g i o n W 
u n d e r g o e s o x i d a t i o n b u t t h i s r a t e i s o n l y s l i g h t l y a l t e r e d b y t h e 
t r a n s - o r c i s - c o n f i g u r â t i o n o f t h i s s u b s t i t u e n t ( F i g u r e 5 ) . 

OXIDATION R = ^X^OQ 

trans 
cis 107 

T h e s i d e c h a i n m e t h y l g r o u p s u n d e r g o o x i d a s e a t t a c k in a l l e t h r i n 
( A a j 8) a n d r e s m e t h r i n ( A f j 11) s o h a l o g e n s u b s t i t u t i o n a t t h i s 

p o s i t i o n ( e . g . p e r m e t h r i n , D g J n e c e s s a r i l y l i m i t s t h e n u m b e r 
o f h y d r o x y l a t i o n s i t e s in Î n e a c i d m o i e t y (12); h o w e v e r , 
s u b s t i t u t i o n b y a h a l o g e n t o e l i m i n a t e o n e p o t e n t i a l s i t e o f 
a t t a c k d o e s n o t n e c e s s a r i l y r e d u c e t h e o v e r a l l s u s c e p t i b i l i t y t o 
o x i d a t i o n . E s t e r s w i t h a d i c h l o r o v i r r y l g r o u p a r e o x i d i z e d m o r e 
r a p i d l y t h a n e i t h e r t h e d i f l u o r o v i n y l - o r d i b r o m o v i n y l - s u b s t i 
t u t e d e s t e r s , i n d i c a t i n g t h a t t h e r e m a y b e a n o p t i m a l s u b 
s t i t u e n t s i z e a t t h i s p o s i t i o n . T h e r a p i d o x i d a t i o n w i t h a c i d 
m o i e t y G i s p r o b a b l y d u e t o s u l f o x i d a t i o n in t h e t h i o l a c t o n e 
g r o u p a n d t h e r e l a t i v e l y l o w o x i d a s e r a t e f o r e t h a n o r e s m e t h r i n 
( F f ) m a y b e d u e e i t h e r t o i m p a i r e d s i d e c h a i n h y d r o x y l a t i o n b y 
t l ï e c y c l o p e n t y l i d e n e m e t h y l g r o u p o r t o a n e f f e c t o f t h i s g r o u p 
in p r e v e n t i n g a t t a c k in o t h e r a r e a s o f t h e m o l e c u l e ; h o w e v e r , 
t h e s e a r e s p e c u l a t i v e p o i n t s s i n c e t h e s i t e s o f o x i d a t i o n f o r 
t h e s e c o m p o u n d s a r e a t p r e s e n t u n k n o w n . 

T h e e f f e c t o f a l t e r a t i o n s in r e g i o n Y o n o x i d a t i o n r a t e s i s 
d e p e n d e n t o n t h e n a t u r e o f t h e s u b s t i t u e n t ( F i g u r e 6 ) . 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



T h e c y c l i c s e c o n d a r y a l c o h o l ( e . g . , a - c ) e s t e r s a r e r e a d i l y 
o x i d i z e d b u t t h e c t - c y a n o - s u b s t i t u t e d ^ h ) e s t e r s a r e s l o w l y 
o x i d i z e d . T h e r e d u c e d o x i d a t i o n r a t e s ^ f o r t h e α - c y a n o a n a l o g s 
( A h , D h ) o f p h e n o t h r i n a n d p e r m e t h r i n ( A ^ D g ) i n d i c a t e s t h a t 
t h i s m o d i f i c a t i o n l i m i t s o x i d a s e a t t a c k a t b o t h t h e i s o b u t e n y l 
s i d e c h a i n o f t h e a c i d m o i e t y ( p h e n o t h r i n ) a n d t h e g e m - d i m e t h y l 
g r o u p ( p e r m e t h r i n ) . T h e e f f e c t o n a r y l h y d r o x y l a t i o n in t h e 
a l c o h o l m o i e t y a n d t h e m e c h a n i s m b y w h i c h ^ - c y a n o s u b s t i t u t i o n 
i n t e r f e r e s w i t h a c i d - m o i e t y o x i d a t i o n a r e n o t k n o w n . 

T h e e f f e c t o f r e g i o n Ζ o n o x i d a s e r a t e s i s i n f l u e n c e d b y 
t h e s u s c e p t i b i l i t y o f s i t e s in t h i s r e g i o n t o o x i d a t i o n . T h e 
a l c o h o l m o i e t y o f t e t r a m e t h r i n , t h e m o s t r a p i d l y - o x i d i z e d c h r y -
s a n t h e m a t e , i s r e a d i l y h y d r o x y l a t e d in t h e c y c l o h e x e n e p o r t i o n 
o f t h e m o l e c u l e ( 1 3 ) . T h e s i d e c h a i n s o f t h e r e t h r o n y l a n d 
p r o p a r g y l f u r y l m e t h y l e s t e r s a r e k n o w n s i t e s o f o x i d a t i v e a t t a c k 
( 2 , 8 ) . T h e 3 - p h e n o x y b e n z y l e s t e r s a r e o x i d i z e d m o r e r a p i d l y 
t h a n t h e c o r r e s p o n d i n g 5 - b e n z y l - 3 - f u r y Ime t h y 1 e s t e r s p e r h a p s 
d u e t o i n c r e a s e d a t t a c k in t h e a l c o h o l m o i e t y o r , m o r e l i k e l y , 
f a c i l i t a t e d b i n d i n g w i t h t h e f o r m e r c o m p o u n d s . 

T h e c o m b i n e d e f f e c t s o f r e g i o n s Y a n d Ζ o n o x i d a t i o n 
i l l u s t r a t e d in F i g u r e 6 w i t h t r a n s - a n d c i s - c h r y s a n t h e m a t e s a r e 
a l s o a p p l i c a b l e t o 3 a l c o h o l m o i e t i e s ( j M i ) e s t e r i f i e d w i t h 
t h e c o r r e s p o n d i n g d i c h l o r o v i n y l - s u b s t i t u t e d a c i d s ( D ) . 

S u b s t r a t e S p e c i f i c i t y in R e l a t i o n t o O v e r a l l P y r e t h r o i d 
B i o d e g r a d a b i l i t y 

T h e d a t a p r e s e n t e d a b o v e o n i n d i v i d u a l h y d r o l y s i s a n d 
o x i d a t i o n r a t e s f o r p y r e t h r o i d s a r e a p p l i c a b l e t o c o n s i d e r a t i o n s 
o f o v e r a l l b i o d e g r a d a b i l i t y s i n c e t h e i r s u m c o r r e s p o n d s c l o s e l y 
t o t h e e x p e r i m e n t a l l y - d e t e r m i n e d o x i d a s e p l u s e s t e r a s e r a t e s . 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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T h e p s e u d o - f i r s t o r d e r r a t e c u r v e s f o r [ l R , t r a n s ] - a n d 
[ 1 R , c i s ] - p e r m e t h r i n ( F i g u r e 7 ) i l l u s t r a t e t h e t y p i c a l d i f f e r e n c e s 
b e t w e e n t r a n s - a n d c i s - i s o m e r s : v e r y r a p i d h y d r o l y s i s o f t h e 
t r a n s - r e l a t i v e t o t h e c i s - i s o m e r ; a p p r o x i m a t e l y e q u a l o x i d a t i o n 

Time, min 

Figure 7 

r a t e s ; c l o s e c o r r e s p o n d e n c e o f t h e o x i d a s e p l u s e s t e r a s e c u r v e 
t o t h e e s t e r a s e o n l y c u r v e in t h e c a s e o f t h e t r a n s - i s o m e r a n d 
t o t h e o x i d a s e o n l y c u r v e in t h e c a s e o f t h e c i s - i s o m e r ; a n d 
m o r e r a p i d o v e r a l l ( o x i d a s e p l u s e s t e r a s e ) m e t a b o l i s m o f t h e 
t r a n s - i s o m e r c o m p a r e d t o t h e c i s - i s o m e r . 

T h e o v e r a l l b i o d é g r a d a t i o n r a t e i s g r e a t e s t f o r p r i m a r y 
a l c o h o l e s t e r s o f t r a n s - s u b s t i t u t e d a c i d s s i n c e t h e y u n d e r g o 
r a p i d h y d r o l y t i c a n d o x i d a t i v e a t t a c k ( F i g u r e 8 ) . 

BIODEGRADABILITY - E S T E R A S E + OXIDASE 

Figure 8 

I n t e r m e d i a t e r a t e s a r e f o u n d f o r t h e c i s - s u b s t i t u t e d a n a l o g s , 
o t h e r e s t e r s w i t h a c i d m o i e t i e s r e s t r i c t i n g h y d r o l y s i s , a n d t h e 
r e t h r i n s , w h o s e o v e r a l l b i o d é g r a d a t i o n d e p e n d s a l m o s t e n t i r e l y 
o n o x i d a t i o n . E s t e r s o f a - c y a n o - 3 - p h e n o x y b e n z y l a l c o h o l a r e 
r e l a t i v e l y r e s i s t a n t t o b o t h o x i d a t i o n a n d h y d r o l y s i s a n d t h u s 
h a v e t h e l o w e s t o v e r a l l e s t e r a s e p l u s o x i d a s e r a t e s o f t h e 
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c o m p o u n d s e x a m i n e d . T h e a c i d m o i e t y - d e p e n d e n t r a t e v a r i a t i o n s 
k n o w n f r o m o t h e r s e r i e s a r e a l s o e v i d e n t in t h i s g r o u p , b u t 
t h e s e d i f f e r e n c e s a r e o v e r s h a d o w e d b y t h e l i m i t i n g e f f e c t o f 
t h e Q t - c y a n o s u b s t i t u e n t . 

C o r r e l a t i o n o f M i c r o s o m a l M e t a b o l i s m w i t h p y r e t h r o i d T o x i c i t y 
a n d in v i v o M e t a b o l i s m 

S t u d i e s w i t h m i c e t r e a t e d i n t r a p e r i t o n e a l l y e s t a b l i s h 
t h a t t h e t r a n s - e s t e r s a r e g e n e r a l l y l e s s t o x i c t h a n t h e c i s -
e s t e r s ( T a b l e i ) , a f i n d i n g w h i c h c o r r e l a t e s w i t h t h e m o r e 
r a p i d o v e r a l l m e t a b o l i s m o f t h e t r a n s - i s o m e r s . I n s e v e r a l 
i n s t a n c e s , p r e t r e a t m e n t o f m i c e w i t h a n e s t e r a s e i n h i b i t o r ( D E F , 
F i g u r e 9; 50 m g / k g , 6 h r p r i o r t o t h e p y r e t h r o i d ) o r a n o x i d a s e 
i n h i b i t o r ( P B , F i g u r e 9; 150 m g / k g , 1 h r p r i o r t o t h e p y r e t h r o i d ) 
t o b l o c k t h e s e e n z y m e s in
c r e a s e s t h e r e b y l i n k i n g m e t a b o l i c s u s c e p t i b i l i t y a n d t o x i c i t y 
( T a b l e I ) . 

synergists 

M i c e p r e t r e a t e d w i t h e i t h e r D E F o r PB a r e > 1 0 - f o l d m o r e 
s u s c e p t i b l e t h a n n o r m a l m i c e t o p o i s o n i n g b y c i s - p e r m e t h r i n , 
t r a n s - e t h a n o r e s m e t h r i n , t r a n s - c y a n o p h e n o t h r i n , t r a n s - N R D C 1^9 
a n d S - 5 6 0 2 . F o u r o f t h e p y r e t h r o i d s ( i . e . , t r a n s - r e s m e t h r i n , 
t r a n s - a n d c i s - p h e n o t h r i n a n d t r a n s - p e r m e t h r i n ) m a i n t a i n t h e i r 
v e r y l o w l e v e l o f t o x i c i t y e v e n w i t h s y n e r g i s t p r e t r e a t m e n t . 
A l l o f t h e e s t e r s c u r r e n t l y k n o w n t o s h o w s y n e r g i s t - d e p e n d e n t 
t o x i c i t y i n c r e a s e s ( T a b l e I ; s e e a l s o r e f . k) a l s o h a v e r e l a 
t i v e l y l o w m e t a b o l i s m r a t e s in a t l e a s t o n e m i c r o s o m a l e n z y m e 
s y s t e m , b u t t h i s i s n o t a g e n e r a l r u l e s i n c e a l l e t h r i n w i t h a 
v e r y l o w h y d r o l y s i s r a t e i s n o t s i g n i f i c a n t l y s y n e r g i z e d . T h u s , 
i t i s n o t p o s s i b l e a t p r e s e n t t o p r e d i c t t h e f a c t o r f o r s y n e r g i s m 
b y D E F o r PB f r o m m e t a b o l i s m r a t e d a t a w i t h m o u s e l i v e r e n z y m e s . 
D e t o x i f i c a t i o n e n z y m e s o t h e r t h a n t h o s e in h e p a t i c m i c r o s o m e s 
a n d c o m p o u n d - d e p e n d e n t d i s t r i b u t i o n c h a r a c t e r i s t i c s m a y a l s o 
i n f l u e n c e t h e t o x i c i t y a n d s y n e r g i z a b i l i t y . 

T h e in v i v o m e t a b o l i s m p a t t e r n s o f p y r e t h r o i d s r e f l e c t t h e 
s p e c i f i c i t y o f t h e p y r e t h r o i d e s t e r a s e ( s ) d e t e r m i n e d in m i c r o 
s o m a l p r e p a r a t i o n s . P r i m a r y a l c o h o l e s t e r s o f t r a n s - s u b s t i t u t e d 
a c i d s d o n o t y i e l d e s t e r m e t a b o l i t e s in t h e e x c r e t a b u t t h e i r 
c i s - a n a l o g s g i v e s i g n i f i c a n t a m o u n t s o f e s t e r m e t a b o l i t e s 
T ï â b l e I I ) . 
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15. S O D E R L U N D A N D C A S I D A Enzyme Substrate Specificity in Pyrethroids 171 

T a b l e I I . E s t e r M e t a b o l i t e s o f [ l R , t r a n s ] - a n d [ l R , c i s ] -
R e s m e t h r i n a n d - P e r m e t h r i n , R a t in v i v o 

C o m p o u n d 

A c i d a n d 
a l c o h o l 
m o i e t i e s 

E s t e r 
m e t a b o l i t e s , ^ 
t r a n s c i s R e f . 

R e s m e t h r i n 
P e r m e t h r i n 

A f < 0 . 1 
< 0 . 1 

9 
9 

11 
12 

Esters of secondary alcohols ( i . e . , al lethrin, pyrethrin i ) are 
much more resistant to hydrolysis in vivo (8). The difference 
in HL v i v 0 hydrolytic susceptibility between the cis-esters 
and the rethrins is no
in vivo hydrolysis of cis-esters may be due to a low level of 
microsomal esterase activity not measurable by the method used, 
to esterases in tissues or tissue fractions other than the 
l iver microsomes, or to more efficient hydrolysis of previously-
hydroxylated esters. There is some indirect evidence from in 
vivo studies on resmethrin ( l l ) and permethrin (12) that the 
cis-isomers may hydrolyze in part as hydroxylated esters. 

The substrate specificity of the mouse l iver microsomal 
enzymes generally reflects the available in vivo results on 
mammalian toxicity and metabolite patterns. Knowledge of in 
vitro structure-biodegradability relationships should therefore 
be useful in interpreting in vivo metabolism studies and in 
designing pyrethroids with favorable mammalian toxicology. 

Abstract 

Pyrethroid structure-biodegradability relationships were 
examined with esterases and oxidases of mouse l iver microsomes. 
The esterases are most important in metabolizing primary 
alcohol esters of cyclopropanecarboxylic acids with trans 
side chains such as isobutenyl or dihalovinyl substituents at 
cyclopropane C-3. The mixed-function oxidase system dominates 
the metabolism of all  secondary alcohol esters and primary 
alcohol cis-substituted-cyclopropanecarboxylates. An α-cyano 
group in the alcohol greatly reduces the rate of both enzymatic 
hydrolysis and oxidation. Mice pretreated with an appropriate 
esterase or oxidase inhibitor usually show increased suscepti
bility to pyrethroid intoxication. 
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Stereospecificity of Pyrethroid Metabolism in Mammals 

DAVID M. SODERLUND1 and JOHN E. CASIDA 
Pesticide Chemistry and Toxicology Laboratory, Department of Entomological Sciences, 
University of California, Berkeley, Calif. 94720 

For high insecticidal activity, pyrethroids must have a 
precise steric relationshi
the alcohol moiety and the gem-dimethyl group or an equivalent 
substituent in the acid moiety ( l ) . This generally requires 
a 1R configuration in the cyclopropanecarboxylic acid and an 

α-S configuration in the alcohol. Inversions at these optical 
centers drastically alter the potency without greatly changing 
the physical properties. Pyrethroid insecticides are commonly 
used as isomeric mixtures or, i f a single isomer is involved, 
the residues sometimes undergo photochemical isomerization and 
epimerization. Metabolic studies on isomeric mixtures may not 
reflect the rates and sites of attack on the most bioactive 
components i f metabolic stereoselectivity is encountered. It 
is therefore important to define the stereospecificity in 
metabolism of the optical antipodes and its relevance in pyre
throid toxicology and residue persistence. 

We previously reviewed the influence of trans- and c is -
substituents on the metabolism of cyclopropanecarboxylates 

(2-4). This report considers the stereoselectivity in in vitro 
and in vivo mammalian metabolism of various isomers of resmethrin, 
permethrin, S-5439 and S-5602 (Figure l ) . 

resmethrin permethrin S-5439 (XSH) 
S-5602 (X = CN) 

Figure 1. Structures of compounds examined 

1Present address: Insecticides and Fungicides Department, 
Rothamsted Experimental Station, Harpenden, Hertfordshire, 
AL5 2JQ, England. 
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R e s m e t h r i n a n d S i t e P r e f e r e n c e f o r H y d r o x y l a t i o n o f I s o b u t e n y l 
M e t h y l G r o u p s 

M o u s e l i v e r m i c r o s o m e s o x i d i z e t h e [ l R ] - a n d [ i s ] - i s o m e r s 
o f e i t h e r t r a n s - o r c i s - r e s m e t h r i n a t e s s e n t i a l l y t h e s a m e r a t e s 
b u t t h e y h y d r o l y z e [ l R , t r a n s ] - r e s m e t h r i n 1 . 7 - t i m e s f a s t e r t h a n 
t h e [ I S , t r a n s ] - i s o m e r ( T a b l e i ) . T h i s d i f f e r e n c e in h y d r o l y s i s 
r a t e i s r e f l e c t e d in t h e g r e a t e r o v e r a l l b i o d e g r a d a b i l i t y ( e s t e r 
a s e p l u s o x i d a s e ) o f [ l R , t r a n s ] - r e s m e t h r i n . 

S i t e p r e f e r e n c e f o r h y d r o x y l a t i o n o f t h e i s o b u t e n y l m e t h y l 
g r o u p s v a r i e s w i t h b o t h t h e c h r y s a n t h e m a t e i s o m e r a n d s p e c i e s 
( F i g u r e 2 ) . 

trans 

r 53 

m 83'* 

OR m 85 

m 9 5 ' 

•Preferred hydroxylation site, rat in vivo. 

Pesticide Biochemistry and Physiology 

Figure 2. Stereoselectivity in hydroxylation of 
isobutenyl methyl groups of resmethrin isomers 
by mouse (m) and rat (r) microsomes (R = 5-
benzyl-3-furylmethyl) (5). The percent metabo
lism at an indicated methyl group is relative to 
the sum for both methyl groups calculated by 
summating the identified acid-moiety metabo

lites. 

W i t h t h e m o u s e e n z y m e , h y d r o x y l a t i o n o f t h e t r a n s ( E ) m e t h y l 
g r o u p i s p r e f e r r e d w i t h b o t h t h e [ l R , t r a n s ] - a n d [ I S , t r a n s ] -
i s o m e r s w h i l e t h e c i s ( Z ) m e t h y l p o s i t i o n i s s t r o n g l y p r e f e r r e d 
w i t h t h e [ l S , c i s ] - i s o m e r b u t o n l y s l i g h t l y p r e f e r r e d w i t h t h e 
[ l R , c i s ] - i s o m e r . W h e r e d a t a f r o m t h e r a t e n z y m e a r e a v a i l a b l e , 
t h e s i t e p r e f e r e n c e i s r e v e r s e d f r o m t h a t w i t h m o u s e p r e p a r a 
t i o n s . I n v i v o d a t a f o r r a t s ( 6 ) a r e c o n s i s t e n t w i t h t h e in 
v i t r o r e s u l t s f o r t h e [ l R , c i s ] - i s o m e r b u t n o t f o r t h e [ l R , t r a n s ] -
i s o m e r . 

I t h a s b e e n p r o p o s e d ( £ ) t h a t a n o x i d a t i v e e s t e r c l e a v a g e 
r e a c t i o n o c c u r s w i t h i n t h e s e r i e s o f r e s m e t h r i n i s o m e r s a n d 
i s m o s t i m p o r t a n t w i t h [ l S , c i s ] - r e s m e t h r i n . T h i s c l e a v a g e m a y 
r e s u l t f r o m f o r m a t i o n o f u n s t a b l e h y d r o x y l a t e d e s t e r s b y o x i d a 
t i o n o f t h e m e t h y l e n e g r o u p a d j a c e n t t o t h e e s t e r f u n c t i o n o r 
f r o m o t h e r u n d e f i n e d m e c h a n i s m s . 

In Synthetic Pyrethroids; Elliott, M.; 
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T
a

b
le

 
I

. 
C

o
m

p
a

r
a

ti
v

e 
M

e
ta

b
o

li
s

m
 

R
a

te
s 

f
o

r 
P

y
r

e
th

r
o

id
 

E
n

a
n

ti
o

m
e

r
s 

b
y

 M
o

u
se

 
M

ic
r

o
s

o
m

a
l 

E
n

zy
m

e
s 

(k
) 

R
e

la
ti

v
e 

m
e

ta
b

o
li

s
m

 
r

a
te

8
. 

J
F

y
re

th
ro

id
 

E
s

te
r

a
s

e 
O

x
id

a
se

 
E

s
te

r
a

s
e 

+
 

O
x

id
a

se
 

C
y

c
lo

p
r

o
p

a
n

e
c

a
r

b
o

x
y

la
te

s 
1R

 
I

S
 

1
R

 
IS

 
IR

 
I

S
 

t 
r

a
n

s
-R

e 
s

m
e

th
r

in
 

c
is

-R
e

s
m

e
th

r
in

 
tr

a
n

s
-P

e
r

m
e

th
r

in
 

c
is

-P
e

r
m

e
th

r
in

 

7
9

±
8 

4
7

±
2 

2
0

±
3 

<
3

 
' 

<
h

 
29

±*
+ 

77
±h

 
10

9±
9 

30
±5

 
<

2
 

<
k

 
2

6
±

6 

2
0

:4
* 

2
6

±
3 

1
7 

A 
2

2 
±2

 

1
0

0
+

2
6

 
6

9
±

5 
2

9
±

7 
2

6
+

5
 

1
1

2 
±2

 
1

2
3 

±J
4 

2
9

±
8 

2
6

±
3 

a
-B

S
-S

-5
6

0
2 

p
-C

h
lo

r
o

p
h

e
n

y
l-

a
-i

s
o

p
r

o
p

y
la

c
e

ta
te

s 
S

H
I"

 
R

(
-

) 
S

i±
) 

<
3

. 
9

±
L

 
2

3
+

X
 

h±
LC

 
H

i
T

 

R
(-

) 
1

3 
±2

 
6

±
lc 

S
(+

) 
R

(-
) 

2
8

l2
 

2
3

 ±
2

 
1

5 
fL

1
3 

1
1

£
L

C
 

f
o

r
m

a
li

z
e

d 
p

se
u

d
o 

fi
r

s
t

-o
r

d
e

r 
r

a
te

s 
w

it
h 

t
h

e
 e

s
te

r
a

s
e 

p
lu

s 
o

x
id

a
s

e 
m

e
ta

b
o

li
s

m
 

o
f 

[l
R

,t
r

a
n

s
]-

r
e

s
m

e
th

r
in

 
a

s 
t

h
e

 s
ta

n
d

a
r

d 
(1

0
0

);
 

b
a

lc
o

h
o

l 
e

n
a

n
ti

o
m

e
r

s 
a

r
e

 s
e

p
a

r
a

b
le

 
b

y
 g

l
c 

b
u

t 
n

o
 d

if
fe

r
e

n
c

e
s 

a
r

e
 

o
b

s
e

r
v

e
d 

i
n

 m
e

ta
b

o
li

sm
 

r
a

te
s

; 
°a

lc
o

h
o

l 
e

n
a

n
ti

o
m

e
r

s 
a

r
e

 s
e

p
a

r
a

b
le

 
b

y
 g

l
c 

a
n

d
 m

e
ta

b
o

li
s

m
 

r
a

te
s 

a
r

e
 

a
p

p
r

o
x

im
a

te
ly

 
tw

ic
e 

a
s 

g
r

e
a

t 
f

o
r 

t
h

e
 f

i
r

s
t

-e
lu

t
i

n
g 

is
o

m
e

r
. 

J—«
 

Ρ
 j >
 

>
 

CO
 I GO
 

•8
 

Ο
 

C
i 

«»
. 

S*
 I 3
 

S
: 

ι—
» -α
 

οι
 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



176 S Y N T H E T I C P Y R E T H R O I D S 

P e r m e t h r i n a n d S i t e P r e f e r e n c e f o r H y d r o x y l a t i o n o f g e m - D i m e t h y l 
G r o u p 

M o u s e m i c r o s o m e s o x i d i z e [ l R , t r a n s ] - p e r m e t h r i n 1 . 8 - f o l d 
m o r e r a p i d l y t h a n [ I S , t r a n s ] - p e r m e t h r i n b u t t h e r e i s l i t t l e 
d i f f e r e n c e b e t w e e n t h e c i s - i s o m e r s ( T a b l e I ) . T h e s e r a t e 
d i f f e r e n c e s f o r o x i d a t i o n o f t h e t r a n s - i s o m e r s a r e a l s o e v i d e n t 
w i t h a d i f f e r e n t a s s a y c o n d i t i o n ( s u b s t r a t e l e v e l 1 0 - f o l d 
h i g h e r t h a n t h e 100 n m o l e l e v e l i n v o l v e d in t h e e x p e r i m e n t s o f 
T a b l e I ; ^5 m i n i n c u b a t i o n ) w h i c h g i v e s 5 1 $ m e t a b o l i s m f o r t h e 
[ l R , t r a n s ] - i s o m e r a n d 20, 3 7 a n d 3*1$ m e t a b o l i s m f o r t h e [ I S , 
t r a n s ] - , [ l R , c i s ] - a n d [ I S , c i s ] - i s o m e r s , r e s p e c t i v e l y . E q u i v a 
l e n t r a t l i v e r p r e p a r a t i o n s a r e l e s s a c t i v e a n d in t h i s c a s e 
t h e c i s - i s o m e r s a r e m o r e e x t e n s i v e l y m e t a b o l i z e d ( l R , c i s - 3 1 $ ; 
I S , c i s - 27$) t h a n t h e t r a n s - i s o m e r s ( l R , t r a n s - 1 9 $ ; I S , t r a n s -
i o $ y r 

T h e e s t e r a s e s p e c i f i c i t y w i t h p e r m e t h r i n i s o m e r s i s r e v e r s 
e d f r o m t h a t w i t h r e s m e t h r i n s o t h a t t h e [ I S , t r a n s ] - i s o m e r i s 
h y d r o l y z e d ΐ Λ - f o l d m o r e r a p i d l y t h a n t h e [ l R , t r a n s ] - i s o m e r 
( T a b l e i ) . T h e g r e a t e r h y d r o l y s i s o f [ l S , t r a n s J - p e r m e t h r i n i s 
s u f f i c i e n t t o g i v e t h i s i s o m e r a g r e a t e r o v e r a l l b i o d é g r a d a t i o n 
r a t e t h a n [ 1 R , t r a n s ] - p e r m e t h r i n . T h e e s t e r a s e : o x i d a s e r a t e 
r a t i o ( l R , t r a n s = 2 . 6 ; l S , t r a n s = 6 . U ) i l l u s t r a t e s t h e d i f f e r e n c e 
b e t w e e n t h e e n a n t i o m e r s in t h e r e l a t i v e i m p o r t a n c e o f h y d r o l y 
s i s a n d h y d r o x y l a t i o n a s i n i t i a l s t e p s in m e t a b o l i s m . 

L a r g e a m o u n t s o f 3 - p h e n o x y b e n z y l a l c o h o l , n o r m a l l y c o n s i d e r 
e d t o b e a h y d r o l y s i s p r o d u c t , a r e e v i d e n t o n g l c a n a l y s i s o f 
t h e m e t a b o l i t e s o f [ l R , t r a n s ] - p e r m e t h r i n b u t n o t o f o t h e r 
p e r m e t h r i n i s o m e r s f r o m m o u s e m i c r o s o m e s w i t h o x i d a s e b u t n o 
e s t e r a s e activity ( p r e t r e a t e d w i t h t e t r a e t h y l p y r o p h o s p h a t e a n d 
f o r t i f i e d w i t h N A D P H ) ( 3 ) . T h i s p r o v i d e d a n o p p o r t u n i t y t o 
i n v e s t i g a t e t h e p r o p o s e d M D P H - d e p e n d e n t e s t e r c l e a v a g e r e a c t i o n 
( s e e a b o v e r e l a t i v e t o r e s m e t h r i n ) . M o u s e l i v e r m i c r o s o m e s 

w e r e i n c u b a t e d w i t h [ l R , t r a n s ] - p e r m e t h r i n - a - d ^ in a n ^ 0 o r 
a t m o s p h e r e (7). P r o d u c t a n a l y s i s b y g l c - c i - m s ( T a b l e I I ) 

r e v e a l e d t h a t t h e 3 - p h e n o x y b e n z y l a l c o h o l r e t a i n s b o t h d e u t e r i u m 
a t o m s , t h e r e b y r u l i n g o u t o x i d a t i v e a t t a c k a t t h e a - m e t h y l e n e , 
a m e c h a n i s m s u g g e s t e d f o r o x i d a t i v e c l e a v a g e o f r e s m e t h r i n 
( 5 ; s e e a b o v e ) . H o w e v e r , 0 f r o m 0 w a s i n c o r p o r a t e d in t h e 
γ - l a c t o n e a s e v i d e n c e d b y m s ^ c o m p a r i s o n ( T a b l e I I ) o f t h i s 
p r o d u c t f r o m b o t h 0^ a n d CU i n c u b a t i o n s w i t h t h e a u t h e n t i c 
l a c t o n e ( 8 ) . T h e p r o p e n s i t y o r t h e 2 - c i s ~ r r y d r o x y m e t h y l 
c a r b o x y l i c a c i d s t o f o r m γ - l a c t o n e s u n d e r a c i d i c c o n d i t i o n s ( 8 ) 
o r o n h e a t i n g l e d t o t h e h y p o t h e s i s t h a t a n u n s t a b l e h y d r o x y 
e s t e r w a s f o r m e d a n d t h e n d e g r a d e d ( F i g u r e 3 ) . T h e i n s t a b i l i t y 
o f t h e a u t h e n t i c h y d r o x y e s t e r w a s v e r i f i e d b y t h e f i n d i n g o f 
q u a n t i t a t i v e f o r m a t i o n o f l a c t o n e a n d a l c o h o l o n g l c . T h i s 
a r t i f a c t o f a n a l y s i s i s o v e r c o m e b y t r e a t i n g t h e m i c r o s o m a l 
e x t r a c t s w i t h N , 0 - b i s ( t r i m e t h y l s i l y l ) a c e t a m i d e ( B S A ) t o f o r m t h e 
t r i m e t h y l s i l y l ( I M S ) d e r i v a t i v e , 2 - c i s - T M S O - [ l R , t r a n s ] -
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p e r m e t h r i n - Q t - d p , i d e n t i f i e d b y g l c - c i - m s c o m p a r i s o n w i t h t h e 
a u t h e n t i c B S A - a e r i v a t i z e d n o n - d e u t e r a t e d c o m p o u n d ( T a b l e I I , 
F i g u r e k). 

T h e IMS d e r i v a t i z a t i o n t e c h n i q u e w a s u s e d f o r q u a n t i t a t i o n 
( g l c - f l a m e i o n i z a t i o n d e t e c t o r ) a n d i d e n t i f i c a t i o n ( g l c - c i - m s ) 
o f m e t a b o l i t e s o f t h e [ l R ] - a n d [ i s ] - i s o m e r s o f t r a n s - a n d c i s -
p e r m e t h r i n b y c o m p a r i s o n w i t h t h e IMS d e r i v a t i v e s o f t h e 
a u t h e n t i c h y d r o x y - [ 1 R S ] - p e r m e t h r i n i s o m e r s (8). O n e o f t h e 
c o m p o u n d s , 2 - c i s - T M S 0 - [ l R , c i s ] - p e r m e t h r i n , w a s a v a i l a b l e o n l y 
a s a m e t a b o l i t e a n d n o t a s a n a u t h e n t i c [ 1 R S ] - s t a n d a r d . U s i n g 
g l c c o n d i t i o n s g i v e n in T a b l e I I , t h e V - T M S O - , 2 - t r a n s - T M S O -
a n d 2 - c i s - T M S O - d e r i v a t i v e s o f t r a n s - p e r m e t h r in g i v e R t v a l u e s 
o f Ik.9» ik.k a n d lk.2 m i n , r e s p e c t i v e l y ; t h e c o r r e s p o n d i n g 
d e r i v a t i v e s o f c i s - p e r m e t h r in g i v e R t v a l u e s o f lk.89 ik.k a n d 
lk.0 m i n , r e s p e c t i v e l y . E a c h o f t h e T M S - d e r i v a t i v e s o f t h e 
h y d r o x y - t r a n s - p e r m e t h r
f r a g m e n t a t i o n p a t t e r n ( F i g u r
kr-TMSO-trans-permethrin ( u p p e r s p e c t r u m ) i s c h a r a c t e r i z e d b y 
t h e k1 - t r i m e t h y l s i l y l o x y - 3 - p h e n o x y b e n z y l c a t i o n ( n i / e 271) a n d 
s m a l l e r c l u s t e r s f o r t h e q u a s i - m o l e c u l a r i o n ( [M+lT + , m / e 
k79) a n d f o r t h i s i o n m i n u s HC1 ( [ M - C l ] , m / e kkk). 2-

t r a n s - TMS 0- t r a n s - p e r m e t h r in ( m i d d l e s p e c t r u m ) i s i d e n t i f i e d b y 
t h e 3 - p h e n o x y b e n z y l c a t i o n ( m / e 183) a n d l o s s o f t h e t r i m e t h y l -
s i l y l o x y f u n c t i o n ( [ M - O T M S ] , m / e 389) w i t h s m a l l e r i o n c l u s t e r s 
c o r r e s p o n d i n g t o [ M + l ] + a n d [ M - C l ] + . 2 - c i s - T M S O - t r a n s - p e r m e t h r i n 
( l o w e r s p e c t r u m ) g i v e s a l a r g e q u a s i - m o l e c u l a r i o n c l u s t e r 
( [ M + l ] + , m / e kl9) a n d l i t t l e f u r t h e r f r a g m e n t a t i o n . M a s s s p e c t r a 
o f t h e c o r r e s p o n d i n g T M S O - c i s - p e r m e t h r i n i s o m e r s r e v e a l e d t h e 
s a m e g e n e r a l f r a g m e n t a t i o n p a t t e r n s a s t h e i r t r a n s - p e r m e t h r i n 
a n a l o g s w i t h m i n o r i o n i n t e n s i t y d i f f e r e n c e s . 

S i t e p r e f e r e n c e f o r h y d r o x y l a t i o n o f t h e k p e r m e t h r i n i s o 
m e r s b y m o u s e a n d r a t m i c r o s o m e s w a s d e t e r m i n e d a s a b o v e w i t h 
TMS d e r i v a t i v e s u s i n g i n t e r c o m p a r i s o n o f s e v e r a l c i - m s s p e c t r a 
t h r o u g h a g l c p e a k w h e r e n e c e s s a r y t o e l i m i n a t e t h e p o s s i b i l i t y 
o f t h e p r e s e n c e o f a s e c o n d m i n o r c o m p o n e n t in a m e t a b o l i t e p e a k 
( i . e . , 2 - t r a n s - a n d 2 - c i s - T M S 0 - t r a n s - p e r m e t h r i n ) . S i n c e e p i m e r -
i z a t i o n o f p e r m e t h r i n i s o m e r s a t e i t h e r c y c l o p r o p a n e C - l o r C - 3 

i s n o t a k n o w n m e t a b o l i c r e a c t i o n in v i v o (9) t h e c o n f i g u r a t i o n 
o f t h e m e t a b o l i t e s a t C - l a n d C - 3 i s a s s u m e d t o b e t h e same a s 
t h a t o f t h e p a r e n t e s t e r . 

T h e i s o m e r - d e p e n d e n t s i t e p r e f e r e n c e f o r h y d r o x y l a t i o n o f 
p e r m e t h r i n i s s h o w n in F i g u r e 5. W i t h t h e t r a n s - i s o m e r s , b o t h 
m o u s e a n d r a t m i c r o s o m e s c a r r y o u t s t e r e o s p e c i f i c o x i d a t i o n o f 
o n e m e t h y l g r o u p , h y d r o x y l a t i n g t h e 2 - c i s - m e t h y l o f [ l R , t r a n s ] -
p e r m e t h r i n a n d t h e 2 - t r a n s - m e t h y l o f [ l S , t r a n s ] - p e m e t h r i n . 
A r y l h y d r o x y l a t i o n a t t h e V - p h e n o x y p o s i t i o n o f t h e t r a n s -
i s o m e r s i s s i g n i f i c a n t o n l y w i t h t h e r a t o x i d a s e . M e t h y l g r o u p 
o x i d a t i o n i s l e s s s p e c i f i c w i t h t h e c i s - e s t e r s ; t h e m o u s e e n z y m e 
p r e f e r e n t i a l l y h y d r o x y l a t e s t h e 2 - c i s - p o s i t i o n o f [ l R , c i s ] -
p e r m e t h r i n a n d t h e 2 - t r a n s - p o s i t i o n o f [ I S , c i s ] - p e r m e t h r i n b u t 
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m 0\ /98±l m 2 8 ± 3 i r45±6 
r 0/7 A 6 I ± 4 r 6 3 ± 5 J 7 A l 0 ± 2 

/ / m27±3\ 
r 2 7 ± 6 V V 0 r27: 

m96±2\ fO m56±2ï f I3±2 
r53±6J7 /10 Γ 2 9 ± Ν 7 Λ 3 7 ± 8 

1 / m 4±2\ f f m3l ±1 1 γ Ο > 4 7 ± 6 / 7 y o r34±8/7 
IS ^AK^o^Q/ \ A A o R ' 0 - ( y 

Journal of Agricultural and Food Chemistry 

Figure 5. Stereoselectivity in hydroxylation of 
gem-dimethyl group and phenoxy ring of per
methrin isomers
somes (R =
benzyl). The percent metabolism at an indicated 

site is relative to the sum for all sites. 

w i t h t h e r a t e n z y m e t h i s p a t t e r n i s r e v e r s e d . I f y d r o x y l a t i o n a t 
t h e V - p o s i t i o n i s a m a j o r p a t h w a y w i t h b o t h c i s - i s o m e r s in b o t h 
e n z y m e s y s t e m s . 

S t u d i e s o n in v i v o m e t a b o l i s m o f t h e t r a n s - a n d c i s - i s o m e r s 
o f [ l R ] - a n d [ l R s T - p e r m e t h r i n in r a t s p r o v i d e d a t a f o r c o m p a r i n g 
in v i v o ( F i g u r e 6) a n d in v i t r o ( F i g u r e 5) s p e c i f i c i t i e s . 

trans 
I R - 7 9 

1RS-69 

cis 
I R - 6 9 

1RS-56 

Figure 6. Stereoselectivity in hydroxylation of 
gem-dimethyl group of permethrin isomers by 
rats in vivo (R = 2,2 dichlorovinyl; R' = 3-sub-
stituted-benzyl) (9). The percent metabolism at 
an indicated methyl group is relative to the sum 
for both methyl groups calculated by summat-

ing identified acid-moiety metabolites. 

T h e [ l R ] - i s o m e r s s h o w c l e a r m e t h y l g r o u p p r e f e r e n c e in v i v o 
s i m i l a r t o t h a t f o u n d in v i t r o a n d , a s e x p e c t e d , t h e r e i s l e s s 
o v e r a l l s p e c i f i c i t y w i t h t h e [ 1 R S ] - i s o m e r s . T h e in v i v o e s t e r 
c l e a v a g e r e a c t i o n c o m p l i c a t e s t h e s e c o m p a r i s o n s s i n c e o x i d a t i o n 
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o f t h e h y d r o l y s i s p r o d u c t s m a y i n v o l v e a d i f f e r e n t p r e f e r e n c e in 
h y d r o x y l a t i o n s i t e t h a n w i t h t h e e s t e r s t h e m s e l v e s . T h u s , t h e 
l a c k o f m e t h y l g r o u p p r e f e r e n c e in in v i v o h y d r o x y l a t i o n o f t h e 
a c i d m o i e t y o f [ 1 R , t r a n s ] - p e r m e t h r i n ( £ ) m a y e x p l a i n t h e 
d i f f e r e n c e s in s p e c i f i c i t y b e t w e e n in v i v o a n d in v i t r o s t u d i e s . 

p - C h l o r o p h e n y l - q - i s o p r o p y l a c e t a t e s a n d S - j ? 6 0 2 ) 

T h e m o s t s t r i k i n g e n a n t i o m e r - d e p e n d e n t d i f f e r e n c e s in 
m e t a b o l i s m r a t e s a r e w i t h t h e S ( + ) - a n d R ( - ) - i s o m e r s o f S - 5 ^ 3 9 
a n d S - 5 6 0 2 ( T a b l e I , F i g u r e 7 ) . 

Time, min 

Figure 7. Metabolic rates for S-5439 isomers in 
mouse microsomal systems (7) 

T h e i n s e c t i c i d a l S ( + ) - S - 5 ^ 3 9 i s h y d r o l y z e d v e r y s l o w l y w h i l e 
t h e n o n - i n s e c t i c i d a l R ( - ) - i s o m e r i s h y d r o l y z e d a t a m o d e r a t e 
r a t e . H o w e v e r , o x i d a t i o n o f t h e S ( + ) - i s o m e r p r o c e e d s t w i c e a s 
r a p i d l y a s t h a t o f t h e R ( - ) - i s o m e r s o t h e r e s u l t i n g t o t a l b i o -
d e g r a d a t i o n r a t e s ( e s t e r a s e p l u s o x i d a s e ) a r e v e r y s i m i l a r . 
T h e s e r e l a t i o n s h i p s a l s o h o l d f o r S - 5 6 0 2 b u t t h e r a t e s a r e o n l y 
a b o u t h a l f t h o s e o f t h e c o r r e s p o n d i n g S - 5 ^ 3 9 i s o m e r s ( T a b l e I ) . 

T h e R - a n d S - c t - c y a n o e n a n t i o m e r s o f e a c h S - 5 6 0 2 i s o m e r a r e 
p a r t i a l l y s e p a r a b l e b y g l c s o t h a t d i f f e r e n c e s in m e t a b o l i s m 
r a t e s c a n b e m e a s u r e d a l t h o u g h t h e a b s o l u t e c o n f i g u r a t i o n s a r e 
n o t a s s i g n e d . W i t h R ( - ) - S - 5 6 0 2 , o n e o f t h e α - c y a n o e n a n t i o m e r s 
i s b o t h h y d r o l y z e d a n d o x i d i z e d a b o u t t w i c e a s r a p i d l y a s t h e 
o t h e r , a d i f f e r e n c e n o t e v i d e n t w i t h t h e e n a n t i o m e r s o f S ( + ) -
S - 5 6 0 2 ( T a b l e i ) . 

E n a n t i o m e r a n d s p e c i e s d i f f e r e n c e s in m i c r o s o m a l o x i d a t i o n 
o f S - 5 ^ 3 9 w e r e f u r t h e r i n v e s t i g a t e d b y t h e TMS d e r i v a t i z a t i o n 
a n d g l c a n d g l c - c i - m s t e c h n i q u e s u s e d f o r t h e p e r m e t h r i n s t u d y . 
O n l y o n e S - 5 ^ 3 9 m e t a b o l i t e p e a k w a s d e t e c t e d a f t e r TMS 
d e r i v a t i z a t i o n in s t u d i e s o n b o t h t h e S ( + ) - a n d R ( - ) - i s o m e r s 
w i t h e i t h e r m o u s e o r r a t m i c r o s o m e s . L a r g e r a m o u n t s o f t h i s 
m e t a b o l i t e w e r e f o r m e d f r o m t h e S ( + ) - t h a n f r o m t h e R ( - ) - i s o m e r 
in b o t h t h e r a t a n d m o u s e s y s t e m s , a f i n d i n g c o n s i s t e n t w i t h 
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a v a i l a b l e o x i d a s e r a t e d a t a f o r t h e s e e n a n t i o m e r s ( T a b l e I ) . 
T h i s m e t a b o l i t e i s t e n t a t i v e l y i d e n t i f i e d b y i s o b u t a n e 

a n d m e t h a n e g l c - c i - m s w i t h a n d w i t h o u t B S A d e r i v a t i z a t i o n a s 
3 - p h e n o x y b e n z y l 2 - ( V - c h l o r o p h e n y l ) - 3 - m e t h y l - ^ - h y d r o x y b u t y r a t e 
( T a b l e I I I ) . I s o b u t a n e s p e c t r a o f t h e TMS d e r i v a t i v e ( T M S O - S -
5^+39) s h o w t h e q u a s i - m o l e c u l a r i o n c l u s t e r a s t h e b a s e p e a k w h i l e 
m e t h a n e s p e c t r a g i v e t h e 3 - p h e n o x y b e n z y l c a t i o n a s t h e b a s e p e a k , 
e s t a b l i s h i n g t h a t h y d r o x y l a t i o n o c c u r s in t h e a c i d r a t h e r t h a n 
t h e a l c o h o l m o i e t y . W h e n t h e m e t a b o l i t e i s a n a l y z e d b y g l c w i t h 
o u t d e r i v a t i z a t i o n , i t g i v e s a p e a k f o r 3 - p h e n o x y b e n z y l a l c o h o l 
p l u s 2 o v e r l a p p i n g p e a k s a t s h o r t r e t e n t i o n t i m e s w i t h i d e n t i c a l 
m e t h a n e C I s p e c t r a . T h e s h o r t r e t e n t i o n t i m e p e a k s a r e p r o b a b l y 
t h e 2 d i a s t e r e o m e r s o f t h e γ - l a c t o n e , i . e . h y d r o x y l a t i o n o f a 
m e t h y l g r o u p i n t r o d u c e s a s e c o n d c h i r a l c e n t e r . 

T h e m a j o r o x i d a t i o n r e a c t i o n f o r b o t h i s o m e r s o f S - 5 ^ 3 9 in 
m o u s e a n d r a t e n z y m e s a p p e a r
m e t h y l g r o u p a n a l o g o u s t
t i o n w i t h p e r m e t h r i n . T h i s h y d r o x y l a t e d e s t e r i s p r o b a b l y 
u n s t a b l e o n g l c a n d c l e a v e s t o t h e c o r r e s p o n d i n g γ - l a c t o n e a n d 
a l c o h o l i f n o t d é r i v â t i z e d ( F i g u r e 8 ) . 

Figure 8. Proposed metabolism of S-5439 by mouse and rat microsomes 

I t i s s u r p r i s i n g t o f i n d t h a t o n l y t h e m e t h y l p o s i t i o n i s 
h y d r o x y l a t e d in S -5^39 s i n c e t h e t e r t i a r y - p o s i t i o n o f t h e i s o -
p r o p y l g r o u p a n d t h e U - p o s i t i o n o f t h e p h e n o x y g r o u p a r e a l s o 
p o t e n t i a l s i t e s f o r h y d r o x y l a t i o n . H o w e v e r , n o m e t a b o l i t e s 
w i t h g l c o r g l c - c i - m s p r o p e r t i e s a p p r o p r i a t e f o r t h e s e c o m p o u n d s 
a r e d e t e c t e d o n m o u s e o r r a t m i c r o s o m a l , m e t a b o l i s m o f S - 5 ^ 3 9 « 

D i s c u s s i o n 

l y r e t h r o i d h y d r o l y s i s b y m o u s e m i c r o s o m a l e s t e r a s e s i s 
g r e a t l y f a c i l i t a t e d b y a t r a n s - i s o b u t e n y l o r e q u i v a l e n t s u b 
s t i t u e n t a t c y c l o p r o p a n e C - 3 b u t i s a f f e c t e d t o a m u c h l e s s e r 
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degree by the optical configuration at cyclopropane C- l (3>4, 
10 ). The £-chlorophenyl-a-isopropylacetates, with only one 
optical center in the acid moiety, show greater enantiomer-
dependent differences in hydrolysis rates. 

Variable degrees of stereospecificity are involved in 
pyrethroid hydroxylation by mouse microsomal oxidases. With 
resmethrin the geometrical configuration of the acid (trans or 
cis) is most important in determining the preference between the 
isobutenyl methyl groups while [lR]- and [is]-enantiomer differ
ences are minor. The preferred site for hydroxylation of per
methrin isomers is dependent on the configuration at C - l ; thus, 
the [lR]-isomers show a preference for 2-cis-methyl hydroxyla
tion and the [is]-isomers for 2-trans-methyl hydroxylation. 
With the trans-permethrin isomers the stereospecificity of gem-
dimethyl hydroxylation is absolute and there are marked rate 
differences between enantiomers
rate differences in methyl hydroxylation of the S-5^39 enantio
mers. Mouse and rat microsomes sometimes differ in site pre
ference for methyl hydroxylation ( i . e . , isobutenyl groups of 
[lR,trans]- and [lR,cis]-resmethrin and gem-dimethyl groups of 
[ lR,cis]~ and [IS,cis]-permethrin) and in the significance of 
aryl hydroxylation ( i . e . , [lR,trans]- and [IS,trans]-permethrin). 

In studies on pyrethroid metabolism, toxicology and r e s i 
dues, i t must be recognized that the extent and significance of 
metabolic stereospecificity may vary with different esters and 
their optical antipodes and with different species. 

Abstract 

Metabolism rates of the optical antipodes of pyrethroids 
by mouse l iver microsomal enzymes differ by at least 1.7-fold 
in the following cases: hydrolysis of [1R,trans]- vs [1S,trans]-
resmethrin; hydrolysis of S(+)- vs R(-)-S-5439 and -S-5602; methyl 
hydroxylation of [1R,trans]- vs [1S,trans]-permethrin; methyl 
hydroxylation of S(+)- vs R(-)-S-5439; oxidation of S(+)- vs 
R(-)-S-5602; hydrolysis and oxidation of αR- vs αS-R(-)-S-5602. 
Various degrees of stereospecificity are encountered with mouse 
and rat l iver microsomal oxidases in the preferred methyl group 
for hydroxylation, i.e., trans(E) VS cis(z) in the isobutenyl 
moiety of the 4 resmethrin isomers and 2-trans vs 2-cis in the 
4 permethrin isomers. Stereospecificity in methyl hydroxyla
tion of [1R]- and [1RS]-preparations of trans- and cis-permethrin 
is also evident with rats in vivo. 
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17 
Permethrin Metabolism in Rats and Cows and in Bean 

and Cotton Plants 

LORETTA C. GAUGHAN, TADAAKI UNAI, and JOHN E. CASIDA 
Pesticide Chemistry and Toxicology Laboratory, Department of Entomological Sciences, 
University of California, Berkeley, Calif. 94720 

The discovery tha
2,2-dimethylcyclopropaiiecarboxylate (permethrin) combines 
outstanding insecticidal activity, low mammalian toxicity and 
adequate stability in light and air has focused attention on 
the potential of synthetic pyrethroids in agricultural pest 
insect control (1,2). Most permethrin preparations are [1RS, 
trans,cis]-mixtures, the [lR,trans]- and [lR,cis]-isomers 
being the insecticidal components (3). The importance of 
understanding permethrin biodegradation prompted the present 
study on the comparative metabolism of [lR,trans]- , [1RS, 
trans]- , [ lR ,c isJ - and [1RS,cis]-permethrin in rats (4,5) 
and of [1RS,trans]- and [1RS,cis]-permethrin in cows and in 
bean and cotton plants. 

[14 C] Permethrin Preparations and Experimental Procedures for 
Rats and Cows 

Eight [14C] permethr in preparations were used with specific 
activities ranging from 1.7 to 58.2 mCi/mmole (Figure l ) . The 
[lR]-isomers were prepared as previously reported (4) and the 
[1RS]-isomers were provided by FMC Corporation (Middleport, 
N.Y.) . Rats (male, albino, Sprague-Dawley strain) treated with a 

1RS,trans (rat, cow, plant) IRS,c/s (rat, cow, plant) 

Figure 1. Eight preparations of 14C-
permethrin (specific activity, mCi/mmol) 

186 
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s i n g l e o r a l d o s e o f e a c h o f t h e 8 l a b e l e d p r e p a r a t i o n s a t 1 -4 
m g / k g w e r e h e l d 4- o r l 4 - d a y s in m e t a b o l i s m c a g e s a n d t h e n 
s a c r i f i c e d f o r r a d i o a n a l y s i s o f u r i n e , f e c e s , CO a n d t i s s u e s . 
M e t a b o l i t e s in t h e u r i n e (40-100 μ ΐ ) a n d in t h e f e c e s ( m e t h a n o l 
e x t r a c t e q u i v a l e n t t o 40-230 mg f e c e s ) w e r e s u b j e c t e d t o t i c 
c o c h r o m a t o g r a p h y o n s i l i c a g e l c h r o m a t o p l a t e s w i t h s t a n d a r d 
c o m p o u n d s (6) o r t h e i r m e t h y l a t e d ( C H ^ N ) d e r i v a t i v e s o r w i t h 
g l u c u r o n i d e s s y n t h e s i z e d e n z y m a t i c a l l y f 3 ) . I n d i v i d u a l m e t a b o 
l i t e s i s o l a t e d b y t i c w e r e a l s o h y d r o l y z e d w i t h e n z y m e s ( β -
g l u c u r o n i d a s e , a r y l s u l f a t a s e ) o r w i t h a c i d a n d b a s e t o o b t a i n 
c l e a v a g e p r o d u c t s f o r t i c c © c h r o m a t o g r a p h i c i d e n t i f i c a t i o n w i t h 
a n d w i t h o u t d e r i v a t i z a t i o n . U r i n a r y m e t a b o l i t e s w e r e c h r o m a t o -
g r a p h e d in a c i d i c s o l v e n t s y s t e m s t o m o v e a l l p r o d u c t s f r e e 
f r o m t h e o r i g i n . T h e f e c a l m e t a b o l i t e s w e r e c h r o m a t o g r a p h e d 
in b o t h a c i d i c a n d n e u t r a l s o l v e n t s y s t e m s , t h e l a t t e r t o 
m i n i m i z e d e c o m p o s i t i o n o

T h e s t u d i e s c o m p a r i n g a l l 8 [-^"C p r e p a r a t i o n s in r a t s g a v e 
v e r y s i m i l a r r e s u l t s f o r t h e C 1 2 C * = a n d - C * ( 0 ) - l a b e l s in t h e 
a c i d m o i e t y a n d f o r t h e - C H ^ - a n d p h e n o x y l a b e l s in t h e a l c o 
h o l m o i e t y a n d w i t h n o ^ C O p p r o d u c t i o n , in a n y c a s e . T h e s e 
f i n d i n g s i n d i c a t e t h a t e i t h e r o f t h e [ \ 0 a c i d p r e p a r a 
t i o n s o r [ ^ C ] a l c o h o l p r e p a r a t i o n s c a n b e u s e d t o d e t e c t a l l 
o f t h e m e t a b o l i t e s f r o m t h e a c i d a n d a l c o h o l m o i e t i e s , r e s p e c 
t i v e l y . I n a d d i t i o n , t h e [ l R ] - a n d [ 1 R S ] - i s o m e r s g a v e a l m o s t 
i d e n t i c a l r e s u l t s , s o t h e [ l R S ] - i s o m e r s w i t h s p e c i f i c activities 
o f 5 5 . 9 - 5 8 . 2 m C i / m m o l e w e r e u s e d in t h e s t u d i e s w i t h c o w s a n d 
o t h e r o r g a n i s m s . 

C o w s ( l a c t a t i n g J e r s e y , a r r a n g e m e n t s b y FMC C o r p o r a t i o n ) 
t r e a t e d w i t h 3 c o n s e c u t i v e d a i l y d o s e s b y i n t u b a t i o n i n t o t h e 
r u m e n o f t h e 4 l a b e l e d p r e p a r a t i o n s o f [ 1 R S ] - p e r m e t h r i n a t 
1 m g / k g w e r e h e l d 1 2 - o r l 4 - d a y s p r i o r t o s a c r i f i c e a n d a n a l y s e s 
a s a b o v e . 

[ ^ C ] P e r m e t h r in M e t a b o l i t e s in R a t s a n d C o w s 

T h e [ 1 R S , t r a n s ] - i s o m e r o f p e r m e t h r i n y i e l d s m o r e u r i n a r y 
r a d i o c a r b o n t h a n L 1 R S , c i s ] - p e r m e t h r i n w i t h e i t h e r a c i d - o r a l c o 
h o l - l a b e l e d p r e p a r a t i o n s a n d w i t h e i t h e r r a t s o r c o w s ( T a b l e i ) . 

T a b l e I . P e r c e n t U r i n a r y R a d i o c a r b o n f r o m [ 1 R S , t r a n s J - a n d 
[ 1 R S , c i s 3 - [ ^ C ] P e r m e t h r i n P r e p a r a t i o n s 

I s o m e r a n d l a b e l p o s i t i o n R a t s C o w s 
1 R S , t r a n s 

A c i d 82 39 
A l c o h o l 79 47 

1 R S , c i s 
A c i d 54 29 
A l c o h o l 52 22 
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T h e m a j o r i t y o f t h e m e t a b o l i t e s a p p e a r in t h e u r i n e w i t h r a t s 
a n d in t h e f e c e s w i t h c o w s . T h e s e r e s u l t s i n d i c a t e m o r e e x t e n 
s i v e e s t e r c l e a v a g e o r c o n j u g a t i o n o f t h e m e t a b o l i t e s w i t h 
t r a n s - p e r m e t h r i n t h a n w i t h c i s - p e r m e t h r in a n d in r a t s a s c o m 
p a r e d t o c o w s . 

T h e t i c c o c h r o m a t o g r a p h i c t e c h n i q u e f o r m e t a b o l i t e i d e n t i f i 
c a t i o n i s i l l u s t r a t e d in F i g u r e 2 w i t h t h e m e t a b o l i t e s f r o m 
t h e a c i d m o i e t y o f [ 1 R S , t r a n s ] - p e r m e t h r i n in r a t s a n d c o w s . 

Figure 2. Metabolites from acid moiety of 
(1RS, trans)-permethrin. Ο represents rat; 

. , cow; and 3 , rat and cow. 

t 

hydroxy esters 

L4'-H0,/-H0 /-HO 4'-HO 

/ - H 0 - C I 2 C A 7 \ . 

Per 

Φ 

CI2CA-conjugate 

|K>CI2CA-glucuronide 

^HO-CI2CA-glucuronide 

lactone 

2 — • (benzene-sat'd formic acid)-ether (I0:3)x2 

T h e s o l v e n t s y s t e m f o r t h e first d i r e c t i o n o f d e v e l o p m e n t 
s e p a r a t e s t h e c o n j u g a t e s a n d t h e s e c o n d s o l v e n t s y s t e m t h e n 
r e s o l v e s p e r m e t h r i n , i t s d e r i v a t i v e s w i t h m o n o h y d r o x y l a t i o n a t 
t h e t r a n s - o r c i s - p o s i t i o n o f t h e g e m - d i m e t h y l g r o u p r e l a t i v e 
t o t h e c a r b o x y l g r o u p ( t - H O ; c - H O ) , i t s V - H O d e r i v a t i v e f r o m 
p h e n o x y h y d r o x y l a t i o n , i t s d i h y d r o x y d e r i v a t i v e ( V - H O , t - H O ) , 
t h e a c i d m o i e t y ( C 1 2 C A ) a n d i t s h y d r o x y d e r i v a t i v e s ( t - H O - C l ^ C A ; 
c - H O - C l ^ C A ) , a n d t h e l a c t o n e o f c - H 0 - C l 2 C A ( f r o m c y c l i z a t i o n 
b e f o r e e x c r e t i o n o r a s a n a r t i f a c t f r o m c y c l i z a t i o n o n a n a l y s i s ) . 
M o s t o f t h e m e t a b o l i t e s a r e f o r m e d b y b o t h r a t s a n d c o w s . 
H o w e v e r , o n l y c o w s g i v e e s t e r m e t a b o l i t e s h y d r o x y l a t e d a t t h e 
g e m - d i m e t h y l g r o u p , t h e g l u t a m a t e c o n j u g a t e o f C l p C A a n d a n 
a d d i t i o n a l u n i d e n t i f i e d m e t a b o l i t e o f t h e a c i d m o i e t y . I n 
c o n t r a s t , o n l y r a t s f o r m g l u c u r o n i d e s o f t h e H O - C l ^ C A 
d e r i v a t i v e s . 

S t u d i e s o f t h e t y p e i n d i c a t e d a b o v e w i t h e a c h l a b e l e d 
p r e p a r a t i o n o f [ 1 R S , t r a n s 3 - a n d [ 1 R S , c i s 3 - p e r m e t h r i n s e r v e d 
t o d e f i n e t h e s i t e s o f m e t a b o l i c a t t a c k in r a t s a n d c o w s 
( F i g u r e 3 ) . T h e r e a r e k p r i n c i p a l s i t e s o f a t t a c k in e a c h 
c a s e , w i t h a n a d d i t i o n a l s i t e f o r r a t s a d m i n i s t e r e d [ 1 R S , c i s 3 -

In Synthetic Pyrethroids; Elliott, M.; 
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Ester hydrolysis φ : 
trans » cis 

Preferred methyl for 
hydroxylation (£,3) : 

cis {2) in 1RS,trans 
trans (3) in \RS,cis 

Phenoxy hydroxylation (4,5): 
4' in rat and cow 
2' in rat, cis only 

Figure 3. Sites of metabolic attack from rat and 
cow 

p e r m e t h r i n . E s t e r h y d r o l y s i s ( l ) i s m o r e r a p i d w i t h t r a n s - t h a n 
w i t h c i s - p e r m e t h r i n . O x i d a t i o
s e l e c t i v e l y a t t h e c i s - p o s i t i o n ( 2 ) in Γ 1 R S , t r a n s ] - p e r m e t h r i n 
a n d a t t h e t r a n s - p o s i t i o n ( j ) in U - R S , c i s ] - p e r m e t h r i n . T h e 
p h e n o x y g r o u p i s h y d r o x y l a t e d a t t h e V - p o s i t i o n (h) w i t h b o t h 
i s o m e r s in r a t s a n d c o w s a n d a t t h e 2 T - p o s i t i o n ( 5 7 " w i t h c i s -
p e r m e t h r i n in r a t s o n l y . 

E i g h t e s t e r m e t a b o l i t e s h y d r o x y l a t e d in t h e a c i d o r a l c o 
h o l m o i e t y a r e i d e n t i f i e d f r o m t h e f e c e s o f r a t s a n d c o w s 
( F i g u r e 4 ) . T h r e e o f t h e h p o s s i b l e e s t e r s f r o m m o n o h y d r o x y l a -
t i o n a t t h e g e m - d i m e t h y l g r o u p a p p e a r in c o w f e c e s b u t o n l y 
t h e 2 - t r a n s - h y d r o x y c o m p o u n d f r o m t h e m o r e m e t a b o l i c a l l y -
s t a b l e c i s - p e r m e t h r i n i s o m e r a p p e a r s in r a t f e c e s . T h e V -
h y d r o x y d e r i v a t i v e i s p r e s e n t w i t h b o t h t r a n s - a n d c i s -

trans cis 

cow rot, cow 

Figure 4. Rat and cow hydroxy ester metabolites 
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p e r m e t h r i n a n d in b o t h r a t s a n d c o w s . T h e V - H O , t - H O -
d e r i v a t i v e a p p e a r s o n l y in c o w s w i t h t r a n s - p e r m e t h r i n a n d 
in b o t h r a t s a n d c o w s w i t h c i s - p e r m e t h r i n . T h e f e c e s o f r a t s 
a d m i n i s t e r e d c i s - p e r m e t h r i n c o n t a i n s t h e 2 ' - h y d r o x y d e r i v a t i v e . 
T h e s e s p e c i e s d i f f e r e n c e s a r e a t t r i b u t a b l e in p a r t t o l e s s 
e x t e n s i v e e s t e r h y d r o l y s i s in c o w s t h a n in r a t s a n d t h e 
a b i l i t y o f r a t s t o c a r r y o u t a r y l h y d r o x y l a t i o n a t t h e 2 * -
p o s i t i o n . 

T h e a c i d m o i e t i e s f r o m [ 1 R S ] - t r a n s - a n d - c i s - p e r m e t h r i n 
a r e m o s t l y e x c r e t e d in r a t s a n d c o w s a s t h e c o r r e s p o n d i n g 
g l u c u r o n i d e s . T h e o t h e r m e t a b o l i t e s a r e a l s o t h e s a m e in 
b o t h s p e c i e s e x c e p t t h a t in c o w s t h e g l u c u r o n i d e s o f t h e 
h y d r o x y a c i d s a r e n o t d e t e c t e d a n d C l ^ C A i s c o n j u g a t e d in 
p a r t w i t h g l u t a m i c a c i d ( F i g u r e 5 ) . 

c r ^ - ^ - c o o

Species free glue free glue 

Rat 
Cow 

+ ++ 
+ ++* + 

+ 
+ 

also glutamate conjugate of trans-QC\à 

Figure 5. Metabolites from acid moiety of (1RS, 
trzns)-permethrin and (IRS,tra.ns)-permethrin, rat 

and cow 
T h e a l c o h o l m o i e t y l i b e r a t e d o n c l e a v a g e o f [ 1 R S , t r a n s ] -

a n d [ 1 R S , c i s ] - p e r m e t h r i n i s in t h e m o s t p a r t f u r t h e r o x i d i z e d 
t o t h e c o r r e s p o n d i n g b e n z o i c a c i d w h i c h i s e x c r e t e d f r e e in 
r a t s , a s a g l y c i n e c o n j u g a t e a n d g l u c u r o n i d e in r a t s a n d c o w s 
a n d a s t h e g l u t a m a t e c o n j u g a t e w h i c h i s t h e m a j o r m e t a b o l i t e 
in c o w s b u t a b s e n t in r a t s ( F i g u r e 6 ) . 3 - F h e n o x y b e n z y l 

Species free gly glue glut free glue 4' 2' 

Rat + • • + ++ + 
Cow - • + + + 

Figure 6. Metabolites from the alcohol moiety 
of (1RS, transj-permetnrin and (1RS, cis)-per-

methrin, rat and cow 

a l c o h o l i s e x c r e t e d f r e e in r a t s a n d c o w s a n d a s a t r a c e 
a m o u n t o f g l u c u r o n i d e in c o w s o n l y . T h e m a j o r r a t m e t a b o l i t e , 
t h e s u l f a t e o f t h e k'-hydroxy a c i d , i s p r e s e n t in s m a l l 
a m o u n t in c o w u r i n e a n d t h e s u l f a t e o f t h e 2 1 - h y d r o x y d e r i v a 
t i v e a p p e a r s o n l y in r a t u r i n e . 

T h e c o m p l e t e m e t a b o l i c p a t h w a y f o r t r a n s - a n d c i s -
p e r m e t h r i n in r a t s i n c l u d i n g t h e 2k i d e n t i f i e d m e t a b o l i t e s (5.) 
i s s h o w n in F i g u r e 7 . T h i s p a t h w a y a c c o u n t s f o r a l l p e r m e t h r i n 
m e t a b o l i t e s e x c r e t e d in a m o u n t s o f >1% o f t h e a d m i n i s t e r e d 
r a d i o c a r b o n e x c e p t f o r 5 m i n o r f e c a l m e t a b o l i t e s o f c i s -
p e r m e t h r i n . 
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Experimental Procedures for Bean and Cotton Plants and L CJ-
Permethrin Metabolites in Plants 

Bean and cotton plants treated topically on the leaves 
and bean plants treated by stem injection with the h [-^C]-
preparations of [1RS ]-permethrin were held for up to 21 days 
in the greenhouse. The leaves were washed with methanol-
chloroform (2:1) and then extracted with this solvent mixture 
or the whole plants were extracted in the same manner. Plant 
metabolites were identified and analyzed by the methods used 
for the mammalian metabolites, except that β-glucosidase, 
cellulase and acid were employed for conjugate cleavage. 

An extract of bean plants Ik days after stem injection 
with [1RS,trans]-permethrin contains the parent compound, 
hydroxylated permethrin, the free dichlorovinyl acid and its 
hydroxy derivatives, phenoxybenzy
acid. These products appear as one spot in the n-butanol-
acetic acid-water solvent system (Figure 8) but they are 
resolved in the benzene (formic acid)-ether system. The products 
at Rf 0Λ7 and 0.6l are conjugates of hydroxylated permethrin 
while the Rf Ο.56 product is an unidentified conjugate from 
the acid moiety. The identified conjugates include the 
glycosides of the dichlorovinyl acid and of 3-phenoxybenzyl 
alcohol. 

Permethrin on bean and cotton leaves undergoes trans-
cis isomerization to the extent of 6-13$ in 21 days. The 
penetrated portion yields metabolites similar to those found 
in the injected bean plants. In a l l cases, trans-permethrin 
is more rapidly metabolized than cis-permethrin. 

These preliminary results with plants indicate the 
importance of photodecomposition and metabolic oxidation and 
hydrolysis in the dissipation of permethrin residues. 

Abstract 

Permethrin metabolites excreted by rats and cows include 
8 mono- and dihydroxy derivatives of the trans- and c is -
esters, the acid moieties from ester cleavage and their 2-trans-
and 2-cis-hydroxy derivatives, 3-phenoxybenzyl alcohol, and 
3-phenoxybenzoic acid and its 2'- and 4'-hydroxy derivatives. 
These metabolites are excreted without conjugation or as 
glucuronides and glycine and glutamic acid conjugates of the 
carboxylic acids and as sulfates of the phenolic compounds. 
Permethrin on bean and cotton leaves undergoes trans-cis-
photoisomerization and the absorbed material yields hydroxy 
esters and their glycosides, hydrolysis products and their 
glycosides, and 3-phenoxybenzoic acid, trans-Permethrin 
generally undergoes more rapid biodégradation than cis -per-
methrin, in part because of the greater hydrolysis rate of the 
trans- compound. 
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ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



17. GAUGHAN ET A L . PermethHn Metabolism 193 

Permethrin 
HO-Permethrin 

C| ) = \ X V OH 
CIvHO-, l 
C I M ^ O H 

0.81 

HO-Permethrin glyc.-^0.6 I 
Unk. glyc. from acid-*>Q 5 6 

moiety 

HO-Permethrin glyc.-*0.47 

glyc-K). 3 4 

0.81 

Permethrin 
HO-Permethrin 

butonol-acetic 
acid-water 
(e ι ι) 

0.61 -^HO-Permethrin glyc. 

0.47«*-H0-Permethrin glyc. 

0.34«-glyc0^ 

0 

Figure 8. Bean metabolites of (1RS, trans)-permethrin, 
stem injection 
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Synthesis of Permethrin Metabolites and Related 

Compounds 

T A D A A K I U N A I and J O H N E . CASIDA 

Pesticide Chemistry and Toxicology Laboratory, Department of Entomological Sciences, 
University of California, Berkeley, Calif. 94720 

Considerable progres
metabolism of the trans- and cis-isomers of 3-phenoxybenzyl 
3- (2,2-dichlorovinyl) -2,2-dimethylcyclopropanecarboxylate 
(permethrin) in rats (1-3), in cows (3), in insects (4), in bean 
and cotton plants (3) and in microsomal mixed-function oxidase 
systems from mammalian l iver (5) and insects (4), in part be
cause of the availability of authentic standards from synthesis 
for use in cochromatographic comparisons with the metabolites. 
This report outlines synthesis routes used to prepare these 
monohydroxy- and dihydroxy-derivatives of trans- and c is -
permethrin, their hydrolysis products, and certain further oxi
dized or conjugated derivatives of the hydrolysis products. 

3 - ( 2,2 -D ichlor ovinyl ) - 2 - hydroxyme t hyl-2 - methylcyclopropane -
carboxylic Acids 

There are 4 possible isomeric acids with hydroxylation at 
one of the gem-dimethyl positions (Figure 1; the IR isomers are 
shown). 

[lR,/AuV7s]-permethrin metabolites 

CK 

cK h & 7 : R « j c 
COOH 

2-c/s-hydroxy 

'C00H 

2-//w?s-hydroxy 

[lR,c/s]-permethrin metabolites 
—̂OH HO—y 

2-£/'s-hydroxy 
CI' cr COOH 

2-//O/7S-hydroxy 

[Η+Γ 
or 

DCC 

/-lactone 

[H+ 

or 
DCC 

CK 

/-lactone Figure 1 

The 2-cis-hydroxymethyl acids undergo partial conversion to the 

194 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



18. U N A I A N D C A S I D A Permethrin Metabolites 195 

c o r r e s p o n d i n g γ - l a c t o n e s u n d e r s t r o n g a c i d i c c o n d i t i o n s a n d 
c o m p l e t e c o n v e r s i o n o n t r e a t m e n t w i t h N , N f - d i c y c l o h e x y l c a r b o -
d i i m i d e ( D C C ) . T h e s e 6 c o m p o u n d s a r e e a s i l y i s o l a t e d a s 
c r y s t a l l i n e m a t e r i a l s b y s u b j e c t i n g t h e a p p r o p r i a t e m i x t u r e s t o 
t i c o n s i l i c a g e l c h r o m a t o p l a t e s u s i n g 2 d e v e l o p m e n t s w i t h b e n 
z e n e ( s a t u r a t e d w i t h f o r m i c a c i d ) - e t h e r (10 :3 ) ( r e f e r r e d t o a s 
t h e B F E s o l v e n t s y s t e m ) . 

T h e k i s o m e r i c h y d r o x y a c i d s a n d 2 i s o m e r i c γ - l a c t o n e s w e r e 
p r e p a r e d f r o m l , l - d i c h l o r o - U - m e t h y l - l , 3 - p e n t a d i e n e b y S e O p 
o x i d a t i o n in g l a c i a l a c e t i c a c i d , w h i c h y i e l d s t h e d e s i r e d 
d i c h l o r o d i e n e a c e t a t e s in a r a t i o o f 83 f o r t h e t r a n s - a n d 17 f o r 
t h e c i s - c o m p o u n d ( F i g u r e 2 ) p l u s o t h e r p r o d u c t s i n c l u d i n g t h e 
d i c h l o r o d i e n e t r a n s - a l d e h y d e . 

6 compounds 
shown in Fig. I 

Figure 2 

T h e m i x t u r e o f a c e t o x y c o m p o u n d s w a s r e a c t e d d i r e c t l y w i t h e t h y l 
d i a z o a c e t a t e a n d C u p o w d e r a t 1 2 0 - 1 3 0 ° C , f o l l o w e d b y t i c s e p a r a 
t i o n [ C C I » - e t h e r ( 9 3 : 7 ) 3 o f t h e i s o m e r i c d i e s t e r s . F i n a l l y , 
h y d r o l y s i s ( N a O H in M e O H ) , a c i d i f i c a t i o n ( H C l ) , t i c ( B F E ) a n d 
l a c t o n i z a t i o n ( D C C ) y i e l d e d t h e 6 d e s i r e d [ 1 R S J - c o m p o u n d s . E a c h 
o f t h e h y d r o x y a c i d s a n d l a c t o n e s i s f o u n d a s a m e t a b o l i t e o f t h e 
a p p r o p r i a t e p e r m e t h r i n i s o m e r . 

H y d r o x y D e r i v a t i v e s o f 3 - P h e n o x y b e n z y l A l c o h o l a n d 3 - F h e n o x y -
b e n z o i c A c i d 

T w e l v e o f t h e Ik p o s s i b l e i s o m e r i c m o n o h y d r o x y d e r i v a t i v e s 
o f 3 - p h e n o x y b e n z y l a l c o h o l a n d 3 - p h e n o x y b e n z o i c a c i d w e r e p r e 
p a r e d , t h e r e m a i n i n g 2 - h y d r o x y c o m p o u n d s n o t b e i n g l i k e l y 
m e t a b o l i t e s . T h e 6 b e n z o i c a c i d d e r i v a t i v e s w e r e p r e p a r e d p r e v i 
o u s l y ( 6 ) , u s u a l l y b y d i f f e r e n t s y n t h e s i s r o u t e s , w h i l e m o s t 
i f n o t a l l o f t h e 6 b e n z y l a l c o h o l d e r i v a t i v e s a r e n e w c o m p o u n d s . 
T h e g e n e r a l p r o c e d u r e i n v o l v e d f o r m a t i o n o f t h e d i p h e n y l e t h e r 
l i n k a g e w i t h s u i t a b l e m e t h o x y i n t e r m e d i a t e s b y t h e U l l m a n n 
r e a c t i o n [ C u p C l p , d i m e t h y l f o r m a m i d e ( D M F ) ] , d e m e t h y l a t i o n w i t h 
B B r ( C H C l 2 , - 1 0 ° C , 2 m i n ) o r A 1 C 1 - ( t h i o p h e n e - f r e e b e n z e n e , 
r e f l u x , 2 h r ) , a n d a p p r o p r i a t e o x i d a t i o n o r r e d u c t i o n s t e p s t o 
o b t a i n t h e d e s i r e d a c i d s a n d a l c o h o l s . T h e a c i d s a r e s e p a r a t e d 
b y t i c o n 2 d e v e l o p m e n t s w i t h t h e B F E s o l v e n t s y s t e m a n d t h e 
a l c o h o l s a r e r e s o l v e d w i t h b e n z e n e - e t h y l a c e t a t e ( 6 : 1 ) o r 
b e n z e n e - e t h y l a c e t a t e - m e t h a n o l ( 1 5 : 5 : 1 ) . 

T o s y n t h e s i z e t h e 2 t - , 3 l - a n d hT-hydroxy c o m p o u n d s , m e t h y l 
3 - b r o m o b e n z o a t e w a s r e a c t e d w i t h t h e s o d i u m s a l t s o f 2 - , 3 - a n d 
U - m e t h o x y p h e n o l s (7) ( f r o m t h e p h e n o l s a n d N a H in D M F ) . 
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D e r n e t h y l a t i o n a n d r e d u c t i o n [ s o d i u m b i s ( 2 - m e t h o x y e t h o x y ) a l u m i n u m 
h y d r i d e in b e n z e n e ( V i t r i d e ® ) ] o r h y d r o l y s i s ( N a O H in MeOH) o f 
t h e c a r b o m e t h o x y c o m p o u n d s g a v e t h e d e s i r e d h y d r o x y a l c o h o l s 
a n d a c i d s , r e s p e c t i v e l y ( F i g u r e 3 ) . 

T o p r e p a r e t h e U - h y d r o x y d e r i v a t i v e s , t h e d i p h e n y l e t h e r 
a l d e h y d e f r o m a n U l l m a n n r e a c t i o n o f t h e s o d i u m s a l t o f i s o -
v a n i l l i n a n d b r o m o b e n z e n e w a s o x i d i z e d ( K M n O ^ , a c e t o n e ) , 
d e m e t h y l a t e d , a n d t h e r e s u l t i n g h y d r o x y a c i d w a s c o n v e r t e d t o t h e 
m e t h y l e s t e r ( C H Ν , e t h e r , 0 ° C , 5 m i n ) f o r r e d u c t i o n [ L i A l H ^ 
in t e t r a h y d r o f u r a n ( T H F ) ] t o t h e d e s i r e d a l c o h o l ( F i g u r e k). 

F o r s y n t h e s i s o f t h e 5 - h y d r o x y c o m p o u n d s , t h e s o d i u m s a l t 
o f 3 - n y d r o x y - 5 - m e t h o x y t o l u e n e w a s p r e p a r e d b y me t h y l a t i o n o f 
3 5 5 - o l i h y d r o x y t o l u e n e w i t h d i m e t h y l s u l f a t e , t h e n t r e a t m e n t 
w i t h N a H . A n U l l m a n n r e a c t i o n o f t h i s s a l t w i t h b r o m o b e n z e n e 
g a v e 5 - m e t h o x y - 3 - p h e n o x y t o l u e n e ( 6 ) , w h i c h w a s s u b j e c t e d t o 
o x i d a t i o n [ K M h O ^ , I L O - p y r i d i n e ( 1 : 2 ) ] t o t h e m e t h o x y a c i d a n d 
f u r t h e r r e a c t i o n s ( F i g u r e 5) a s a b o v e . 

T h e 6 - h y d r o x y d e r i v a t i v e s w e r e p r e p a r e d b y m e t h y l a t i o n o f 
5 - b r o m o s a l i c y l a l d e h y d e w i t h d i m e t h y l s u l f a t e t h e n r e a c t i o n 
o f t h e m e t h o x y b r o m i d e w i t h s o d i u m p h e n o l a t e a n d o x i d a t i o n 
( K M a O ^ , a c e t o n e ) o f t h e a l d e h y d e a n d f u r t h e r t r e a t m e n t s a s 

b e f o r e ( F i g u r e 6 ) . 
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T h e 2 f - , V - a n d 6 - h y d r o x y - 3 - p h e n o x y b e n z o i c a c i d s a n d t h e 
c o r r e s p o n d i n g V - a n d 6 - h y d r o x y b e n z y l a l c o h o l s in f r e e o r 
c o n j u g a t e d f o r m a p p e a r a s m e t a b o l i t e s o f t r a n s - a n d / o r c i s -
p e r m e t h r i n in v a r i o u s b i o l o g i c a l s y s t e m s . 

M o n o - a n d D i h y d r o x y p e r m e t h r i n 

T h e t r a n s - a n d c i s - i s o m e r s o f p e r m e t h r i n w i t h m o n o h y d r o x y l a -
t i o n in t h e a c i d m o i e t y w e r e s y n t h e s i z e d b y h e a t i n g t h e h i s o 
m e r i c h y d r o x y a c i d s ( F i g u r e l ) w i t h 3 - p h e n o x y b e n z y l b r o m i d e a n d 
E t J t f in DMF s o l u t i o n in a m p o u l e s w i t h N 2 g a s a t 8 0 - 9 0 ° C f o r 
2-3 h r ( F i g u r e 7 ) . E a c h p r o d u c t w a s p u r i f i e d b y p r e p a r a t i v e t i c 
w i t h b e n z e n e - e t h y l a c e t a t e ( 6 : 1 ) a n d b e n z e n e - e t h y l a c e t a t e -
m e t h a n o l ( 1 5 : 5 : 1 ) . I s o m e r i z a t i o n w a s n o t o b s e r v e d u n d e r t h e s e 
c o n d i t i o n s o f r e a c t i o n o r p u r i f i c a t i o n b u t a s m a l l a m o u n t o f 
l a c t o n i z a t i o n o c c u r r e d w i t h t h e 2 - c i s - h y d r o x y m e t h y l c o m p o u n d s . 

Figure 7 

F o r s y n t h e s i s o f t h e c i s - e s t e r s w i t h m o n o h y d r o x y l a t i o n a t t h e 
2 ' - a n d V - p o s i t i o n s o f t h e p h e n o x y r i n g a n d t h e c o r r e s p o n d i n g 
t r a n s - e s t e r w i t h a V - h y d r o x y s u b s t i t u e n t , t h e a p p r o p r i a t e 
m e t h o x y e s t e r s p r e p a r e d b y t h e a c i d c h l o r i d e m e t h o d w e r e t r e a t e d 
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w i t h B B r - ( C H 2 C 1 2 , - 1 0 ° C , 2 m i n ) t o y i e l d t h e d e s i r e d m o n o h y d r o x y 
e s t e r s a s m i n o r p r o d u c t s a n d t h e d i c h l o r o v i n y l a c i d a n d t h e 
c o r r e s p o n d i n g h y d r o x y d e r i v a t i v e s o f 3 - p h e n o x y b e n z y l b r o m i d e a s 
m a j o r p r o d u c t s , u s i n g p r e p a r a t i v e t i c w i t h b e n z e n e ( f o r t h e 2 1 -
h y d r o x y e s t e r ) o r w i t h b e n z e n e - e t h y l a c e t a t e ( 6 : 1 ) ( f o r t h e k 1 -
h y d r o x y e s t e r s ) f o r t h e i s o l a t i o n s . R e e s t e r i f i c a t i o n o f t h e 
2 i s o m e r i c h y d r o x y d e r i v a t i v e s o f 3 - p h e n o x y b e n z y l b r o m i d e w i t h 
e i t h e r t h e t r a n s - o r c i s - d i c h l o r o v i n y l a c i d y i e l d e d t h e 
d e s i r e d e s t e r ( i n c l u d i n g t h e t r a n s - e s t e r w i t h a 21-hydroxy s u b 
s t i t u e n t ) in e a c h c a s e ( F i g u r e b 1 ) . 

BBr, 

CK V ^ COOH B r — ^ 

,0H 

11 Γ Ί 

Figure 8 

E s t e r s h y d r o x y l a t e d a t b o t h t h e 2 - t r a n s - m e t h y l o f t h e 
a c i d m o i e t y a n d t h e h1 - p o s i t i o n o f t h e a l c o h o l m o i e t y ( F i g u r e 
9) w e r e p r e p a r e d b y e s t e r i f y i n g t h e 2 i s o m e r i c a c i d s w i t h 
h y d r o x y l a t i o n a t t h e t r a n s - m e t h y l t o t h e c a r b o x y l ( F i g u r e l ) 
w i t h k1 - h y d r o x y - 3 - p h e n o x y b e n z y l b r o m i d e ( F i g u r e 9 ) . 

-4 TOOH ^ ci—f ^ c œ — - ^ ^ N x ^ 
Λ ) Η 

C - ^ ^ c o O H B r - — 0 — ^ 

CI CI Figure 9 

E a c h o f t h e m o n o - a n d d i h y d r o x y d e r i v a t i v e s o f p e r m e t h r i n 
d e s c r i b e d a b o v e ( w i t h t h e e x c e p t i o n o f t h e 2 T - h y d r o x y - t r a n s -
e s t e r ) i s a m e t a b o l i t e o f t r a n s - o r c i s - p e r m e t h r i n in o n e o r 
m o r e o f t h e b i o l o g i c a l s y s t e m s e x a m i n e d . 

A m i n o A c i d a n d S u l f a t e C o n j u g a t e s 

T w e l v e a m i n o a c i d c o n j u g a t e s w e r e p r e p a r e d a s t h e i r m e t h y l 
e s t e r s f r o m t h e a c i d c h l o r i d e s o f t h e t r a n s - a n d c i s - d i c h l o r o -
v i n y l a c i d s o r o f 3 - p h e n o x y b e n z o i c a c i d a n d t h e m e t h y l e s t e r s o f 
t h e L - a m i n o a c i d s w i t h p y r i d i n e in T H F - b e n z e n e s o l u t i o n ( F i g u r e 
1 0 ) . T h e t r a n s - a n d c i s - d i c h l o r o v i n y l a c i d m e t a b o l i t e s f r o m 
p e r m e t h r i n a r e c o n j u g a t e d w i t h g l y c i n e , s e r i n e a n d g l u t a m i c 
a c i d in i n s e c t s a n d t h e t r a n s - b u t n o t t h e c i s - a c i d i s d e t e c t e d 
a s a g l u t a m a t e c o n j u g a t e w i t h c o w s . P h e n o x y b e n z o i c a c i d i s 
c o n j u g a t e d w i t h g l y c i n e in r a t s , c o w s a n d i n s e c t s a n d w i t h 
g l u t a m i c a c i d in c o w s a n d i n s e c t s . 
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Structures R in Each Structure 

-H = glycine 

-CH3 = alanine 

CH2OH = serine 

f\ f\ ? -CH2CH2COOMe = 
^^C^^CONH-CH-COOMe glutamic acid Figure 10 

The sulfate conjugate of V-hydroxy-3-phenoxybenzoic acid, 
found as a major permethrin metabolite in rats, was prepared 
by sulfation of the aci
(Figure l l ) . The produc
by preparative t i c with n-butanol-acetic acid-H 0 (6:1:1). The 
starting material was obtained on hydrolysis of this sulfate 
with sulfatase or 3N HC1. 

CIS03H in 
ίΓϋ f Y ° H , p y r i d i n e . f^i fY°S0*" 

ι - ς ^ ^ ^ Τ ^ sulfatase H O - C ^ ^ X T ^ 
I o rIH +] I Figure 11 

Abstract 

Mono- and dihydroxy derivatives of [1RS]-trans- and [1RS]-
cis-permethrin, their ester hydrolysis products, and conjugates 
of the acid moieties and of 3-phenoxybenzoic acid and 4'-
hydroxy-3-phenoxybenzoic acid were prepared for verification and 
stereochemical assignments of the free and conjugated [14C]-
metabolites of the [14C] permethrin isomers. At least 2 differ
ent solvent systems were used in each case for cochromatographic 
identification, with and without derivatization of the compounds. 
Twenty-nine of the products synthesized are identified as per
methrin metabolites in free or conjugated form. These com
pounds were important in assigning structures for the permethrin 
metabolites formed in various organisms and enzymatic systems. 
They should also be useful standards in studies on metabolism of 
related pyrethroids. 
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Synthetic Pyrethroids: Residue Methodology and 

Applications1 

D. A. GEORGE, J. E. HALFHILL, and L. M. McDONOUGH 
Yakima Agricultural Research Laboratory, Agricultural Research Service, 
U.S. Department of Agriculture, Yakima, Wash. 98902 

The shortcomings of DDT [ l , l , l - tr ichloro-2 ,2 -bis= 
(p-chlorophenyl )ethane
stimulated research into the development of other broad spectrum 
insecticides that could provide high insecticidal activity 
combined with low mammalian toxicity and moderate persistence. 
Compounds related to natural pyrethrum (synthetic pyrethroids) 
have been developed in recent years that show promise of meeting 
these requirements. Natural pyrethrum (Fig. 1) is an ester with 
synthetic variations of both the acid and alcohol portion of the 
molecule providing promising insecticides. 

Field studies indicate that Bioethanomethrin® [(5-benzyl-
3-furyl)methyl trans-(+)-3-(cyclopentylidenemethyl)-2,2-
dimethylcyclopropanecarboxylate] and FMC 33297 [m-phenoxybenzyl 
cis,trans-(±)-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane= 
carboxylate] (Fig. 2), showed promise of controlling insects 
of certain vegetable crops. Consequently, we investigated 
methods of detecting their residues. We report here a direct 
method ut i l iz ing gas chromatography and electron capture 
detection for FMC 33297. In addition, we developed a method 
based on derivatives of the alcohol and acid moieties of the 
saponified pyrethroid molecule for both pyrethroids (1). This 
latter method should work equally well with other synthetic 
pyrethroids (Fig. 3). 

The sample is saponified, the alcohol moiety is extracted 
with methylene chloride, the water portion is then acidified, 
and the acid moiety is extracted with methylene chloride. 
Trichloroacetyl chloride with pyridine is used to form a 
trichloroacetate ester from the alcohol and trichloroethanol 

1/ This paper reports the results of research only. 
Mention of a pesticide in this paper does not constitute a 
recommendation for use by the U.S. Department of Agriculture 
nor does i t imply registration under FIFRA as amended. 
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C H R Y 3 A N T H E M A T E 3 P Y R E T H R A T E S 

3 

PYRETHRIN I PYRETHRIN Π 
Ο 

8 

CINERIN I CINERIN Π 

JASMOLIN 1 JASMOLIN Π 

Figure 1. Natural pyrethrums: chrysanthemates and pyrethrates 

Figure 2. Synthetic pyrethroids Bio-
ethanometrin and FMC 33297 
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w i t h p y r i d i n e a n d d i c y c l o h e x y l c a r b o d i i m i d e i s u s e d t o f o r m a n 
e s t e r w i t h t h e a c i d . T h i s u s e o f a t r i c h l o r o c o m p o u n d in t h e 
d e r i v a t i v e s i n c r e a s e s t h e s e n s i t i v i t y t o t h e n a n o g r a m r a n g e 
w h e n t h e d e r i v a t i v e s a r e d e t e r m i n e d b y a g a s c h r o m a t o g r a p h 
e q u i p p e d w i t h a n e l e c t r o n c a p t u r e d e t e c t o r . 

T h e i n f r a r e d s p e c t r a s u p p o r t t h e e x p e c t e d s t r u c t u r e s f o r 
t h e d e r i v a t i z e d p r o d u c t s ( F i g . 4 ) . T h e c a r b o n y l s t r e t c h i n g 
v i b r a t i o n a l f r e q u e n c y i s a t 5 . 6 8 m i c r o n s f o r t h e t r i c h l o r o a c e t a t e 
o f b o t h p y r e t h r o i d s , t h e a r o m a t i c e t h e r s t r e t c h i n g f r e q u e n c y i s 
a t 8 m i c r o n s , a n d t h e c a r b o n - c h l o r i d e b a n d s a r e n e a r 14 a n d 17 
m i c r o n s . 

T h e e s t e r s f r o m t h e a c i d m o i e t y f o r b o t h p y r e t h r o i d s s h o w 
t h e c a r b o n y l s t r e t c h i n g f r e q u e n c y a t 5 . 7 8 m i c r o n s , a s t r o n g 
C - O - C t r i p l e t a t 8 . 7 , 8 . 9 , a n d 9 . 1 m i c r o n s ( F i g . 5 ) . A g a i n , 
t h e c a r b o n - c h l o r i d e s t r e t c h i n g f r e q u e n c i e s a r e a t 14 a n d 18 
m i c r o n s . 

T h e h i g h r e s o l u t i o
s t r u c t u r e s o f t h e d e r i v a t i v e s f o r m e d ( F i g . 6 ) . T h e m o l e c u l a r 
i o n f o r t h e t r i c h l o r o a c e t a t e e s t e r o f t h e B i o e t h a n o m e t h r i n 
d e r i v a t i v e w a s f o u n d t o b e m / e 3 3 1 . 9 7 8 9 ( c a l c u l a t e d m / e 
3 3 1 . 9 7 7 3 ) . T h e m o l e c u l a r i o n o f t h e t r i c h l o r o e t h a n o l e s t e r 
w a s f o u n d t o b e m / e 3 2 4 . 0 4 4 5 ( c a l c u l a t e d m / e 3 2 4 . 0 4 4 9 ) . T h e 
b a s e p e a k o f t h e t r i c h l o r o a c e t a t e e s t e r w a s f o u n d a t m / e 
1 7 1 . 0 8 0 4 , c o r r e s p o n d i n g t o t h e l o s s o f t h e t r i c h l o r o a c e t a t e i o n 
f r o m t h e m o l e c u l e . T h e b a s e p e a k o f t h e t r i c h l o r o e t h a n o l e s t e r 
w a s f o u n d a t m / e 1 4 9 . 1 3 2 3 , c o r r e s p o n d i n g t o t h e l o s s o f 
C 3 H 2 0 2 C l 3 ( C 0 2 C H 2 C C l 3 ) . 

T h e m o l e c u l a r i o n f o r t h e t r i c h l o r o a c e t a t e e s t e r d e r i v a t i v e 
o f FMC 3 3 2 9 7 w a s m / e 3 4 6 . 9 7 6 4 ( c a l c u l a t e d m / e 3 4 5 . 9 7 6 5 ) . T h e 
m o l e c u l a r i o n o f t h e t r i c h l o r o e t h a n o l e s t e r d e r i v a t i v e w a s m / e 
3 3 7 . 9 1 8 5 ( c a l c u l a t e d m / e 3 3 7 . 9 2 0 0 ) ( F i g . 7 ) . T h e b a s e p e a k o f 
t h e t r i c h l o r o a c e t a t e e s t e r , c o r r e s p o n d i n g t o t h e l o s s o f t h e 
t r i c h l o r o a c e t a t e i o n f r o m t h e m o l e c u l e , w a s f o u n d a t m / e 1 8 3 . 0 8 0 8 . 
T h e b a s e p e a k o f t h e t r i c h l o r o e t h a n o l e s t e r , c o r r e s p o n d i n g t o 
t h e l o s s o f C 0 2 C H 2 C C 1 3 , w a s f o u n d a t m / e 1 6 3 . 0 0 5 8 . 

I n a d d i t i o n , a m e t h o d w a s d e v e l o p e d f o r d e t e r m i n i n g r e s i d u e s 
o f FMC 3 3 2 9 7 in w h i c h t h e c o m p l e t e m o l e c u l e w a s u s e d . T h e 2 
c h l o r i n e a t o m s in t h e m o l e c u l e m a k e t h e c o m p o u n d s e n s i t i v e t o 
t h e e l e c t r o n c a p t u r e d e t e c t o r ; t h e r e s u l t i s a s t a n d a r d c u r v e 
w i t h a s e n s i t i v i t y o f 5 t o 50 n a n o g r a m s . H o w e v e r , we o b t a i n e d 
a 1 0 - f o l d g r e a t e r s e n s i t i v i t y w i t h t h e d e r i v a t i z a t i o n m e t h o d . 

R e s i d u e S t u d i e s 

A n e m u l s i f i a b l e c o n c e n t r a t e o f B i o e t h a n o m e t h r i n w a s a p p l i e d 
t o l e n t i l s a s a s p r a y 2 t i m e s a t t h e r a t e o f 7 0 0 g A i / h e c t a r e 
( 1 0 o z / a c r e ) 14 a n d 2 1 d a y s b e f o r e h a r v e s t . F o l i a g e r e s i d u e s 
w e r e c o l l e c t e d a f t e r t h e first s p r a y a t 0 h r , 66 h r , a n d 
168 h r , a n d a f t e r t h e 2 n d t r e a t m e n t a t 0 h r a n d 72 h r . T h e 
s a m p l e s w e r e s e l e c t e d r a n d o m l y t h r o u g h o u t t h e p l o t , p l a c e d 
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c i c - c o c i 2 2 
R -CHo0H R CH -O-C-CCl. 

Q "1 \ U - Λ Ι Ι / Ζ Ô 

R -C-O-CH^R - λ v--- Λ + ^ c C-CH OH 0 

R -COOH R -C-0-CH 2-Cl 3 

pyridine - DCC 

1 ) OH , MeOH / 

2) H ,0 + \ ι 

Figure 3. Derivative step (DCC is dicyclohexylcarbodiomide) 
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Figure 4. Infrared spectra of trichloroacetate ester derivatives 
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in p l a s t i c b a g s , a n d f r o z e n a t t h e l a b o r a t o r y . T h e f r o z e n 
s a m p l e s w e r e p u t t h r o u g h a c h o p p e r a n d m i x e d t h o r o u g h l y ; 50 g 
s u b s a m p l e s w e r e r e m o v e d f o r a n a l y s i s , b l e n d e d 2 m i n u t e s w i t h 
2 0 0 m l m e t h y l e n e c h l o r i d e , a n d f i l t e r e d t h r o u g h a n h y d r o u s 
s o d i u m s u l f a t e . T h e f i l t r a t e w a s r e f r i g e r a t e d u n t i l a n a l y z e d . 
T h e f o l i a g e e x t r a c t w a s c l e a n e d u p b y e v a p o r a t i n g t h e m e t h y l e n e 
c h l o r i d e , r e d i s s o l v i n g t h e r e s i d u e in h e x a n e , a n d t h e n s u b j e c t i n g 
i t t o l i q u i d c h r o m a t o g r a p h y w i t h a n a l u m i n u m o x i d e c o l u m n ( 2 0 g 
o f B a k e r T s A n a l y z e d 0 5 3 6 ) . A f t e r 50 m l o f h e x a n e w a s p a s s e d 
t h r o u g h t h e c o l u m n , B i o e t h a n o m e t h r i n w a s e l u t e d w i t h 1 . 5 % 
a c e t o n i t r i l e in h e x a n e . 

T h e l e n t i l s w e r e a l s o a n a l y z e d . E x t r a c t i o n w a s t h e s a m e 
a s f o r t h e f o l i a g e . T h e n t h e e x t r a c t w a s e v a p o r a t e d t o d r y n e s s , 
a n d t h e r e s i d u e w a s p a r t i t i o n e d b e t w e e n h e x a n e a n d a c e t o n i t r i l e . 
T h e a c e t o n i t r i l e s o l u t i o n w a s e v a p o r a t e d a n d t h e r e s i d u e w a s 
r e d i s s o l v e d in h e x a n e a n
a s t h e f o l i a g e s a m p l e . 

T h e r e s i d u e s in f o l i a g e d e t e r m i n e d f r o m t h e 2 d e r i v a t i v e s 
c o m p a r e f a v o r a b l y . T h e r a t e o f l o s s d u r i n g t h e 7 - d a y s a m p l i n g 
i s s h o w n in T a b l e I . I m m e d i a t e l y a f t e r s p r a y i n g , t h e r e s i d u e s 
w e r e 0 . 4 t o 0 . 6 ppm a n d d e c l i n e d t o z e r o b y t h e e n d o f t h e 
1 6 8 - h r s a m p l i n g t i m e . C o n t r o l o r c h e c k s a m p l e s s h o w e d n o r e s i d u e 
b y e i t h e r m e t h o d . R e c o v e r i e s ( i n t h e r a n g e o f 0 . 1 t o 1 . 0 ppm) 
a v e r a g e d 8 4 . 2 % f o r t h e t r i c h l o r o a c e t a t e e s t e r d e r i v a t i v e a n d 
8 0 . 3 % f o r t h e t r i c h l o r o e t h a n o l e s t e r d e r i v a t i v e . No r e s i d u e s 
w e r e f o u n d in t h e h a r v e s t l e n t i l s . 

T a b l e I . R e s i d u e s o f B i o e t h a n o m e t h r i n o n l e n t i l f o l i a g e a t 
v a r i o u s i n t e r v a l s a f t e r a n a p p l i c a t i o n o f 7 0 0 g 
A i / h e c t a r e ( 1 0 o z / a c r e ) . 

R e s i d u e s f o u n d ( p p m ) ± / 

I n t e r v a l b e t w e e n T r i c h l o r o a c e t a t e T r i c h l o r o e t h a n o l 
t r e a t m e n t a n d e s t e r e s t e r 
s a m p l i n g ( h r ) d e r i v a t i v e d e r i v a t i v e 

T r e a t m e n t 1 

0 0 . 3 5 0 0 . 4 4 7 
66 . 0 3 5 . 0 6 6 

1 6 8 . 0 0 0 . 0 0 0 

T r e a t m e n t 2 

0 . 6 4 7 . 6 8 9 
72 . 0 0 0 . 0 0 0 

1/ R e s u l t s w e r e c o r r e c t e d to 100% b a s e d o n r e c o v e r i e s . 
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Figure 5. Infrared spectra of trichloroethyl derivatives 
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Figure 6. Mass spectra of Bioethanomethrin derivatives 
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We a l s o a p p l i e d a n e m u l s i f i a b l e c o n c e n t r a t e o f FMC 3 3 2 9 7 
t o c a b b a g e o n c e a w e e k f o r 4 w e e k s a t a r a t e o f 112 g A I / h e c t a r e 
( 0 . 1 l b / a c r e ) . S a m p l i n g a n d e x t r a c t i o n w e r e t h e same a s f o r 
t h e l e n t i l a n d f o l i a g e s a m p l e s t r e a t e d w i t h B i o e t h a n o m e t h r i n . 
C l e a n u p o f t h e e x t r a c t c o n s i s t e d o f l i q u i d c h r o m a t o g r a p h y o f 
40 m l o f a m e t h y l e n e c h l o r i d e s o l u t i o n ( 1 0 g c r o p s a m p l e ) 
t h r o u g h a 7 . 5 g s i l i c a g e l c o l u m n , p r e w a s h e d w i t h 30 m l m e t h y l e n e 
c h l o r i d e . FMC 3 3 2 9 7 r e s i d u e s w e r e e l u t e d w i t h 20 m l m o r e o f 
m e t h y l e n e c h l o r i d e . A f t e r e v a p o r a t i o n o f t h e e l u a t e , t h e 
r e s i d u e w a s d i s s o l v e d in p e n t a n e a n d l i q u i d c h r o m a t o g r a p h e d 
t h r o u g h a l u m i n u m o x i d e ( 2 0 g ) . A f t e r 50 m l p e n t a n e h a d b e e n 
p a s s e d t h r o u g h t h e c o l u m n , t h e FMC 3 3 2 9 7 r e s i d u e s w e r e e l u t e d 
w i t h 1 . 5 % e t h e r in p e n t a n e . T h e e l u a t e w a s e v a p o r a t e d , a n d 1 m l 
h e x a n e w a s a d d e d . A f t e r t h e r e s i d u e w a s d e t e r m i n e d b y e l e c t r o n 
c a p t u r e g a s c h r o m a t o g r a p h y , t h e s a m p l e w a s a l s o a n a l y z e d b y t h e 
d é r i v â t i z a t i o n m e t h o d . 

R e s i d u e s d e t e r m i n e d b y t h e 3 t e c h n i q u e s a r e s h o w n in 
T a b l e I I . B y D u n c a n ^ m u l t i p l e r a n g e t e s t , t h e r e w a s n o 
s i g n i f i c a n t d i f f e r e n c e b e t w e e n t h e 3 m e t h o d s a t t h e 95% 
p r o b a b i l i t y l e v e l . I m m e d i a t e l y a f t e r s p r a y i n g , t h e r e s i d u e in 
t h e o u t e r l e a v e s w a s 1 . 4 ppm a n d d e c l i n e d a p p r o x i m a t e l y 30% 
in t h e first 2 4 - h r p e r i o d a n d 70% w i t h i n 1 6 8 h r . No r e s i d u e s 
w e r e f o u n d in t h e c a b b a g e h e a d s 1 6 8 h r a f t e r t r e a t m e n t . C h e c k 
s a m p l e s s h o w e d n o r e s i d u e s f o r t h e 3 m e t h o d s . R e c o v e r i e s ( i n 
t h e r a n g e o f 0 . 0 4 t o 2 . 0 p p m ) a v e r a g e d 1 0 2 . 3 % f o r u n d e r i v a t i z e d 
FMC 3 3 2 9 7 , 9 8 . 9 % f o r t h e t r i c h l o r o a c e t a t e e s t e r d e r i v a t i v e 
a n d 9 2 . 5 % f o r t h e t r i c h l o r o e t h a n o l e s t e r d e r i v a t i v e . 

We a p p l i e d FMC 3 3 2 9 7 t o g r e e n p e a s a t t h e r a t e o f 1 1 2 g 
A i / h e c t a r e ( 0 . 1 l b / a c r e ) . S a m p l e s c o n s i s t i n g o f v i n e a n d p o d 
w e r e t a k e n a t 0 h r , 24 h r , 3 d a y s a n d 7 d a y s . T h e s a m p l i n g , 
e x t r a c t i o n , a n d c l e a n u p p r o c e d u r e s a r e t h e same a s t h o s e u s e d 
f o r c a b b a g e . T h e r e s u l t s a r e s h o w n in T a b l e I I I . I n i t i a l 
r e s i d u e s w e r e a b o u t 0 . 9 ppm a n d d e c l i n e d a p p r o x i m a t e l y 30% 
d u r i n g t h e first 2 4 - h r p e r i o d , 50% b y 72 h r , a n d 80% a f t e r 
168 h r . C h e c k s a m p l e s s h o w e d n o r e s i d u e s f o r t h e 3 m e t h o d s . 
R e c o v e r i e s ( i n t h e r a n g e o f 0 . 1 t o 1 . 0 p p m ) a v e r a g e d 1 0 1 . 8 % 
f o r t h e u n d e r i v a t i z e d FMC 3 3 2 9 7 , 8 4 . 6 % f o r t h e t r i c h l o r o a c e t a t e 
e s t e r d e r i v a t i v e , a n d 8 9 . 7 % f o r t h e t r i c h l o r o e t h a n o l e s t e r 
d e r i v a t i v e . 

C o m p a r i s o n o f t h e r e s u l t s b y t h e d é r i v â t i z a t i o n m e t h o d s 
t h u s i n d i c a t e s t h a t e i t h e r p r o c e d u r e c a n b e u s e d t o d e t e r m i n e 
r e s i d u e s ; t h e o t h e r m e t h o d i s t h e n a v a i l a b l e f o r c o r r o b o r a t i o n . 
A l s o , w h e n a f a s t e r m e t h o d i s a v a i l a b l e , a s f o r FMC 3 3 2 9 7 , t h e 
d é r i v â t i z a t i o n t e c h n i q u e c a n b e u s e d f o r c o r r o b o r a t i o n . T h e 
d a t a we o b t a i n e d i n d i c a t e t h a t FMC 3 3 2 9 7 r e s i d u e s a r e m o r e 
p e r s i s t e n t t h a n B i o e t h a n o m e t h r i n r e s i d u e s . 
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T a b l e I I . FMC 3 3 2 9 7 r e s i d u e s o n o u t e r c a b b a g e l e a v e s a f t e r 
4 s p r a y a p p l i c a t i o n s o n c e a w e e k o f 112 g A i / h e c t a r e 
( 0 . 1 l b / a c r e ) . 

1 / R e s i d u e f o u n d ( p p m ) — 

I n t e r v a l 
b e t w e e n 
t r e a t m e n t 

a n d 
s a m p l i n g 

( h r ) 
N o . o f 

t r e a t m e n t s 
U n d e r i v a t i z e d 

FMC 3 3 2 9 7 

T r i c h l o r o 
a c e t a t e 

e s t e r 

T r i c h l o r o 
e t h a n o l 

e s t e r 
d e r i v a t i v e d e r i v a t i v e 

2 . 2 9 
. 9 5 
. 9 2 

2 . 6 1 
1 . 1 7 

. 6 3 

2 . 8 1 
. 7 6 
. 5 2 

A v g . 1 . 3 4 1 . 4 1 1 . 3 8 

24 1 . 2 5 
. 8 6 
. 7 7 

1 . 3 8 

1 . 0 1 
. 9 9 
. 2 3 
. 7 7 

16 
25 
55 
92 

A v g . 1 . 0 7 . 7 5 . 9 7 

1 6 8 0 . 1 0 
. 3 2 
. 7 2 

0 . 0 6 
. 4 2 
. 8 0 

0 . 0 6 
. 3 2 
. 7 3 

A v g . . 3 8 . 4 3 . 3 7 

U R e s u l t s w e r e c o r r e c t e d t o 100% b a s e d o n r e c o v e r i e s f o u n d 
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T a b l e I I I . FMC 3 3 2 9 7 r e s i d u e s o n g r e e n p e a s a f t e r a s p r a y -
a p p l i c a t i o n o f 112 g A i / h e c t a r e ( 0 . 1 l b / a c r e ) . 

R e s i d u e s f o u n d ( p p m ) ! / 

I n t e r v a l b e t w e e n 
t r e a t m e n t a n d 
s a m p l i n g ( h r ) 

U n d e r i v a t i z e d 
FMC 3 3 2 9 7 

T r i c h l o r o 
a c e t a t e 

e s t e r 
d e r i v a t i v e 

T r i c h l o r o 
e t h a n o l 

e s t e r 
d e r i v a t i v e 

0 0 . 9 8 0 . 6 0 0 . 9 6 
24 . 6 9 . 5 5 . 6 0 
72 . 5 9 . 3 9 . 2 8 

1 6 8 . 1

i / R e s u l t s w e r e c o r r e c t e d t o 100% b a s e d o n r e c o v e r i e s f o u n d . 

Abstract 

Analytical methodology was developed for determining 
residues of 2 synthetic pyrethroids, Bioethanomethrin® [(5-
benzyl-3-furyl)methyl trans-(+)-3-(cyclopentylidenemethyl)-2,2-
dimethylcyclopropanecarboxylate] and FMC 33297 [m-phenoxybenzyl 
cis,trans-(+)-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane= 
carboxylate]. After saponification of a pyrethroid, 
trichloroacetyl chloride is used to form an ester from the 
alcohol moiety, and trichloroethanol is used to form an ester 
from the acid moiety. The derivatives were determined by 
electron capture gas chromatography. Infrared and mass spectral 
data support the expected structures of the derivatives formed. 
The use of the 2 derivatives enhances the reliability of the 
results. In addition, underivatized FMC 33297 was determined 
by electron capture gas chromatography. Equivalent residue 
data were obtained by the 3 analytical techniques. With these 
methods, residue data were determined for 2 pyrethroids 
(Bioethanomethrin and FMC 33297) on l e n t i l foliage, l e n t i l s , 
green peas, and cabbage. The data indicate that residues 
declined 70 to 100% within 7 days of treatment. 

Literature Cited 

1. George, D. Α., and McDonough, L. M., J. Assoc. Off. Anal. 
Chem. (1975) 58, 781-4. 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



20 
Gas Chromatographic Determination of Residues of the 

Synthetic Pyrethroid F M C  33297 

R. A. SIMONAITIS and R. S. C A I L 

Stored-Product Insects Research and Development Laboratory, Agricultural 
Research Service, U.S. Department of Agriculture, Savannah, Ga. 31403 

FMC 33297 (m-phenoxybenzy
vinyl)-2,2-dimethylcyclopropanecarboxylate), also known as 
NRDC 143, PP 5579 and permethrin, is a photostable synthetic 
pyrethroid with low mammalian toxicity which has been shown by 
Bry and Lang (l)to have promise as a protectant for woolen 
fabrics against insect damage. Davis et a l . (2) have found 
FMC 33297 to be promising against insect pests of growing cotton. 
Gillenwater and his coworkers at the Stored-Product Insects 
Research and Development Laboratory in Savannah, Georgia (private 
communication), have found FMC 33297 to be an effective protect
ant for stored grain commodities. The compound (structural 
formula shown in Figure l ) was synthesized by E l l i o t t et a l . (3) 
in their search for synthetic pyrethroids having low mammalian 
toxicity and more stability than the natural pyrethroids that 
were nevertheless equally active against insects. Berkovitch (k) 
reported that FMC 33297 was 1.4 times as potent as resmethrin 
((5-benzyl-3-f uryl)methyl cis,trans-(±)-2,2-dimethyl-3-(2-methyl= 
propenyl)cyclopropanecarboxylate) to house f l i e s , Musca domestica 
L., and 3.2 times as effective to mustard beetles, Phaedon 
cochicariae Fab., and that i t had comparable mammalian toxicity. 
E l l i o t t et a l . (3), Berkovitch (4), and Bry et a l . (5.) reported 
that FMC 33297 was many times more stable when exposed to light 
than previously synthesized pyrethroids or natural pyrethrins. 

Preliminary experiments showed that FMC 33297 was effective 
against various insect pests of stored grains. Consequently, a 

1This paper reports the results of research only. Mention of a 
pesticide in this paper does not constitute a recommendation 
for use by the U.S. Department of Agriculture nor does i t imply 
registration under FIFRA as amended. Mention of a commercial 
or proprietary product in this paper does not constitute an 
endorsement of this product by the U. S. Department of 
Agriculture. 
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m e t h o d w a s n e e d e d t o d e t e r m i n e r e s i d u e s o f FMC 33297 o n u n m i l l e d 
g r a i n s s u c h a s w h e a t a n d c o r n a n d o n m i l l e d p r o d u c t s s u c h a s 
c o r n m e a l a n d f l o u r s o we c o u l d s t u d y a p p l i c a t i o n r a t e s a n d 
d u r a t i o n o f p r o t e c t i o n a f f o r d e d t h e c o m m o d i t y . T h i s p a p e r 
d e s c r i b e s a h i g h l y s e n s i t i v e g a s - l i q u i d c h r o m a t o g r a p h i c ( G L C ) 
p r o c e d u r e f o r d e t e r m i n i n g r e s i d u e s o f t h e c i s a n d t h e t r a n s 
i s o m e r s o f FMC 33297 o n m i l l e d a n d u n m i l l e d c o r n a n d w h e a t . 

M e t h o d 

A p p a r a t u s a n d R e a g e n t s , 

( a ) G a s c h r o m a t o g r a p h i c e q u i p m e n t a n d c o n d i t i o n s . — H e w l e t t 
P a c k a r d m o d e l 5700A i n s t r u m e n t w i t h a u t o m a t i c i n j e c t o r , d i g i t a l 
i n t e g r a t o r , 1 mv r e c o r d e
19311); e q u i p p e d w i t h f l a m
i d g l a s s c o l u m n p a c k e d w i t h 5% l i q u i d p h a s e 0V -225 w / w o n 80-100 
m e s h G a s - C h r o m Q ( A p p l i e d S c i e n c e s L a b o r a t o r i e s , I n c . , S t a t e 
C o l l e g e , P A l 6 8 0 l ) . C o n d i t i o n a n e w l y p a c k e d c o l u m n 2k h r a t 
3 0 0 ° C w i t h n i t r o g e n p u r g i n g . O p e r a t i n g c o n d i t i o n s : t e m p e r a t u r e 
( ° C ) c o l u m n o v e n 250, d e t e c t o r 3 0 0 , i n j e c t i o n p o r t 3 0 0 ; g a s 
f l o w s ( m l / m i n ) n i t r o g e n ( c a r r i e r ) 28, h y d r o g e n 3 0 , a i r 2^0; 
e l e c t r o m e t e r s e t t i n g , 31 x 1 0 " 1 0 A f u l l s c a l e a t a t t e n u a t i o n l 6 , 
R a n g e 1. U n d e r t h e s e c o n d i t i o n s t h e r e t e n t i o n t i m e s f o r t h e c i s 
a n d t r a n s i s o m e r s o f FMC 33297 w e r e 9.5 m i n a n d 10.0 m i n , 
r e s p e c t i v e l y . 

( b ) C h r o m a t o g r a p h i c c o l u m n . — F o r a l u m i n a c o l u m n c l e a n u p : 
C h r o m a f l e x , p l a i n , 23 cm χ 1 3 mm w i t h 8 cm χ 2 mm b o r e c a p i l l a r y 
t i p , 50 m l r e s e r v o i r ( K o n t e s G l a s s C o . , V i n e l a n d , N J 08360). 

( c ) A l u m i n a , A o i d . — B r o c k m a n A c t i v i t y I 80-200 m e s h ; u s e a s 
r e c e i v e d ( F i s h e r S c i e n t i f i c C o . , P i t t s b u r g h , P A 15235). 

( d ) A n a l y t i c a l p e s t i c i d e s t a n d a r d s . — F M C 33297, a n a l y t i c a l 
g r a d e ( F M C C o r p o r a t i o n , M i d d l e p o r t , NY lkl05). P r i m a r y 
s t a n d a r d ( l O O O y g / m l ) . — W e i g h 0.1±0.001 g i n t o 100 m l v o l u m e t r i c 
f l a s k a n d d i l u t e t o v o l u m e w i t h h e x a n e . S e c o n d a r y s t a n d a r d s . — 
D i l u t e a l i q u o t s o f p r i m a r y s t a n d a r d w i t h h e x a n e t o o b t a i n 
s e c o n d a r y s t a n d a r d s . C o n c e n t r a t i o n o f s e c o n d a r y s t a n d a r d s s h o u l d 
b r a c k e t t h e e x p e c t e d c o n c e n t r a t i o n o f s a m p l e s (20-25 u g / m l ) . 

( e ) R e a g e n t s a n d s o l v e n t s . — A c e t o n i t r i l e , e t h y l a c e t a t e , 
h e x a n e , a n d p e n t a n e ( a l l p e s t i c i d e g r a d e ) ; a n d a n h y d r o u s s o d i u m 
s u l f a t e ( F i s h e r S c i e n t i f i c C o . ) . 

( f ) E l u a n t m i x t u r e . — F o r a l u m i n a l i q u i d c h r o m a t o g r a p h i c 
c l e a n u p . — D r y a l l s o l v e n t s a n d s o l v e n t m i x t u r e b e f o r e a d d i n g t o 
c o l u m n b y s h a k i n g w i t h a n h y d r o u s s o d i u m s u l f a t e ( c a 25 g / L ) . 
T h r e e p e r c e n t e t h y l a c e t a t e in p e n t a n e ( v / v ) : A d d 30 m l e t h y l 
a c e t a t e t o c a 900 m l p e n t a n e in 1 L v o l u m e t r i c f l a s k , m i x , l e t 
m i x t u r e r e a c h r o o m t e m p e r a t u r e , a n d a d j u s t t o f i n a l v o l u m e o f 
1 L w i t h p e n t a n e . 
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P r e p a r a t i o n o f S a m p l e a n d E x t r a c t i o n . G r i n d g r a i n t o f i n e 
c o n s i s t e n c y in f o o d h o m o g e n i z e r . T r a n s f e r 200±0.1 g t h o r o u g h l y 
m i x e d c o m m o d i t y t o 1 q t m a s o n j a r , a d d kOO m l p e n t a n e , s e a l , a n d 
e x t r a c t b y t u m b l i n g f o r 3 h r a t 10 r e v / m i n ( t u m b l e r s p e c i f i c a 
t i o n s a v a i l a b l e f r o m U . S . D e p a r t m e n t o f A g r i c u l t u r e , S t o r e d -
P r o d u c t I n s e c t s R e s e a r c h a n d D e v e l o p m e n t L a b o r a t o r y , S a v a n n a h , 
GA 3 1 ^ 0 3 ) o r e q u i v a l e n t . F i l t e r e x t r a c t t h r o u g h W h a t m a n 2 V 
f i l t e r p a p e r i n t o 1 p t b o t t l e , a n d s t o p p e r . A t t h i s p o i n t 
e x t r a c t s c a n b e s t o r e d in f r e e z e r a t - 5 ° C u n t i l r e a d y f o r 
f u r t h e r a n a l y s i s . 

S o l v e n t P a r t i t i o n C l e a n u p . S a t u r a t e a c e t o n i t r i l e w i t h 
p e n t a n e b y s h a k i n g 3 : 1 m i x t u r e o f s o l v e n t s f o r 1 m i n . F o r e a c h 
s a m p l e t o b e a n a l y z e d , s e t u p t w o 250 m l s e p a r a t o r y f u n n e l s . 
T r a n s f e r 50 m l a l i q u o t o
c o m m o d i t y t o 125 m l E r l e n m e y e
a b o u t 10 m l o n 60°C w a t e r b a t h u n d e r a s t r e a m o f d r y a i r . W i t h 
p e n t a n e , q u a n t i t a t i v e l y t r a n s f e r t h e c o n c e n t r a t e d s a m p l e in f l a s k 
t o s e p a r a t o r y f u n n e l t h a t h a s b e e n c a l i b r a t e d w i t h a 25 m l m a r k . 
D i l u t e v o l u m e t o t h e 25 m l m a r k w i t h p e n t a n e . A d d 100 m l p e n t a n e -
s a t u r a t e d a c e t o n i t r i l e , s t o p p e r , a n d s h a k e 1 m i n . T r a n s f e r l o w e r 
( a c e t o n i t r i l e ) p h a s e t o s e c o n d s e p a r a t o r y f u n n e l . R e e x t r a c t t h e 
a c e t o n i t r i l e in t h e s e c o n d s e p a r a t o r y f u n n e l w i t h a n a d d i t i o n a l 
25 m l o f p e n t a n e . D r a i n a c e t o n i t r i l e p h a s e f r o m t h e s e c o n d 
s e p a r a t o r y f u n n e l i n t o 250 m l E r l e n m e y e r f l a s k . C o m b i n e p e n t a n e 
p h a s e s in s e c o n d s e p a r a t o r y f u n n e l . R i n s e first s e p a r a t o r y 
f u n n e l w i t h 50 m l p e n t a n e - s a t u r a t e d a c e t o n i t r i l e . T r a n s f e r 
r i n s e s t o s e c o n d s e p a r a t o r y f u n n e l c o n t a i n i n g p e n t a n e p h a s e s , 
s t o p p e r , a n d s h a k e 1 m i n ; t h e n l e t l a y e r s s e p a r a t e . A d d l o w e r 
( a c e t o n i t r i l e ) p h a s e t o 250 m l E r l e n m e y e r f l a s k c o n t a i n i n g t h e 
a c e t o n i t r i l e . D i s c a r d p e n t a n e l a y e r . P l a c e 250 m l E r l e n m e y e r 
f l a s k o n 100°C w a t e r b a t h a n d e v a p o r a t e j u s t t o d r y n e s s u n d e r d r y 
a i r s t r e a m . D i s s o l v e r e s i d u e in 10 m l p e n t a n e , w h i c h h a s b e e n 
d r i e d b y s h a k i n g w i t h a n h y d r o u s s o d i u m s u l f a t e , a n d h o l d a t - 5 ° C 
f o r l i q u i d c h r o m a t o g r a p h i c c o l u m n c l e a n u p . 

L i q u i d C h r o m a t o g r a p h i c C l e a n u p . P r e p a r e c h r o m a t o g r a p h i c 
c o l u m n c o n t a i n i n g g l a s s w o o l p l u g a n d 11 g a l u m i n a . T a p s i d e s 
o f c o l u m n t o p r o d u c e e v e n p a c k i n g o f a d s o r b e n t . P l a c e 250 m l 
b e a k e r u n d e r c o l u m n a n d w e t c o l u m n w i t h c a 10 m l p e n t a n e w h i c h 
h a s b e e n d r i e d w i t h a n h y d r o u s s o d i u m s u l f a t e . T r a n s f e r s a m p l e 
f r o m s o l v e n t p a r t i t i o n c l e a n u p t o c h r o m a t o g r a p h i c c o l u m n a n d w a s h 
s i d e s w i t h c a 15 m l d r y p e n t a n e . D i s c a r d p e n t a n e w a s h i n g s . 
E l u t e c o l u m n w i t h 75 m l 3% e t h y l a c e t a t e in p e n t a n e a n d c o l l e c t 
e l u a t e in 125 m l E r l e n m e y e r f l a s k . C o n c e n t r a t e e l u a t e j u s t t o 
d r y n e s s o n 60°C w a t e r b a t h u n d e r s t r e a m o f d r y a i r . D i s s o l v e 
r e s i d u e in h e x a n e a n d t r a n s f e r t o a c a l i b r a t e d c e n t r i f u g e t u b e o r 
v o l u m e t r i c f l a s k o f t h e a p p r o p r i a t e v o l u m e t o g i v e t h e d e s i r e d 
c o n c e n t r a t i o n o f 20 t o 25 y g / m l . F i l l a 2 m l v i a l 2 / 3 f u l l w i t h 
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Figure 1. Structural formula of FMC 33297: 
C2îH20Cl2O3; 391.31 g/mol; LD50; CA 2000 
(approximately 20% cis, 80% trans isomers) 
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Figure 2. Effectiveness of solvent partition cleanup. Average % non
volatile material removed by solvent partition from 25 g of commodity 

extract. 
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a n a l i q u o t o f t h e s a m p l e a n d c a p t h e v i a l w i t h a n a l u m i n u m 
s e p t u m c a p . S t o r e in a f r e e z e r a t - 5 ° C u n t i l r e a d y f o r g a s 
c h r o m a t o g r a p h i c a n a l y s i s . 

G a s C h r o m a t o g r a p h i c A n a l y s i s . B r i n g a l l s o l u t i o n s t o r o o m 
t e m p e r a t u r e . A d j u s t G L C o p e r a t i n g c o n d i t i o n s a s d e s c r i b e d u n d e r 
G a s c h r o m a t o g r a p h i c e q u i p m e n t a n d c o n d i t i o n s . W i t h a u t o m a t i c 
s a m p l e r , i n j e c t 3 μ ΐ a l i q u o t s o f a n a l y t i c a l s t a n d a r d s o l u t i o n 
u n t i l i n t e g r a t o r c o u n t s o f t w o c o n s e c u t i v e i n j e c t i o n s v a r y <10%. 
P l a c e v i a l s c o n t a i n i n g a n a l y t i c a l s t a n d a r d b e f o r e a n d a f t e r v i a l s 
t h a t c o n t a i n s a m p l e s o l u t i o n s . I n j e c t e a c h t w i c e w i t h a u t o m a t i c 
s a m p l e r . A v e r a g e i n t e g r a t o r c o u n t s a n d c a l c u l a t e p e r c e n t a g e 
FMC 33297 a s f o l l o w s : 

W C 
% FMC 33297 = — x — x D χ 100 

w h e r e ^ s = w e i g h t p e r c e n t o f s t a n d a r d ; = w e i g h t p e r c e n t o f 
u n k n o w n ; £ s = a v e r a g e i n t e g r a t o r c o u n t s f o r s t a n d a r d s ; £ u = 
a v e r a g e i n t e g r a t o r c o u n t s f o r u n k n o w n ; D = d i l u t i o n f a c t o r . 

R e s u l t s a n d D i s c u s s i o n 

T h e c l e a n u p p r o c e d u r e d e s c r i b e d in t h i s p a p e r u t i l i z e s a 
l i q u i d - l i q u i d p a r t i t i o n i n g b e t w e e n p e n t a n e a n d a c e t o n i t r i l e 
f o l l o w e d b y a l i q u i d c h r o m a t o g r a p h i c c l e a n u p o n a n a c i d a l u m i n a 
c o l u m n . W i t h t h e e x t r a c t i o n p r o c e d u r e d e s c r i b e d , a 25 g s a m p l e 
o f c o r n , c o r n m e a l , f l o u r , a n d w h e a t h a d n o n v o l a t i l e r e s i d u e s o f 
0.77j l . l U , 0 .11 , a n d 0.26 g , r e s p e c t i v e l y . F i g u r e 2 s h o w s t h e 
q u a n t i t i e s o f n o n v o l a t i l e r e s i d u e s r e m o v e d f r o m e x t r a c t s o f e a c h 
c o m m o d i t y b y s o l v e n t p a r t i t i o n . No n o n v o l a t i l e r e s i d u e w a s 
d i s c e r n e d a f t e r t h e l i q u i d c h r o m a t o g r a p h i c c l e a n u p . 

F i g u r e 3 s h o w s g a s c h r o m a t o g r a m s o b t a i n e d f o r a n FMC 33297 
s t a n d a r d s o l u t i o n b e f o r e ( i ) a n d a f t e r ( i l ) c l e a n u p . T h e r e t e n 
t i o n t i m e s f o r t h e e l u t i o n o f t h e c i s a n d t r a n s i s o m e r s o f 
FMC 33297 a r e i n d i c a t e d b y A a n d B , r e s p e c t i v e l y . T h e p e a k s 
i d e n t i f i e d b y C o r i g i n a t e d f r o m i m p u r i t i e s in t h e s o l v e n t s u s e d . 
A r e a g e n t b l a n k s h o w n in F i g u r e k w a s r u n t o d e t e r m i n e w h e t h e r 
t h e r e a g e n t s c o u l d b e a s o u r c e f o r i n t e r f e r e n c e . A l t h o u g h p e a k s 
w e r e o b s e r v e d , n o i m p u r i t y p e a k h a d a r e t e n t i o n t i m e w h i c h w o u l d 
i n t e r f e r e w i t h t h e a n a l y s i s . 

T h e l i n e a r i t y o f t h e d e t e c t o r r e s p o n s e w a s d e t e r m i n e d b y 
p l o t t i n g t h e i n t e g r a t o r c o u n t s o b t a i n e d v e r s u s t h e c o n c e n t r a t i o n 
o f FMC 33297 i n j e c t e d . T h e v o l u m e i n j e c t e d w a s k e p t c o n s t a n t . 
T h e r e s p o n s e o f t h e f l a m e i o n i z a t i o n d e t e c t o r t o FMC 33297 w a s 
f o u n d t o b e l i n e a r o v e r t h e r a n g e e x a m i n e d f r o m 15 t o U85 n g p e r 
3 y l i n j e c t i o n v o l u m e . 

U n t r e a t e d c o r n , c o r n m e a l , f l o u r , a n d w h e a t a n d s a m p l e s f o r 
t i f i e d w i t h 0.2 t o 22.0 p p m o f FMC 33297 w e r e e x t r a c t e d a n d 
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Γ~ 
15 

—r-
1 0 τ Ί 5 — I — Γ 

TIME (MIN) 
Figure 3. Gas-liquid chromât ο grams of FMC 33297 stand
ard solution (35 ^g/ml) before (I) and after (11) cleanup: A , 
trans isomer peak; B, cis isomer peak; C, unknown reagent 

impurity peak 

30 25 20 15 
TIME (MIN) 

! 
10 

Figure 4. Gas-liquid chromatogram of FMC 33297 
reagent blank: A , retention time for trans isomer peak; 
B, retention time for cis isomer peak; C, impurity peaks 

introduced by reagents used for cleanup 
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CORN UNTREATED 

ι 1 1 1 1 1 J ~ 
30 26 20 16 10 6 0 

CORN 10.2 PPM 

- π 1 1 ι ι > I 
30 26 20 « 10 6 0 

CORN 0 4 PPM 

"So 25 20 « 10 6 0 30 26 20 15 S 6 0~ 

miE (MIN) TIME (MIN) 

Figure 5. Gas-liquid chromatograms of corn commodity extracts unfortified and for
tified with FMC 33297: A , trans isomer peak; B, cis isomer peak 
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WHEAT UNTREATED WHEAT 0.2 PPM 

TIME (MIN) TIME (MIN) 

Figure 8. Gas-liquid chromatograms of wheat commodity extracts unfortified and 
fortified with FMC 33297: A, trans isomer peak; B, cis isomer peak 
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a n a l y z e d , a s s h o w n b y r e s u l t s r e p o r t e d in T a b l e I . R e c o v e r i e s 
f o r s e p a r a t e d e t e r m i n a t i o n s r a n g e d f r o m 88 t o 105$ f o r c o r n , 
92 t o 103$ f o r c o r n m e a l , 90 t o 95$ f o r f l o u r , a n d 88 t o 95$ f o r 
w h e a t . 

C h r o m â t o g r a m s o f t h e e x t r a c t s o f t h e c o m m o d i t i e s w i t h a n d 
w i t h o u t FMC 33297 h a v e b e e n r e p o r t e d in F i g u r e s 5-8. T h e i s o m e r 
p e a k s w e r e f a i r l y w e l l r e s o l v e d e v e n a t f o r t i f i e d c o n c e n t r a t i o n 
l e v e l s o f 10 p p m . No i n t e r f e r e n c e p e a k s w e r e o b s e r v e d a t t h e 
FMC 33297 r e t e n t i o n t i m e s f o r a n y o f t h e c o m m o d i t i e s s t u d i e d . 
A l t h o u g h t h e i n t e g r a t o r w a s l i m i t e d t o t h e q u a n t i z a t i o n l e v e l o f 
0.2 p p m , i t w a s p o s s i b l e t o u s e p e a k h e i g h t s t o o b t a i n g r e a t e r 
s e n s i t i v i t y . T o c a l c u l a t e t h e s e n s i t i v i t y o f t h e m e t h o d i t w a s 
f o u n d t h a t p e a k h e i g h t o f t h e t r a n s i s o m e r c o u l d b e u s e d t o g i v e 
a m i n i m u m d e t e c t a b l e c o n c e n t r a t i o n o f 0.05 p p m b a s e d o n t w i c e 
t h e n o i s e l e v e l . 

S t a t i s t i c a l a n a l y s i
c o m m o d i t y f o r t i f i e d a t 0 .5 , 1 .2, a n d U.7 p p m w a s p e r f o r m e d . T h e 
r e s u l t s a r e r e p o r t e d in T a b l e I I . 

T a b l e I I . S t a n d a r d d e v i a t i o n s o f a s i n g l e d e t e r m i n a t i o n 
f o r a s e r i e s o f f i v e i n d e p e n d e n t d e t e r m i n a 
t i o n s o n e a c h c o m m o d i t y f o r t i f i e d a t t h r e e 
t r e a t m e n t l e v e l s . 

F o r t i f i c a t i o n S t a n d a r d d e v i a t i o n f o r c o m m o d i t y 

l e v e l C o r n C o r n m e a l F l o u r W h e a t 

(Ppm) 

ο.βο 0.030 0.019 0.020 0.029 

1.2 0.092 0.020 0.031 0.018 

h.l 0.070 0 .06 l 0.0^9 0.1U 

Abstract 

A simple and rapid gas-liquid chromatographic (GLC) method 
was developed for the determination of residues of the insecti 
cide FMC 33297 (m-phenoxybenzyl cis,trans-(±)-3-(2,2-dichloro= 
vinyl)-2,2-dimethylcyclopropanecarboxylate), also known as 
NRDC 143, PP 557, and permethrin, in corn, cornmeal, flour, and 
wheat. The commodity was extracted with pentane and cleaned up 
by a solvent partition followed by l iquid chromatography. The 
FMC 33297 residue was determined by GLC with a flame ionization 
detector. The results were compared with known standards that 
had undergone the same cleanup procedures. With electronic 
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integration, the method was quantitative to concentrations of 
FMC 33297 to 0.2 ppm; with peak height measurement of the trans 
isomer peak, the method was sensitive to 0.05 ppm. Recoveries 
at levels of 0.20 to 22 ppm ranged from 88 to 105%. Reproduci
bility was good. The standard deviation for five determinations 
at levels of 0.60 to 4.7 ppm was 0.018 to 0.14% absolute for the 
four commodities. 

Literature Cited 

1. Bry, R. Ε. , & Lang, J. H. J. Ga. Entomol. Soc. (1976) 1 1 , 

2. Davis, J. W., Harding, J. Α. , & Wolfenbarger, D. A. J. Econ. 
Entomol. (1975) 68, 373-374. 

3. Elliott, M. , Farnham, A. W., Janes, N. F., Needham, P. H . , 
Pulman, D. A., & Stevenson
169-170. 

4. Berkovitch, I. Int. Pest Control (1974) l 6 . 20. 
5. Bry, R. E., Simonaitis, R. Α. , Lang, J. H . , & Boatright, R. E. 

Soap/Cosmetics/Chem. Spec. (1976) 52, 31-33, 98. 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



I N D E X 

Acetonitrile 212 
Acid moieties, syntheses of 49 
Activities for kill 10, 64, 68 
Agricultural crop pests 17 
Air, pyrethroid instability in light and 147 
Alanine 199 
Alkenyl cyclopropanecarboxylates, 

activity of 9 
Allethrin 4,17, 64, 81, 88
Allethrolone 7
Allethronyl esters 38 
Allylic alcohol 133 
Allylic bromination 128 
Anopheles stephensi 18 
Antidromic nerve impulse 102 
Application of pyrethroids 201 
Axons 102 

Β 
Bathrin 99,106, 111 
Bean 191 
Benzaldehyde 143 
Benzoic acid 143,190 
Benzyl alcohol 143 
Benzyl furan moiety 69 
5-Benzyl-3-furylmethyl alcohol 45 
5-Benzyl-3-furylmethyl esters .13, 163, 166 
5-Benzyl-3-furylmethyl group 139 
Binding probability 34 
S-Bioallethrin 6 
Biodégradation 72,174 
Bioethanomethrin 203 

on lentil foliage, residues of 205 
Biopermethrin 6, 96 
Bioresmethrin 6,10,96 
Bromination of 3-phenoxyltoluene .... 47 
Bromobenzene 196 
N-Bromosuccinimide 128,133 
trans-Butenyl chrysanthemates, 

potency of the 64 

Cabbage leaves 205 
Carbamates 1, 85 
Carbene reaction 49 
Carbofuran 106 

carbamate insecticide 100 
Carbon dioxide 141 
Carbon tetrahalide 128 

Caronaldehyde 128 
Cattle ticks, activity on 43 
1 4C-carbonyl (acid) permethrin 147 
Chiral alcohols, potencies of esters of 14 
Chiral receptor 8 
Chirality 37 
p-Chlorophenyl-a-isopropyl acetates 

(S-5439 and S-5602) 175,181,184 
Cholinesterase 17, 85 
Chromatography 

liquid 207 
thin layer 151,188 

Chrysanthemate ( s ) 137 
cycloalkylmethyl 64 
dihalovinyl analogues of 128 
homologs of 134 
mixture 99 
of simple alcohols 165 

Chrysanthemic acid 55 
1 4C-methylene (alcohol) permethrin 147 
Cockroach 83,86,100 

nymphs of the American 72 
1 4 C o 2 evolution 149,158 
Condensation of ammonium 47 
Conformations of pyrethroids, 

preferred 29 
Corn 215 
Cornmeal 215 
Cotton 

insects pests of 211 
leafworm, activity on 43 
plants 191 

α -Cyano alcohol(s) 55 
esters of 13,167 

α -Cyano group 19,25,143 
Cyanohydrin(s) 19,143 

ester of the [S]- 14 
irans-Cyanophenothrin, poisoning by 169 
6-Cyano-3-phenoxybenzyl esters, 

2-, and 15 
Cycloalkane methanols, pyrethroid-

like esters of 62 
Cyclobutanone 38 
Cyclopropanecarboxylates .3,128,164,175 
Cyclopropanecarboxylic acids 45,173 
Cyclopropane ring 37 

photoisomerization of 137 
Cypermethrin 18,19,45 
Cultures, permethrin degradation in 

soil and microbial 147 

225 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



226 S Y N T H E T I C P Y R E T H R O I D S 

D 

D D T 43, 85, 98,100,103 
shortcomings of 201 

Decamethrin 3,18,29 
and a stereoisomer, 1 3 C spectra of .. 33 

Degradation of permethrin, soil 
microorganisms in 147,158 

Dehalogenation of dihalovinyl 
substituents, reductive 141 

1.1- Dichloro-4-methy 1-1,3- and 1,4-
pentadiene 119-127 

cost of 118 
preparation of 49 

Dichlorovinyl acid 191 
metabolites from permethrin 198 

3- ( 2,2-Dichlorovinyl ) -2,2-dimethyl-
cyclopropanecarboxylic acid 151 

3- ( 2,2-Dichlorovinyloxy )benzalde
hyde cyanohydrin 5

3- ( 2,2-Dichlorovinyloxy ) benzyl 
fragment 55 

Dieldrin 103 
Difluorovinyl ester 10 
Dihalovinyl 

crystalline, cis- 35 
cyclopropanecarboxylates 131 
groups 164 
substituents, reductive dehalogena

tion of 141 
Dihydroxypermethrin 197 
Dimethrin 138 
2.2- Dimethyl-3- ( 2,2-dichlorovinyl ) -

cyclopropanecarboxylic acid 
(DV-acid), preparation of 49 

gem-Dimethyl group 37,164,173,188 
hydroxylation of 176 

with permethrin 181 
oxidation at the 189 

4,4-Dimethyl-5-hexen-2-one 50 
Dose-response curves 88 
Dreiding molecular models 29 

Electrochemical reactions 121,127 
Electrolysis 123 
Enzymes in pyrethroid metabolism, 

microsomal 162 
Epimerization, photochemical 

isomerization and 173 
ES-56 74,81 
Esterase(s) 

-amidase activity 158 
in pyrethroid hydrolysis 163 
specificity with permethrin isomers 176 

Ester(s) 
allethronyl 38 
5-benzyl-3-furylmethyl 166 

Esters (Continued) 
chrysanthemic acid 45 
α-cyano-substituted 167 
hydrolysis 189 
isobutenyl 164 
metabolites 171 
propargylfurylmethyl 167 
pyrethronyl 38 
trichloroacetate 203 
trichloroethanol 210 
γ,δ-unsaturated 133 

Esterification 45 
of spirodihalovinyl acids 43 

frans-Ethanoresmethrin, poisoning by 169 
Ethyl acetate 4,212 
Ethyl diazoacetate 38, 49,118,128 

Fenvalerate 19,45 
Flour 215 
F M C 11523 69 
F M C 16824 69 
F M C 33297 ( ra-phenoxybenzyl-cis, 

trans- ( + ) -3- ( 2,2-dichlorovinyl ) -
2,2-dimethylcyclopropane-
carboxylate) 211 

percentage calculation 215 
residues 207 

Fulvic acid 149,151 
Fumigation 81 
Furamethrin 165 
Fusarium oxysporum 158 

G 

Gas Chromatography 211 
Geminal dimethyl groups .37,164,173,188 
Gibbs' rotational matrix method 30 
β-Glucosidase 191 
Glucuronides 188 
Glutamic acid 190,198-199 
Glutamic dehydrogenase 86 
Glycine 190,198,199 

H 

Halocyclobutanones, ring contraction 
of a- 38 

Hexane 151,205,212 
Housefly ( ies ) 64, 74, 81,100,211 

activity on 43 
female 71,88 
nervous system, action of 

pyrethroids on the 98 
Humic acid 149 
Humin 149,151 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



INDEX 227 

Hydroxylation of gem-dimethyl 
group 176 

Hydroxylation of isobutenylmethyl 
groups 174 

Hyperactivity 106 

I 
Inclusion complexes 137 
Indanones 72 
1-Indanyl chrysanthemate 74 
Insect pests of cotton 211 
Insecticidal activities 35, 71 

of cyclopropanecarboxylates 7 
neuro 102 
requirements for 165 
toxic 85 
of wood treated with pyrethroids .. 83 

Insecticidal deposits on ivy leaves .... 22 
Isobutenyl esters 16
Isobutenylmethyl groups, 

hydroxylation of 174 
Isomerization and epimerization, 

photochemical 173 
Isomerization of permethrin, trans-cis 191 
α-Isopropylphenylacetates 11 
Isopropyl-4-substituted phenylacetic 

acid 55 
Isovanillin 196 

Κ 
Kadethrin 10 
Ketene-olefin cycloadditions 38 
Knockdown 98,111 

agents 3 
effect on vapor action of 

pyrethroids 81 
rapidity of 10 

L 
Lactone(s) 176,195 

formation 50 
L D 5 0 values 3 
Lentils 203 

foliage, residues of bioethano
methrin on 205 

Lethal action 8,17 
Lethal doses, median 21 
Light and air, pyrethroid instability in 147 
Lindane 103 
Lipophilic insecticide, most powerful 19 
Liquid chromatography 207 

M 
Mammalian toxicity 72,186, 211 
Mass spectra of permethrins 177 
Metabolic pathway in mammals 147 

for permethrin (rats) 190 
Metabolism rates of pyrethroid 

enantiomers 175 

Metabolites 
from acid moiety of permethrin .190-192 
from permethrin, dichlorovinyl 198 
synthesis of permethrin 194 

Methane, 1 4 C moeity 151 
Methrin 99,111 

poisoning 108 
Methylene chloride 201 
α-Methylene group, substituents at .... 13 
Methyl substituents on acid compo

nents of various esters, influence 
of 9 

Microbial activity, soil 147 
Microbial inhibitor in soils, sodium 

azide as a 147 
Microencapsulation 137 
Microorganisms in degradation of 

permethrin, soil 158 

Microsomal oxidases, mouse 184 
Microsomes, mouse 179 
Microsomes, rat 179 
Mist spraying test 81 
Molecular configuration of the side 

chain at cyclopropane C-3 in the 
acid moiety 163 

Monohydroxypermethrin 197 
Mouse 

intraperitoneal toxicity and 
synergism of pyrethroids 170 

liver microsomal enzymes 163 
liver microsomes 174 
microsomal oxidases 184 

Mustard beetles 211 

Ν 

N A D P H 176 
Nerve 

cord, crayfish 88 
impulse discharge frequency 96 
poison, central 106 
poison, peripheral 106 
preparations 86 

Nervous conduction 86 
Nervous system 

action of pyrethroids on the housefly 98 
central 98 
peripheral 98 
potency of pyrethroids on the 

central 108 
Neurotoxicities 86 
Neurotoxin, peripheral 98 
Nitrogen 212 

atmosphere of 151 
N R D C 143 56,119,211 
irans-NRDC 149, poisoning by 169 
N R D C 161 56,137,139-141 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



228 S Y N T H E T I C P Y R E T H R O I D S 

Ο 
Olefin, cyclopropanation of an 38 
p-7r-Orbital overlap 31 
Organochlorines 1 
Organophosphates 1, 85,103 
K-Othrin 6,103, 111 

poisoning 108 
Oxidation at the gem-dimethyl group 189 

Parathion 85 
Paraxon 85,163 
Peas, green 207 
cis-Pentadienyl side chain 19 
Pentane 212 
4-Pentenoates, preparation of 129 
Periplaneta americana 9
Permethrin ( m-phenoxybenzyl

trans- ( + ) -3- ( 2,2-dichlorovinyl ) -
2,2-dimethylcyclopropanecar-
boxylate) 18,45,74,131,137,141 

147,166,171,175,190 
acid moiety of 116,128 
biodégradation 186 

in soil and microbial cultures 147 
cis/trans ratio of 158 
1 4 C metabolites in rats and cows .... 187 
dichlorovinyl acid metabolites 198 
isomers, esterase specificity 176 
mass spectra of 177 
metabolic pathway of in rats 190 
metabolism 186 
metabolites from acid moiety of 190-192 
metabolites, synthesis of 194 
photoisomerization 138 
poisoning by 169 
preparations 186 
in rats, metabolic pathway of 190 
soil microorganisms in degradation 

of 158 
trans-cis isomerization 191 

Pest management 1 
Phenothrin 18,19,45, 56,62,165 
Phenoxybenzoic acid 154,191,198 

hydroxy derivatives of 3- 195 
3-Phenoxybenzyl 

alcohol 154,191 
hydroxy derivatives of 3- 195 

esters 163 
group 45,55 
triethylammonium bromide 47 

Phenoxylphenyl moiety 69 
Phenylacetic acid 143 
Phenylcyclopropane 12 
Photochemical isomerization and 

epimerization 173 

Photochemical reactions of pyrethroid 
insecticides 137 

Photodecarboxylation 141 
Photodecomposition products 143 
Photolysis of the ester bond of 

resmethrin 142 
Photooxidation 140 
Photostability 17,119 
Phthalthrin 81 
Picrotoxin 103 
Piperonyl alcohol 4 
Planar conformation in determining 

activity 31 
Plants, cotton 191 
Potassium ί-butoxide 133 
Potency of analogs of pyrethroids 92 
Potency of isomers of pyrethroids 92 
Propargylfurylmethyl esters 167 

preferred angles in 32 
Pyrethrin II 3 
Pyrethroids 1 

acidic components of 12 
action of on the housefly nervous 

system 98 
application 201 
biodegradability, substrate 

specificity in 167 
conformations 7 
developments of the basic structure 6 
esters, insecticidally active synthetic 55 
hydrolysis, esterases in 163 
insecticides 37,173 

activities of synthetic 72 
activity of wood treated with 83 
photochemical reactions of 137 
potency of 162 

instability in light and air 147 
knockdown effect on vapor action of 81 
mammalian toxicity of 119 
metabolism, microsomal enzymes in 162 
metabolism, stereochemistry in 173 
mouse intraperitoneal toxicity and 

synergism of 170 
nerve action of synthetic 92 
oxidation of funtcional groups in .... 139 
oxidizing enzymes 165 
photostable 18 
potency of 53 

on the central nervous system .. . 108 
preferred conformations of 29 
preparation of reversed ester 65, 67 
structure-activity of 3 
residue methodology of 201 
residues, determination of 211 
synthesis of the acid moiety of 128 
toxicity of I l l , 169 

Pyrethronyl esters 38 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



I N D E X 229 

Pyrethrum 98,201 
Pyrolysis of allethrin 72 
Pyrrolidine 132 

R 
Rats, intravenous toxicities to female 20 
Redox catalyst, C u 2 C l 2 in 

ethanolamine 50 
Residue of Bioethanomethrin on 

lentil foliage 203 
Residue methodology of pyrethroids 201 
Resmethrin 18, 19, 62, 74, 81, 139, 

163,165,171,173,175,176,184 
photolysis of the ester bond of 142 

Reversed esters, preparation of 67 
Rotational barriers 34 
Rotation graphs 31 
Rotenoids 86 

S 

S-5439 173 
S-5602 56,137,140,143,173 
Saponification 139 
Serine 199 
Sodium azide as a microbial inhibitor 

in soils 147 
Soil 

microbial activity 147 
and microbial cultures, permethrin 

degradation in 147 
microorganisms in degradation of 

permethrin 158 
permethrin degradation in aerobic 147 
permethrin degradation in 

anaerobic 151 
sodium azide as a microbial 

inhibitor in 147 
Spiroalkane cyclopropanecarboxylic 

acids 37 
Stereochemistry in pyrethroid 

metabolism 173 
Steric hindrance 35 
Structure-activity of pyrethroids 3 
Structure of pyrethroids, develop

ments of the basic 6 

Substrate specificity in pyrethroid 
biodegradability 167 

Sucrose gas technique 86 
Sulfoxidation 166 
Superfiltrol (acid clay) 117 
Synergism of pyrethroids, mouse 

intraperitoneal toxicity and 170 

Τ 
Termite (Coptotermes formosanus) .. 75 
Tetraethylpyrophosphate 163 
Tetrahydronaphthalene 12 
Tetramethrin 69,99,108, 111, 138,165 

poisoning 106 
Tetra-substituted cyclopropane

carboxylic acids 37 
Thermal isomerization of pyrethin I.. 15 
Thin layer chromatography 151 

Toad (Xenopus leavis), clawed 98 
Toxicity (ies) 

to female rats, intravenous 20 
on insects 2, 72, 99 
mammalian 7, 17 

of pyrethrins 162 
and synergism of pyrethroids, 

mouse intraperitoneal 170 
synergist-dependent 169 
to Tsetse flies, residual 22 

Trichloroacetate ester 203 
Trichloroethanol ester 210 
Tsetse flies, residual toxicity 22 

U 
γ-Unsaturated carboxylate 128 
γ,δ-Unsaturated esters 133 

V 
Vitride 196 

W 

Wheat 215 
Wood treated with pyrethroids, 

insecticidal activity of 83 

In Synthetic Pyrethroids; Elliott, M.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 


	Title Page
	Copyright
	ACS Symposium Series
	FOREWORD
	PREFACE
	INTRODUCTION
	
	1 Synthetic Pyrethroids
	Structure and Activity of Pyrethroids
	Conformation and Activity of Pyrethroids
	Photostability and Mammalian Toxicity
	Properties of Recent Pyrethroids
	Future Prospects for Pyrethroids
	Acknowledgements
	Literature Cited


	
	2 Preferred Conformations of Pyrethroids
	Method
	Results and Discussion
	Acknowledgements
	Abstract
	Literature Cited


	
	3 Pyrethroid Insecticides Derived from Some Spiroalkane Cyclopropanecarboxylic Acids
	Acknowledgements
	Abstract
	Literature Cited


	
	4 Recent Progress in Syntheses of the New and Most Potent Pyrethroids
	Method of esterification
	Syntheses of acid moieties
	Literature Cited


	
	5 Insecticidally Active Synthetic Pyrethroid Esters Containing a 3-(2,2-Dichlorovinyloxy)benzyl Fragment
	Structure-Activity Relations
	References


	
	6 Pyrethroid-Like Esters of Cycloalkane Methanols and Some Reversed-Ester Pyrethroids
	Pyrethroid-Like Esters of Cycloalkane Methanols.
	Reversed Ester Pyrethroids.
	Evaluation of Insecticidal Activities.
	Literature Cited.


	
	7 Insecticidal Activities of Synthetic Pyrethroids
	RESULTS AND DISCUSSION
	REFERENCES


	
	8 Neurophysiological Study of the Structure-Activity Relation of Pyrethroids
	Methods
	Nerve Action Vs. Insecticidal Action
	Comparison of Isomers and Analogs
	Conclusions
	Literature Cited


	
	9 Central vs. Peripheral Action of Pyrethroids on the Housefly Nervous System
	Methods
	Results and Discussion
	Acknowledgement
	Literature Cited


	
	10 Synthetic Route to the Acid Portion of Permethrin
	Literature Cited


	
	11 Novel Routes to 1,1-Dichloro-4-methyl-1,4-pentadiene and 1,1-Dichloro-4-methyl-1,3-pentadiene
	Acknowledgments
	Literature Cited


	
	12 New Synthesis of the Acid Moiety of Pyrethroids
	Synthesis of the Dihalovinyl Analogues of Chrysanthemate
	Synthesis of the Homologues of Chrysanthemate
	Literature Cited.


	
	13 Photochemical Reactions of Pyrethroid Insecticides
	Isomerization of the Cyclopropane Ring and of Alkenyl Substituents
	Oxidation of Functional Groups in the Acid and Alcohol Moieties
	Reductive Dehalogenation of Dihalovinyl Substituents
	Photoelimination of Carbon Dioxide
	Ester Bond Cleavage
	Dimerization of Free Radicals
	Further Photodecomposition of Ester Cleavage Products
	Discussion
	Abstract
	Acknowledgements
	Literature Cited


	
	14 Permethrin Degradation in Soil and Microbial Cultures
	Degradation in Aerobic Soil
	Degradation in Anaerobic Soils
	Soil Product Identification
	Microbial Degradation
	Summary
	Literature Cited


	
	15 Substrate Specificity of Mouse-Liver Microsomal Enzymes in Pyrethroid Metabolism
	Methods for Enzyme Studies
	Substrate Specificity of Pyrethroid-Hydrolyzing Enzymes
	Substrate Specificity of tyrethroid-Oxidizing Enzymes
	Substrate Specificity in Relation to  Overall Pyrethroid Biodegradability
	Correlation of Microsomal Metabolism with pyrethroid Toxicity and in vivo Metabolism
	Abstract
	Acknowledgments
	Literature Cited


	
	16 Stereospecificity of Pyrethroid Metabolism in Mammals
	Resmethrin and Site Preference for  Hydroxylation of Isobutenyl Methyl Groups
	Permethrin and Site Preference for Hydroxylation of gem-Dimethyl Group
	p-Chlorophenyl-α-isopropylacetates (S-5439 and S-5602)
	Discussion
	Abstract
	Acknowledgements
	Literature Cited


	
	17 Permethrin Metabolism in Rats and Cows and in Bean and Cotton Plants
	[14C]Permethrin Preparations and Experimental Procedures for Rats and Cows
	[14C]Permethrin Metabolites in Rats and Cows
	Experimental Procedures for Bean and Cotton Plants and (14C)Permethrin Metabolites in Plants
	Abstract
	Acknowledgments
	Literature Cited


	
	18 Synthesis of Permethrin Metabolites and Related Compounds
	3-(2,2 -Dichlorovinyl)-2-hydroxymethyl-2-methylcyclopropane-carboxylic Acids
	Hydroxy Derivatives of 3-Phenoxybenzyl Alcohol and 3-Phenoxybenzoic Acid
	Mono- and Dihydroxypermethrin
	Amino Acid and Sulfate Conjugates
	Abstract
	Acknowledgments
	Literature Cited


	
	19 Synthetic Pyrethroids: Residue Methodology and Applications1
	Residue Studies
	Abstract
	Literature Cited


	
	20 Gas Chromatographic Determination of Residues of the Synthetic Pyrethroid FMC 33297
	Method
	Apparatus and Reagents.

	Results and Discussion
	Abstract
	Literature Cited


	
	INDEX
	A
	Β
	C
	D
	E
	F
	G
	H
	I
	Κ
	L
	M
	Ν
	Ο
	P
	R
	S
	Τ
	U
	V
	W





