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Figure 2. Gas chromatograms of the TFA derivatives of 
Mesurol and its metabolites and a derivatized extract of 
field-treated blueberries: (A) Mesurol phenol TFA (X) 3 
ng, Mesurol sulfoxide phenol TFA (XI)  8 ng, Mesurol sul- 
fone phenol TFA (XII) 6 ng, Mesurol TFA (VII) 5 ng, 
Mesurol sulfoxide di-TFA (VIII) 10 ng, and Mesurol sul- 
fone TFA (IX) 1 2  ng; (B)  acetone extract of field-treated 
blueberries after partition and derivatization. 

removal of the solvent was derivatized with trifluoroacetic 
anhydride. A GC chromatogram of the derivatized crude 
extract is shown in Figure 2B. It indicates the presence 
of Mesurol, Mesurol sulfoxide, and a small amount of 
sulfone at  an estimated level of 5, 0.9, and 0.03 ppm, 
respectively. It is interesting to note the absence of phenol 
metabolites in the sample. 

Trifluoroacetylation, together with the use of a selective 
sulfur GC detector, thus enables the determination of 
Mesurol and its metabolites to be carried out with virtually 

crude extracts of blueberries. This eliminates the oxi- 
dation, hydrolysis, and column cleanup steps present in 
the reported methods for the analysis of Mesurol. The 
trifluoroacetyl derivatives can also be detected by GC- 
electron capture detector, although cleanup may be re- 
quired for the extracts in this case. 
ACKNOWLEDGMENT 

The authors wish to thank W. Waggoner, Chemagro, for 
the Mesurol analytical standards, also M. Simon and M. 
Wilson for their technical assistance, R. B. Gibb for the 
NMR determinations, and S. Skinner for the mass spectral 
data. 
LITERATURE CITED 
Abdel-Wahab, A. M., Kuhr, R. J., Casida, J. E., J. Agric. Food 

Chem. 14, 290 (1966). 
Benson, W. R., Damico, J. N., J.  Assoc. Off. Anal. Chem. 51,347 

(1968). 
Blessington, B., Org. Mass Spectrom. 2, 929 (1963). 
Bowman, M. C., Beroza, M., J.  Assoc. Off. Anal. Chem., 52,1054 

Damico, J. N., Benson, W. R., J. Assoc. Off. Agric. Chem. 48, 344 

Homer, L., Kaiser, P., Justus Liebigs Ann. Chem. 62, 19 (1959). 
Khalifa, S., Mumma, R. O., J .  Agric. Food Chem. 20, 632 (1972). 
Kise, M., Oae, S., Bull. Chem. SOC. Jpn.  43, 1426 (1970). 
Lorah, E. J., Hemphill, D. D., J .  Assoc. Off. Anal. Chem. 57,570 

Metcalf, R. I., Kuhr, R. J., Casida, J., J .  Econ. Entomol. 60,455 

Pummerer, R., Ber. Dtsch. Chem. Ges. 43, 1401 (1910). 
Seiber, J. N., J .  Agric. Food Chem. 20, 443 (1972). 
Thornton, J. S., Drager, G., Int. J. Enuiron. Anal. Chem. 2, 229 

Wong, L., Fisher, F. M., J .  Agric. Food Chem. 23, 315 (1975). 

(1969). 

(1965). 

(1974). 

(1967). 

(1973). 

Received for review April 28, 1975. Accepted August 14, 1975. 
C.B.R.I. Contribution No. 861. 

Radiosynthesis and Metabolism in Rats of the 1R Isomers of the Insecticide 
Permet hrin 

Michael Elliott,* Norman F. Janes, David A. Pulman, 
Loretta C. Gaughan, Tadaaki Unai, and John E. Casida 

Permethrin [3-phenoxybenzyl (~)-cis,trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropanec~boxylate] 
is more stable in air and light than previous pyrethroids, and therefore has a greater potential for 
controlling a wide range of insect pests. Metabolism of the [lR,trans]- and [lR,cis]-esters, the active 
isomers of permethrin, following oral administration to rats a t  about 1 mg/kg, was examined using 
compounds labeled with 14C in the acid or alcohol moieties. These were synthesized either from 
[lR,trans]- or [lR,cis]-acid labeled in the side chain [C1214C=CH-] or from alcohol labeled a t  n-CHz 
or in the phenoxy substituent. The [lR,trans]- and [lR,cis]-esters are readily metabolized by ester 
cleavage, by hydroxylation of the geminal dimethyl group in the acid, or the phenoxy group of the alcohol, 
and by conjugation of the resulting carboxylic acids and phenols. The metabolites are quickly excreted 
and do not persist significantly in tissues. 

Although natural and synthetic pyrethroids are excellent 
insecticides with low mammalian toxicity (Elliott, 19761, 
most are too unstable in air and light to protect agricultural 
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crops effectively. Thus, in chrysanthemates such as py- 
rethrin I (Ia, Figure 1) and S-bioallethrin (Ib) the iso- 
butenyl side chain is a site for photosensitized oxidative 
attack (Chen and Casida, 1969) and in bioresmethrin (IIa) 
a second sensitive center is the furan ring (Ueda et al., 
1974). However, recent work (Elliott et al., 1973a) has 
shown that the photolabile groups in pyrethroids can be 
replaced by others giving much greater stability, and equal 
or increased insecticidal activity. Table I indicates the 
insecticidal potency of some important pyrethroids, their 
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Table I. Insecticidal Activity, Mammalian Toxicity, and 
Photostability of Some Pyrethroids 

MUS- sta- 
For- tard bil- 
mu- bee- ity,c 

Compound la t l eP  Ratsb days 
Pyrethrin I Ia 0 .3  260-420 <1 
Bioresmethrin IIa 0.5 >8 000 <1 
Dichloro analogue IIb 0.2 >400d <1 

of bioresmethrin 
Biophenothrin IIIa 0.7 >10 000 6 
Biopermethrin IIIb 0.2 > 2  OOOd 30 

By topical application of Phaedori cochleariae Fab. 
measured drops in acetone. Data from Elliott et al. 
(1974a). By oral administration to males. Data from 
Elliott et al. (1972) ,  Verschoyle and Barnes (1972, 1974) ,  
and Miyamoto et al. (1974).  
exposed t o  indoor daylight. 
(1973b).  For (5)-trans-ester. 

toxicity to rats, and their photostability, and shows that 
biopermethrin (IIIb), in which the photosensitive centers 
have been replaced, is relatively stable in light and retains 
high insecticidal activity. Both the (*)-trans isomer (Table 
I) and the (*)-cis isomer (Verschoyle and Barnes, 1974) 
have low oral toxicities to rats and their selectivity between 
insects and mammals is very favorable. Permethrin (IIIc) 
thus appears very promising for controlling a wide range 
of insects. In connection with this potential widespread 
practical use, it was therefore important to investigate its 
metabolism in mammals. 

Knowledge of the pathways by which natural and 
synthetic pyrethroids are metabolized in mammals has 
developed rapidly in the past 5 years (Abernathy et  al., 
1973; Casida, 1973; Casida et al., 1976; Elliott et al., 1972; 
Miyamoto et al., 1971,1974; Suzuki and Miyamoto, 1974; 
IJeda et al., 1975a,b) but only compounds with 3-isobutenyl 
or 3-(2-methoxycarbonylpropenyl) substituents (chry- 
santhemates and pyrethrates) have been studied in detail. 
Permethrin (IIIc) is closely related to phenothrin (IIIa, all 
stereoisomers) (Fujimoto et  al., 1973), the compounds 
differing only in the side chain (X = C1 or CH3 in formula 
111). When [ lR,trans]-phenothrin (IIIa) is administered 
orally to male rats a t  200 mg/kg, 3-phenoxybenzyl alcohol 
is rapidly liberated and oxidized, 4'-hydroxy-3-phenoxy- 
benzoic acid and smaller amounts of 3-phenoxybenzoic 
acid and 3-phenoxybenzoylglycine being excreted (Mi- 
yamoto et  al., 1974). (The system used here to designate 
stereochemistry is discussed by Elliott et al., 1974b.) When 
incubated with liver enzyme preparations of several 
mammalian species, [1R,trans]- and [lS,trans]-phenothrin 
are hydrolyzed much more rapidly than the [lR,cis] and 
[lS,cis] isomers (Abernathy et al., 1973; Casida et al., 1976; 
Miyamoto et al., 1974). The [lR,trans] but not the [lR,cis] 
isomer of permethrin 1s also rapidly hydrolyzed when 
incubated with preparations of mouse liver microsomes 
and both isomers are rapidly oxidized when this system 
is fortified with reduced nicotinamide adenine dinucleotide 
phosphate (Casida et al., 1976). 

In this paper, the syntheses of [lR,trans]- and [1R,- 
cis]-permethrin labeled in acidic and alcoholic components 
with 14C (IVa-c and Va-c) are described. These com- 
pounds are used in a preliminary examination of the 
metabolism of IVa, IVb, Va, Vb, and some of their hy- 
drolysis products in rats which had been dosed orally a t  
0.5-2.9 mg/kg. 

MATERIALS AND METHODS 

For thin films on glass 
Data from Elliott et al. 

General Procedures. Nuclear magnetic resonance 

v 1 a ,  R =-CH=CH, (pyrethrln I) 0 
b ;  R - -H (S-bioallethrln) 

b: X = -CI 

- -  
Ill a; x = -CH, (boophenothrin) 

b;  X = -CI (biopormethrin) 

C ;  x = -cl,all  stereoisomers (perrnethrin) 

I v  a ,  "C at (1) 

b. "C at (2) 

c; "C at (3) 

V a ;  "C at ( I )  

b: "C at ( 2 )  

c .  " C  at ( 3 )  

Figure 1. Structures of various pyrethroids (1-111) and 
positions of 14C labeling for [ lR , t rans] -  and [lR,cis]-per- 
methrin (IV and V). 

(NMR) spectra were determined for dilute solutions in 
carbon tetrachloride using tetramethylsilane as internal 
standard, on a Perkin-Elmer R10 spectrometer at 60 MHz. 
For thin-layer chromatography (TLC), silica gel 60 F-254 
chromatoplates (0.25 mm gel thickness) were developed 
with the following solvent systems as indicated: solvent 
system A, 1-butanol-acetic acid-water (6:l:l); solvent 
system B, benzene saturated with formic acid-ether (103). 

Unlabeled Compounds. The following compounds 
were used as standards for thin-layer cochromatography: 
3-phenoxybenzyl alcohol, 3-phenoxybenzoic acid, [ 1R,- 
trans]- and [1R,cis]-3-(2,2-dichlorovinyl)-2,2-dimethyl- 
cyclopropanecarboxylic acids (referred to in this paper as 
the dichlorovinyl acids) (Burt et al., 1974), (*)-trans- and 
(*)-cis-3-( 2,2-dichlorovinyl)-2-cis-hydroxymethyl-2- 
trans-methylcyclopropanecarboxylic acids and their de- 
rived lactones, (*)-trans- and (*)-cis-3-(2,2-dichloro- 
vinyl) - 2- t r a n s -  hydroxymethyl- 2-cis-methylcyclo- 
propanecarboxylic acids (Unai and Casida, 1975), 3- 
phenoxybenzoylglycine, and methyl 4'-methoxy-3-phen- 
oxybenzoate (Miyamoto et al., 1974). Methyl esters were 
prepared with diazomethane. 

(-)-Menthyl Esters for NMR Examination of Trans - Cis Epimerization. Preparation. (f)-trans-3-(2,2- 
Dichlorovinyl)-2,2-dimethylcyclopropanecarboxylic acid 
(0.3 g) was treated with thionyl chloride (2 ml) for 1 h 
(2OOC) and 10 min (5OOC). Excess thionyl chloride was 
then evaporated and two successive portions of benzene 
(5 ml) were added and again evaporated to remove traces 
of thionyl chloride. (-)-Menthol (0.3 g) in benzene (10 ml) 
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l R , t r a n s  

l S , t r a n s  1R,cis 

Figure 2. Reactions used to prepare [ lR,trans]- and [ lR,cis]-[ 'Y!]permethrin 

and pyridine (0.12 ml) were then added. After 3 h a t  
0-20"C the mixture was added to alumina (ca. 3 g) and 
eluted with benzene. Evaporation of the benzene gave a 
semisolid residue of (-)-menthyl (f)-trans-3-(2,2-di- 
chlorovinyl)-2,2-dimethylcyclopropanecarboxylate: NMR 
peaks at  T 4.43 and 4.44 ( 2  X d, each 8 Hz, =CH), 7.7-8.0 
(2 X dd, 3-H), 8.63 (d, 5 Hz, 1-H), 8.77 and 8.81 ( 2  X s, 
CMe2) from acidic constituent and at  5.0-5.6 (m, CHO), 
8.0-9.3 (m, 18 protons) from menthyl residue. Similarly 
prepared were (-)-menthyl (f)-cis-3-(2,2-dichlorovinyl)- 
2,2-dimethylcyclopropanecarboxylate [mp 69-70°C; NMR 
peaks at  3.73 and 3.81 ( 2  X d, each 8 Hz, =CHI, 7.8-8.4 
(m, 3-H and 1-H), 8.7-8.8 (m, CMe2) from acidic con- 
stituent and menthyl peaks as above]; (-)-menthyl [lR,- 
cis]-ester [mp 45-46°C; NMR peaks at  3.73 (d, 8 Hz, 
=CH), 7.8-8.4 (m, 3-H and 1-H), 8.71 (s, CMe2), and 
menthyl peaks as above]; (-)-menthyl [lS,cis]-ester [mp 
94-95°C; NMR peaks at  3.81 (d, 8 Hz, =CH), 7.8-8.4 (m, 
3-H and 1-H), 8.75 and 8.80 ( 2  X s, CMe2), and menthyl 
peaks as above]. 

Epirnerization. By a procedure similar to that used for 
the (*)-trans-dichlorovinyl acid, [lS,trans]-3-(2,2-di- 
chloroviny1)-2,2-dimethylcyclopropanecarboxylic acid (0.3 
g) was converted to the acid chloride with thionyl chloride 
(2 ml). This acid chloride was then heated at  150°C for 
2 h; after cooling, the NMR spectrum indicated that ca. 
20% cis isomer was present. The chloride was dissolved 
in benzene, (-)-menthol (0.25 g) and pyridine (0.2 ml) were 
added, and the ester (0.46 g, semicrystalline) was purified 
by chromatography on alumina. The NMR spectrum (see 
Results section) showed by comparison with authentic 
samples (above) that [lR,cis]- was present and [lS,cis]- 
ester was not present within the limits of detection (* 
10% ) *  

Labeled Compounds. These were detected on chro- 
matoplates by radioautography with x-ray film at 10°C and 
characterized by cochromatography with authentic un- 
labeled standards detected by uv visualization and/or 
phosphomolybdic acid reagent (Ueda et al., 1974). The 
radioactive products revealed by such radioautography 
were often complex mixtures. However, by scraping and 
extracting appropriate zones with acetone or methanol, 
products were obtained that appeared pure when examined 
by radioautography following cochromatography in solvent 
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systems A and B and others referred to later in this paper 
and elsewhere (Unai and Casida, 1975). 

The glucuronide esters of the [lR,trans]-[14C]- and 
[ 1R,cis]-[14C]dichlorovinyl acids and of 3-[14C]phenoxy- 
benzoic acid and the ether glucuronide of 3-[14C]phen- 
oxybenzyl alcohol were obtained enzymatically by incu- 
bating the appropriate [14C]aglucone (see below) and 
uridine 5'-diphosphoglucuronic acid with rat liver mi- 
crosomes (Mehendale and Dorough, 1971). 

[ 1 R ,t ra ns ] -3 - ( 2,2- D ic hloro [ 2 - 14C] vin y 1 )  - 2,2 - di- 
methylcyclopropanecarboxylic Acid and Its 3- 
Phenoxybenzyl Ester (IVa) (Figure 2). Carbon tet- 
rachloride (14CC14; 90 mg; 6.4 mCi/mmol) was transferred 
in benzene (1.3 ml) to  a Pyrex tube containing tri- 
phenylphosphine (302 mg) and methyl-(+)-trans-caron- 
aldehyde (Elliott et al., 1974b) (185 mg). After cooling to 
-180°C (liquid N2), the tube was sealed in vacuo and 
heated for 46 h at  80°C (oil bath). The reaction mixture 
was then transferred to a round-bottomed flask with 
methylene chloride, concentrated (N2 stream), and heated 
with acetic acid (6 ml), hydrobromic acid (48%, 4 ml), and 
water ( 2  ml) for 4 h. After adding water (50 ml) the 
product was extracted into methylene chloride (4 X 5 ml), 
taken into sodium hydroxide (10%; 4 X 5 ml), washed with 
methylene chloride (5 ml), and then acidified with con- 
centrated hydrochloric acid (6 ml). The acid liberated was 
extracted with methylene chloride ( 2  X 5 ml) and then 
again ( 2  X 5 ml) after adding more hydrochloric acid (4 
ml). The combined organic layers were evaporated (N2 
stream, then in vacuo) after washing with saturated sodium 
chloride and drying (Na2S04) to give dichlorovinyl acid 
(60 mg) (NMR spectrum closely similar to that of unla- 
beled acid (Elliott et al., 1974b)). This 14C-labeled acid 
was 88% pure, estimated by TLC (two developments with 
solvent system B (Rf 0.64) and elution from the gel with 
acetone; no cis isomer (Rf 0.70) was detected in the reaction 
mixture). Portions (0.1 mg) of this W-labeled acid were 
purified as needed for investigating metabolism. 

The 3-phenoxybenzyl ester (IVa) was prepared by 
adding thionyl chloride (5.2 p1) and pyridine (5.8 pl) in 
benzene (1 ml) to the acid product from the Wittig reaction 
above (15 mg; 88% by radioautography). After 2 h 3- 
phenoxybenzyl alcohol (17.3 mg) and pyridine (10 ~ 1 )  in 
benzene (1 ml) were added; then 10 h later the reaction 
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thionyl chloride (0.71 p1) and pyridine (1.0 p1) in benzene 
(10 pl) for 5 min. More pyridine (3.0 pl) was then added 
followed, after 30 mic, by 3-[CsH50-U-14C]phenoxybenzyl 
alcohol (1.0 mg) in benzene (125 pl). After 15 h the re- 
action mixture was applied (15 cm band) to a TLC plate 
which was developed twice in benzenecarbon tetrachloride 
(1:l) mixture. The [lR,trans]-ester (Rf 0.63; 28% yield) 
and the [ lR,cis]-ester (Rf 0.70; 21 70 yield) were obtained 
by extracting appropriate bands with acetone. The 
identities of the products were confirmed by cochroma- 
tography; the remaining radioactivity was recovered as 
unreacted 3- [CsHjO-U-14C]phenoxybenzyl alcohol. 

3-Phenoxy[a-l4C]benzyl Alcohol and Its [ lR,trans]- 
and [1R,cis]-3-(2,2-Dichlorovinyl)-2,2-dimethyl- 
cyclopropanecarboxylates (IVc and Vc) (Figure 2 ) .  
m-Dibromohnzene (from m-bromoaniline; Hartwell, 1955) 
was converted to m-bromodiphenyl ether by reaction with 
sodium phenolate (Gilman and Marrs, 1960). Dry ether 
(2 ml) was added to magnesium (35.2 mg), m-bromodi- 
phenyl ether (1.0 g), and a crystal of iodine under N2. The 
mixture was warmed and when reaction had started, 
additional ether (8 nil) was added and refluxing was 
continued until all the magnesium had been consumed (1 
h). A portion (4 nil) of this Grignard solution was 
transferred to the aperture above the break seal of an 
ampoule containing W O 2  (8.0 mg; 58 mCi/mmol) which 
was then closed and cooled (liquid N2) and the break seal 
was opened (magnetic hammer). After 16 h a t  room 
temperature, concentrated hydrochloric acid (1 ml) was 
added gradually, with agitation. The aqueous phase was 
removed, the ether solution was extracted with sodium 
hydroxide solution (10%; 3 X 1 ml), and both aqueous 
phases were acidified (concentrated hydrochloric acid). 
The product was extracted into methylene chloride and 
dried (Na2S04) and the solvent was evaporated to give 
3-phenoxy[a-14C]benzoic acid (32 mg) which was then 
dissolved in benzene (I ml). 

A portion of the 3-phenoxy[ a-14COzHI benzoic acid 
solution (170 pl, about 5 mg of acid) was added to SBMA 
(23% solution in benzene, 150 pl). After 1 h dilute hy- 
drochloric acid (10%; 0.5 ml) was added and the aqueous 
layer was removed. The benzene solution was washed with 
sodium carbonate solution (10%) and with saturated 
sodium chloride solution and then dried (Na2S04). 
Evaporating the solvent gave a residue which was dried 
in vacuo over phosphoric anhydride and dissolved in 
benzene (1 ml). 

3-Phenoxy[a-14C] benzyl esters were prepared as follows. 
A portion (20 ~ 1 )  of a solution prepared by diluting thionyl 
chloride (71.3 pl) and pyridine (100 pl) to 1 ml with 
benzene was added to [lR,trans]- or [ lR,cis]-3-(2,2-di- 
chlorovinyl)-2,2-dimethylcyclopropanecarboxylic acid (3 
mg) in benzene (300 pl). After 5 min pyridine (10 p1) and 
a portion (300 pl) of the total solution (1 ml) of the re- 
duction product from the 3-phenoxy[a-14COzH]benzoic 
acid were added. The reaction mixture was evaporated 
(N2 stream) after 16 h, then applied in hexane (5 portions) 
and ether (2 portions) to a TLC plate. The chromatogram 
was developed twice in the same direction with a hex- 
ane-ether (51) mixture and the required products were 
located (Rt 0.66 and 0.78 for [lR,trans]- and [lR,cis]-esters, 
respectively) by comparison with unlabeled ester and with 
“Glabeled (acid) ester (from l4Cc14). The radiochemically 
pure products recovered by acetone extraction of the gel 
were obtained in 86 and 58% yields for the [lR,trans]- and 
[ lR,cis]-esters, respectively. The remaining radioactivity 
was recovered as unreackd 3-phenoxy[a-14C]benzyl alcohol 
(Rf 0.10). 

mixture was eluted through alumina (ca. 1.0 g) with 
benzene (15 ml) to remove excess alcohol and pyridine. 
Evaporation of the solvent gave the crude ester (10.3 mg) 
which was stored in benzene and purified in 0.4-mg 
portions on a TLC plate developed in carbon tetra- 
chloride-ether-hexane (8:l:l). The pure ester was stored 
in acetone. 

[ lR,cis]-3-(2,2-Dichloro[ 2-14C]vinyl)-2,2-dimethyl- 
cyclopropanecarboxylic Acid and Its 3-Phenoxy- 
benzyl Ester (Va) (Figure 2 ) .  Methyl (-)-trans- 
caronaldehyde was prepared from methyl (-)-trans- 
chrysanthemate by an ozonolysis procedure similar to that 
used for the (+)-ester (Ellliott et al., 1974b). 14CC14 (41.5 
mg, 3.7 mCi/mmol) diluted with unlabeled carbon tet- 
rachloride (31 p1, 49.5 mg), triphenylphosphine (302 mg), 
and methyl (-)-trans-caronaldehyde (185 mg) gave crude 
acidic product (84.1 mg) by a procedure similar to that 
used for methyl (+)-trans-caronaldehyde. This product 
(10 mg) was transferred in benzene (100 p1) to the bottom 
of a Pyrex tube (23 cm x 3 mm) and purified thionyl 
chloride (Fieser and Fieser, 1967) (100 pl) was added. The 
tube was lightly stoppered and heated a t  l00OC (water 
bath) for 50 min. After cooling, benzene and excess thionyl 
chloride were evaporated by gentle suction (water pump) 
with agitation; then the tube was sealed in vacuo and 
heated (total immersion) in an oil bath at  140-150°C for 
2 h to achieve epimerization. 3-Phenoxybenzyl alcohol (20 
p1) and pyridine (10 pl) in benzene (70 pl) were added and, 
after 10 h, the reaction mixture was applied as bands to 
four TLC plates which were developed twice in benz- 
ene-carbon tetrachloride (1:l). The areas detected by 
radioautography containing [ lR,cis]-ester (Rf 0.63) (18% 
of applied 14C, 23% of recovered 14C) and [lS,trans]-ester 
(Rf 0.54) (59% of applied 14C, 77% of recovered 14C) were 
each eluted with acetone. This procedure was repeated 
with further aliquots of the original acid to give adequate 
[ lR,cis]-ester for metabolic studies. These samples were 
finally purified by rechromatography, and then cochro- 
matographic comparison with [CsH50-U-14C]permethrin 
(below) and unlabeled esters showed the product (Va) to 
be radiochemically pure and identical with authentic ester. 

3-[CsHsO-U-14C]Phenoxybznzyl Alcohol and Its 
[ lR,trans]- and [ lR,cis]-3-( 2,2-Dichlorovinyl)-2,2-di- 
methylcyclopropanecarboxylates (IVb,Vb) (Figure 
2). Methyl 3- [CsH50-U-14C]phenoxybenzoate was pre- 
pared by adding [CsHj0-U-14C]phen~l (ca. 7 mg; 4.6 
mCi/mmol) in ether (8 ml) to a mixture of methyl m- 
bromobenzoate (70 mg) and sodium hydride dispersion in 
oil (80%; 3.7 mg). When the initial reaction had subsided, 
the ether was evaporated (N2 stream), copper powder (50 
mg) was added, and the reaction mixture was heated (open 
flame) for 10 min. After cooling, the product was extracted 
with methylene chloride (2 ml), applied to a TIL plate ( 2  
mm), and developed twice in benzene-petroleum ether, bp 
40-60°C (1:2), to separate the required methyl 3-phen- 
oxybenzoate, located by cochromatography with an au- 
thentic sample (Rf 0.12). The ester was obtained by ex- 
tracting the appropriate region with ether, evaporating the 
solvent, and drying in vacuo. This radioactive ester (5.2 
mg) was treated with sodium bis(2-methoxyethoxy)alu- 
minium hydride (SBMA) (23% solution in benzene; 0.5 
ml). After 2 h, dilute hydrochloric acid (0.5 ml) was added 
and the benzene layer was separated, washed with satu- 
rated sodium chloride, dried (Na2S04), and evaporated, 
finally at 0.01 mm (2  h), to give the 3-[14C]phenoxybenzyl 
alcohol (4.0 mg). 

The [lR,trans]- and [lR,cis]-esters (IVb and Vb) were 
prepared by first treating the respective acids (1.3 mg) with 
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Metabolism. The following 14C-labeled compounds in 
dimethyl sulfoxide were administered orally to male albino 
Sprague-Dawley rats (160 to 180 g) at 0.5 to 2.9 mg/kg: 
acid-14C and C6H50-U-1% preparations of [ lR,trum]- and 
[lR,cis]-permethrin (IVa, IVb, Va, and Vb); [lR,truns]- 
[14C]dichlorovinyl acid; and 3-[CfiHt50-U-14C]phenoxy- 
benzyl alcohol. Urine, feces, and carbon dioxide were 
collected over 4 days for total radiocarbon assays; then the 
animals were sacrificed to determine by combustion the 
total radiocarbon levels in various tissues. The 0-1 day 
samples of urine and feces were used to identify tentatively 
and to estimate the 1°C-labeled metabolites by a combi- 
nation of TIX, radioautography, and cochromatography 
with suitable authentic labeled and unlabeled standards 
and their derivatives. 

The urine (40 to 100 ~ 1 )  or a methanol extract of the 
feces (equivalent to 20 to 90 mg of feces) (Ueda et  al., 
1975a) wab chromatographed (TIE) first with solvent 
system A, which displaced all 1% products from the origin 
and resolved conjugates, then twice in the second direction 
with solvent syst,em B, which separated unconjugated 
products. The patterns of metabolites from [acid-l4C]- 
and [ u lcoho l-14C] permethrin preparations were compared 
with each other and with metabolites from [IR,trans]- 
dichloro[l4C]vinyl acid and 3-[ 14Clphenoxybenzyl alcohol 
to identify those metabolites retaining the ester linkage. 
To confirm structures, individual metabolites, recovered 
from chromatoplates by extracting appropriate regions 
with methanol, were cochromatographed in two dimensions 
with unlabeled or labeled standards, either directly or as 
derivatives, in solvent systems A and B or others. De- 
rivatives were prepared by: methylation (diazomethane; 
Miyanioto et al., 1974; Ueda et al., 1975b); incubation with 
conjugate-cleaving enzymes (glusulase, cf. Ueda et  al., 
1975a; &glucuronidase; aryl sulfatase) with or without 
saccharo-1,4-lactone (a 0-glucuronidase inhibitor; Cape1 
et al., 1974); acid hydrolysis (3 N hydrochloric acid, 100°C, 
30 min); alkaline hydrolysis (10% methanolic sodium 
hydroxide, 25OC, 18 hr). In addition, the glucuronides and 
the dichlorovinyl-2-cis-hydroxymethyl-2-trans-methyl 
acids (see below) were partially or completely lactonized 
with hydrochloric acid at pH 2 for 5 min at  25OC or during 
TLC in solvent system A and subsequent rechromatog- 
raphy. Some lactonization also occurred with the cis- 
hydroxymethyl acids during TIL in solvent system B and 
rechromatography. Such lactonization was possibly in- 
duced by the high concentrations of acetic and formic acids 
when solvents were evaporated from the TLC plate. 

RESULTS 
Radiosynthesis. [ lR,trans]- and [lR,cis]-3-(2,2-di- 

chlorovinyl)-2,2-dimethylcyclopropanecarboxylic acids 
were previously isolated from the racemic mixture of ethyl 
esters by fractional distillation, followed by hydrolysis and 
optical resolution (Burt et al., 1974), but this route could 
not be conveniently adapted for radioactive intermediates. 
Therefore, for the present work, the dichlorovinyl side 
chain was attached to appropriate optically pure methyl 
caronaldehydes with 14Cc14 in Wittig reactions (see Figure 
2), a preliminary attempt to use 3-phenoxybenzyl caron- 
aldehyde to give the required esters directly having failed. 
Even under the best conditions (see Materials and 
Methods section), with an excess of all nonradioactive 
reagents, the reaction product from methyl [ lR,trans]- 
caronaldehyde contained an impurity (the compound with 
a 3-CHClz substituent). This was selectively destroyed by 
refluxing with hydrobromic acid in aqueous acetic acid. 
Despite this complication, the acid obtained gave an ester 
with 3-phenoxybenzyl alcohol (IVa) which had a specific 

activity of 6.4 mCi/mmol and was pure by chromato- 
graphic and NMR criteria. 

To prepare the corresponding [lR,cisl ,ester, an anal- 
ogous procedure with methyl [ lR,cis]-caronaldehyde was 
examined, but only products from cleavage of the cyclo- 
propane ring were obtained under conditions appropriate 
for radiosynthesis. The required [ lR,cis] system was 
therefore generated by thermally epinierizing a [ lS,trans] 
intermediate (see Figure 2). Ozonolysis of methyl (-)- 
trans-chrysanthemate gave methyl [lS,trans]-caron- 
aldehyde; the [ 1S,trum]-dichlorovinyl acid chloride derived 
from it was heated at  150°C for 2 h to give a 3:l mixture 
of [lS,trans] and [lR,cis] compounds, and thence a 
mixture of esters which were separated by TLC. The 
[ lR,cis]-3-phenoxybenzyl ester (Va) (1.7 mCi/mmol) was 
radiochemically pure by TLC criteria. The optical purity 
of the acid chloride intermediate, and therefore of the 
3-phenoxybenzyl ester, was established from the NMR 
spectra of (-)-menthyl esters. The olefinic doublets of the 
(-)-menthyl esters from the (+)- and (-)-trans acids were 
barely resolved, but the corresponding doublets for esters 
from the (+)- and (-)-cis acids were well separated and 
were identified from authentic materials, the (+)-cis 
[=1R,cis] form resonating downfield at  r 3.73 (see Ma- 
terials and Methods section). The NMR spectrum of the 
(-)-menthyl esters prepared from an acid chloride mixtiire 
obtained by thermal epimerization of the [ lS,trans]-acid 
chloride showed only one doublet from cis isomers, that 
from the 1R form, as anticipated. 

Radiolabeled 3-phenoxybenzyl alcohol was prepared by 
two methods (Figure 2), the first involving an Ullnian 
reaction, and the second following the method of Mi- 
yamoto et al. (1974) and using the less expensive inter- 
mediate W O 2  at  58 mCi/mmol. After reducing to 3- 
phenoxybenzyl alcohol, esterification gave alcohol-labeled 
[1R,trum]- and [lR,cis]-esters (IVc and Vc) of high specific 
activity. 

Metabolism of Permethrin Isomers in Kats. When 
administered orally to rats at 0.5 to 2.9 mg/kg, 76 to 95Y0 
of the radiocarbon from [lR,trans]-[acid-l~C]-, [ 1R,- 
trans]-[ulcohol-14C]-, [lR,cis]-[acid-l1C]-, and [lR,cis]- 
[alcohol-14C]permethrin, [lR,trans]-dichlor0[14C]vinyl 
acid, or 3-[14C]phenoxybenzyl alcohol was recovered in the 
excreta after 4 days, most being eliminated during the first 
24 h. Acid- and alcohol-labeled [ lR,cis]-permethrin gave 
the lowest overall recoveries. An insignificant quantity 
(10.3%) of 14CO2 was obtained from any of the admin- 
istered compounds. Four days after treatment, the res- 
idues of permethrin and its metabolites in tissues, de- 
termined as the total radiocarbon by combustion, were 
below 0.01 ppm permethrin equivalents in blood, bone, 
brain, fat, heart, kidney, liver, lungs, muscle, spleen, and 
testes with all the 14C-labeled preparations with the fol- 
lowing exceptions: 0.12 to 0.40 ppm was found in the fat 
and 0.01 to 0.06 ppm in the kidney and liver with both the 
alcohol-14C-labeled preparations; 0.02 to 0.03 ppm was 
found in the lungs with [lR,traris]- and [lR,cis]- 
[alcohol-14C]permethrin, the blood, bone, and testes with 
[1R,cis]-[alcohol-14C]permethrin, the liver with [ 1R,- 
trans]-[acid-14C]permethrin, and the fat with [lK,cis]- 
[acid-14C]permethrin. These findings indicate that 
[ lR,trans]- and [ lR,cis]-permethrin, their hydrolysis 
products, and metabolites are excreted from the body in 
a short time and are not retained to an unusual extent in 
the tissues. 

Identity of Excreted Metabolites. The use of 
alcohol-1%- and acid-1"C-labeled preparations permitted 
direct recognition of metabolites retaining the ester linkage. 

274 J. Agric. Food Chem., Vol. 24, No. 2, 1976 



RADIOSYNTHESIS AND METABOLISM OF PERMEl IiHIN 

by converting the 2-cis-hydroxymethyl metabolites but not 
the 2-trans-hydroxymethyl metabolites to products of 
higher Rj values which cochromatographed with the un- 
labeled lactones. After methylation the 14C-labeled me- 
tabolites designated as 3-phenoxybenzoic acid and 3- 
phenoxybenzoylglycine cochromatographed with the 
corresponding unlabeled methyl esters and the glycine 
conjugate was cleaved by acid, but not by alkaline digestion 
or by glusulase, to a 14C-labeled product which cochro- 
matographed with 3-phenoxybenzoic acid. 

Chromatography indicated that one major metabolite 
from [lR,trans]- and [lR,cis]-[alcohol-l4C]permethriri was 
identical with that from 3-[14C]phenoxybenzyl alcohol. 
This metabolite was tentatively identified as an ethereal 
sulfate conjugate because it was completely cleaved by 
acid, by alkali, or by aryl sulfatase but not by gluc- 
uronidase. The cleavage product, a carboxylic acid with 
Rj lower than that of 3-phenoxybenzoic acid in solvent 
systems A and B, was probably 4I-hydroxy-3-phenoxy- 
benzoic acid, because methylation gave products tenta- 
tively identified as methyl 4'-hydroxy- and 4'-methoxy- 
3-phenoxybenzoates. 

The remaining metabolites in urine were tentatively 
identified as glucuronide esters by two-dimensional 
chromatography in solvent systems A and €3 as follows: (a) 
when treated with acid, they were partly converted to 
products of higher Rj, assumed to be glucuronide lactones; 
(b) they were not changed by aryl sulfatase; (c) they were 
partially or completely cleaved by glusulase and completely 
cleaved by acid, alkali, or glucuronidase, the latter en- 
zymatic reaction being inhibited by saccharo-1,4-lactone; 
(d) the aglucones released under each of these conditions 
were identified by two-dimensional cochromatography 
both before and after methylation. The glucuronides of 
the [ lR,trans]- and [1R,cis]-dichlorovinyl acids and of 
3-phenoxybenzoic acid were further identified by co- 
chromatography in solvent system A with [14C]ester 
glucuronide standards prepared enzymatically. The ether 
glucuronide of 3-phenoxybenzyl alcohol was not detected 
as a metabolite of the permethrin isomers or of 3-phen- 
oxybenzyl alcohol itself. 

DISCUSSION 
The preliminary results with rats obtained in this study 

indicate that the organochlorine moiety of [lR,trans]- and 
[ lR,cis]-permethrin and the [ lR,tmns]-dichlorovinyl acid 
is rapidly and almost completely eliminated from the body, 
and only traces remain in the fat and liver 4 days after oral 
administration. This ease of elimination is associated with 
the increased polarity of the products which results from 
rapid in vivo glucuronidation of the dichlorovinyl acids 
and, to a lesser extent, hydroxylation of one of the geminal 
dimethyl groups. It appears from preliminary experiments, 
not detailed here, that a t  least some of the hydroxylated 
acids undergo minor degrees of conjugation. Much less 
hydroxylated acid is formed from the [ lR,trans]-di- 
chlorovinyl acid itself than from [ lR,trans]-permethrin 
indicating that permethrin is hydroxylated to some extent 
before hydrolysis. The predominant sites of hydroxylation 
in the dichlorovinyl acid appear to be the 2-cis position 
for [ lR,trans]-permethrin and the 2-trans position for 
[lR,cis]-permethrin; presumably these methyl groups are 
sterically favored at  the hydroxylation site of the mi- 
crosomal oxidase system. Hydroxylation of the gerninal 
dimethyl group has previously been noted in the metab- 
olism of allethrin (Elliott et al., 1972) but the stereo- 
chemistry of the product was not determined. 

Neither the parent isomer nor any metabolites of 
permethrin remained for an unusually long time or in an 

M E T A B O L I T E S  OF (lR.trans] -DICHLOROVINYL ACID 

AND THE ACID MOIETY OF [lR,trans] -PERMETHRIN 

free-minor free -m I nor f ree- t race 

glucuronide ester-major 

METABOLITES 01' THE A C I D  MOIETY 

OF [ lR ,c i<  - P E R M E T H R I N  

f r e e - m i n o r  Iree- minor free-minor 

glucuronide ester malor 

METABOLITES OF 3-PHENOXYBENZYL ALCOI+OL AND 

THE ALCOHOL MOIETY OF 'lR.trans] - AND [IR,ci< -PERMETHRIN 

' 0,H 
free-minor free-none or trace free t r a c e  

conjugates none detected glucuronide ester- e thereal  sulfate 

minor or major malor  

glycine Conjugate- 

minor 

Figure 3. Metabolites excreted by male rats within 24 h 
following oral administration of [ lR, tmns]-  and [ lR,cis]- 
permethrin, [ lR,trans]-dichlorovinyl acid, and S-phenoxy- 
benzyl alcohol. The amounts of I "C-labeled metabolites 
are designated relative to the administered radiocarbon as 
follows: trace, < 2%; minor, 2-8%; major, 19-6776. 

The 1%-labeled metabolites excreted within 4 days after 
administering [ lR,trans]-[acid-"C]permethrin, [ 1R,- 
trans] - [ a Ecohol-14CI permethrin, [ lR,trans] -dichloro- 
[14C]vinyl acid, and 3- [ 14C] phenoxybenzyl alcohol were 
detected mainly in the urine (84 to 91% of excreted ra- 
diocarbon) rather than in the feces (9 to 16% of excreted 
radiocarbon). In contrast, the products from acid-14C- and 
alcohol-14C-labeled [ 1R,cis]-permethrin appeared to a 
greater extent in the feces than in the urine. This dif- 
ference in metabolite distribution between urine and feces 
indicates that [ lR,trans]-permethrin is more rapidly and 
completely converted to polar products than is [lR,cis]- 
permethrin, consistent with the finding by TLC cochro- 
matography that 5% of the [lR,cis]-permethrin but only 
2% of the [lR,trans]-permethrin dose was excreted un- 
metabolized in the feces. Furthermore, three unidentified 
ester metabolites appeared in the feces of the rats treated 
with [ lR,cis]-[14C]permethrin but ester metabolites were 
found in only trace amounts or were absent with [lR,- 
trarzs]-[14C]permethrin. 3-Phenoxybenzyl alcohol was 
identified by cochromatography as a metabolite of [ 1R,- 
trans]-[alcohol-14C]permethrin in the feces but not in the 
urine. None of the urinary metabolites of [lR,trans]- and 
[ lR,cis]-[14C]permethrin retained the ester linkage, and 
most of them were conjugates, found only in the urine and 
not in the feces. 

Figure 3 shows the structures and relative proportions 
of the metabolites of [ lR,trans]- and [ lR,cis]-permethrin, 
of [ lR,trans] -dichlorovinyl acid, and of 3-phenoxybenzyl 
alcohol tentatively identified by two-dimensional co- 
chromatography in solvent systems A and B and by for- 
mation of derivatives. 

The metabolites designated as free dichlorovinyl acids 
and their 2-trans- and 2-cis-hydroxymethyl derivatives 
were further characterized by methylation and cochro- 
matography with appropriate unlabeled methyl esters and 
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unexpected location in the organs of the rats examined, 
the longest persistence being for products derived from 
3-phenoxybenzyl alcohol in the fat, liver, and kidney. 
These findings are similar to those for 3-phenoxybenzyl 
alcohol from phenothrin (Miyamoto et al., 1974), except 
that in the present study the excreted metabolites are 
glucuronides and sulfates rather than the unconjugated 
benzoic acid derivatives observed with phenothrin. This 
difference may be related to the size of the administered 
dose, i.e. 0.5 to 2.9 mg/kg for permethrin and 200 mg/kg 
for phenothrin, or to variations in the processing and 
analytical procedures. Furthermore, the ratio of conju- 
gated 4’-hydroxy-3-phenoxybenzoic acid to  free and 
conjugated 3-phenoxybenzoic acid in the excreta is greater 
from [lR,cis]-permethrin than from either [lR,truns]- 
permethrin or 3-phenoxybenzyl alcohol. This suggests that 
hydroxylation of the phenoxy group in the 4‘ position is 
more important for detoxifying the less easily hydrolyzed 
permethrin isomer (i.e., lR,cis) than for the more readily 
cleaved (i.e., lR,trans) isomer or for 3-phenoxybenzyl 
alcohol. If there are other sites of hydroxylation in the 
phenoxybenzyl moiety (leading to some of the unidentified 
metabolites), they must constitute minor metabolic 
pathways compared with hydroxylation at the 4‘ position. 

The use of chlorinated hydrocarbon insecticides such as 
aldrin, dieldrin, DDT, and the hexachlorocyclohexane 
isomers has been restricted, partly because they are only 
slowly metabolized in mammals and the original com- 
pounds or their metabolites are stored in fatty tissues to 
be eliminated over a long period. Like these insecticides, 
permethrin is highly lipophilic (Briggs et al., 1974) and 
contains chlorine. These features are important for the 
very high insecticidal activity of permethrin, but they do 
not appear to limit its biodegradability. Thus, the results 
discussed here indicate that metabolites are rapidly formed 
from permethrin by hydroxylation at  methyl and phenoxy 
groups and by cleavage of the ester. The parent com- 
pound, these metabolites, their conjugates, or their further 
oxidation products are quickly eliminated from mammals. 

A more detailed report on the permethrin metabolism 
studies a t  Berkeley will be published later. 
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