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In light of recent emphasis on pesticides in the

environment, a study of the effect of incorporation of

helogens in pyrethroids was carried out. The synthesis of

the 3-(2,2-dihalovinyl)-2,2-dimethylcyclopropanecarboxylates

of 5-benzyl-3-furanmethanol was accomplished by means of the

Wittig reaction using 3-formyl-2,2-dimethylcyclopropanecar-

boxylate esters as starting materials. The structures of

the new pyrethroids were elucidated utilizing nuclear mag-

netic spectroscopy and elemental analysis. The biological

activity of the pyrethroids has been evaluated for house-

flies and yellow fever mosquitoes. A correlation of increase

in rapid knockdown and toxicity with decrease in size of

halogen has been made. The most effective compound, the

difluorovinyl ester, has a toxicity of 123 times greater

than pyrethrins. This degree of toxicity has not previously

been reported for a 5-benzyl-3-furanmethyl ester. The rela-

tive lipophilicities of the dihalovinyl esters, Rm, have

been determined by reverse phase partition chromatography.

The R values for the dihalo esters correlate with their
m

effectiveness as rapid knockdown agents. The least lipophil-

ic compound, the difluorovinyl ester, possessed the highest



knockdown in this dihalovinyl ester series. The difluoro-

vinyl ester has incorporated a high level of toxicity while

maintaining excellent effectiveness as a knockdown agent

against houseflies. This combination of high knockdown

and high toxicity in a single compound has not been pre-

viously reported.

Several other pyrethroids were synthesized and evalua-

ted for knockdown and toxicity, in order to make specific

comparisons with pyrethroids of known effectiveness. The

replacement of the isobutenyl group of the chrysanthemates

by the dihalovinyl group has been effective against house-

flies and yellow fever mosquitoes in enhancing or maintain-

ing toxicity and knockdown in every pyrethroid series in-

vestigated. In the allethronyl series, this dihalovinyl

replacement has resulted in a 12-fold increase in rapid

knockdown activity against mosquitoes.

The replacement of the side chain methyl group of the

pyrethrate moiety by chlorine and bromine atoms has been

accomplished. The structures of the isomeric forms were

assigned on the basis of model studies by NMR spectroscopy.

The effectiveness of these analogs in knockdown and toxicity

has been found to be substantially lower than the parent

compound. However, the trend of chloro analog being more

effective than bromo analog was evident, as was demonstrated

in the dihalovinyl- ester series.



The chloro-, bromo-, and iododihydrochrysanthemates

of 5-benzyl-3-furanmethanol have been synthesized. Their

relative effectiveness tends to follow a trend that had

previously been postulated; namely, the more susceptible

the compound to dehydrohalogenation (i.e., in vivo dihydro-

halogenation), the more toxic it would be. This postulation

was based on the knowledge that the dehydrohalogenated

product, resmethrin, is a very potent pyrethroid. The

halodihydrochrysanthemates have enhanced or have maintained

the effectiveness of the parent compound, the benzylfuryl-

methyl ester of dihydrochrysanthemic acid.
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PART I

GENERAL INTRODUCTION



INTRODUCTION

Pyrethrins are the insecticidal principles of pyrethrum,

the extract of certain species of chrysanthemum flowers. The

utility of the flowers as insecticides was recognized in Eur-

ope a century ago and in Persia considerably earlier.1 The

earliest reported studies of the chemistry of the pyrethrins

were in the early part of the twentieth century, where it

was established that an ester group is present in the pyre-

thrins. The most substantial contribution in this earlier

work was performed by Staudinger and Ruzicka.4 They found

that the hydrolysate of natural pyrethrins contained two

acids. The first was referred to as chrysanthemum-mono-

carboxylic acid and the second as chrysanthemum-dicarboxylic

acid (Figure 1). The first name has since been changed

to chrysanthemic acid. An alcoholic component was also

isolated and partially characterized, and referred to as

pyrethrolone. The esterification of the mono-carboxylic

acid and the dicarboxylic acid with pyrethrolone gave two

esters which Staudinger and Ruzicka referred to as pyrethrin

I and pyrethrin II (Figure 2), the Roman numerals being used

to designate which acid moiety was being referred to. They

also recognized that the monocarboxylic acid and dicarboxylic

I
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acid pyrethrolone were optically active, all rotating

polarized light in the positive direction.

In 1944 LaForge and Barthel identified two more in-

secticidal esters from the same flower extract; these were

the result of the esterification of the acids I and II with

a second alcohol, cinerolone (Figure 3).5,6 These two

esters were referred to as cinerin I and cinerin II (Figure

4). The identity of two other active components was estab-

lished in 1966 by Godin et al.
7 These components were

called jasmolin I and jasmolin II,and consisted of another

alcohol, jasmolone, esterified with the acids I and II.

The stereochemistry of the pyrethrins has been studied

extensively since the time of Staudinger and Ruzicka. The

complexity of the stereochemistry is exemplified by the

sixteen possible isomers of pyrethrin I, cinerin I, and

jasmolin I, and the thirty-two possible isomers of pyre-

thrin II, cinerin II, and jasmolin II. The geometric ar-

rangement of the cyclopropanecarboxylic acid I, 
chrysanthemic

acid, was established very early to be the trans arrange-

ment. The orientation of the substituents on the cyclopro-

pane ring of acid II, the methyl ester of which is referred

to as pyrethric acid, was also established as the trans

orientation.8 The orientation, (E), about the olefinic

side chain of pyrethric acid was not established until

Crombie et al. in 1951 completed an independent synthesis.
9

5
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Direct proof of the olefinic side chain stereochemistry was

later given by nuclear magnetic resonance spectroscopy (NMR)

when model compounds were employed for comparison of

chemical shifts.1 0 The geometric orientation of the ole-

finic side chain of pyrethrolone was established as cis by

synthesis of thecis and trans isomers and by the failure of

the natural sample and the cis synthetic sample to produce

Diels-Alder type adducts. 11Cinerolone was synthesized

having a cis side chain and was resolved to the (+) form.

This product proved identical with natural cinerolone.1 2

The jasmolone side chain has been determined to be in a cis

position by NMR analysis in a study by Bramwell.1 3 This

study is a definitive treatment of the NMR spectra of the

six active principles of pyrethrum, along with the study of

the acids and alcohols involved in these six components.

The absolute configuration of the six isomers was

studied originally by converting them chemically to com-

pounds of known configuration.1 4, 1 5 ,1 6 ,1 7 Newer techniques

of optical rotatory dispersion (ORD) and circular dichroism

(CD) and also of X-ray crystallography have corroborated the

chemically based assignments of configuration.1 8 '1 9 The

absolute stereochemical assignments using the Cahn-Ingold-

Prelog notation are 1R,3R for the two acids and 4S for the

three alcohols.
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Structure-activity studies of the pyrethrins have

generally been divided into studies of the acid moiety and

of the alcohol moiety. The first correlation of structure

and activity was reported in 1924 by Staudinger and Ruzicka.20

Their isolation of chrysanthemic and pyrethric acids and

pyrethrolone allowed them to vary the acid or alcohol com-

ponent of the final ester in a systematic manner. Various

types of acids such as aliphatic, olefinic, aromatic, ter-

penic and cyclopropanecarboxylic acids, were coupled to

pyrethrolone and tested for insecticidal activity. This

initial study indicated that only those acids having the

cyclopropanecarboxylate moiety were effective in retaining

insecticidal activity. Various alcohols have also been

studied coupled with chrysanthemic acid. Successful modi-

fication of the pyrethrin structure was limited to modifica-

tions of the alcohol moiety until rather recently. The

first commercial development of pyrethrin analogs, called

pyrethroids, was initiated following World War II. Research

at the United States Department of Agriculture led to the

commercialization of allethrin, which consists of dl-cis,

trans-chrysanthemic acid coupled with an analog of cinero-

lone, called allethrolone (Figure 5).21 Many modifications

of the alcohol moiety have been made. Elliott has reviewed

the structure-activity studies of the pyrethroids and

examined approximately 25 different alcohols and only four
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Figure 5. Structures of

synthetic pyrethroids
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acid modifications.2 2 One of the most effective alcohols

referred to in this report has been 5-benzyl-3-furanmethanol,

the chrysanthemate ester of which is fifty times more active

than pyrethrin I.23 A simplifying aspect of this alcohol is

that it has no optical activity.

In a structure-activity analysis of the acid moiety of

pyrethroids, four different functional entitles may be con-

sidered. The first is the ester linkage. The necessity

of the ester linkage in pyrethroids has been challenged on

numerous occasions. 24,25,26 The modifications have consisted

of ethers, reverse esters, amides, carbamates, homologs and

ketonic linkages.27 Although such modifications exhibited

pyrethroid-like activity in some instances, the magnitude of

their activities was of a very low order.

The second structural entity is the cyclopropane ring.

Attempts to replace the ring with larger rings have not met

with success. Initial reports of activity with a cyclo-

butane analog were later contradicted and corrected. 20,28,29

The third structural feature pertains to the substitu-

ents at position 2, the geminal methyls. Some success has

been achieved in this area. Novak et al., in 1963, reported

an acid analog with replacement of the methyls with

chlorine atoms and of the isobutenyl group (position 3)

with a benzene ring. The insecticidal activity of this

acid, when esterified with allethrolone, was 95% of that of
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allethrin (Figure 5). 30 Another instance of successful

replacement of the geminal methyl groups by chlorine atoms

replaced one of the two geminal methyl groups in the highly

active pyrethroid, the tetramethylcyclopropanecarboxylic

ester of allethrolone. Significant pyrethroid-like activi-

ty was retained in this dichloro analog. Removal of the

geminal methyls has been demonstrated in several cases to

give analogs with negligible activity. 20,32,33

The fourth and final structural entity is the iso-

butenyl side chain (position 3) of chrysanthemic acid, and

also of pyrethric acid, which represents a natural varia-

tion in the side chain. The toxicity of pyrethrin I against

houseflies is about twice that of pyrethrin II.34 The

saturation of the isobutenyl group of allethrin reduces its

toxicity by two-thirds when tested against houseflies.3 2

The isobutenyl group of allethrin has also been replaced

with a dichlorovinyl functionality by Farkas et al. with a

1 35
retention of toxicity. Elliott has used this replacement

in an ester of 5-benzyl-3-furanmethanol with a 2.5-fold

increase in activity against houseflies. 36 The dibromovinyl

analog has also been proposed, and exhibits a slightly

. . 36,37increased toxicity against houseflies. Replacements

of the isobutenyl group by cyclopentylidenemethyl and

butadienyl groups have both proven effective in increasing
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the toxicity of 5-benzyl-3-furanmethanol esters by a third

and three times respectively. 36,38

In light of these successful modifications of the side

chain and in view of the minimal work on halogen-containing

pyrethroids, this study of structure-activity relationships

was begun in 1971 in order to observe the effect of halogen

incorporation on rapid knockdown and toxicity in the acid

moiety of pyrethroids.
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PART II

DIHALO ANALOGS OF CHRYSANTHEMATES



INTRODUCTION*

Many modifications of the chrysanthemic acid moiety of

pyrethrin I have been carried out. The most successful of

these has been the variation in the isobutenyl side-chain

of the chrysanthemic acid moiety.1 2  The side-chain has

been reported to be involved in the major pathway of cata-

bolism of pyrethroids in houseflies. Yamamoto and Casida

have shown that a major pathway of detoxification of several

chrysanthemate pyrethroids occurs through the oxidative

degradation of the isobutenyl trans-methyl group of the chry-

santhemic acid moiety. 3  The above findings were viewed as

sufficient reasons to investigate the replacement of the iso-

butenyl methyl groups with functionalities which might be

resistant to oxidative degradation. It was rationalized that

halogen atoms would be sufficiently similar to methyl groups

in steric bulk while being quite different in their sus-

ceptibility to biological oxidations. The halogen replace-

ment of methyl groups has also been successful in other bio-

active analogs. 4 The preparation of the dihalovinyl compounds,

as opposed to monohaloalkylvinyl compounds, was chosen be-

cause of their access through the Wittig reaction. The

*Portions of this work have recently been published:

Dale G. Brown, 0. F. Bodenstein, and S. J. Norton, J. Agr.
Food Chem., 21, 767 (1973).

18
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reaction scheme is presented in Figure 1. Ring-substituted

dibromo analogs are presented in Figure 2.

The majority of esters were prepared with 5-benzyl-3-

furanmethanol. This alcohol was chosen because of its wide-

spread use and its effectiveness in studying rapid knockdown

and toxicity towards insects.6 Other alcohols were employed

for specific comparisons to pyrethroids reported in the

literature.
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EXPERIMENTAL

Experimental Techniques

Melting points were determined employing a Thomas-

Hoover capillary melting point apparatus, and the melting

points are uncorrected. Thin-layer chromatography was con-

ducted by the ascending technique1 using Eastman no. 6060 silica

gel chromatogram sheets with fluorescent indicator. NMR

spectra were recordedusing a Jeolco model JNM-PS-100 spectro-

meter. All carboxylic acids and final esters employed in

insecticidal testing were analyzed for carbon and hydrogen

content. The solvents, benzene, hexane) and heptane, were

dried by refluxing over freshly cut chips of sodium metal.

Dichloromethane was distilled over phosphorus pentoxide im-

mediately before use. N-(hydroxymethyl)-l-cyclohexene-1,2-

dicarboximide was prepared by the method of Hazue et al.7

The resolving agent D-(-)-threo-2-dimethylamino-l-(p-

nitrophenyl)-1,3-propanediol was prepared by the method of

Bucourt and Vignau.8 Ethyl chrysanthemate was purchased

from Aldrich Chemical Co., Inc. and from Pfaltz and Bauer,

Inc.

Insect Bioassays

Compounds selected for testing were submitted to the

Biological Evaluation of Chemicals Laboratory, United

22
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States Department of Agriculture (USDA), Beltsville, Mary-

land. The selected compounds were tested against three

species of insects. A strain of housefly (Musca domestic

L.) was employed, the NAIDM susceptible strain(SNAIDM).

The yellow fever mosquito (Aedes aegypti (L.)) was also

used in evaluation of the selected compounds. Male chlor-

dane-resistant German cockroaches (Hazard strain) were also

employed for the purpose of evaluation the test compounds.

The Peet-Grady method of testing was chosen for evalua-

ting the test compounds against houseflies and mosquitoes.

This method, which was developed in 1932 and recently up-

dated in 1968, was chosen over other methods because of its

suitability for comparison of knockdown and toxicity effec-

tiveness. The Chemical Specialties Manufacturers Association

has adopted this method as a means of determining relative

efficiency of contact insecticides. In general, the method

makes use of a standardized spraying system, employed under

standard environmental conditions with a standard formulation

of the test compound in deodorized kerosene.9 A chemically

and biologically standardized formulation of pyrethrins is

also included as a measure of the susceptibility of the

particular lot of insects. Raw test data were supplied to

the author by 0. F. Bodenstein, Research Entomologist,

Agricultural Environmental Quality Institute, USDA and a

quantative evaluation of the relative effectiveness of



the test compounds was made at 50% effectiveness for toxicity

and 90% for knockdown. Probit analysis was used to generate

a dose-effectiveness curve. A plot of the logarithm of

concentration versus probits of percent effectiveness was

constructedusing replicated tests at dose levels chosen to

give percent effects between 25 and 75%.10 The relative

effectiveness was then computed from the ratio of the con-

centrations of a test compound and a standard ratio of the

concentrations of a test compound and a standard at some

prescribed level of effectiveness. The level of 50% for

toxicity has been chosen due to the element of probability

in the nature of probit analysis. The relative effectiveness

of the test compounds as knockdown agents was calculated at

90% effectiveness by extrapolation of the probit regression

line.

Evaluation of the test compounds was also conducted in

residue studies with adult male chlordane-susceptible German

cockroaches (Hazard strain). The residue studies served as

a measure of the longevity of effectiveness of the test com-

pounds. Test compounds were dissolved in acetone and applied

to an area of 10 mg/929 cm2 in a glass jar. Residues of the

test compounds were aged for one to twelve weeks, after

which the insects were exposed to the residue and observed

over a period of up to three days. The residue data obtained

from the USDA are contained in Appendix I.
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Organic Synthesis

Ethyl ()-cis ,trans-3-Formyl-2,,2--dimethylcyclopropane-

carboxylate (I).-- Ethyl chrysanthemate, 39.0 g, was added

to 150 ml of glacial acetic acid. The solution was cooled

to 8-120 and ozone was introduced for five hours in a stream

of oxygen at a rate such that no ozone was detected in the

effluent gas. Diethyl ether, 150 ml, was added and ozonoly-

sis was discontinued. Zinc powder, 51.0 g, was added with

stirring to the ozonized solution; the temperature was not

allowed to rise above 170. After 1-1/2 hours the solution

was filtered and 500 ml of distilled water was added to the

filtrate along with 100 ml of diethyl ether. The ether

extract was washed with 300 ml of water and then with 500

ml of 5% aqueous sodium carbonate. The ether layer was dried

over anhydrous magnesium sulfate and evaporated in vacuo

to give 26.5 g of colorless oil. Gas chromatographic analy-

sis indicated two major components in the ratio of 63:37.

The oil was not purified further, but was used directly.

t-Butyl (+)-3-Formyl-2 , 2-dimethylcyclopropanecarboxylate

(II).-- Starting with 100.0 g of ethyl chrysanthemate, the

trans-chrysanthemic acid, 44.0 g, was isolated. The trans

acid was subsequently esterified with t-butyl alcohol and

ozonized according to the procedure for I. This procedure

gave II in 88% yield.

(+)-trans-3-(2,2-Difluorovinyl)-2,2-dimethylcyclopro-

panecarboxylic acid (III).-- A solution of triphenylphosphine,
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33.5 g, and t-butyl (+)-trans-3-formyl-2,2-dimethylcyclo-

propanecarboxylate, 22.0 g, were dissolved in 100 ml of

dimethylformamide and placed in a 3-neck flask. The flask

was fitted with a nitrogen inlet tube, reflux condenser

and powder inlet port and was heated in an oil bath to 165-

1700 (bath temperature). Sodium chlorodifluoroacetate, 25.5

g, was added over one hr in small portions (carbon dioxide

was evolved). The reaction flask was cooled and the contents

were washed with water and diethyl ether. The ether was

dried over anhydrous magnesium sulfate and was removed in

vacuo. Distillation of the residue afforded 9.4 g (36%) of

a colorless oil: bp 80-90* (17mm); nmr(CDCl3 ) &63.98(dddl,

J=3Hz,8Hz,24Hz,=CH-), l.89(m,l), 1.44(s,9), 1.22(s,3), and

1.12pom(s,3). Hydrolysis of the t-butyl ester, 9.0 g, was

carried out with 0.4 g of p-toluenesulfonic acid in 75 ml

refluxing toluene to give, upon aqueous work-up, 5.0 g

(70%) of crude acid. Recrystallization from cold hexane

gave 4.5 g of white solid which melted below room temperature:

nmr(CDCl3 ) 611.98(sl), 4.06(ddd,l,J=3Hz, 8HZ,24Hz,=CH-), 2.00

(m,l), l.47(dl,J=5Hz ,CH-CO2 -), l.28(s,3), and l.12ppm(s,3).
S - 2

An amine salt of the acid was prepared for elemental analy-

sis from D- (-)-threo-2-dimethylamino-l-(p-nitrophenyl)-l,3-

propanediol. The difluoro acid III, 0.2 g, was added to a

solution of 0.5 g of the amine in 5 ml of diisopropyl ether:

methanol (5:1). The solution was refluxed 15 min and then
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cooled to give white needles: mp 132-40. Anal. Calcd for

C 1 9 H2 6 F2 N2 05 : C, 56.99; H, 6.55; N, 7.00. Found: C,

56.84; H, 6.79; N, 7.15.

5-Benzyl-3-furanmethyl (+)-trans-3-(2,2-Difluorovinyl)-

2,2-dimethylcyclopropanecarboxylate (IV).-- 3-(2,2-Difluoro-

vinyl)-2,2-dimethylcyclopropanecarboxylic acid, 4.5 g, was

added to 50 ml of hexane containing 2.7 ml of SOC12. After

standing 24 hr, the hexane and excess SOC1 2 were removed in

vacuo. The crude acid halide was added to a solution of 3.0

ml of pyridine and 3.7 g of (5-benzyl-3-furyl)methyl alcohol

in 250 ml of dry benzene. After standing overnight in the

dark, the pyridine hydrochloride was filtered and 
the

benzene removed in vacuo. The ester was purified employing

silica gel chromatography and eluting with hexane:ethyl ace-

tate (9:1). Removal of the solvent in vacuo in subdued light

gave a colorless oil, 2.8 g, which was homogeneous by thin

layer chromatography: nmr(CDCl3 ) 57.28(sl), 7.18(s,5),

6.00(s,l), 4.88(s,2), 4.00(ddd,l,J=3Hz,8Hz,24Hz,=CH-), 3.88

(s,2), 2.00(ml), 1.44(d,l,J=5Hz, CH-C02 -), 1.20(s,3), and

1.05ppm(s,3). Anal. Calcd for C2 0H2 0 F2 03 : C, 69.35;

H, 5.82. Found: C, 69.54; H, 6.11.

(+ )-trans-3-((E, Z)-2-Chloro-2-fluorovinyl)-
2 ,2-

dimethylcyclopropanecarboxylic acid (V).-- Chlorofluoro-

methylenetriphenylphosphorane was prepared by the procedure

of Speciale and Ratts.
1 2 The mono-t-butyl alcoholate of
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potassium t-butoxide, 26.8 g of powder, was placed in a two

liter 3-neck flask fitted with a mechanical stirrer, nitrogen

inlet tube and addition funnel. The flask contained 250 ml

of sodium-dried heptane and 39.3 g of triphenylphosphine.

The flask was placed in an ice-salt bath and maintained at

00. Dichlorofluoromethane, 18.0 g, was dissolved in 200 ml

of dry heptane at 00. The solution of trihalomethane was

added dropwise under nitrogen over 20 min. The flask was

allowed to warm to 150 and then a dry heptane solution of 5-

butyl (+)-trans-3-formyl-2,2-dimethylcyclopropanecarboxylate

was added over 15 min. The nitrogen atmosphere was removed

and the temperature brought to 550 for 1 hr. The flask was

then allowed to set overnight at room temperature. The pre-

cipitate was removed by filtration and the heptane was removed

from the filtrate in vacuo. The residue was distilled to

yield a colorless oil: bp 60-640 (0.2mm). Gas chromatograph-

ic analysis revealed the product to be contaminated with a

considerable amount of aldehyde starting material. The color-

less distillate was diluted with 100 ml of ether. This

solution was washed with an ethanol-water solution of sodium

bisulfite. The organic layer was separated and the ether re-

moved in vacuo to give 9.5 g (31%) of colorless oil. A GC

analysis indicated complete removal of aldehyde starting

material and the existence of two components with similar

retention times. An NMR spectrum revealed two doublets of
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doublets at 4.84 (J=8Hz,30Hz,=CH-), and 5.33(J=8Hz,9Hz,=CH-).

The t-butyl ester was hydrolyzed by refluxing 1 hr with 0.5 g

p-toluerne-sulfonic acid. A normal work-up gave 5.1 g (68%)

of an oil. A crystalline amine salt of the acid was prepared

in the same manner as III from D-(-)-threo-2-dimethylamino-l-

(p-nitrophenyl)-1,3-propanediol: mp 116-1200. Anal. Calcd

for C1 9 H 2 6ClFN203 : C, 54.74; H, 6.29. Found: C, 54.81;

H, 6.43.

5-Benzyl-3-furanmethyl (+)-trans-3-((E,Z)-2-Chloro-2-

fluorovinyl)-2,2-dimethylcyclopropanecarboxylate (VI).--

(+)-trans-3-((E,Z)-2-Chloro-2-fluorovinyl)-2,2-dimethylcyclo-

propanecarboxylic acid, 5.0 g, was added to a solution of

4 ml of SOC12 and 50 ml of dry hexane and stored overnight.

The hexane and excess SOCl2 were removed in vacuo at 500.

The acyl halide was then added to 250 ml of a benzene solu-

tion containing 5.1 g of 5-benzyl-3-furanmethanol and 2.5

g of pyridine. The solution was allowed to set overnight in

the dark. The precipitate of pyridine hydrochloride was

removed by filtration and the volume reduced in vacuo. The

oily residue was applied to a silica gel column and eluted

with hexane:ethyl acetate (9:1). Fractions were monitored

by thin layer chromatography and developed with iodine vapor.

Homogeneous fractions were combined and solvents removed in

vacuo to give 3.0 g (32%) of pale yellow oil, which
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crystallized on standing: mp 43-44O; nmr(CDCl3 ) 64.98 (dd,

J=lOHz,30Hz,=CH-), and 5.34ppm(dd,J=8Hz,9Hz,=CH-); with a

ratio of 5.34 proton to 84.98 proton of 0.94. Anal. Calcd

for C2 0 H2 0 C1F0 3: C, 66.21; H, 5.56. Found: C, 66.15; H,

5.77. The separation of the isomers was accomplished by

preparative gas chromatography at 2400 on a 1/4" x 10 ft.

column, packed with chromosorb W 60/80 mesh. The support was

coated with 15% DEGS (diethylene-glycol succinate). The col-

umn was conditioned for 48 hr at 2600. The two components

had retention times of 24.7 min (VII) and 27.7 min (VIII)

with a helium flow rate of 90 cc/min. The sample with Rt of

24.7 min was present in the smaller amount (47%). The NMR

spectrum of this sample (VII) gave for the olefinic proton-

fluorine coupling, J = 9Hz and the Z configuration was

assigned.

(+)-trans-3-(E,Z)-2-Bromo-2-chlorovinyl-2,2-dimethyl-

cyclopropanecarboxylic acid (IV).-- The procedure for the

preparation of V was duplicated with CBr2 ClH employed as

the haloform. Normal work-up and distillation gave 13.4 g

(35%) of a colorless oil: bp 110-1180 (1.1mm); mp 67-690;

nmr(CDCl 3 ), S5.88(d,J=8Hz, =CH-), and 5.84 ppm(d,J=8Hz,

=CH-). The integration of the two doublets indicated an

isomeric ratio of approximately 1:1. Hydrolysis of the ester

was carried out as in the preparation of V to give IX in 95%
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crude yield. Recrystallization from ethanol:water gave white

needles: mp 95-970; nmr(CDCl3 ) 810.20(s,1), 5.76(d,J=8Hz,

=CH-), 5.72(d,J=8Hz, =CH-), 2.24(m,l), 1.62(d,l,J=5HzCH-C02-)5

1.31(s,3), and 1.20ppm(s,3). Anal. Calcd for C8 H1 0 BrClO 2

C, 37.90; H, 3.98. Found: C, 38.01; H, 4.06.

5-Benzyl-3-furanmethyl (+)-trans-((E,Z)-2-Bromo-2-

chlorovinyl)-2,2-dimethylcyclopropanecarboxylate (X).--

Thionyl chloride, 15 ml, was added to 3.0 g of IX. After

standing overnight, the solution was heated to reflux for 15

min and then the SOC12 removed in vacuo. The acid halide was

added directly to a benzene solution of 2.3 g of 5-benzyl-3-

furanmethanol and 1 ml of pyridine. The solution was

placed in the dark overnight and worked up as usual to give

white needles. Recrystallization from hexane:ethyl acetate

(9:1) gave 1.6 g of white needles: mp 61-61.50; nmr(CDCl3 )

&5.78(d,J=8Hz), and 5.84ppm(d,J=8Hz). Anal. Calcd for

C2 0 H2 0 BrC103  C, 56.69; H, 4.76. Found: C, 56.73; H,

4.87.

(+)-cis,trans-3-(2,2-Dibromovinyl)-2,2-dimethylcyclo-

propanecarboxylic acid (XI).-- Carbon tetrabromide, 46.0 g,

was added to 600 ml of dichloromethane. Triphenylphosphine,

75.0 g, in 150 ml of dichloromethane, was added dropwise

with stirring under nitrogen to the carbon tetrabromide

solution at 20-351. A red color appeared initially and after
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10 min a yellow precipitate formed. The addition was complete

after 15 min, and stirring was continued for an hour. The

aldehyde I, 26.5 g, was then added in 50 ml of dichloromethane

(dropwise with cooling) to the solution containing the yellow

precipitate. The temperature was maintained at 20-301 and

stirring continued for 2 hr. The dichloromethane was removed

in vacuo and hexane added to the residual oil. A precipi-

tate formed and was removed by filtration. Evaporation of

the filtrate in vacuo gave 26.5 g of oil. The precipitate

obtained from the above solution was refluxed 1-1/2 hr in

benzene, and the benzene was removed in vacuo. Hexane was

added, and the white crystalline material which formed was

removed by filtration. The filtrate was evaporated in vacuo

to give 19.14 g of light brown oil. The oil fractions were

combined and distilled to give 25.8 g of clear liquid: bp

95-970 (0.4mm); nmr(CDCl3 ) 6.08(d,J=8Hz), and 6.70ppm(d,

J=8Hz). Integration of peaks of the olefinic region was

equivalent to 1 proton. Fifteen grams of the above ester

was hydrolyzed in 75% aqueous ethanol with 3.0 g of sodium

hydroxide for 3 hr. The ethanol was removed in vacuo and the

residual solution was extracted with diethyl ether to remove

unhydrolyzed material. The aqueous phase was acidified with

10% sulfuric acid and extracted with ether. The ether

extract was dried with anhydrous magnesium sulfate. The

ether was removed in vacuo to give 10.0 g crude light yellow
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oil which crystallized on standing at 50. Recrystallization

from ethanol:water gave 7.7 g of white crystals: mp 82-840:

nmr(CDCl3) S11.42(s), 6.78(dJ=8Hz), 6.24(d,J=8Hz), 2.08

(d,J=8Hz, CH-CO 2-), 1.71(d,J=5Hz,CH-CO 2 -), and 1.32ppm(m).

(+)-trans-3-(2,2-Dibromovinyl)-2 ,2-dimethylcyclopro-

panecarboxylic acid (XII).-- Fractional crystallization of

XI from ethanol:water gave the trans isomer (XII) as white

needles: mp ll7-ll81; nmr(CDCl3) &10.36(s,l), 6.10(dl,J=

8Hz,=CH-), 2.22(m,l), 1.63(d,1,J=5Hz, CH-CO 2-), 1.32(s,3),

and 1.22ppm(s,3). Anal. Calcd for C8H10Br202 C, 32.25;

H, 3.38. Found: C, 32.30; H, 3.14.

(+)-trans-3-(2 , 2-Dibromovinyl)-2, 2-dimethylcyclopropane-

carboxylic acid (XIII).-- Resolution of XII was accomplished

by formation of the amine salt with D-(-)-threo-2-dimethyl-

amino-l-(p-nitrophenyl)-1,3-propanediol. 13 Three successive

salt formations were prepared and recrystallized from iso-

propyl ether and methanol. The final crystals had a mp of

127-1281. The acid was recovered by treating the salt with

2N HCl and extraction with dichloromethane. The resolved

acid XIII had a rotation of [E]25 = +36.80 + 1 0 (c=0.133g/ml
D

ethanol); mp 90-910.

5-Benzyl-3-furanmethyl (+)-trans-3-(2 ,2-Dibromovinyl)-

2, 2-dimethylcyclopropanecarboxylate (XIV).-- The acid XI,
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2.5 g, was added to 500 ml of dry benzene. 5-Benzyl-3-

furanmethanol, 4.0 g, was dissolved in 50 ml of dry benzene

and added to the acid solution in the dark. Cyclohexylcarbo-

diimide, 3.0 g, was added to the solution which then stood

for 48 hr in the dark. A white precipitate formed which

was filtered from the solution. The benzene was removed

from the filtrate in vacuo in the dark to give a light yellow

oil. Purification of the final product was accomplished

employing column chromatography on silica gel. Two frac-

tions, obtained by elution with hexane, gave, upon concen-

tration in vacuo, 1.9 g of a colorless oil. Crystallization

from cold hexane gave the pure (+)-trans isomer, 0.5 g:

mp (65-660; nmr(CDCl3 ) 67.08(m,6), 6.00(d,l,J=8Hz, =CH-),

5.88(s,1), 4.80(s,2), 3.84(s,2), 2.10(m,1), 1.56(d,1,J=5Hz,

CH-CO -), 1.20(s,3), and 1.12ppm(s,3). Anal. Calcd for
- - 2

C2 0 H2 0 Br2 03 : C, 51.30; H, 4.31. Found: C, 51.31; H, 4.44.

5-Benzyl-3-furanmethyl (+)-trans-3-(2,2-Dibromovinyl)-

2,2-dimethylcyclopropanecarboxylate (XV).-- The esterifica-

tion and work-up of the resolved acid (XIII) with 5-benzyl-

3-furanmethanol was carried out in the same manner as was

IX. The optical activity of the resulting ester XV was

found to be [c]25= +9.50 + 0.50, with mp 40-410.
D

l-Cyclohexene-1, 2-dicarboxyimidomethyl ( )-cistrans-3-

(2 ,2-Dibromovinyl)-2, 2-dimethylcyclopropanecarboxylate (XVI).--
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The dibromo acid XI was esterified (in the same manner as the

acid IX) with N-(hydroxymethyl)-l-cyclohexene-1,2-dicarboxi-

mide. Purification by silica gel chromatography was per-

formed. Elution with hexane:ether (9:1) gave fractions,

which crystallized upon standing, in 32% yield: mp 110-ll50;

nmr(CDC1.3) &6.68(d,J=8Hz), 6.08(d,J=8Hz), 5.45(s,2), 2.36

(m,4), 2:.10(m), 1.78(m,L4), 1.56(d), and 1.20ppm(m). Anal.

Calcd for C1 7H1 9 Br2NO 3 : C, 44.28; H, 4.15. Found: C,

44.53; H, 4.14.

(i)-2 ,2-Dibromo-3, 3-dimethylcyclopropanecarboxylic acid

(XVII).-- Potassium metal, 5 g, was added to 150 ml of anhy-

drous t-butyl alcohol in a 3-neck 500-ml flask with heating.

The flask was fitted with a reflux condenser, nitrogen inlet

tube and addition funnel. After the potassium dissolved,

the flask was cooled in an ice bath and 2,5-dimethyl-2,4-

hexadiene, 160 ml, was added under nitrogen. Bromoform, 38 g,

was added to the solution dropwise over 20 min. Hexane was

then added and the organic phase washed with water. The hex-

ane solution was dried over anhydrous magnesium sulfate and

concentrated under reduced pressure. Upon standing at 50,

a yellow solid crystallized. The solid was dissolved in

hexane and decolorized with norit A. The solution was cooled

to -700 and 11.0 g (36%) of white crystals were obtained:

mp 38-400, Elit. value 40-410]14, mass spectrum (70 eV) m/e

(rel intensity) 202(55), 200(55), 187)43), 185)43), 121(100).
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Ozonolysis of the carbene adduct, 11.0 g, was carried out at

150 in glacial acetic acid. Removal of the acetic acid in

vacuo at 400 gave a brown oily residue. The residue was

taken up in 200 ml of absolute ethanol. Anhydrous ferric

chloride, 0.5 g, was added. Oxygen was bubbled through with

heating and stirring for 3 hr. The ethanol was removed in

vacuo and the residue taken up in ether. The organic layer

was separated, acidified and extracted with ether to give a

white powder, 3.5 g: mp 138-142o. Recrystallization from

ethanol:water gave white crystals: mp 145-1470 ; nmr(CDCl3 )

&9.80(s,l), 2.08(s,l), 1.38(s,3), and 1.36ppm(s,3). Anal.

Calcd for C6H 6 Br2 0 2 : C, 26.50; H, 2.96. Found: C, 26.41;

H, 3.09.

5-Benzyl-3-furanmethyl (+)-2,2-Dibromo-3,3-dimethyl-

cyclopropanecarboxylate (XVIII).-- The acid XVII, 2.6 g, was

treated with 20 ml of SOC12 overnight. The solution was

then refluxed 30 min and the excess SOCl2 removed in vacuo.

The acid halide was then added to a dry benzene solution of

1 g of pyridine and 2 g of 5-benzyl-3-furanmethanol. After

setting in the dark overnight, the benzene was removed in

vacuo and the residue chromatographed in subdued light over

silica gel. The fractions were eluted with hexane:ethyl

acetate (9:1). Fractions homogeneous by TLC were combined

and concentrated in vacuo to give a pale yellow oil, 1.3 g:
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nmr(CDCl.3 ),3 7.82(s,1), 7.76(s,5), 6.44(s,1), 5.21(s,2),

4.09(s,2), 2.24(s,l,CH-CO2-), 1.42(s,3), and 1.39ppm(s,3).

Anal. Calcd for C1 8 H18 Br203 : C, 48.90; H, 4.10. Found: C,

49.18; H, 4.34.

( )-Allethrolonyl (+)-2, 2-Dibromo-3 , 3-dimethylcyclopro-

panecarboxylate (XIX).-- The acid XVII, 3.0 g, was treated

with SOCl2 , as in the preparation of XVIII, and condensed

with the alcohol (+)-allethrolone. Purification of the

resulting oil by silica gel chromatography gave a material

homogeneous by TLC with hexane:ethyl acetate (9:1) as solvent.

The solvent was removed in vacuo to give a pale orange oil,

1.6 g: nmr(CDCl3 ) 65.80(m,l), 5.04(m,2), 3.00(m,2), 2.44

(m,l), 2.28(sl,CH-CO2 -), 2.08(m,3), and 1.54ppm(s,6).

Anal. Calcd for Cl 5 H 1 8Br2O 3 : C, 44.36; H, 4.147. Found:

C, 43.99; H, 4.89.

( )-Allethrolonyl (+)-cis,trans-3-(2,2-Dibromovinyl)-

2 ,2 -dimethylcyclopropanecarboxylate (XX).-- The acid XI was

treated as in the preparation of XIV to give a pale liquid

in 30% yield: nmr(CDCl3 ) 6.86(d,J=8Hz, =CH-), 6.28(d,J=8Hz,

=CH-), 5.80(m), 5.08(m), 3.04(m), 2.84(m), 2.28(m), 2.06(m),

and 1.68ppm(d,J=5Hz). Anal. Calcd for C1 7H2 0 Br2 03 : C,

47.25; H, 4.67. Found: C, 47.53; H, 4.61.



RESULTS AND DISCUSSION

The synthesis of the dihalovinyl carboxylic acids was

conducted as indicated in Figure 1. Chrysanthemate esters

were ozonized and the resulting ozonides were reduced to pre-

pare the aldo-ester necessary for the synthetic scheme out-

lined in Figure 1. A Wittig reaction using the aldo-ester

and the ylide, dihalomethylenetriphenylphosphorane, was

carried out in the preparation of an intermediate dihalovinyl

ester. This ester was then hydrolyzed by acidic or basic

media to give the dihalovinyl acids. The choice of possible

chrysanthemate esters for ozonolysis was initially one of

expediency, since ethyl chrysanthemate was available com-

mercially. However, literature reports of high yields,

short reaction times and ease of work-up dictated the use of

t-butyl chrysanthemate. 5 Although more steps were involved

in obtaining the t-butyl ester, it allowed the separation of

the pure trans-chrysanthemic acid by the procedure of Matsui

and Ueda.11

The structure determinations of the dihalovinyl acids

were largely determined by their nuclear magnetic resonance

(NMR) spectra. In every instance,first order spectra were

obtained. In the case of the dibromovinyl acids, where a

mixture of the cis and trans acids were obtained, the isomers

38
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were assigned on the basis of the coupling constants between

protons in the 1 and 3 positions. The experimental values

for the cis isomer, J=8Hz, and for the trans isomer, J=5Hz,

agree closely with literature values for the chrysanthemates

and also agree with calculated values.1 5 '1 6 '1 7  The relative

chemical shifts for the olefinic protons of the cis and trans

isomers of the dibromovinyl acid were the same as for chry-

santhemic acid, that is, thecis. olefinic proton is downfield

from the trans olefinic proton.1 5

With the exception of the dibromovinyl acid (above), all

other dihalovinyl acids were synthesized by the Wittig reac-

tion, starting with the t-butyl trans-aldo-esterII. Thus,

no separation of the cis and trans cyclopropanecarboxylate

isomers was necessary. The difluoro-, dibromo-, and chloro-

fluoromethylene ylides have been previously reported. 18,19,20

The bromochloromethylene ylide has not previously been report-

ed; its synthesis was similar to the reported preparation of

the chlorofluoromethylene ylide except that dibromochloro-

methane was employed as the haloform.

The NMR spectral data are presented in Appendix II.

There does appear to be a correlation between the electro-

negativity of the halogens and the olefinic proton chemical

shifts. However, insufficient data are available for further

correlations of the olefinic chemical shifts. In the case of

the chlorofluorovinyl esters, the fluorine-proton coupling
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constants allow one to determine the E and Z isomers by their

coupling constants in the proton spectra. Typical values of

cis H-F coupling are 1-8Hz and 12-40Hz for trans H-F coupling.2

The experimental values of J=9Hz and J=30Hz agree closely

with the reported values of cis and trans or Z and E.

The synthesis of the acid with ring dibromo substitu-

ents was accomplished as shown in Figure 2. The yield of the

initial carbene adduct was considerably higher (36%) than the

7% reported by Skattebl.1 4 This difference in yield can be

attributed to the large excess of diolefin employed in the

present study, which decreases the probability of the forma-

tion of a diadduct which the above author reported. The

ozonolysis of the monoadduct was performed in glacial acetic

.22acid. Complete oxidation of the intermediate aldehyde was

then insured by treatment with molecular oxygen at elevated

temperatures. The NMR spectral data are in accord with the

proposed structure of the ring-substituted dibromo acid. The

methyl groups on the ring have very similar chemical shifts

and differ by only 0.02 ppm. This value is very different

from the values of the dihalovinyl series, where differences

are 0.12 to 0.2 ppm. The similarity of the chemical shifts

of the methyls is in agreement with literature values for

the corresponding acid halide and ethyl ester of this acid. 23

The preparation of the final esters was in most

instances accomplished by formation of the respective acid
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halides followed by their condensation with the chosen al-

cohols in the presence of pyridine. This method of prepara-

tion was chosen because unreacted starting materials and

side-products were easily separated from the final product by

column chromatography. In one instance, with the dibromovinyl

acid, esterification was mediated by the reagent dicyclohexyl-

carbodiimide. Because of problems involved in purification,

this method was abandoned in favor of the acid halide method.

The NMR spectral data for the 5-benzyl-3-furanmethyl esters

were first order. Peaks due to the alcohol moiety did not

obscure any of the peaks from the acid moieties. Likewise,

the allethrolone and N-(hydroxymethyl)-l-cyclohexene-1,2-

dicarboximide ester peaks were clearly distinguishable from

the acid moiety peaks. The spectra of the first esters were

almost identical to a composite of the separate acid and

alcohol spectra. This observation is in accord with the

finding of Bramwell et al. with the chrysanthemate esters.1 5

The photo-instability of the pyrethroids had been a

particular problem in their development as economic insecti-

cides. Among the pyrethroids, the esters of 5-benzyl-3-

furanmethanol are quite susceptible to photodecomposition.

Casida et al. have studied the photodecomposition of several

5-benzyl-3-furanmethyl esters and has determined that the

major photodecomposition process involves the attach of

oxygen on the furan ring. Photodecomposition of these
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esters was shown to be accelerated by silica gel. 2 4 Most

probably, the dihalovinyl esters of 5 -benzyl-3-furanmethanol,

prepared in the present study, would be susceptible to simi-

lar photodecomposition. Degradation of the 5-benzyl-3-

furaninethyl esters was evident during their work-up and upon

exposure to light and air. Particular care was taken to

perform column chromatography runs in subdued light to mini-

mize the accelerating effect of silica gel on their photode-

composition.

The choice of column chromatography as a means of puri-

fication was necessary because of the nature of the physical

properties of most pyrethroids. The majority of pyrethroids

are viscous liquids with boiling points which are higher than

their thermal decomposition points. Crystallization, as a

purification technique for pyrethroids, is suited only for a

few compounds such as XVI and XIV.

The final esters were evaluated for their relative

effectiveness in retaining the pyrethroid qualities of rapid

knockdown and 24 hour toxicity. The results of these evalua-

tions are presented in Table I for houseflies and Table II

for yellow fever mosquitoes. The Peet-Grady spray method of

testing was chosen over other methods because it allowed the

quantitation of both rapid knockdown and toxicity. Topical

application methods are not suited for assays of rapid knock-

down. Houseflies and mosquitoes were chosen for insecticide
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evaluation studies because of the large quantity of test

data for these species already available in the literature,

and because of their wide acceptance as test subjects for

insecticidal purposes. In addition, the particular strain

of housefly used in this study has been selected as the of-

ficial test insect of the Chemical Specialties Manufacturers

Association. Dose-response curves of the standard pyre-

thrins were prepared. The coefficient of variation of LC5s

values (lethal concentration for 50% of the test organism)

for tests on three separate days and with three lots of in-

sects gave a value of 14%.25

In Table I, the housefly toxicities of the dihalovinyl

esters are presented. Compounds IV, VI, VII, X, VIII, XIV

and XV are the dihalo analogs of the chrysanthemate ester of

5-benzyl-3-furanmethanol, commercially referred to as res-

methrin. The dibromo analog XIV has previously been shown

to be more toxic than resmethrin.1 ,2 6  The structures of the

dihalo compounds are represented in Figure 3. The difluoro

analog IV is 123 times more toxic than the naturally occur-

ring pyrethrins. This new pyrethroid is the most potent 5-

benzyl-3-furanmethyl ester yet reported in the racemic form.

The (+) form of IV should follow the trend of other pyrethroids

and as a result be twice as toxic as IV. The greatest

reported toxicity for a 5-benzyl-3-furanmethyl ester was for

the analog having a butadienyl side-chain in place of the
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TABLE I

RELATIVE EFFECTIVENESS OF PYRETHROIDS
AGAINST SUSCEPTIBLE HOUSEFLIESa

Compound No. KD9 0-5 Minc LC5 0 -24 hr

IV 4 123

VI 1.5 85

VII 82

VIII -- 67

X < 1112

XIV 0.8 34

XV 0.7 65

XVI 4 2.7

XVIII 0.14 2.5

XIX 0.1 0.14

XX 1.5 2.0

Pyrethrinsb 1 1

aTested in spray formulation by Peet-Grady method -
see Bioassay section.

bPyrethrins LC50 1.14 mg/ml, KD9 0 = 1.7 mg/ml.

c 90% knockdown in 5 min.
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isobutenyl group of the (+) chrysanthemic acid -moiety.1 The

difluoro analog IV could be considered as 30% greater in

toxicity than the butadienyl analog, when compared in similar

states of optical purity.

The general trend of toxicities decreases from difluoro

to dibromovinyl analogs, the former, IV, being approximately

four-fold more toxic than the latter, XIV. The mixed dihalo-

vinyl analogs were of intermediate toxicity and were 2-3-

fold better than the dibromovinyl analog XIV. Chlorofluoro-

vinyl esters VII and VIII are the E and Z isomers of VI,

respectively. The ester VII possesses a fluorine atom ori-

ented trans to the major portion of the molecule. This

orientation represents an increase in polarity over the cis

orientation of the fluorine atom. The analog VII, with

greater toxicity than its isomer VIII, is similar to the

difluoro analog IV in having a fluorine atom trans to the

major portion of the molecule. This increase in toxicity may

be correlated with the trans fluoro substituent and may be

due to increased membrane transport rates resulting from the

more polar orientation. Further studies would be necessary

to develop this correlation. The compound XV is the resolved

(+) form of the racemic XIV. It is seen from Table I that

the (+) form is twice as toxic as the (+) form. This ob-

servation coincides with the literature reports of others on

similar pyrethroids.27,28 Compound XVI is a dibromovinyl
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analog of the chrysanthemate ester of N-(hydroxymethyl)-l-

cyclohexene-1,2-dicarboximide, which is known commercially as

neopynamin or phthalthrin. The structures of these are rep-

resented in Figure 4. No enhancement of toxicity is observed

over the reported toxicity for phthalthrin, the latter com-

pound being 2-3 fold better than pyrethrins.6 Compound

XVIII may be referred to as a shortened vinyllog of XIV,

where the two bromine atoms are on the cyclopropane ring.

The former compound is analogous to the tetramethylcyclopro-

panecarboxylate XXI shown in Figure 4. The toxicity is great-

ly reduced for XVIII from the reported values for XXI, the

parent compound. The toxicity of XXI is reported to be

equivalent to resmethrin. 29 This equivalency would give it

a relative toxicity (pyrethrins 1) of 25-30. The replacement

of the geminal methyl groups by geminal bromine atoms is

reported to reduce the toxicity by one-tenth in another py-

rethroid series. 2 3  This magnitude of reduction in toxicity

is also seen for XVIII. In Figure 5 are represented the

structures for XIX and XX. Compound XIX is an allethrolonyl

ester and is analogous to the tetramethylcyclopropanecarboxy-

late ester reported by Matsui and Kitahara. 3 0 They stated

that the toxicity of the tetramethyl pyrethroid was equiva-

lent to allethrin in potency against houseflies. Allethrin

has also been shown to be twice as active as pyrethrins.

Therefore, from these reports and from Table I, it is seen
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that the toxicity of XIX is approximately one-fifth of the

reported value for the tetramethyl parent pyrethroid. Com-

pound XX, shown in Figure 5, differs from allethrin only in

the side-chain. Allethrin is reportedly twice as toxic to

houseflies as pyrethrins. 6 This relative value of toxicity

agrees closely with the relative experimental value for XX

in Table I.

One of the basic reasons for studying the dihalovinyl

replacement of the isobutenyl group of the chrysanthemic

moiety was to preclude the biological oxidations reported by

Casida et al.3  The results of toxicity tests in the present

study show that all of the dihalovinyl analogs have toxici-

ties equal to or greater than their respective parent com-

pounds. These results may be interpreted as evidence that

the biological oxidations have been precluded by the dihalo-

vinyl esters. However, alternative explanations involving

membrane transport rates must be considered.

The relative effectiveness of the synthetic pyrethroids

as rapid knockdown agents against houseflies is also pre-

sented in Table I. Few of the pyrethroids show as high a

knockdown activity as the pyrethrins standard. Those that do

have increased effectiveness as knockdown agents are IV, VI,

XVI and XX. Compound IV as a difluoro analog of resmethrin

is more than four times as effective as the dibromo analog

XIV. Resmethrin was reported to have knockdown activity less
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than pyrethrins against houseflies.6 The difluoro analog IV

then shows a significant enhancement of rapid knockdown acti-

vity over the parent compound resmethrin. The analog VI is

a mixture of E and Z isomers and does exhibit knockdown

activity above that of pyrethrins. The separate E and Z

isomers were tested at equal concentrations (0.0625 mg/ml)

for knockdown effectiveness at 10 minutes in parallel tests.

These data are given in Table III. The Z isomer has consider-

ably more knockdown activity than the E isomer, and appears

to have more knockdown activity than the mixed E and Z iso-

mers (VI). One explanation for the difference in knockdown

activity of the Z and E isomers may be related to the trans

fluorine atom in the Z isomer which imparts greater polarity

to the molecule.

Numerous correlations have been made between physical

measurements and biological activity. One physical character-

istic that has been correlated with biological activity is

the lipophilic character of a series of compounds. 3 1 '3 2  This

lipophilic character may be measured with reversed phase

partition chromatography in terms of Rm, where RM = log(l/R

- 1). A plot of the percent knockdown versus the Rm values

for the dihalovinyl ester series is shown in Figure 6. A

linear correlation is evident between R value, or lipophili-

city, and the effectiveness as a knockdown agent. This

correlation of knockdown effectiveness and lipophilicity may
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Figure 6. Correlation of Rm and Halogen Substituent. Percent

knockdown in 10 minutes of esters against houseflies at

0.0625 mg/ml versus R . R values taken from silica gel
m m

plates with heavy mineral oil as the stationary phase and

acetone:ethanol:water (60:10:30) as the mobile phase.



53

70 IV

60

50 VI

40

CN

30 -

20

10 -

XIV 0

-0,9 -0.8 -0.7 -0,6

RM



54

be taken to indicate that rapid knockdown activity is depend-

ent upon the rate of transfer across a lipid membrane barrier

to the site of toxic action in the insect. Support of this

correlation has also been given by Burt and Goodchild, where

they showed that pyrethrin I is at least ten times more

effective in knockdown when injected than when applied topic-

ally to houseflies. 39

The evaluation of the dihalo analogs as insecticides

against yellow fever mosquitoes are presented in Table II.

The variation in toxicities among the dihalo analogs is

much less against mosquitoes than against houseflies. The

relative range of lowest toxicity to highest toxicity in

housefly tests was approximately 300-fold. However, this

same comparison in the mosquito test is only approximately

10 fold. The same trend of relative toxicities for the new

pyrethroids is apparent in mosquito tests as was demonstrated

for the housefly tests. That is, analogs more toxic than

pyrethrins against houseflies were also more toxic against

mosquitoes, but to a lesser degree.

Comparisons of the toxicity of XVI against mosquitoes

with the reported toxicity of its parent compound phthalthrin

show them to be approximately equal. 6 No mosquito test data

are available for the parent compounds of XVIII and XIX. A

quite significant enhancement of activity was found in the

dibromovinyl analog XX over its parent compound allethrin
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TABLE II

RELATIVE TOXICITY OF PYRETHROIDS AGAINST
YELLOW FEVER MOSQUITOESa

Compound No. LC - 24hr

IV 3

VI 5

VII 4.4

VIII 3.8

X 5

XIV 2.5

XV 4

XVI 0.5

XVIII 0.8

XIX 0.5

XX 1.6

Pyrethrinsb

aTested in spray formulations by Peet-Grady method -
see Bioassay section.

bPyrethrins LC50 0.75 mg/mi.
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TABLE III

DOSAGE-MORTALITY TESTS AGAINST DDT-SUSCEPTIBLE HOUSEFLIES

Insecticide, mg/ml % Knockdown % Kill in 1 Day5 Min 10 Min

F

C-C 0.0625 1 50 96

C1 a

(cis, trans
Mixture)

Cl

C=C 0.0625 0 16 93

F R

F

C=C 0.0625 1 62 91

Cl R

Pyrethrins 1.0 714 99 36

aDihalo side chain replacements on trans-resmethrin.
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in the mosquito tests. Allethrin is reported to have about

one-eighth of the activity of pyrethrins against mosquitoes. 6

The activity of XX is 1.6-fold better than pyrethrins. This

gives XX a 12-fold increase in activity over the parent

compound, allethrin. Mosquito knockdown data for the dihalo

pyrethroids are contained in Appendix III. Because of the

variability of susceptibility of mosquitoes in knockdown, no

relative values were computed. However, the trends in knock-

down for houseflies was generally duplicated in the mosquito

tests.

Residue tests against adult male German cockroaches

were carried out on selected analogs to assess the rate of

loss of activity due to evaporation and air oxidation. The

results of these tests are given in Appendix I. The data

show that under the conditions employed, many of the dibromo

analogs would be effective as insecticidal residues for

periods of from one to twelve weeks. In general, trend in

structure versus longeviety of effectiveness was readily

apparent.
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APPENDIX I

RESIDUE TESTS AGAINST MALE GERMAN COCKROACHES

Compound No. Length of Effectiveness
in Weeksa

XIV 1

XX 4

XIX 1

XVIII 1

XVI 1

XV 12

IV 2

aEffectiveness determined by the longest period of
time that a test compound will kill 100% of the insects
after exposure for up to three days.
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APPENDIX II

NMR SPECTRA

Compounda

=CH-

Olefinic Proton

7
CH3 CH3

Methyl Protons

4.*06III

IV

1l28, 1.12

1.20, 1.05

5.34, 4.98

5.76, 5.72

5.78, 5.84

6.78, 6.24

6.10

6.00

6.68, 6.08

1.32, 1.30, 1.15

1.31, 1.20

1.28, 1.18

1.32, 1.22

1.20, 1.12

1.28, 1.24,1.21,1.18

1.38, 1.36

1.142, 1.39

1.54

6.86, 6.28 1.35, 1.32, 1.28, 1.25

VI

IX

X

XI

XII

XIV

XVI

XVII

XVIII

XIX

XX

aSamples were dissolved in CDCl3 with tetramethylsilane
as an internal standard (TMS). Chemical shifts reported in S

relative to TMS.
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APPENDIX III

COMPARISON OF EFFECTIVENESS OF SYNTHETIC PYRETHROIDS
AGAINST FREE-FLYING YELLOW FEVER MOSQUITOES

% Knockdown in

5 Min
Conc in mg/ml
.033 .066

IV

VI

VII

VIII

x

XIV

XV

XVI

XVIII

XIX

XX

Pyr

Pyr

Pyr

Pyr

Pyr

Pyr

Pyr

Pyr

Pyr

Pyr

42
35
0
6

12
24
4

24
8

24
3

44
5

29
15
30
7

34
0

44
30
44

10 Min
Conc in mg/ml
.033 .066

68
56
21
19
34
60
22
60
10
43

4
62
10
36
60
46
18
66
20
86
80
86

96
64
52
30
72
53
36
53
46
54
27
80
37
52
28
60
13
57

4
74
53
74

98
88
87
70
94
90
72
90
50
86
54
97
60
78
79
68
25
90
28
98
94
98

apyr = Pyrethrins.

Compound



PART ITT

MONOHALO ANALOGS OF PYRETHRATES AND CHRYSANTHEMIATES



INTRODUCTI ON

Modifications of the pyrethric acid moiety of pyre-

thrin II have received very little attention. Matsui and

coworkers have studied cyano and aldehyde replacements for

the carbomethoxy group of pyrethric acid.1,2 These studies

involved the synthesis and toxicity tests of esters in the

allethrolone series. The pyrethrate ester of 5-benzyl-3-

furanmethanol has been prepared and exhibits excellent

knockdown activity compared to pyrethrins. 3,4 The synthesis

of the four geometrical isomers of ( ) pyrethric acid has

been completed.5

The detoxification of pyrethrin II has been postulated

to occur, in part, by cleavage of the carbomethoxy XX group

by a non-oxidative mechanism.6 Substituents adjacent to the

carbomethoxy group might be expected to have an effect on

the rate of the methyl ester cleavage and hence on the level

of toxicity or level of knockdown.

The halodihydrochrysanthemates have not been investi-

gated until this present study was begun. This study was

proposed because of the ready access of the halo acids

through XX the addition of HX to the olefinic side chain of

chrysanthemic acid, and because of the likelihood that the
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tertiary halides might undergo in vivo dehydrohalogenation

to form resmethrin, a very potent pvrethroid.

The synthesis and testing of the monohalo analogs of

pyrethrates and chrysanthemates was begun in order to

broaden the scope of analogs already studied. Specifically,

the study was initiated to investigate the effect of mono-

halo substituents in the side chain of the pyrethrate and

chrysanthemate moieties.



EXPERIMENTAL

Experimental Techniques

A Thomas-Hoover capillary melting point apparatus was

employed for all melting point determinations and melting

points are uncorrected. Thin layer chromatographic studies

were conducted by the ascending technique on Eastman silica

gel chromagram sheets #6060 with fluorescent indicator. NMR

spectral data were determined employing a Jeolco model JNM-

PS-100 or a JNM-MH60-II. Ethyl (+)-cis,trans-chrysanthemate

was obtained from Aldrich Chemical Co., Inc. or from Pfaltz

and Bauer, Inc. Benzene was dried over freshly cut chips

of sodium metal. Practical grade -toluenesulfonic acid was

purchased from Matheson Coleman and Bell and used as re-

ceived.

Insect Bioassays

Compounds selected for testing were submitted to the

Biological Evaluation of Chemical Laboratory, United States

Department of Agriculture (USDA), Beltsville, Maryland.

The selected compounds were tested against two species of

insects. The housefly (Musea domestica L.) and the yellow

fever mosquito (Aedes aegypta (L.)) were employed for test-

ing. The Peet-Grady method of testing was chosen for the

67
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evaluation of the selected compounds. The discussion of this

method and the method of calculation of relative toxicity is

described under Insect Bioassays in Part II.

Organic Synthesis

()-trans-3-( (Z)-2-Bromo-3-methoxy-3.-oxo-l-propenyl)-

2,2-dimethylcyclopropanecarboxylic acid (I).-- Scheme I.

Ethyl (+)-cis,trans-3-formyl-2,2-dimethylcyclopropanecar-

boxylate, 24.0 g, was prepared as described previously and

added to 500 ml of dry benzene.1 1-Bromo-2-methoxy-2-oxo-

ethylidenetriphosphorane, 42.0 g, was added to the aldo-

ester solution and heated to reflux for 3 hr. 2 The solution

was allowed to cool and the benzene was removed in vacuo.

Hexane was added to the residue and the resulting precipi-

tate was removed by filtration. The filtrate was concen-

trated in vacuo and the residual oil distilled to yield 25.4

g of a pale yellow oil: bp 125-140o (0.2 mm). Gas chromato-

graphic analysis revealed three major components. The oil,

20.4 g, was hydrolysed under reflux for 4 hr in 50% aqueous

ethanol containing 15.0 g of potassium hydroxide. The

solution was concentrated in vacuo and the residue acidified

with 6 N HCl and extracted with diethyl ether. The organic

phase was dried over anhydrous magnesium sulfate and was

reduced in volume in vacuo. The residual oil was crystal-

lized from ethanol:water to give 10.5 g of light yellow
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powder: mp 179-1920. Recrystallization from ethanol:water

gave white needles: mp 196-1991; nmr(D 2 0/NaHCL3), 7.12(dl,

J=9Hz), 2.62(dd,l,J=5Hz,9Hz), 2.21(d,J=5Hz), and 1.64ppm

(s,6). Anal. Calcd for C9 H 1 1 BrO C, 41.09; H, 4.22.

Found: C, 41.06; H, 4.40. The isomeric diacids, 10.0 g,

were dissolved in 500 ml of dimethylformamide (DMF).

Potassium bicarbonate, 4.0 g, was dissolved in 21 ml of

water and added to the DMF solution. After 5 min, methyl

iodide, 11.5 g, was added dropwise with stirring to the

solution of isomeric diacids. The solution was heated to

600 for 1 hr. The reaction was allowed to cool with stirring

overnight. The solvents were removed in vacuo to yield an

oily paste. The paste was dissolved in 10% aqueous sodium

carbonate and neutral organic materials were removed by a

diethyl ether extraction. The aqueous layer was acidified

with 6 N HCl and extracted twice with ether. The extracts

were combined and the ether was removed in vacuo. The resi-

due was crystallized from ethanol:water to give 6.5 g (61%)

of white crystals with mp 126-1301. Recrystallization from

the same solvents gave white needles of I: mp 128-1310;

nmr(CDCl3), 10.10(sl,-CO2 H), 6.92(dl,J=9Hz), 3.80(s,3,-OCH3

2.48(dd,l,J=9Hz,5Hz), l.82(d,l,CH-C02 -), 1.36(s,3), and

1.28ppm(s,3). Scheme II. An alternate method of synthesis

for I was carried out employing t-butyl (+)-trans-3-formyl-

2, 2 -dimethylcyclopropanecarboxylate. The same reaction
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conditions and work-up for the Wittig reaction were used as

in Scheme I. Distillation of the diester gave a pale yellow

oil in 61% yield: bp 120-1400 (0.2 mm); nmr(CDCl3 ) 6.93

(d,J=9Hz) and 6.31ppm(d,J=9Hz) in the ratio 80:20. The

diester, 12.9 g, was hydrolysed under reflux for 1 hr in

250 ml of toluene with 1.5 g of p-toluenesulfonic acid.

Normal work-up gave 4.6 g (43%) of light brown crystals with

mp 112-1270. Recrystallization from ethanol:water gave white

needles, 2.7 g: mp 129-1320; nmr(CDCl3 ) 10.20(s,1), 6.84

(d,l,J=9Hz), 3.76(s,3), 2.44(dd,1,J=5Hz,9Hz), l.80(d,l,J=5Hz),

1.34(s,3), and 1.24(s,3). The mixed melting point of the two

half-esters (Schemes I and II) was not depressed.

Methyl cis and trans-cc-Bromocrotonate.-- cis and trans-

-'-Bromocrotonic acids were prepared by the method of James.3

These were esterified with ethereal diazomethane and the

ether removed under a stream of nitrogen. Methyl cis-c-

bromocrotonate: nmr(CDCl3 ) 6.50(q,l,J=7Hz), 3.65(s,3), and

l.93ppm(d,3,J=7Hz). Methyl trans-c-bromocrotonate: nmr

(CDCl3) 7.38(q,l,J=8Hz), 3.86(s,3), and l.97ppm(d,3,J=8Hz).

(+)-trans-3-((E,Z)-2-Bromo-3-methoxy-3-oxo-l-propenyl)-

2,2-dimethylcyclopropanecarboxylic acid (II).-- The mother

liquors from the initial crystallization of 1 (Scheme I)

were concentrated and white crystals appeared (II): mp

92-1140 ; nmr(CDCl3) 9.0(sl,-CO 2H), 6.93(d,J=9Hz,=CH-),
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6.30(d,J=9Hz,=CH-) , 3.82(s,3), 3.01(dd,J=5Hz,9Hz0, 2.50

(dd,J=5Hz,9Hz), 1.82(d,J=5Hz), 1.70(d,J=5Hz), 1.37(s), 1.32

(s), 1.28(s), and 1.24ppm(s). The sum of the integrations

for the peaks at 6.93 and 6.30ppm were equivalent to one

proton and were in the ratio of 1,3:1. Fifty-six percent

of the mixture was of the isomer with an olefinic absorption

at 6.93.

(+)-trans-3-((Z)-2-Chloro-3-methoxy-3-oxo-l-propenyl)-

2,2-dimethylcyclopropanecarboxylic acid (III).-- The method

presented in Scheme II was employed in the synthesis of III.

The t-butyl aldo-ester, 15.0 g, was dissolved in 1000 ml of

dry benzene. 1-Chloro-2-methoxy-2-oxoethylidenetriphenyl-

phosphorane, 31.0 g, prepared according to Maerkel, was

added with stirring to the benzene solution and was refluxed

4 hr. The solution was cooled and the benzene was removed

in vacuo. Hexane was added to the oily residue and a tan

solid was removed by filtration. The volume of the filtrate

was reduced in vacuo and the residue distilled to give 14.2

g (65%) of a pale yellow oil: bp 105-1281 (0.3 mm); nmr

(CDCl3 ) 7.08(d,=CH-) and 6.44ppm(d,CH-). Integration of

the olefinic region indicated a ratio of 80:20 for 7.08/

6.44. The pale yellow oil, 13.2 g, was hydrolysed in

refluxing toluene with 1.0 g of p-toluenesulfonic acid.

Normal work-up gave 9.2 g of crude oily material Crystalli-

zation from ethanol:water yielded 4.2 g of white powder:
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mp 109-120O. Recrystallization from the same solvents gave

2.95 g of III (36%) as white needles: mp 128-129O; nmr(CDCl3 )

11.0(s,l), 6.61(d,l,J=9Hz,=CH-), 3.72(s,3,-O-CH3 )5, 2.47(ddl,

J=5Hz,9Hz), l.77(d,l,J=5Hz), 1.34(s,3) and 1.24ppm(s,3).

Anal. Calod for C10H1 3C10 4 : C, 51.62; H, 5.63. Found:

C, 51.71; H, 5.73.

(+)-trans-3-((E,Z)-2-Chloro-3-methoxy-3-oxo-l-propenyl)-

2,2-dimethylcyclopropanecarboxylic acid (IV).-- The mother

liquors from the crystallization of III gave a white powder

of IV: mp 75-850; nmr(CDCI 3 ) 6.53(d,J=9Hz,=CH-) and 5.92

ppm(d,J=9Hz,=CH-). An integration of the olefinic protons

at 6.53 and 5.92 was in the ratio 40:60.

5-Benzyl-3-furanmethyl ( )-trans-3-((Z)-2-Bromo-3-

methoxy-3-oxo-l-propenyl)-2,2-dimethylcyclopropanecarboxylate

(V).-- The bromo acid I, 2.0 g, was treated with 20 ml of

SOC12 and refluxed for one hr. The excess SOC12 was removed

in vacuo to give a light brown oil. (5-Benzyl-3-furyl)

methyl alcohol, 1.5 g, was added to a solution of 1 ml of

pyridine in 250 ml of benzene. The acid halide prepared

from I was added to the benzene solution. The solution was

then stored overnight in subdued light. A white precipitate

formed and was removed by filtration from the solution and

the benzene was removed in vacuo. The oily residue was

chromatographed over silica gel and eluted with a hexane:
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benzene solution (1:1). Fractions which were found homo-

geneous by thin layer chromatography were combined and the

solvents removed in vacuo in subdued light to give V, 1.1 g,

as a light brown oil: nmr(CDCl3 ) 7.24(s,l), 7.18(s,5),

6.92(d,l,J=9Hz,=CH-), 5.92(s,l), 4.84(s,2), 3.84(s,2), 3.72

(s,3,-OCH3), 2.40(dd,l,J=5Hz,9Hz), 1.75(d,l,J=5Hz, CH-CO2

1.22(s,3), and 1.15ppm(s,3). Anal. Calcd for C2 2 H 23Br5 '

C, 59.07; H, 5.18. Found: C, 59.12, H, 5.19.

5-Benzyl-3-furanmethyl (+)-trans-3-((E,Z)-2-Bromo-

3-methoxy-3-oxo-l-propenyl)-2 ,2-dimethylcyclopropanecarboxy-

late (VI).-- The isomeric bromo acids II were treated as in

the preparation of V. Normal work-up and chromatography gave

VI as a light brown oil: nmr(CDCl3 ) 6.92(d,J=9Hz,=CH-),

6.26(d,J=9Hz,=CH-), 1.84(d,J=5Hz), and 1.74ppm(d,J=5Hz).

The ratio of the integrations of 6.92/6.26 was 75:25.

l-Cyclohexene-1,2-dicarboximidomethyl ( )-trans-3-

((Z)-2-Bromo-3-methoxy-3-oxo-l-propenyl)-2,2-dimethylcyclo-

propanecarboxylate (VII).-- The bromo acid I, 2.0 g, was

treated with SOCd 2 and condensed with N-(hydroxymethyl)-l-

cyclohexene-1,2-dicarboximide as in the preparation of V.

Purification was accomplished by column chromatography over

silica gel with elution by hexane:diethyl ether (4:1).

Fractions homogeneous by thin layer chromatography were

combined and the solvents were removed in vacuo to give
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2.0 g (63%) of a viscous oil: nmr(CDCl3 ) 6.92(d,l,J=9Hz),

5.52(s,l), 5.50(s,l), 3.80(s,3,-OCH-3 ), 2.44(dd,l,J=5Hz,9Hz),

2.40(m,4), 1.60(m,4), l.72(d,l,J=5Hz), 1.32(s,3), and 1.22

ppm(s,3). Anal. Calcd for C H22BrNO6 C, 51.83; H, 5.04.

Found: C, 51.69; H, 5.31.

5-Benzyl-3-furanmethyl (+)-trans-3-((Z)-2-Chloro-3-

methoxy-3-oxo-l-propenyl)-2 , 2-dimethylcyclopropanecarboxy-

late (VIII).-- The chloro acid III, 2.9 g, was dissolved

in 20 ml of SOCl2 . The solution was allowed to stand over-

night at room temperature and then refluxed for 15 min.

Excess SOC1 2 was then removed in vacuo. The resulting acid

halide was then added to a dry benzene solution of 2.5 g

of 5-benzyl-3-furanmethanol and 1.2 ml of pyridine. The

solution was kept overnight in subdued light. The precipi-

tate of pyridine hydrochloride was removed by filtration

and the filtrate was concentrated in vacuo. The residual

oil was applied to a silica gel column and eluted with hexane:

ethyl acetate (9:1). Thin layer chromatography was employed

to monitor the components of each fraction. Homogeneous

fractions were combined and concentrated in vacuo to give

2.3 g of VIII as a light brown oil: nmr(CDCl 3) 7.12(s,l),

7.01(s,5), 6.55(d,lJ=9Hz,=CH-), 5.83(s,1), 4.75(s,2), 3.77

(s,l), 3.64(sl,-OCH3 ), 2.43(dd,,J=5Hz,9Hz), l.77(d,l,J=9Hz,

CH-CO2 -), 1.25(s,3) and 1.15ppm(s,3). Anal. Calcd for

C2 2 H2 3 C105 : C, 65.59; H, 5.79. Found: C, 65.49; H, 5.91.
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5-Benzyl-3-furanmethyl (+)-trans-3-((E,Z)-2-Chloro-

3-methoxy-3-oxo-1--propenyl)-
2 ,2-dimethylcyclopropanecar-

boxylate (IX).-- The isomeric chloro acid IV, 1.1 g,was

condensed with 1.0 g of 5-benzyl-3-furanmethanol and 0.5

ml of pyridine under the same conditions as the preparation

of Viii. Normal work-up gave IX, 1.2 g, as a pale brown

oil: nmr(CDCl3 ) 7.16(s,l), 7.04(s,5), 6.59(d), 5.96(d),

5.88(sl), 4.80(s,2), 3.81(s,2), 3.68(s,3,-OCH3 ), 2.95(dd),

2.44(dd), l.80(d,J=5Hz), l.66(d,J=5Hz0, 1.28(s), 1.24(s),

1.18(s) and 1.14ppm(s). The ratio of the integrations of

the olefinic protons 6.59/5.96 was 0.67:1.

(.) -trans-3-(2-Chloro-2-methylpropyl)-2, 2-d imethyl-

cyclopropanecarboxylic acid (X).!-- The acid X was prepared

by a previously reported procedure.4 trans-Chrysanthemic

acid, 15.0 g, was treated with 37 ml of concentrated HCl

for 25 min at 50-701, White crystals appeared upon cooling.

The solid was removed by filtration and was recrystallized

from warm hexane to give 11.0 g of X: mp 89-92O; [lit.4

93-940], [lit. 5 91-9201.

(+) -trans-3-(2-Bromo-2-methylpropyl)-2.,2-dimethylcyclo-

propanecarboxylic acid (XI).-- (+)-trans-Chrysanthemic acid,

10.0 g, was dissolved in 300 ml of dioxane. To this solution

was added 100 ml of a 4.5 N HBr solution. The dioxane

solution turned dark red immediately and slowly faded to a

light yellow. After 2 days, the solvents were removed in
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vacuo at 500. The residue was taken up in warm hexane and

filtered. After cooling the filtrate to 50, white crystals.

were deposited. Two recrystallizations from warm hexane

gave 5.5 g of XI (37%): mp 113-1140; nmr(CDCl3 ) l0,90(sl),

1.82(m,2), 1.72(s,6), 1.64(m,l), 1.24(s,3), l.22(dl,J5Hz)

and 1.12ppm(s,3). Anal. Calcd for CH10H17Br 2 C, 48.21;

H, 6.88. Found: C, 48.38; H, 6.98.

( ) -trans-3-(2-Iodo-2-methylpropyl)-2, 2-dimethylcyclo-

propanecarboxylic acid (XII).-- trans-Chrysanthemic acid,

10.0 g, was dissolved in 300 ml of dioxane. To this solu-

tion was added 100 ml of 2.7 N HI solution. The purifica-

tion and work-up procedure for XI was followed. White

crystals were obtained which were twice recrystallized from

warm hexane to give 7.9 g (45%) of XII: mp 118-1200; nmr

(CDCl3) 10.78(s,l), 1.91(s,6), 1.84(s,2), 1.62(m,l), 1.27

(d,1,J=5Hz), 1.25(s,3) and 1.14ppm(s,3). Anal. Calcd for

C10H 172: C, 40.55; H, 5.79. Found: C, 40.58; H, 5.99.

5-Benzyl-3-furanmethyl (+)-trans-3-(2-Chloro-2-

methylpropyl)-2,2-dimethylcyclopropanecarboxylate (XIII).--

The chloro acid X, 2.0 g, was condensed with 1.7 g of 5-

benzyl-3-furanmethanol in the same manner as XIV.. Normal

work-up and purification by column chromatography gave

XIII as a pale yellow solid: mp 49-520; nmr(neat) 7.63(s,l),

7.57(s,5), 6.27(sl), 5.07(s,2), 4.01(s,2), 1.74(m,3),
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1.58(s,6), 1.23(d,2,J=5Hz), 1.20(s,3) and 1.10ppm(s,3).

Anal. Calcd for C22HC27CO: C, 70.48; H, 7.26. Found:

C, 70.31; H, 7.29.

5-Benzyl-3-furanmethyl ( )-trans-3-(2-Bromo-2-

methylpropyl)-2 , 2-dimethylcyclopropanecarboxylate .(XIII) . --

The bromo acid XI, 4.0 g, was dissolved in 20 ml of SOCl2

and stirred for 10 hr. The solution was then heated for

20 min at 700 and then the excess SOCl2 removed in vacuo

to give 4.2 g of crude acid halide. 5-Benzyl-3-furanmethanol,

1.8 g, and pyridine, 0.75 ml, were both dissolved in 250 ml

of dry benzene. The benzene solution was then treated with

2.1 g of the crude acid halide and placed in drak surround-

ings for 18 hr. The solvent was removed in vacuo and the

residue purified by column chromatography over silica gel.

The column was eluted with hexane and homogeneous fractions

were combined. The solvents were removed in vacuo in sub-

dued light to give XIV, 1.4 g, as a light brown oil: nmr

(CDCI3 ) 7.40(s,l), 7.34(s,5), 6.12(s,l), 4.98(s,2), 3.98

(s,2), 2.05(ml), 1.76(m,2), 1.74(s,6), 1.24(d,l), 1.28

(s,3) and 1.16ppm(s,3). Anal. Calcd for C2 2 H2 7 BrO 3 C,

63.01; H, 6.49. Found: C, 63.06; H, 6.74.

5-Benzyl-3-furanmethyl (+)-trans-3-(2-Iodo-2-methyl-

propyl)-2,2-dimethylcyclopropanecarboxylate (XV).-- The

iodo acid XI, 3.1 g, was dissolved in 50 ml of dichloromethane
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and added to a solution containing 1.6 g of 5-Benzyl-3-

furanmethanol and 1.7 g of dicyclohexylcarbodiimide in 50

ml of dichloromethane. After standing overnight in subdued

light, the floating white solid was removed by filtration.

The filtrate was concentrated under a stream of nitrogen.

A small portion of the residue was applied to a silica gel

column in a refrigerated room at 41. The column was eluted

with hexane:ethyl acetate (12:1). Fractions were monitored

by Beilstein tests for halogen. Fractions with positive

tests were analyzed by thin layer chromatography on silica

gel plates with hexane:chloroform (4:1). Single spot

fractions were combined and the solvents were removed under

a stream of nitrogen at 41 in subdued light to obtain white

residue, 80 mg. The solid residue was taken up in cold

hexane to prevent decomposition. The ester XI was extremely

unstable to heat and moderately unstable to light and air.

Thin layer chromatography of XIII and XV on silica gel plates

with hexane:chloroform (4:1) gave spots with identical

mobility: Rf= 0.47. Another TLC run was performed similar-

ly with XIV and XIII with hexane:ethyl acetate (9:1). Similar

mobilities of XIII and XIV were observed: R = 0.79 and 0.82,

respectively.



RESULTS AND DISCUSSION

The synthesis of the monohalo pyrethr t7s was carried

out as shown in Figures 1 and 2. Initial synthetic at-

tempts were carried out as in Scheme I. Ethyl ( )-cis,

trans-chrysanthemate was ozonized and the resulting ozonide

reduced to the aldo-ester with zinc dust and acetic acid.

A Wittig reaction, utilizing the aldo-ester and the stabil-

ized carbomethoxyhalomethylene ylide, was carried out to

prepare the olefinic side-chain of the pyrethrate analogs.

This synthetic sequence led to the formation of a mixture

of four geometric isomers. The desired isomer, the (Z)-

trans-halopyrethrate, was the major component. Crombie

et al. utilized the half hydrolysis of the dimethyl dicar-

boxylate to achieve the synthesis of pyrethric acid.1 2

This half hydrolysis technique led to a mixture of methyl

and ethyl half esters, in the present study, which also

existed in their four geometric forms. Because of problems

in separation of the half esters, the isomeric diesters

were then completely hydrolyzed to the isomeric diacids.

A selective methylation was proposed, since it was antici-

pated that the CK-bromo carboxyl group would be the more

acidic of the two acid functions. Accordingly, the diacids

were half neutralized with potassium bicarbonate and then

79
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alkylated with methyl iodide.13 An acceptable yield of

the desired (Z)-trans half methyl ester was obtained by

crystallization. A minor amount of dimethyl ester was

obtained. This procedure appears to hold promise as a

method for preparing unsymmetric half esters from diacids

which have pKa's sufficiently different to avoid mixtures

of half esters.

An alternate route to the halopyrethrates is presented

in Scheme II (Figure 2). This route differs from Scheme I

in that the aldo-ester is prepared from t-butyl (+)-trans-

chrysanthemate. This single change in starting material

gives several advantages over Scheme I. The first advantage

is the elimination of the separation of the cis and trans

isomers. This reduces the number of isomers from four to

two. The second advantage of Scheme II is the elimination

of the alkylation step. The t-butyl ester is relatively

labile to acid hydrolysis and gives the halopyrethric acid

directly. The syntheses of the final esters were conducted

by the acid halide method in both Schemes I and II.

The synthetic scheme for the monohalo derivatives of

chrysanthemic acid is presented in Figure 3. Compound X

was prepared by a published procedure.12 This procedure,

which involved the heating of chrysanthemic acid with

concentrated HCl, was modified for the preparation of the

bromo and iodo compounds XI and XII. It was felt that
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heating the cyclopropane moiety with the mineral acids might

lead to ring-opened products.1' This procedure was

modified by using dilute concentrations (0.7-1.lN) of HI

and HBr in 75% aqueous dioxane for extended periods at room

temperature. This procedure gave acceptable yields (37-

45%) of pure products. Separation of the products from

the chrysanthemic acid was achieved by crystallization from

warm hexane. The solubility of HX adducts in hexane was

low relative to chrysanthemic acid. The esterification of

X and XI was accomplished by the acid halide method. With

compound XII, a tertiary iodide, difficulty was encountered.

Attempted formation of the acid halide of XII, through

treatment with SOC12 , was unsuccessful due to immediate

liberation of free iodine. Dicyclohexylcarbodiimide was

selected as the reagent to facilitate ester formation.

This choice was based on the mild conditions used for ester-

ifications of this type. The stability of the resulting iodo

ester XV was extremely limited. Purification of the compound

XV was finally achieved by chromatography in subdued light

at subambient temperature. The ester was isolated in solid

form for only short periods of time-subdued light and low

temperatures were required. Stabilization of the ester

was achieved by keeping it in subdued light and in hexane

solution below ambient temperature.
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The structures of the intermediates and final esters of

the halopyrethrates were elucidated by NMR spectral analysis

and elemental analysis. The structure of the bromo acid I

was determined by NMR data and by independent synthesis.

The NMR spectra of the isomeric bromo acid II revealed in

the olefinic region two doublets at 66.93 and 6.30. The cis

and trans oc5-bromocrotonates were prepared by reported proce-

dures as model compounds for NMR analysis. Crombie et al.

gave proof for the stereochemistry of the pyrethric acid

side chain using model compounds of known stereochemistry.1 0

The c-bromocrotonates, which are modelsof the side chain

of I and II, had olefinic absorption at 87.38 for the Z

isomer and at 66.50 for the E isomer. By analogy, the bromo

analog I with absorption at S6.90 is assigned the Z

relationship, and the other olefinic absorption at 66.26

in II is assigned the E relationship. These assignments

are in accord with the greater deshielding of the olefinic

proton cis to the carbonyl of the carbomethoxy group. The

side chain stereochemistry of III and IV were assigned on

the basis of analogy with I and II. The final esters of

I, II, III and IV possessed first order NMR spectra and

essentially represented composites of the NMR spectra of the

separate alcohols and acids.

The structure elucidation of the HX adducts of chrysan-

themic acid was carried out by NMR and elemental analysis.
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The question of possible ring-opened products was answered

in the negative by NMR data and elemental analysis data.

Ring-opened products would be expected to give a more complex

spectra than that observed. Also, elemental analysis of

ring-opened products would be considerably different since

HX cleavage of the ring generally results in products which

contain two halogens.

The final esters of the HCl and HBr adducts of chrysan-

themic acid possessed the expected NMR spectra and elemental

analyses. The iodo compound XV was unstable to heat, light

and air in its isolated form; therefore, elemental analysis

was not performed. Structural evidence for compound XV was

based on its positive Beilstein test and on its similarity

of mobility on thin layer chromatograms with the chloro and

bromo esters XIII and XIV. Precautions were taken to insure

that low temperatures were maintained during transport and

storage of XV.

The final esters were evaluated for their effectiveness

in rapid knockdown activity and 24 hour toxicity. The Peet-

Grady method of testing was employed as described in Part

II. The results of these evaluations are presented in Table

I. The parent compound for the halopyrethrate series is

the 5-benzyl-3-furanmethyl ester of (i.)-pyrethric acid.

The relative toxicity and knockdown of the (+) form of the

parent compound is reported to be 18-fold greater than
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pyrethrins.4 This value would be decreased by one-half for

the (+)-pyrethrate. The halopyrethrates all show substan-

tially less toxicity and knockdown than the parent compound.

A trend of increasing toxicity is apparent going from bromo

substituent to chloro substituent. The bromo ester V and

the chloro ester VIII demonstrate this trend in toxicity.

Both of these analogs of pyrethric acid possess the Z geo-

metric form in the side chain. Analogs VI and IX are

mixtures of the E and Z geometric forms. Assuming that no

synergistic relationship is acting between the E and Z

forms, it is evident that the E forms are more toxic than

the Z forms. These observations may be explained if the

cleavage of the methyl ester is important for detoxification

(as has been reported),6 the E forms might then be cleaved

less readily than the Z forms. The steric crowding of the

carbomethoxy group in the E form could thus result in a

slower rate of detoxification. Compound VII, which is

analogous to the dibromovinyl analog XVI of Part II, has

almost no toxicity.

The knockdown evaluations of the halopyrethrates against

houseflies are presented in Table I. The Z chloro ester

VIII is more effective in 5 minute knockdown than the Z

bromo ester V. The trend of decrease in halogen size with

increase in knockdown effectiveness is apparent, just as

was demonstrated for the dihalovinyl esters in Part II.
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TABLE I

RELATIVE EFFECTIVENESS OF PYRETHROIDS AGAINST
SUSCEPTIBLE HOUSEFLIESa

Compound No. KD90-5 Min LC50-24 hr

V 0.5 0.6

VI 0.2 1.1

VII 0.3 K0.1

VIII 1.0 0.9

IX 1.0 1.2

XIII --- 6.3

XIV --- 20

XV --- 3.0

Pyrethrinsb11

aTested

Method. See

bLCso 
=

in spray formulations by the Peet-Grady
insect Bioassay section in Part II.

1.8 mg/ml, KD -5 min 1.7 mg/ml.
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TABLE II

RELATIVE TOXICITY OF PYRETHROIDS AGAINST FREE
FLYING YELLOW FEVER MOSQUITOESa

Compound No LC5 0

V 0.78

VIII 1.4

Pyrethrinsa 1

aTested in spray formulations by Peet-Grady method -
see Bioassay section.

bPyrethrins LC56 0.08 mg/ml.
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From the knockdown data for compounds V and VI, it is ap-

parent that the mixed isomeric forms (XI) are less effective

than the pure Z forms (V). However, this difference in

effectiveness of isomers is not seen in the chloro analogs

VIII and IX. The Z isomer XIII is equivalent in knockdown

to the mixed E, Z forms in IX. The bromopyrethrate VII

was evaluated for knockdown effectiveness specifically for

comparison with the dibromovinyl ester XVI of Part II.

The relative knockdown value of 0.3 for VII is compared to

the dibromovinyl ester value of 4. Thus, the incorporation

of the carbomethoxy group in the side chain has significant-

ly reduced the knockdown effectiveness of the dibromovinyl

ester. An explanation for the equivalency in knockdown is

not readily apparent.

The halodihydrochrysanthemates were evaluated for rapid

knockdown and 24 hour toxicity against houseflies and yellow

fever mosquitoes. The parent compound for this series,

dihydrochrysanthemate, is calculated to be about 2.5-fold

better than pyrethrins from an earlier report.16 In Table

I, all of the halo esters are better than or equal to, the

parent compound in toxicity against houseflies. This

enhancement of toxicity may be due to increased membrane

transport rates and/or due to the in vivo dehydrohalogena-

tion of the tertiary halo esters into resmethrin, a potent

pyrethroid. The halo esters, XIII, XIV and XV were totally
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ineffective in knockdown at 5 minutes at the levels tested

against houseflies and mosquitoes. These same esters were

only moderately effective at 10 minutes at high levels

(2 mg/ml) against houseflies. The bromo ester XIV was

more effective in knockdown and kill than the chloro ester

XIII against houseflies. These data may be interpreted

as supporting the supposition that the tertiary halo esters

do indeed undergo in vivo dehydrohalogenation, since ter-

tiary chlorides are less susceptible than tertiary bromides

to this form of decomposition. That the bromo ester is

more potent than the chloro ester, represents a trend op-

posite to that observed in the dihalovinyl ester series and

the halopyrethrate series. The iodo ester XV, however,

does not follow this reverse trend of increasing toxicity

with larger halogens. This may be explained by the tendency

for XV to degrade rapidly to polar compounds. This tendency

was observed in several attempts to purify the ester by

column chromatography over silica gel. The degradation

products of XV could be eluted only with very polar sol-

vents such as diethyl ether or ethyl acetate. These polar

degradation products would not be expected to traverse

lipid barriers. The expected dehydrohalogenation product

of XV, resmethrin, is readily eluted from the column by

nonpolar solvents such as hexane or benzene.



96

The relative toxicities of the halo esters XIII, XIV and

XV against yellow fever mosquitoes, are all generally about

equal to pyrethrins. Since these data are insufficient to

determine quantitative relative values, the absolute values

are presented in Appendix I.

The structure-activity relationships demonstrated in

Part III have established trends which correlate variation

of structure and halogen with activity. Although the order

of chloropyrethrate and bromopyrethrate effectiveness is

the same as in the dihalovinyl series, the incorporation of

halogens in the side chain of the pyrethrate moiety has

been detrimental to knockdown and toxicity. The addition

of HX to the chrysanthemate moiety has led to an enhancement

of toxicity over the dihydrochrysanthemate moiety. This

enhancement (and order of halogens in enhancement) is in

agreement with the in vivo dehydrohalogenation postulated

for these tertiary halides. Further studies of structure

and activity will be necessary to fully explain all the

trends observed in this investigation.
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APPENDIX I

PERCENT EFFECTIVENESSa OF HALODIHYDROCHRYSANTHEMATES
AGAINST YELLOW FEVER MOSQUITOES

Conc. mg/mi

0.033

.066

.033

.066

0.033

.066

0.033

.066

0.033

.066

.033

.066

% KD-10 Min %Kill-24 Hr

1

35

52

0

6

50

73

0

2

54

86

16

20

20

29

26

28

19

32

24

50

XIII

Pyr

XIV

Pyr

XV

Pyr

aTested in spray formulations by Peet-Grady Method.
See Insect Bioassay Section in Part II.
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SUMMARY AND CONCLUSIONS



SUMMARY AND CONCLUSIONS

The 3-(2,2-dihalovinyl)-2,2-dimethylcyclopropanecar-

boxylates of 5-benzyl-3-furanmethanol (difluoro, chloro-

fluoro, chlorobromo and dibromo) have been synthesized and

their structures elucidated by NMR spectroscopy and ele-

mental analysis. The biological activity of the pyrethroids

have been evaluated for houseflies and yellow fever mos-

quitoes. A correlation of increase in rapid knockdown and

toxicity with decrease in size of halogen has been made.

The most effective compound, the difluorovinyl ester, has a

toxicity of 123 times greater than pyrethrins. This degree

of toxicity has not previously been reported for a 5-benzyl-

3-furanmethyl ester. The relative lipophilicities of the

dihalovinyl esters, Rm, have been determined by reverse

phase partition chromatography. The Rm values for the

dihalo esters correlate with their effectiveness as rapid

knockdown agents. The least lipophilic compound, the

difluorovinyl ester, possessed the highest knockdown in

this dihalovinyl ester series. The difluorovinyl ester has

incorporated a high level of toxicity while maintaining

excellent effectiveness as a knockdown agent against house-

flies. This combination of high knockdown and high toxicity

in a single compound has not been previously reported.
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Several other pyrethroids were synthesized and evalua-

ted for knockdown and toxicity, in order to make specific

comparisons with pyrethroids of known effectiveness. The

replacement of the isobutenyl group of the chrysanthemates

by the dihalovinyl group has been effective against house-

flies and yellow fever mosquitoes in enhancing or maintaining

toxicity and knockdown in every pyrethroid series investi-

gated. In the allethronyl series, this dihalovinyl replace-

ment has resulted in a 12-fold increase in rapid knockdown

activity against mosquitoes.

The replacement of ring-substituted geminal methyl

groups by geminal halogens has been investigated. This

replacement was made using bromines in two series of pyre-

throids and the analogs were tested for knockdown and toxi-

city. A substantial decrease in toxicity was observed in

both series of pyrethroids.

The replacement of the side chain methyl group of the

pyrethrate moiety by chlorine and bromine atoms has been

accomplished. The structures of the isomeric forms were

assigned on the basis of model studies by NMR spectroscopy.

The effectiveness of these analogs in knockdown and toxicity

has been found to be substantially lower than the parent

compound. However, the trend of chloro analog being more

effective than bromo analog was evident, as was demonstrated

in the dihalovinyl ester series.
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The chloro-, bromo-, and iododihydrochrysanthemates of

5-benzyl-3-furanmethanol have been synthesized. Their

effectiveness in toxicity against houseflies and yellow

fever mosquitoes has been studied. Their relative effective-

ness tends to follow a trend that had previously been

postulated; namely, the more susceptible the compound to

dehydrohalogenation (i.e., in vivo dihydrohalogenation),

the more toxic it would be. This postulation was based on

the knowledge that the dehydrohalogenated product, resmeth-

rin, is a very potent pyrethroid. The halodidhydrochrysan-

themates have enhanced or have maintained the effectiveness

of the parent compound, the 5-benzyl-3-furanmethyl ester of

dihydrochrysanthemic acid.


