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Rules which correlate structure and insecticidal

activity of pyrethroids have evolved over the last thirty

years from the results obtained in the testing of various

synthetic pyrethroids. The major portion of these rules

have dealt either with the development of new alcohol

moieties or variations in the unsaturated side chain of the

cyclopropane ring. There has been very little work done

concerning modifications of the cyclopropane ring. This

study was initiated to discover the affect of substituting

an aziridine ring for the cyclopropane ring found in

pyrethroids.

The synthesis of 3-(2-methylpropenyl)-2,2-dimethyl-

aziridine was accomplished by means of a photolysis reaction

between 2,5-dimethyl-2,4-hexadiene and methyl azidoformate

followed by basic hydrolysis. The scheme for the synthesis

of 3-(1,1-dichlorovinyl) -2,2-dimethylaziridine involved the

epoxidation of 1,1-dichloro-4-methyl-1,3-pentadiene. The

oxirane ring was opened with sodium azide to give the

corresponding azido alcohol. Ring closure to the desired

aziridine was accomplished by reaction with triphenyl

phosphine. The two aziridines were then coupled with chloro-

formates prepared by the reaction of phosgene on the



following alcohols: 3-phenoxybenzyl alcohol, 2-benzyl-4-

hydroxymethylfuran and allethrolone. The coupling produced

aziridine analogues of the synthetic pyrethroids, resme-

thrin, allethrin, phenthrin, NRDC 134 and permethrin. All

of these pyrethroids have shown higher insecticidal activity

than that of the natural pyrethrins. The C-1 aziridine

analogues (the nitrogen atom of the aziridine ring occupies

the same relative position as the C-1 carbon atom in the

cyclopropane ring of pyrethroids) do not generally possess

high insecticidal activity when compared to certain potent

pyrethroids. In studies with the corn rootworm, however,

the toxicity of these aziridine analogues was up to 3.5 fold

greater than that of phenothin, the pyrethroid used as a

standard. Other C-1 aziridines were prepared from various

chloroformates and toxicity data were obtained. The C-1

aziridines having the greatest toxicity were those containing

alcohols known to be active in pyrethroids. This fact would

seem to indicate that insecticidal activity of the C-1

aziridines results from their mimicry of the pyrethroid

structure.

Simple C-3 aziridine analogues were prepared from the

photolysis of methyl and ethyl azidoformates with methyl

3-methyl-2-butenecarboxylate. These C-3 analogues had

exhibited low insect toxicity. The toxicity found is pro-

bably attributable to the carbamate functionality, since the



compounds did not contain an alcohol moiety found in

"active" pyrethroids.
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CHAPTER I

INTRODUCTION

Pyrethrin, the crude mixture of the six naturally

occurring pyrethroids, is perhaps the oldest of the organic

insecticides. In the 150 years since the introduction of

pyrethrin, it has demonstrated a durability that none of the

newer competitors can match. This is particularly true in

domestic use where exceptionally good insecticidal activity

and extremely low toxicity for mammals (in most cases an

LD5 0 of more than lg/kg) (1) are very important. Other

important factors contributing to the continued use of pyre-

thrin are rapid biodegradation (2) and the fact that pyrethrin

is not concentrated when passing through the food chain (3),

in contrast to other insecticides such as DDT.

In the early 1800's it was discovered that certain

Caucasian tribes in Armenia used ground flowers of a plant

as an insecticides. By 1828 this material was being produced

and sold in large quantities under the name "pyrethrum" (4).

This material was obtained from plants of various species of

the genus Chrysanthemum. The species Cinerariaefolium was

found to be the most effective and soon displaced all other

species. Yugoslavia was the main producer of the flowers for

1
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many years, but was replaced by Japan during World War I.

Soon after World War II Kenya supplanted Japan as the main

supplier of the flowers, and presently maintains its position

as the world's leading supplier of natural pyrethrins.

However, the use of natural pyrethrins has been augmented

by synthetic pyrethroids which have increased in importance

since they were first produced commercially on a large scale

in 1950.

The chemical investigation of pyrethrins began in the

early part of the twentieth century (5, 6), when pyrethrins

were found to contain an ester group. Staudinger and Ruzicka

laid the scientific groundwork for synthetic pyrethroid

chemistry with a series of studies during the period from

1910 to 1916, which was published in its entirety in 1924 (7).

In these papers Stuadinger and Ruzicka separated and

parially identified the two primary active principles of

pyrethrum. They found that the hydrolysis of the pyrethrum

extract afforded two different acids. These acids were first

named chrysanthemum-monocarboxylic acid and chrysanthemum-

dicarboxylic acid, but since that time, they have been

renamed, the first as chrysanthemic acid and the monomethyl

ester of the second as pyrethric acid (Figure 1). They also

partially identified an alcoholic moiety isolated from the

pyrethrum hydrolysate and named it pyrethrolone. The esters

obtained from coupling chrysanthemic acid (monocarboxylic)



Figure 1 -- Structures of Chrysanthemic acid (mono-
carboxylic) and pyrethric acid (dicarboxylic).
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and pyrethric acid (dicarboxylic) with pyrethrolone were

referred to as pyrethrin I and pyrethrin II (Figure 2);

the Roman numerals were used to specify the acid moiety as

either the mono or dicarboxylic acid. These two esters

represent over two thirds of the pyrethrum composition, with

pyrethrin I being 38% and pyrethrin II being 35% (8). A

second alcoholic moiety was discovered by LaForge and Barthel

in 1944 and named cinerolone (9, 10). The final alcoholic

moiety was identified in 1966 by Godin and coworkers; they

named it jasmolone (11). The esterfication of chrysanthe-

mic and pyrethric acids with cinerolone gave Cinerin I and

II, and with jasmolone gave Jasmolin I and II (Figure 3).

The stereochemistry of the pyrethrins has been.studied

extensively. There are sixteen possible isomers of the

esters formed from chrysanthemic acid and thirty-two possible

isomers formed from pyrethric acid. Crombie established

the absolute configuration of (+)-trans-chrysanthemic acid

to be (lR,3R) (12, 13). Matsui and Yamada proved the absolute

configuration of (+)-pyrethric acid to be (lR,3R) since it

can be derived from (+)-trans-chrysanthemic acid (14, 15).

The absolute configuration of the three alcohols, collectively

known as rethrolones, were determined to be (4S) (16, 17, 18).

The work of Staudinger and Ruzicka (19) and also that of

R. Yamamoto (20, 21, 22), have shown that the main features

required for insecticidal activity of pyrethroids were the



Figure 2 -- Structures of the esters obtained from
coupling chrysanthemic acid and pyrethric acid with
pyrethrolone.
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Figure 3 -- Structures of the esters obtained from
coupling chrysanthemic acid and pyrethric acid with cine-
rolone and jasmolone.
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presence of an acid moiety and an alcohol moiety. They

observed that neither the acid nor the alcohol alone had

any insecticidal activity; activity was found only when the

intact ester-linkage was present.

Structure-activity relationships of the intact esters

have been investigated. Many alterations have been made in

the structural integrity of the natural pyrethrins in hopes

of enhancing their stability and insecticidal activity.

Pyrethrin I may be separated into five different segments to

facilitate the discussion of these alterations (Figure 4)

(23).

The dimethyl vinyl group of segment A has been substi-

tuted by a variety of functional groups. However, only

compounds which have a carbon-carbon double bond in the same

relative position are highly active. The most notable vari-

ation has been the substitution of the methyl groups with

halogens (24, 25) which produced a considerable increase in

insecticidal activity and photostability to the synthetic

pyrethroids.

Little has been done with segment B, but the cyclopro-

pane ring has been found to be extremely important, as

replacement by a cyclobutane ring results in compounds having

very low activity (26). The gem dimethyls on carbon 2 have

been replaced by 2, 3, and 4 member spirosubstituents (27)

and by halogens (28, 29). These substitutions had little

effect on the acitivity of the compounds.
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Berteau and Casida replaced the ester linkage of segment

C with amide, carbamate, methylene ketone and methylene

alcohol functional groups and found that the activity was

either diminished or removed (30). Other variations include

substitution of a thio ester (31), a methylene ether (32) and

reversing the ester function (33). These variations, like

those of Berteau and Casida, either diminished or removed

the activity of the compounds.

The single most important factor concerning segment D

is that the carbon bonded to the ester oxygen is sp3 hy-

bridized. If this atom has a hybridization other the sp3

little or no activity is present in the compound. The other

common structural factor found in the more active compounds

is a planar or near planar ring system. The most active of

these ring systems to date has been either the 3,5-substi-

tuted furans (34) or meta substituted benzene rings (35).

All three alcohols obtained from the naturally occur-

ring pyrethroids have variations in segment E. There are

also many variations in segment E in the synthetic pyreth-

roids. However, for high activity a site of unsaturation is

necessary. Phenoxy and benzyl groups show the highest acti-

vity for segment E substitutions (36); they are followed by

the allyl group (37, 38). Other substitutions have not

matched these in insecticidal activity.

The development of rules which correlate structure and

insecticidal activity has evolved over the last thirty years
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from the results obtained in the testing of various synthe-

tic pyrethroids. A few of these pyrethroids which were

important in formulating the structure-activity rules are

given in Table I.

The present study concerns the replacement of the cyclo-

propane ring, segment B, with an aziridine ring. The modifi-

cation of segment B has received little attention other than

the substitution of the gem dimethyl substituents portion

with various groups (27, 28, 29) or the ring expansion of the

cylcopropane ring (26). The exocyclic bond to the nitrogen

in the aziridine ring should logically be connected to a

carbonyl group, thus forming either an amide or carbamate.

The carbonyl is needed to stabilize the lone pair of elec-

trons on the nitrogen preventing the formation of a qua-

ternary azidirinium salt. The formation of salts must be

prevented so that the compound can penetrate to the site of

action in the insect (39).

Either the C-1 or C-3 carbon atom of the cyclopropane

ring may be replaced by a nitrogen atom having a bond to an

exocyclic carbonyl and still maintain a structure that would

fall into the general guidelines for activity. The C-2

carbon with the gem dimethyl substituents does not lend

itself to substitution by nitrogen because the placement of

a carbonyl group at this position increases the steric bulk

to the point that little or no activity would be expected.

The replacement of the C-1 carbon with a nitrogen, giving a



TABLE I. PYRETHROIDS IMPORTANT IN THE FORMULATION OF
STRUCTURE ACTIVITY RULES.
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C-1 aziridine analogue, should lead to structural analogues

of pyrethrins having high insecticidal quality. The nitro-

gen substitution at the C-3 carbon, giving a C-3 aziridine

analogue, would have a carbonyl function instead of a

carbon-carbon double bond acting as the unsaturated side

chain. Hence, the substitution of either the C-1 or C-3

carbon with a nitrogen to give aziridine analogues will add

another piece of information to the general guidelines for

structure-activity rules in pyerthrins.
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CHAPTER II

C-1 AZIRIDINE ANALOGUES

Introduction

The obvious first choice in making aziridine analogues

of pyrethroids would be the substitution of the C-1 carbon in

the cyclopropane ring with a nitrogen. Since the C-1 carbon

is adjacent to the carbonyl of the ester function, no addi-

tional structural modifications would be necessary. This

should minimize the distortion of the analogue and allow it

to mimic the molecular conformation of the pyrethroid.

Another advantage of C-1 analogues is that they remove the

problem concerning the configuration about the C-1 carbon.

The synthesis of chrysanthemic acid from 2,5-dimethyl-2, 4-

hexadiene and ethyl diazoacetate (1) gives both the R and S

configurations about the C-1 carbon. It has been estab-

lished that the configuration must be R for the insecticidal

activity; the S configuration confers little or no tox-

icity (2). The replacement of the C-1 carbon with a nitrogen

would allow the molecule to possess, part of the time, the

same molecular conformation as that of a pyrethroid having

the R configuration because of the ease of inversion about

the nitrogen atom in the aziridine ring system (3). Finally,

the introduction of a ring nitrogen would not only give

20
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pyrethroid analogues that might possess insecticidal

activity but also produce carbamates which are in another

class of insecticides. Thus the aziridine analogues can be

considered a molecular combination of two classes of

insecticides, the carbamates and the pyrethroids.

Experimental

Experimental Techniques

Melting points were determined employing a Thomas Hoover

"Unimelt" capillary melting point apparatus, and the melting

points are uncorrected. Infrared spectrometry was carried

out using a Beckman IR-33. NMR spectra were recorded using

an Hitachi Perkin-Elmer R-24B NMR spectrometer. An Hitachi

Perkin-Elmer RMU-6E mass spectrometer was used in obtaining

the mass spectra. The photolysis was done using an Hanovia,

#7825-36, mercury-vapor lamp of medium pressure. Spectral

characteristics in watts are: far U.V. 2200A to 2800A,

29.2; middle U.V. 2800A to 3200A, 32,8; near U. V. 3200A to

4000A, 32.9; visible 4000A to 6000A, 87.2; infrared 10000A

to 1400A, 20.6. Total radiated energy is 220.7 watts.

Column chromatography was performed using EM Reagents Silica

Gel 60, 70-230 mesh ASTM, and Fisher alumina (adsorption),

80-200 mesh.

Insect Bioassays

The selected compounds were evaluated in other labora-

tories by standard greenhouse insecticide tests which used
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housefly (UF), musca domestica, southern armyworm (SA),

cirphis unipuncta, Mexican bean beetle (MB), epilachua

corrupt and corn root worm (CW), diabratica 12-punctata.

The application rates were 500 and 100 ppm of active

ingredient except in the case of CW where the test rate was

10 ppm.

Test Methods

Southern armyworm and Mexican bean beetle. Lima bean

leaves of uniform size were momentarily dipped in a water-

acetone solution of the test compound and the treated leaves

were then placed on moistened filter paper in 9 cm petri

dishes and allowed to air dry. When dry, five larvae (third

or fourth instar) were introduced and encouraged to feed on

the treated foliage by means of confinement. The dishes

were closed and held for observation of mortality and feeding

during a 48 to 72 hour period.

HousefJy . One ml of an aqueous solution or suspension

of the test compound was pipeted into a 9 cm petri dish con-

taining filter paper and 0.1 gram of granular sugar. Ten

adult houseflies were admitted and the dish closed. Obser-

vations were made periodically for knockdown and at 24 hours

for mortality. Mortality was primarily caused by stomach

poisoning.

Corn root worm. A dilute solution of the candidate

compound, 2 ml, was pipetted into a 10 x 2.5 cm petri dish

containing 2 filter papers. Five, second instar larvae were
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admitted and the dish was closed. Mortality was observed 48

hours after infestation and recorded as percent mortality.

Elemental Analyses

Elemental analyses were performed only on selected

compounds in each series of C-1 aziridine analogues.

Organic Synthesis

General procedure A - preparation of chloroformatese.--

Phosgene was condensed into 70 to 100 ml of diethyl ether

cooled to 00C in an ice bath. To this stirring solution the

alcohol and dimethyl aniline in 30 ml of diethyl ether were

added. The mixture was stirred for ninety minutes in an ice

bath then overnight at room temperature. The diethyl ether

solution was washed with 2x100 ml water, 3x75 ml 3% hydro-

chloric acid, 3x100 ml 5% sodium carbonate and lx100 ml of

saturated sodium chloride. The diethyl ether solution was

dried with potassium carbonate.

General Brocedure B - pre2 aratin of chloroformates.--

Phosgene, alcohol and dimethyl aniline were combined as in

procedure A. The mixture was stirred for three hours in an

ice bath then washed with 2x100 ml water, 3x75 ml of 3% hydro-

chloric acid and lx50 ml saturated sodium chloride solution.

The diethyl ether was dried with potassium carbonate.

3-Phenoxybenzyl chloroformate (I).--Phosgene, 28.0 g,

and 34.0 g of 3-phenoxybenzyl alcohol were combined according

to procedure B. The diethyl ether was removed by rotary NMR
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in carbon tetrachloride; multiplet, aromatic protons 6.7

to 7.3 ppm; singlet, benzyl protons 5.1 ppm. IR carbonyl

at 1790 cm1.

2-Methylphenyl Chloroformate (II). Phosgene, 5.0 g,

and 4.0 g of ortho-cresol with 5.0 of dimethyl aniline

were combined according to procedure A. The diethyl ether

was removed by rotary evaporation to give 3.1 g of product

for a 48% yield. NMR in carbon tetrachloride: singlet,

aromatic protons 6.9 ppm; singlet, methyl protons 2.2 ppm.

IR carbonyl 1800 cm~1

3-Methylphenyl chloroformate (III) .--Phosgene, 5.0 g,

and 4.0 g of meta-cresol with 5.0 g of dimethyl aniline were

combined using procedure A. After the rotary evaporation of

the dried diethyl ether 3.5 g of product was obtained for a

55% yield. NMR in carbon tetrachloride: multiplet, aromatic

protons 6.6 to 7.0 ppm and singlet, methyl protons 2.3 ppm.

IR carbonyl 1805 cm-1.

4-Methylp2henylchloroformate (IV) .--Phosgene, 5.0 g,

and 5.0 g dimethyl aniline with 4.0 g of para-cresol were

combined according to procedure A. The evaporation of the

diethyl ether left 3.4 g of product for a 53% yield. NMR in

carbon tetrachloride: singlet, aromatic protons 6.85 ppm

and singlet, methyl protons 2.25 ppm. IR carbonyl 1805 cm~ .

3,4-Me-thylenedioxyphenyl chloroformate (V) .--Phosgene,

5.0 g, and 4.0 g of 3,4-methylenedioxyphenol with 5.0 g of

dimethyl aniline were combined according to procedure A.
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Three grams of product were obtained upon the rotary evapo-

ration of the diethyl ether for a 52% yield. NMR in carbon

tetrachloride: singlet, aromatic protons 6.5 ppm and a

singlet, methylenedioxy protons 5.75 ppm. IR carbonyl

1805 cm-1.

2-Methyl-3- (2-propenyl) -4-oxy-cyclopent-2-ene chloro-

formate (VI)_.--Phosgene, 5.0 g, and 5.0 g of 3-hydroxy-2-

methyl-l- (2-propenyl) -5-oxy-cyclopentene (allethrolone) with

5.0 g of dimethyl aniline were combined according to proce-

dure B, with the exception that the reaction was protected

from direct light throughout the procedure. The dried

diethyl ether was removed by rotary evaporation to give 4.6 g

for a 65% yield. The NMR of the allethrolone chloroformate

was complex but was similar to that of the starting material,

allethrolone, except for the absence of an exchangeable pro-

ton at 4.4 ppm. IR carbonyl at 1800 cm 1 and 1735 cm',

carbon-carbon double bonds 1675 cm I1and 1660 cm- .

2-Benzyl-4-furanmethyl chloroformate (VII) . --Phosgene,

5.0 g, and 5.0 g of 2-benzyl-4-hydroxymethyl furan with 5.0

g of dimethyl aniline were combined according to procedure

B. Precautions were taken to protect the compound from being

exposed to direct light. After the rotary evaporation of

the diethyl ether 3.9 g of product was obtained for a 58%

yeild. NMR in carbon tetrachloride: singlet, aromatic

protons 6.95 ppm; two singlets, vinyl protons 5.75 and 4.7

ppm; singlet, benzyl protons 3.7 ppm and methylene protons

singlet at 4.8 ppm. IR carbonyl 1795 cm'1.
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3,4-Methylenedioxybenzy1 chloroformate (VIII) . --Phos-

gene, 5.0 g, and 5.0 g of 3,4-methylenedioxybenzyl alcohol

with 5.0 g of dimethyl aniline were combined according to

procedure B. Three and one half grams of product were

obtained upon the evaporation of the dried diethyl ether for

a 49% yield. NMR in carbon tetrachloride: multiplet, aro-

matic protons 6.5 to 6.7 ppm; singlet, methylenedioxy protons

5.8 ppm; singlet benzyl protons 4.3 ppm. IR carbonyl 1790

-l
cm

Cholesteryl chloroformate (IX) .--Phosgene, 5.0 g, and

8.0 g of cholesterol with 5.0 g of dimethyl aniline were

combined according to procedure B. After evaporation of

diethyl ether the material was dissolved in petroleum ether

and passed through an alumina column. The rotary evapo-

ration of the petroleum ether resulted in 4.2 g of product

for a 45% yield. NMR of product was similar to that of

cholesterol; however, IR did not have an hydroxyl band.

2,2,3,3-Tetramethylaziridine (X) .--2,3-Dimethyl-2-

butene, 8.4 g, was mixed with 200 ml of methyl alcohol and

then cooled to -78 0 C in an acetone dry ice bath. Over five

minute period, 6.6 g of nitrosyl chloride was added to the

stirring methanol solution. After the addition of the nitro-

syl chloride was completed the solution was removed from the

acetone dry ice bath and stirred for thirty minutes; the

solution developed a deep blue color, This solution was then

poured into one liter of ice water, and a blue precipitate
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floated to the top. Twelve grams of the blue solid was col-

lected and found to have a melting point of 1210 to 1220C.

The blue solid was then added in one portion to a solution

prepared from 90.0 g of stannous chloride dihydrate and 120

ml of concentrated hydrochloric acid which had been cooled

to 50C. The mixture was stirred for six hours and the blue

color slowly disappeared. The acidic solution was then

dripped carefully into a sodium hydroxide solution; the

resulting solution was maintained at a basic pH. This

solution was then distilled until the distillate was neutral

to wet pH paper. The distillate was made very basic with

potassium hydroxide and extracted with 3x50 ml portions of

diethyl ether, and the ether was dried with magnesium sul-

fate. The solution was then distilled; 4.0 g of oil was

collected between 950 and 1100C at 760 mm Hg. NMR in carbon

tetrachloride: two singlets, methyl protons 1.25 ppm; sing-

let, an exchangeable proton 3.2 ppm. IR broad band 3200 cm~

to 3400 cm-1.

3-Phenoxybenzy1-2,2 ,3,3-tetramethy1-l-aziridinecarboxy -

late (XI) .--Triethylamine, 2.0 g, and 2.0 g of the aziridine

X were added to 40 ml of diethyl ether which had been cooled

to 00C in an ice bath. To this solution 5.0 g of chloro-

formate I in 10 ml of diethyl ether was added. The mixture

was stirred for thirty minutes in an ice bath and then for

thirty minutes at room temperature. The triethylamine

hydrochloride precipitate was filtered and the diethyl ether
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was rotary evaporated, The resulting oil was placed on a

silica gel column and eluted with a 9:1 petroleum ether:die-

thyl ether solution. The elutant was rotary evaporated to

give a white solid which was washed with petroleum ether to

give 1.0 g of product for an overall yield of 16%. NMR in

carbon tetrachloride: multiplet, aromatic protons 6.7 to

7.3 ppm; singlet, benzyl protons 5.0 ppm; singlet, methyl

protons 1.2 ppm. IR carbonyl 1715 cm- . Melting point 680

to 690 C. Mass spectrum: m/e (rel intensity) 325(M+18),

183(50), 98(100), 83(34). Analysis C2 0 H2 3 NO3 : Theory;

C = 73.59, H = 7.41, N = 42.9. Found: C = 73.81, H = 7.15,

N = 4.29.

Methyl azidoformate (XII) .--Sodium azide, 100 g, was

dissolved in 400 ml of water and cooled in an ice bath. To

this cooled solution 125 g of methyl chloroformate in 250 ml

of diethyl ether was added. This mixture was stirred for 8

hours in an ice bath then 10 hours at room temperature. The

aqueous layer was extracted with 2x100 ml portions of

diethyl ether. All ether fractions were combined and dried

with magnesium sulfate. The diethyl ether was removed by

rotary evaporation and the resulting oil was vacuum distilled

at 8 cm Hg and 530C. A clear oil, 100 g, was obtained for

a 74% yeild. NMR in carbon tetrachloride: singlet, methyl

protons 3.7 ppm. IR azide 2150 cm~ and carbonyl 1735 cm

Ethyl azidoformate (XIII) .--Sodium azide, 110 g, and

150 g of ethyl chloroformate were combined and worked up
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using the same procedure as that used in making methyl azi-

doformate. The vacuum distillation was performed at 4 mm Hg

and 50 0 C to give 130 g of ethyl azidoformate for an 82%

yield. NMR in carbon tetrachloride: quartet, methylene pro-

tons 4.25 ppm; triplet, methyl protons 1.3 ppm. IR azide

2150 cm~- and carbonyl 1735 cm~ 1.

Methyl-3- (2-methyl-l-propenyl) -2, 2-dimethyl-l-aziridine-

carboyla (XIV) .--Methyl azidoformate, XII, 33.0 g and 250

ml of 2,5-dimethyl-2,4-hexadiene were combined and placed in

a glass cylinder; argon gas was bubbled through a fritted

glass tube at the bottom of the cylinder as a method of

stirring. A mercury-vapor lamp inside a water cooled quartz

jacket was immersed in the solution in the cylinder. The

temperature in the reaction vessel was stabilized at 450 C.

The progress of the reaction was monitored by the disap-

pearence of the azide band at 2150 cm1 . After two hours

the azide had disappeared and the photolysis was terminated.

The excess diene was distilled at 1.5 cm Hg and 500 C. The

product was distilled at 0.2 mm Hg and 730 C. Forty grams of

a clear oil were obtained for a 66% yield. NMR in carbon

tetrachloride: doublet, vinyl proton 4.85 ppm; singlet,

methyl ester 3.55 ppm; doublet, ring proton 2.75 ppm; singlet,

vinyl methyls 1.75 ppm; two singlets, ring methyls 1.15 and

1.25 ppm. IR carbonyl 1725 cm~ and carbon-carbon double

bond 1660 cm-. Mass spectrum: m/e (rel intensity)

183(M+40), 168(37), 152(10), 124(100).
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Ethyl-3- (2-methyl-l-propenyl) ,2,2-dimethyl-1-az'iridine-

carboxlate (XV) .--Ethyl azidoformate, (XIII) , 36,0 g and

200 g of 2,5-dimethyl-2,4-hexadiene were photolytically

reacted for three and one half hours using the same procedure

as that used for the preparation of XIV. The unreacted

hexadiene was removed by distillation at 1 cm Hg and 41 0C.

Forty-two grams of product were distilled from the residue

at 0.2 mm Hg and 650C for a 68% yield. NMR in carbon tetra-

chloride: doublet, vinyl proton 4.85 ppm; quartet, methylene

of ethyl ester 3.95 ppm; doublet, ring proton 2.65 ppm;

singlet, vinyl methyls 1.7 ppm; two singlets ring methyls

1.1 and 1.2 ppm; methyl group of ethyl ester triplet buried

under ring methyls. IR carbonyl 1730 cm~1 ; carbon-carbon

double bond 1660 cm 1 . Mass spectrum: m/e (rel intensity)

197(M+66), 182(29), 168(32), 124(100).

3-(2-methyl-l-propenyl)-2,2-dimethyl-aziridine (XVI).-

Potassium hydroxide, 7.5 g, was dissolved in 300 ml of methyl

alcohol and 6 ml water; 16.0 g of XIV was then added. The

mixture was heated to reflux for twenty-four hours. After

cooling, 700 ml of water was added and the mixture was

extracted with 4x75 ml portions of petroleum ether. The

petroleum ether was washed with 3x100 ml portions of water,

then dried with magnesium sulfate. The petroleum ether was

removed by rotary evaporation to give 8.8 g of the crude

product. Vacuum distillation at 1 cm Hg and 900C gave five

grams of a clear oil for a 46% yield. NMR in carbon
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tetrachloride; doublet, vinyl proton 4,8 ppm; singlet, N-H

3.15 ppm, exchangeable with D2 0; doublet, ring proton 2.2 ppm;

singlet, vinyl methyls 1.7 ppm; two singlets, ring methyls

1.1 and 1.2 ppm. IR carbon-carbon double bond 1670 cm~1

and broad N-H band 3200 to 3400 cm' . Mass spectrum: m/e

(rel intensity) 125(M+37), 110(100)j, 95(30)1, 85(95).

General procedure C - condensation of dimethylvinyl

aziridine with chloroformates.--Triethylamine and aziridine

were combined in 25 ml of diethyl ether. The aziridine

solution was added to the chloroformate in 75 ml diethyl

ether at 0 0C. The mixture was stirred in an ice bath for

ninety minutes, then overnight at room temperature. The

diethyl ether solution was washed with 5x50 ml portions of

deionized water with the pH maintain at 8 by means of sodium

carbonate. The diethyl ether was dried with potassium car-

bonate.

3-Phenoxyben zyl3- (2-methyl-1-propenyl) -2,2-dimethy1-

1-aziridinecarboxylate (XVII).--Triethylamine, 1.5 g, and 1.5

g of aziridine XVI were combined with 2.5 g of chloroformate

I according to the general procedure C. The diethyl ether

was rotary evaporated to give 3.4 g of product for a 96%

yield. NMR in carbon tetrachloride: multiplet, aromatic

protons 6.6 to 7.2 ppm; singlet, benzyl protons 4.9 ppm;

doublet, vinyl proton 4.85 ppm; doublet, ring proton 2.75 ppm;

singlet, vinyl methyls 1.7 ppm; two singlets, ring methyls

-l1.15 and 1.2 ppm. IR carbonyl 1720 cm and carbon-carbon
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double bond 1670 cm-, Analysis C2 2 H2 5 N0 3 : Theory: C = 75.19,

H = 7.17, N = 3.99. Found: C = 75.11, H = 7.15, N = 4.04.

2-Me thylpheny1 3- (2-Kethyl-1-propenyl) -2, 2-dime thyl-l-

aziridinecarboxylate (XVIII) .-- Chloroformate II, 1.7 g, and

1.5 g of aziridine XVI with 1.5 g of triethylamine were

combined according to procedure C. After the rotary evapo-

ration of the diethyl ether 2.4 g of product was obtained

for a 92% yield. NMR in carbon tetrachloride: multiplet,

aromatic protons between 6.4 and 7.0 ppm; doublet, vinyl

proton 4,8 ppm; doublet, ring proton 2.35 ppm; singlet aro-

matic methyl 2.15 ppm; singlet, vinyl methyls 1.7 ppm; two

singlets ring methyls 1.15 and 1.2 ppm. IR carbonyl 1760

cm 1 and carbon-carbon double bond 1660 cm~1 .

3-Methylphenyl 3 -(2-Methyl-l-propenyl) -2,2-dimethyl-1-

aziridinecarboxylate (XIX) .--Triethylamine, 1.5 g, 1.7 g of

chloroformate III and 1.5 g of aziridine XVI were reacted

according to procedure C. A yield of 88% was obtained with the

isolation of 2.3 g of product. NMR in carbon tetrachloride:

multiplet, aromatic protons between 6.5 and 7.0 ppm; doublet,

vinyl proton 4.85 ppm; doublet, ring proton 2.8 ppm; singlet

aromatic methyl 2.2 ppm; singlet, vinyl methyls 1.7 ppm; two

singlets ring methyls 1.15 and 1.25 ppm. IR carbonyl 1750

cm and carbon-carbon double bond 1680 cm 1 . Analysis

C16 H2 1 N02 : theory; C = 74.10, H = 8.16, N = 5.40. Found:

C = 73.86, H-= 8.44, N = 5.23.
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4 -Me thy lyheny13- (2-me thyl-l-propenyl) -2, 2-dime thy1-1-

aziridinecarboxlate (XX) .--Chloroformate IV, 1.7 g and 1.5 g

each of aziridine XVI and triethylamine respectively, were

combined using procedure C. With the evaporation of the

diethyl ether 2.1 g of product was obtained for a 90% yield.

NMR in carbon tetrachloride; multiplet, aromatic protons

between 6.5 and 6.9 ppm; doublet, vinyl proton 4.85 ppm;

doublet, ring proton 2.8 ppm; singlet, aromatic methyl 2.2

ppm; singlet, vinyl methyls 1.7 ppm; two singlets, ring

methyls 1.2 and 1.3 ppm. IR carbonyl 1760 cm~- and carbon

carbon double bond 1675 cm~-.

Cholesteryl 3- (2-methyl-l-propenyl) -2,2dimethyl-l-

aziridinecarboxylate (XXI) .--Cholesteryl chloroformate,

(IX), 3.14 g, and 1.0 g of aziridine XVI with 0.8 g of

triethylamine were combined according to procedure C. The

rotary evaporation of the diethyl ether left 3.2 g of a

white solid with a melting point of 450 to 47 0 C for an 85%

yeild. NMR in carbon tetrachloride: doublet, vinyl proton

4.8 ppm; doublet, ring proton 2.7 ppm; broad band of peaks

from 0.6 to 1.9 ppm. IR carbonyl 1760 cm-1.

3,4-Methylenedioxyphenyl 3 -(2-methyl-l-propenyl)-2,2-

diemthyl-l-aziridinecarboxylate (XXII) .--Triethylamine, 0.8 g

and 1.4 g of chloroformate V with 1.0 g of aziridine XVI

were combined using procedure C. The diethyl ether was rotary

evaporated to give 2.0 g of product for a 98% yield. NMR

in carbon tetrachloride: Multiplet, aromatic protons 6.3 to
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6.7 ppm; singlet, methylenedioxy protons 5.75 ppm; doublet,

vinyl proton 4,85 ppm; doublet, ring proton 2.85 ppm; singlet,

vinyl methyls 1.75 ppm; two singlets, ring methyls 1.2 and

1.35 ppm. IR carbonyl 1750 cm1 , carbon-carbon double bond

1680 cm~-. Analysis C1 6 H19 NO4 : theory; C = 66.42, H = 6.62,

N = 4.84. Found: C = C = 66.68, H = 7.00, N = 5.24.

Benzyl 3- (2-methyl-4-propenyl) -2,2-dimethyl-l-aziridine

carboxylate (XXIII).--Triethylamine, 0.8 g, and 1.0 g of

aziridine XVI with 1.36 g of benzyl chloroformate were com-

bined according to procedure C. The evaporation of the

diethyl ether gave 2.0 g of the product for a 96% yield.

NMR in carbon tetrachloride: singlet aromatic protons 7.05

ppm; singlet, benzyl protons 4.9 ppm; doublet, vinyl proton

4.85 ppm; doublet, ring proton 2.7 ppm; singlet vinyl

methyls 1.7 ppm; two singlets, ring methyls 1.15 and 1.2 ppm.

IR carbonyl 1720 cm~1 and carbon-carbon double bond 1665 cm .

Phenyl 3-(2-methy1-1-propenyl)-2,2-dimethyl-1-aziridine

carboxylate (XXIV) .--Phenyl chloroformate, 1.25 g, triethyl-

amine, 0.8 g, and 1.0 g of aziridine XVI were mixed according

to the direction of procedure C. The diethyl ether was rotary

evaporated to give 1.9 g of product for a 97% yield. NMR in

carbon tetrachloride: multiplet, aromatic protons 6.8 to

7.1 ppm; doublet, vinyl proton 4.85 ppm; doublet, ring proton

2.8 ppm; singlet, vinyl methyls 1.7 ppm; two singlets ring

methyls 1.2 ppm and 1.35 ppm. IR carbonyl 1760 cm-1 and the

carbon-carbon double bond 1680 cm-1.
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2-Methy1-4-oxy~3- (2-propenyl)-cyclopent-2-ene 3- (2-

methyl-1-propenyl) -2,2-dimethyl-1-aziridinecarboxylate (XXV).--

Allethrolone chloroformate VI, 2.1 g, and 1.5 g each of

aziridine XVI and triethylamine were combined according to

procedure C with the precaution of excluding any exposure of

the reaction mixture to direct light. The evaporation of

the diethyl ether gave 2.9 g of product for a 97% yield.

NMR in carbon tetrachloride: two sets of multiplets, vinyl

proton 4.6 to 5.0 ppm and 5.3 to 5.6 ppm; multiplets, protons

of both rings 2.2 to 2.8 ppm; singlet, vinyl methyl 1.9 ppm;

singlet, vinyl dimethyl 1.7 ppm; two singlets, ring methyls

1.1 and 1.2 ppm. IR carbonyl 1760 cm-1 and 1740 cm , carbon-

carbon double bond 1670 cm~-. Analysis C1 8 H25 NO3: theory;

C = 71, H = 8.31, N = 4.62. Found; C = 71.56, H = 8.63, and

N = 4.87.

2-Benzyl-4-furanmethyl 3-(2-methyl-l-propenyl)-2,2-

dimethyl-l-aziridinecarboylate (XXVI) .--Chloroformate VII, 2.5

g, and 1.5 g each of triethylamine and aziridine XVI were

combined using procedure C with the precaution of excluding

direct light from the reaction mixture. The diethyl ether

was rotary evaporated to give 3.1 g of product for a 92%

yield. NMR in carbon tetrachloride: singlet, aromatic pro-

tons 7.0 ppm; two singlets, furan vinyl protons 5.8 and 4.7

ppm; doublet, vinyl proton 4.85 ppm; singlet, benzyl protons

3.8 ppm; doublet ring proton 2.8 ppm; singlet, vinyl methyls
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1.7 ppm two singlets ring methyls 1.15 ppm and 1.2 ppm. IR

carbonyl 1765 cm-1, carbon-carbon double bond 1670 cm~ .

1,1-Dichloro-4-methyl--enten-3-one (XXVII) .- Isobuty-

ryl chloride, 188 g, was cooled to -100C in 500 ml of carbon

tetrachloride and 224 g of aluminum chloride was added

slowly, keeping the temperature of the mixture below -50.

This was followed by the dropwise addition of 1,1-dichloro-

ethylene, 90 g, at a rate such that the temperature remained

0below -5 . After the addition was completed the mixture was

stirred at room temperature for two hours. The mixture was

then poured into 250 ml of concentrated hydrochloric acid

and 1 kg of crushed ice. The carbon tetrachloride was sepa-

rated and the aqueous layer was extracted with 3x75 ml

portions of carbon tetrachloride which was combined and

steam distilled. The organic layer was separated from the

distillate and stirred for six hours with 275 g of anhydrous

potassium carbonate. The carbon tetrachloride was distilled

from the mixture; then 210 g of product was vacuum distilled

0at 5 mm Hg and 70 for a 75% yield. NMR in carbon tetrachlor-

ide: singlet, vinyl proton 6.45 ppm; multiplet, methine proton

2.55 ppm; doublet, methyl protons 1.15 ppm. IR carbonyl 1720

-1 -1cm and the carbon-carbon double bond 1595 cm

1,1-Dichloro-3-hydroxy-4-methyl-1-pentene (XXVIII).--

Aluminum isopropoxide, 225 g, and 210 g of XXVII were mixed

with 750 ml of 2-propanol and the mixture was slowly distilled

with 2, 4 -dinitrophenylhydrazine. The remaining 2-propanol
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was distilled and the residue was poured into 1 liter of ice

cold 4N hydrochloric acid. The resulting mixture was stirred

for thirty minutes then extracted with 3x125 ml portions of

methylene chooride. The methylene chloride was dried with

potassium carbonate. The solvent was rotary evaporated to

give 200 g of product for a 94% yield. NMR in carbon tetra-

chloride: doublet, vinyl proton 5.7 ppm; doublet of doublets

4.0 ppm; singlet, alcoholic proton exchangeable with D20 3.65;

multiplet, 1.7 ppm; doublet, methyls 1.0 ppm.

1,1-Dichloro-4-methyl-1,3-pentadiene (XXIX) .--Alcohol

XXVIII, 35.5 g, was placed in 250 ml of benzene, and to this

was added 3.0 g of para-toluene sulfonic acid and 1.0 g of

celite. The mixture was heated to reflux using a Dean Stark

trap to remove water. The reaction was terminated when no more

water was collected. Benzene was removed by rotary evaporation

to give 3.15 g of product for a 98% yield. NMR in carbon

tetrachloride: doublet, dichlorovinyl proton 6.45 ppm; doublet,

dimethylvinyl proton 5.85 ppm; doublet, vinyl methyl 1.75 ppm.

IR carbon-carbon double bond 1620 and 1660 cm- . Mass spectrum:

m/e (rel intensity) 152(65), 150(M+100), 95(30), 85(95).

1,1-Dichloro-3,4-epoxy-4-methyl-l-pentene (XXX) .--Diene

XXIX, 29.3 g, was mixed with 150 ml of methylene chloride and

cooled in an ice bath. 3-Chloroperbenzoic acid, 39.4 g, was

dissolved in 150 ml of methylene chloride and added with

stirring to the cooled diene solution. The resulting solution

was stirred overnight at room temperature. The white solid
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was removed by filtration, and the methylene chloride was

extracted with 4x75 ml portions of a 5% sodium bicarbonate

solution. The methylene chloride was dried with potassium

carbonate and rotary evaporated to give 32 g of product for

a 98% yield. NMR in carbon tetrachloride: doublet, vinyl

proton 5.6 ppm; doublet, ring proton 3.25 ppm; two singlets,

methyls 1.3 and 1.35 ppm. IR carbon-carbon doublet bond

1630 cm~1.

3-Az ido-1, 1-dichloro-4-hydroxy- 4 -methyl-1-p entene

(XXXI) .--Sodium azide, 37 g, was dissolved in 150 ml water

and mixed with 32 g of epoxide XXX in 300 ml acetone. The

mixture was heated to reflux for three hours then reduced to

one third of its original volume by rotary evaporation. The

solution was then extracted with 3x75 ml of methylene chlo-

ride. The methylene chloride was dried with potassium car-

bonate and then removed by rotary evaporation to give 22 g

of product for a 54% yield. NMR in carbon tetrachloride:

doublet, vinyl proton 5.9 ppm; doublet, 4.1 ppm; singlet,

alcohol proton exchangeable with D2 0 2.4 ppm; two singlets,

methyl protons 1.2 and 1.3 ppm. IR hydroxide band 3450 cm,

azide 2145 cm~1, and the carbon-carbon double bond 1630 cm .

3- (2,2-Dichlorovinyl) -2,2-dimethylaziridine (XXXII).--

Triphenyl phospine, 27.5 g, and 22.0 g of XXXI were combined

in 250 ml of diethyl ether and heated to reflux for four

hours. The diethyl ether was rotary evaporated and 200 ml of

pentane was added. This mixture was allowed to stand overnight
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at 4 0C to precipitate the triphenyl phosphine oxide. The

pentane was rotary-evaporated to give a light brown oil which

was vacuum-distilled at 2 mm Hg and 600; 11.5 g of product

was obtained for a 66% yield. NMR in carbon tetrachloride:

doublet, vinyl proton 5.5 ppm; doublet, ring proton 2.4 ppm;

two singlets, ring methyls 1.1 and 1.25 ppm; singlet, amine

proton exchangeable with D20 o.8 ppm. IR broad band 3240 cm~

and carbon-carbon double bond 1630 cm 1 .

General procedure D - condensation of dichlorovinyl

aziridine with chloroformates .--Aziridine and triethylamine

were dissolved in 75 ml of diethyl ether and cooled in an ice

bath. The chloroformate in 25 ml of diethyl ether was added

to the cooled stirring solution. The mixture was stirred for

four hours then washed with 3x100 ml of 3% hydrochloric acid

and 2x100 ml of 5% sodium bicarbonate. The diethyl ether was

dried overnight with potassium carbonate and then removed by

rotary evaporation.

2-Benzyl-4-furanmethyl 3-(2,2-dichlorovinyl)-2,2-di-

methyl-l-aziridinecarboxylate (XXXIII) .-- Chloroformate VII,

1.25 g, and 1.0 g each of triethylamine and aziridine XXXII

were combined using procedure D with the precaution of

exclusing direct light from the reaction mixture. The dried

diethyl ether was removed by rotary evaporation to give 1.75

g of product for a 96% yield. NMR in carbon tetrachloride:

singlet, aromatic protons 7.05 ppm; two singlets, furan

vinyl protons 5.8 and 4.3 ppm; singlet, methylene 4.7 ppm;
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singlet, benzyl proton 3.8 ppm; doublet, vinyl proton 5.65

ppm; doublet, ring proton 2.9 ppm; singlet, ring methyls 1.3

ppm. IR carbonyl 1735 cm - and carbon-carbon double bonds

1630 and 1610 cm~1.

2-Methyl-4-oxy-3-(2-propenyl) -cyclopent-2-ene 3-(2,2-

dichlorovinyl) -2,2-dimethyl-1-aziridinecarboxylate (XXXIV).--

Allethrolone chloroformate VI, 1.07 g, and 1.0 g each of

triethylamine and aziridine XXXII were combined according to

procedure D. The reaction mixture was protected from direct

light at all times. The evaporation of the diethyl ether

gave 1.5 g of product for a 91% yield. NMR in carbon tetra-

chloride: two multiplets, olefinic protons 5.5 and 4.9 ppm;

multiplet 2.2 to 3.1 ppm; singlet, vinyl methyl 2.0 ppm;

two singlets, ring methyls 1.3 and 1.35 ppm. IR broad carbonyl

band 1720 to 1740 cm~- and carbon-carbon double bonds 1670

and 1630 cm~ .

3-Phenoxybenzyl 3- (2, 2-dichlorolvinyl) -2 ,2-dimethyl-1-

aziridinecarboxylate (XXXV) .--One gram each of triethylamine

and of aziridine XXXII were combined with 1.24 g of chloro-

formate I according to procedure D. The diethyl ether was

rotary-evaporated to give 1.8 g of product for a 99% yield.

NMR in carbon tetrachloride: multiplet, aromatic protons

between 6.9 and 7.3 ppm; singlet, vinyl proton 5.65 ppm;

singlet, ring methyls 1.3 ppm. IR carbonyl 1740 cm~ and

carbon-carbon double bond 1640 cm- .
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Phenyl 3-(2,2-ddichlorovinyl) -2 ,2-dimethyl-1-aziridine-

carboxylate (XXXVI) .--Aziridine XXXII, 1.0 g, and 1.0 g of

triethylamine were combined with 0.86 g of phenyl chloro-

formate according to procedure D. The diethyl ether was

rotary-evaporated to give 1.3 g of product for a 95% yield.

NMR in carbon tetrachloride: multiplet, aromatic protons

7.0 to 7.2 ppm; doublet, vinyl proton 5.65 ppm; doublet,

ring proton 3.05 ppm; two singlets, ring methyls 1.4 and

1.5 ppm. IR carbonyl 1760 cm~ and carbon-carbon double

bond 1640 cm~-.

3,4-Methylenedioxyphenyl 3- (2 ,2-dichlorovinyl) -2,2-di-

methyl-1-aziridinecarboxylate (XXXVII) .--One gram each of

triethylamine, aziridine XXXII and chloroformate V were com-

bined using procedure D. The dried diethyl ether was rotary-

evaporated to give 1.5 g of product for a 95% yield. NMR in

carbon tetrachloride: multiplet, aromatic protons 6.4 to 6.6

ppm; singlet, methylenedioxy protons 5.8 ppm; doublet, vinyl

proton 5.65 ppm; doublet, ring proton 3.05 ppm; two singlets,

ring methyls 1.3 and 1.5 ppm. IR carbonyl 1760 cm and

carbon-carbon double bond 1635 cm~ .

3, 4-Methylenedioxybenzyl 3-(2,2-dichlorovinyl)-2,2-di-

methyl-l-aziridinecarboxylate (XXXVIII) .--Aziridine XXXII,

1.0 g, and 1.0 g of triethylamine were mixed with 1.07 g of

chloroformate VIII according to procedure D. The evaporation

of the diethyl ether gave 1.6 g of product for a 97% yield.

NMR in carbon tetrachloride: multiplet, aromatic protons
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6.5 to 6.7 ppm; singlet, methylenedioxy protons 5.8 ppm;

singlet, benzyl protons 4.3 ppm; doublet, vinyl proton

5.65 ppm; doublet, ring proton 2.55 ppm; two singlets ring

methyls 1.1 and 1.3 ppm. IR carbon-carbon double bond 1630

-l
cm

Benzyl 3-(2,2-dichlorovinyl)-2,2-dimethyl-l-aziridine-

carboxylate (XXXIX) .--Benzyl chlorofomrate, 0.85 g, and 1.0

g each of triethylamine and aziridine XXXII were combined

according to procedure D. The diethyl ether was rotary

evaporated to give 1.3 g of product for a 91% yield. NMR in

carbon tetrachloride: singlet, aromatic protons 7.1 ppm;

doublet, vinyl proton 5.6 ppm; singlet, benzyl protons 4.95

ppm; doublet, ring proton 2.85 ppm; singlet, ring methyls

1.3 ppm. IR carbonyl 1750 cm1 and carbon-carbon double

-l
bond 1640 cm*.

4-Methylphenyl 3- (2 ,2-dichlorovinyl) -2,2-dimethyl-1-

aziridinecarboxylate (XL) .--One gram each of aziridine XXXII

and triethylamine were combined with 0.86 g of chloroformate

IV according to procedure D. The evaporation of the diethyl

ether gave 1.3 g of product for 91% yield. NMR in carbon

tetrachloride: multiplet, aromatic protons 6.8 to 7.0 ppm;

doublet, vinyl proton 5.65 ppm; doublet, ring proton 2.95

ppm; singlet, aromatic methyl 2.3 ppm; two singlets, ring

methyls 1.3 and 1.5 ppm. IR carbonyl 1755 cm~1 and carbon-

carbon double bond 1635 cm~-.
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3-Methylphenyl 3-(2, 2-dichlorovinyl) -2, 2-dimethyl-l-

aziridinecarboxylate (XLI) .--Chloroformate III, 0.86 g, and

1.0 g of aziridine XXXII with 1.0 g of triethylamine were

combined according to procedure D. The removal of the

diethyl ether gave 1.4 g of product for a 97% yield. NMR in

carbon tetrachloride: multiplet, aromatic proton 6.8 to 7.0

ppm; doublet, vinyl proton 5.65 ppm; doublet, ring proton

2.95 ppm singlet, aromatic methyl 2.2 ppm; two singlets,

ring methyls 1.3 and 1.5 ppm. IR carbonyl 1760 cm1 and the

carbon-carbon double bond 1640 cm 1 .

2-Methylphenyl 3- (2,2-dichlorovinyl) -2,2-dimethyl-l-

aziridinecarboxylate (XLII) .--Aziridine XXXII, 1.0 g, and

0.86 g of chloroformate II were combined with 1.0 g of tri-

ethylamine according to procedure D. The rotary evaporation

of the diethyl ether gave 1.35 g of product for a 94% yield.

NMR in carbon tetrachloride: multiplet, aromatic protons 6.9

to 7.1 ppm; doublet, vinyl proton 5.65 ppm; doublet, ring

proton 2.95 -pm; singlet, aromatic methyl 2.2 ppm; two sing-

lets, ring methyls 1.3 and 1.5 ppm. IR carbonyl 1760 cm-1

and carbon-carbon double bond 1630 cm~-.

Methyl 3-(2,2-dichlorovinyl) -2,2-dimethy1-1-aziridine-

carboxylate (XLIII).--Methyl chloroformate, 0.57 g, and 1.0

g each of triethylamine and aziridine XXXII were combined

according to procedure D. The dried diethyl ether was rotary-

evaporated to give 0.9 g of product for an 86% yield. NMR

in carbon tetrachloride: doublet, vinyl proton 5.65 ppm;
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singlet, methoxy 3.6 ppm; doublet, ring proton 2.85 ppm; two

singlets, ring methyls 1.3 and 1.35 ppm. IR carbonyl 1740

cm~- and carbon-carbon double bond 1630 cm~-.

Results and Discussion

The initial method chosen for the synthesis of the

aziridine ring was the addition of pseudohalogens such as

iodine azide (4), iodine isocyanate (5) and nitrosyl chloride

(6) to an olefin (figure 1). The synthesis of 2,2,3,3-tetra-

methylaziridine (X) was accomplished using a modification of

the Closs and Brois (6) procedure for the addition of nitro-

syl chloride to an olefin. Aziridine X was coupled in the

presence of triethylamine with 3-phenoxybenzylchloroformate

(I) prepared from 3-phenoxybenzyl alcohol and phosgene. The

resulting compound 3-phenoxybenzyl-2,2,3,3-tetramethyl-l-

aziridinecarboxylate (XI) had no insecticidal activity with

the insect species tested. An attempt was made to add

nitroxyl chloride to tetrachloro- and tetrabromoethylenes

since it has been shown that some halogenated pyrethroids

possess greater activity than their non-halogenated counter-

parts (7). However, the additions were unsuccessful appar-

ently because the reactivity of the carbon-carbon double

bond of the tetrahaloethylenes was reduced by the electron

withdrawing character of the halogens. With the failure of

the nitrosyl chloride addition to the tetrahaloethylenes a

search was instituted to obtain other tetra-substituted



Figure 1 -- Synthesis of an aziridine ring by the
addition of pseudohalogens such as iodine azide, iodine
isocyanate and nitrosyl chloride to an olefin.
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olefins. Tetra-substituted olefins are necessary because

the stannous chloride reduction of the nitrosyl chloride

adducts of tri- and disubstituted olefins do not give the

desired products (6).

Tetraethylethylene and tetraisopropylethylene were

prepared by the coupling of either diethyl ketone or di-

isopropyl ketone in the presence of titanium tetrachloride

and zinc respectively (8). Nitrosyl chloride was added to a

solution of each tetraalkyl ethylene, and on subsequent work

up only starting material was recovered. No evidence of

chloronitrosation of the tetraalkyl ethylenes was found.

Apparently the additional bulk of the ethyl or isopropyl

groups around the carbon-carbon double bond, in contrast to

the methyl groups, precludes the addition of nitrosyl

chloride to the double bond.

The other pseudohlaogens, iodine azide and iodine iso-

cyanate, do not suffer from the limitation requiring tetra-

substituted olefins as does the nitrosyl chloride. Attempts

were made to add both iodo compounds to trichloro-, tetra-

chloro- and tetrabromoethylenes with no success. Since the

initial step in the addition of the iodo compounds is the

formation of an intermediate iodonium ion with the carbon-

carbon bond, the lack of reactivity of the electron poor

double bond is perhaps not surprising.

In light of the fact that no insecticidal activity was

found in compound XI and attempts at making its halogen
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analogues had not succeeded, a synthetic scheme to produce

aziridines with a greater structural relationship to chry-

santhemic acid was needed. This would entail the synthesis

of an aziridine with a gem-dimethyl group and a 2,2-dimethyl

vinyl group at the 2 and 3 position of the aziridine ring,

respectively. If the vinyl side chain is to be present during

the formation of the aziridine ring, then the use of iodine

azide and iodine isocyanate is precluded since the method of

work up (e.g. concentrated hydrochloric acid) would also

affect the olefin side chain. Because of the problems

involved with the olefin in the nitrosyl chloride addition

and the destruction of the vinyl side chain in the work up

procedures involving iodine azide and iodine isocyanate

additions, a new method of producing the desired aziridine

was sought.

The addition of nitrenes to olefins to produce aziri-

dines is a well-documented reaction (9). Carbalkoxynitrenes

would be the best candidates for addition to a carbon-carbon

double bond. The reason for this, as seen in figure 2, is

that not only is the aziridine ring formed, but also a

carbalkoxy group is incorporated representing the alcohol

moiety of pyrethroids. Two methods of generating carbalk-

oxynitrenes are available (figure 3): ultraviolet irra-

diation of azidoformates (10), and the base induced a-elim-

ination of N-(p-nitrobenzenesulfonyloxy) carbamates (11, 12)

The photolysis produces a triplet nitrene while a singlet



CN + N-%-OR

C C

Nlj,

(:5"OR

Figure 2. -- Addition of Carbalkoxynitrene to an
olefin to form a Carbalkoxyaziridine.
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Figure 3. -- Two Methods of generating Carbalkoxy-
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50

RO-F -N:



51

nitrene results from the -elimination. In the case where the

olefin exhibits either cis or trans isomerism the method of

producing the nitrene will determine whether the addition is

stereospecific or non-stereospecfic. The singlet nitrene

obtained from a-elimination adds to the carbon-carbon double

bond in a single step and is stereospecific whereas the

triplet nitrene from the photolysis of azidoformates adds in

two discrete steps, via a triplet 1,3-diradical intermediate

and is non-stereospecific (13).

Since 2,5-dimethyl-2,4-hexadiene (DMHD), the olefin to

which the nitrene is added, has neither cis or trans isomers,

the method of producing the carbalkoxynitrene as far as the

geometrical isomers are concerned is of no consequence. The

choice of a-elimination was one of expediency, since the

equipment for the photolysis was not readily available.

The reactions of ethyl-N-(p-nitrobenzenesulfonyloxy)-

carbamate have been well documented (11, 12); however, the

reaction of this reagent with DMHD would give a C-1 aziridine

analogue corresponding to ethyl chrysanthemate. Little

insecticidal activity would be expected. This lack of

activity is predicted because the alcohol moiety, the ethyl

group, does not possess the fundamental features necessary

to produce an active pyrethroid. The ideal -elimination

precursor would be 3-phenoxybenzyl-N-(p-nitrobenzenesulfony-

loxy) carbamate, which would give a C-1 analogue having one of

the most active alcohol moieties known. Due to a limited
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amount of 3-phenoxybenzyl alcohol and the availability of

benzyl alcohol, the benzyl derivative was used as a model

system to establish reaction conditons. Benzyl-N-(p-nitro-

benzenesulfonyloxy) carbamate was prepared by coupling benzyl-

chloroformate with hydroxylamine to obtain benzyl N-hydroxy-

carbamate which was coupled with p-nitrobenzenesulfonyl

chloride; the procedures were similar to those used by Major

et al (14) and Lwowski and Marichich (12), respectively, for

the preparation of N-(p-nitrobenzenesulfonyloxy)urethan.

Numerous attempts to generate the nitrene were made with the

benzyl derivative and various olefins; however, none of the

desired products could be isolated. The failure of benzyl

N-(p-nitrobenzenesulfonyloxy) carbamate to react with different

olefins led to discarding the a-elimination procedure as a

method of generating aromatic nitrenes.

Sammes and Rahman (15) performed the thermolysis and

photolysis of methyl and ethyl azidoformates in the presence

of DMHD. The theromolysis reaction gave only A2 -oxazoline;

however, the photolysis produced the desired aziridine-l-

carboxylates (figure 4). Methyl and ethyl azidoformates

were prepared from their chloroformates and sodium azide with

yields of 74% and 82% respectively. These azidoformates were

used to determine the optimum conditions for the photolysis

of azidoformates with DMHD. A ratio of 1:5.5, azidoformate

to DMHD, and a temperature of 450 gave the best yields of the

aziridine-l-carboxylates (65 to 70%). One major disadvantage
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Figure 4.-- Thermolysis and Photolysis of Ethyl
Azidoformate with 2, 5-Dimethyl-2, 4-hexadiene.
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in this procedure was that the photolysis apparatus required

250 ml of material to cover the ultraviolet light source.

All attempts that involved diluting the reaction mixture ,of

azidoformate and DMHD with solvents such as cyclohexane,

hexane and methylene chloride gave little (less than 5%) or

no product. This requirement of conducting the photolysis

on neat liquids meant that a large quantity of olefin was

needed for each reaction.

After methyl and ethyl 3-(2-methylpropenyl)-2,2-dimethyl-

aziridine-l-carboxylates had been prepared from methyl and

ethyl azidoformates and DMHD, other azidoformates were sought

which contained an "active alcoholic" group. Once again the

benzyl group was chosen to serve as the model system. The

preparation of benzyl azidoformate was similar to that used

for methyl and ethyl azidoformates. Benzyl chloroformate

in ethyl ether was stirred with an aqueous solution of sodium

azide overnight; upon vacuum distillation (3mm Hg, 750) the

crude azidoformate detonated, completely demolishing the

distillation apparatus and oil bath.

Since the incorporation of an "active alcohol" with the

formation of the aziridine ring proved to be quite difficult,

a new approach for the synthesis of the C-1 aziridines was

formulated. The 3-(2-methylpropenyl)-2,2-dimethylaziridine-l-

carbamate obtained from the photolysis of methyl azidoformate

and DMHD was hydrolysed with aqueous methanolic potassium

hydroxide solution. The hydrolysis of the carbamate gave a
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46% yield of 3-(.2-methylpropenyl)-2,2-dimethylaziridine (XVI).

Aziridine XVI was coupled with various chloroformates at 00

in the presence of triethylamine to obtain the C-1 aziridine

analogues shown in Table I.

The chloroformates were prepared from the corresponding

alcohols and phosgene in the presence of N,N-dimethyl aniline.

The stability of the chloroformates varied considerably from

compound to compound, The most stable is the 3-phenoxybenzyl

chloroformate (I) which has been stored at 40 for over two

years. The chloroformates VI and VII prepared from the

alcohols, allethrolone and 2-benzyl-4-hydroxymethylfuran,

respectively, were the least stable and decomposed overnight.

The chloroformates derived from the phenolic compounds

decomposed in only a few days at 40. Decomposition can be

detected by the presence of HCI gas and a darkening of the

liquid.

The purification of the C-1 aziridine analogues proved

to be difficult. Vacuum distillation was ruled out since

heating promotes the isomerization of N-carbalkoxyaziridine

to oxazolines (16). Column chromatography using either

silica gel, alumina or florisil was not applicable because

the compounds rearranged on the column to what was later

identified to be A3-pyrrolines. The rearrangement is

apparently catalyzed by acidic conditions. This was demon-

strated by comparing the NMR spectra of methyl 3-(2-methyl-

propenyl)-2,2-dimethylaziridine-l-carboxylate before and



TABLE II. DIMETHYVINYL AZIRIDINE-1-CARBOXYLATE
ANALOGUES.
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after the addition of one drop of I N HCl to the solution

of this compound (CC14 ) in an NMR tube. The simplified NMR

spectra and a proposed scheme for the rearrangement of the

methyl aziridine-l-carboxylate to a A3-pyrroline is presented

in figure 5. The rearrangement of vinylaziridines to A3-pyr-

rolines is known and has been reported by Lwowski (17).

Purification of C-1 analogues obtained from aziridine XVI was

eventually accomplished by dissolving the compounds in hexane

and passing the solution through a column composed of 60%

celite and 40% Norit A actived charcoal.

Preliminary insecticidal test data (Table II) for the

C-1 aziridine analogues derived from aziridine XVI indicated

that these compounds are less toxic to insects than the

standard, DL-phenothrin, in all cases except that of the

corn rootworm. One possible explanation for the lack of

toxicity of these compounds may be a rearrangement to the

inactive A3-pyrrolines which occurs very easily under slightly

acidic conditions. To alleviate this problem of rearrangement,

a method was sought to deactivate the vinyl side chain in order

to render it a poorer nucleophile. Such a deactivation might

prevent the ring expansion process which gives rise to the

A 3-pyrrolines.

The method selected for the deactivation of the vinyl

side chain involved the replacement of the terminal methyl

groups with chlorine atoms to give a dichlorovinyl side chain

at position 3 in the aziridine ring. Further, the resulting



Figure 5. Scheme for the Rearrangement of Methyl 2,2-

Dimethyl-3-(2-methylpropenyl)aziridine-l-

carboxylate to Methyl A3 -2, 2,5, 5-tetramethyl-

pyrrolinecarboxylate with 1NMR spectra.
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TABLE III

TOXICITY DATA FOR DIMETHYLVINYL AZIRIDINE-1-

CARBOXYLATE ANALOGUES.

COMPOUND # PERCENT MORTALITY ( 24 HOURS )

HF MBB CRW

XV 30 10 0

XVII 10 0 40

XVIII 10 10 30

XIX 0 20 40

XX 10 10 0

XXI 20 20 0

XXII 0 10 50

XXIV 10 0 10

XXV 10 0 20

XXVI 0 10 70

Standard Phenothrin 100 100 20

TEST RATE: Housefly (HF) &

Corn rootworm =

Mexican bean beetle (MBB) = 500 ppm

10 ppm
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dichlorovinyl aziridine would be an obvious analogue of

3- (2 ,2-dichlorovinyl) -2,2-dimethylcyclopropanecarboxylic

acid (DV-acid), the acid moiety of permethrin and NRDC-149

(18), both of which show better insecticidal activity than

their dimethylvinyl analogues. The preparation of these

dichlorovinyl aziridines should be similar to the method used

in the preparation of the dimethylvinyl aziridines; namely,

the employment of 1, 1-dichloro4-4methyl-1, 3-pentadiene (DCPD)

rather than DMHD in the photolysis reaction.

DCPD was not available commercially and had to be syn-

thesized. The synthesis of DCPD is outlined in figure 6.

The first step was a modification of the procedure reported

by Atavin et al (19), in which 1,1-dichloroehthene and iso-

butyryl chloride are combined in the presence of the Lewis

acid, aluminum trichloride. The resulting trichloro ketone

was dehydrohalogenated to give a 75% yeild of 1,1-dichloro-

4-methyl-l-penten-3-one (XXVII). A Meerwein-Ponndorf

reduction of XXVII afforded the corresponding alcohol with

a 94% yield. The alcohol was dehydrated by means of p-tolu-

enesulfonic acid in the presence of celite to give DCPD in

yields better than 98%. The addition of celite in the

dehydration reaction is very important. In experiments

where the celite was omitted the yields were less than 50%

and the reaction times were tripled.

The amount of DCPD obtained after numerous reactions

was insufficient to cover the photolysis lamp without the



Figure 6.--Scheme for the Synthesis of 1,1-dichloro-
1, 3-pentadiene.
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use of a diluting solvent. DCPD was diluted with cyclo-

hexane and a photolysis reaction was attempted. Comparably

poor results as those found earlier employing DMHD resulted.

Since sufficient DCPD could not be obtained to perform the

photolysis of the neat liquid, and since dilution gave poor

results, a method other than photolysis was required for the

synthesis of dichlorovinyl aziridines.

The method selected was one recently developed by Ittah

et al (20). It involves the ring opening of an oxirane by

sodium azide to form a 2-azido alcohol which is then reacted

with triphenylphosphine to give the aziridine and triphenyl-

phosphine oxide. The synthesis of dichlorovinyl aziridine,

as depicted in figure 7, was initiated with the epoxidation

of DCPD in methylene chloride by one equivalent of m-chloro-

perbenzoic acid. A 98% yield of 1,1-dichloro-3,4-epoxy-4-

methyl-l-pentene (XXX) was obtained. The oxirane ring of

XXX was opened with an excess of sodium azide in an aqueous

acetone solution under reflux. A 54% yield of the corre-

sponding azido alcohol (XXXI) resulted. The azido alcohol

was dehydrated and cyclized by triphenyl phosphine in diethyl

ether at reflux temperature. Vacuum distillation gave a

66% yield of 3-(2,2-dichlorovinyl)-2,2-dimethylaziridine

(XXXII).

Aziridine XXXII was coupled with various chloroformates

in the same manner as aziridine XVI, and the dichlorovinyl

aziridine-l-carboxylates obtained are listed in Table III.



Figure 7.--Scheme for the Synthesis of 3-(2,2-Dichloro-
vinyl) -2, 2-dimethylaziridine.
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The toxicity test data for the dichlorovinyl aziridines are

given in Table IV. Compounds having no activity at the 500

ppm level are omitted. The 5-benzyl-3-furyl derivative,

XXXIII was the only dichlorovinylaziridine-l-carboxylate to

show an appreciable amount of insect toxicity. However, it

should be mentioned that the toxicity test data were

obtained without the benefit of a synergist.

Of all the C-1 aziridines analogues prepared, the

5-benzyl-3-furylmethyl aziridinecarboxylates, XXVI and

XXXIII, had the highest toxicity. This follows the same

trend seen in synthetic pyrethroids where the esters of

5-benzyl-3-furylmethyl alcohol are usually two to three

times as potent as those of 3-phenoxybenzyl alcohol (21).

Also, the finding of little or no insect toxicity in the

aziridine analogues having alcohol moieties other than known

active alcohols (E.G. the cresols, phenol, benzyl alcohol,

piperonyl alcohol, etc.) would indicate that the insecticidal

activity is due to the mimicry of the pyrethroid structure

and not due to a general toxicity of aziridine carbamates.



TABLE IV. DICHLOROVINYL AZIRIDINE-I-CARBOXYLATE
ANALOGUES.



Cl

CI N.$-OR

COMPOUND R

XXXill

XXXIV

XXXV

-CH F "

CH
3

-CH2

PHENYLXXXVI

XXXVIl

XXXViI I

XXXIX

X L

XLI

X LII

-CH2

BE NZY L

(.p)

(Cl)

(C)

-CH 3

70

CH 3

X LIII



This page has been inserted during digitization.

Either the original page was missing or the

original pagination was incorrect.



72

TABLE V

TOXICITY DATA FOR DICHLOROVINYL AZIRIDINE-1-

CARBOXYLATE ANALOGUES

I.

COMPOUND # PERCENT MORTALITY ( 24 HOURS )

I. i. I

XXXIII

XL

XLIII

Permethrin

HF SAW MBB

ppm 500 100 500 100 500 100

100

10

30

100

80

0

10

100

100

0

0

100

20

0

0

100

100

20

0

100

0

0

0

100

HF=Housefly SAW=Southern armyworm MBB=Mexican bean beetle
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CHAPTER III

C-1 AZIRIDINE ANALOGUES

Introduction

The resemblance of C-3 aziridine analogues to synthetic

pyrethroids is not as great as the resemblance exhibited by

the C-1 aziridine analogues. With the C-1 analogues a simple

substitution of a nitrogen for the C-1 carbon is all that is

necessary; whereas, with the C-3 analogues a substitution of

not only a ring carbon (C-3 carbon) but also the vinyl side

chain is required. This substitution of the vinyl side

chain must be a carbonyl-containing function and form either

an amide of carbamate linkage with the nitrogen. One possible

advantage the C-3 aziridine analogues might have over the C-1

analogues as insecticides is the greater freedom of selection

of alcohols in the formation of the carbamate function. In

the C-1 analogues it was necessary that the alcohol forming

the carbamate be the same or at least similar to the alcohols

used in pyrethroids, since the alcohols would be occupying

the same relative position in each molecule. However, in the

C-3 analogues two different approaches may be explored. The

obvious approach would be the formation of either an amide

or carbamate functionality that would have a structural
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resemblance to the dimethylvinyl side chain. This would

allow a reasonable mimicry of the entire structure of the

pyrethroid molecule. A somewhat more subtle approach would

be the formation of a carbamate functionality with alcohols

that have shown insecticidal activity in carbamate insecti-

cides. Since the hydrolysis of the alcohol and subsequent

carbamylation of acetyicholinesterase (1) is the mode of

action for the carbamate insecticides, this would give the

C-3 analogues a possible two pronged attack on insects.

Experimental

Experimental Techniques

Melting points were determined employing a Thomas

Hoover "Unimelt" capillary melting point apparatus, and the

melting points are uncorrected. Infrared spectrometry was

carried out using a Beckman IR-33. NMR spectra were recorded

using an Hitachi Perkin-Elmer R-24B NMR spectrometer. A

Finnigan Model 3200/6000 GC mass spectrometer was used in

obtaining the mass spectra. The photolyses were conducted

with the same apparatus described in Chapter II. Column

chromatography was performed using EM Reagents Silica Gel 60,

70-230 mesh ASTM, and Fisher alumina (adsorption) 80-200

mesh. The dry column elution system was 95:5 hexane: ethyl

acetate.
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Insect Bioassays

The selected compounds were evaluated using the same

insects and test methods desscribed in Chapter II.

Organic Synthesis

3-Phenoxybenzyl 3-Methyl-2-butenecarboxylate (I). -

3-Phenoxylbenzyl alcohol, 40 g, was mixed with 25 g of dimethyl-

aniline in 250 ml of hexane. To this stirring solution 24 g of

3-methyl-2-butenoic acid chloride was slowly added. The

mixture was heated to reflux and stirred for 4 hours. After

cooling the mixture was washed with 2x100 ml of water, 3x75 ml

of cold 10% sulfuric acid and 3x100 ml of 5% sodium bicar-

bonate. The hexane layer was dried with magnesium sulfate

and rotary evaporated to give 44 g of ester for a 78% yield.

NMR in carbon tetrachloride: multiplet, aromatic protons

6.7 to 7.1 ppm; singlet, vinyl proton 5.45 ppm; singlet benzyl

protons 4.85 ppm; two singlets, vinyl methyl protons 1.75 and

2.05 ppm.

3-Phenoxybenzyl 3-Methyl-2,3-eoxy-butanecarbox late (II).--

A methylene chloride solution containing 28.2 g of I was

cooled to 00 and of m-chloroperbenzoic acid, 17.5 g, was added.

The mixture was stirred overnight at room temperature. The

white ppt. was filtered, and the methylene chloride solution

was washed with 5% sodium bicarbonate and dried with magne-

sium sulfate. A 52% yield of epoxide, 15.5 g, was recovered

after purification with a silica gel dry column. NMR in

carbon tetrachloride: multiplet, aromatic protons 6.7 to
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7.2 ppm; singlet, benzyl protons 4,9 ppm; singlet oxirane

ring proton 3.1 ppm; two singlets, oxirane ring methyl pro-

tons 1.25 and 1.3 ppm, IR carbonyl 1770 cm.

yl 3-M ethyl-2-butenecarboxyate (III) .--3-Methyl-

2-butenoic acid, 100 g, was heated to reflux in hexane with

130 g of thionyl chloride for two hours. The hexane was

removed by rotary evaporation to give 118 g of the acid halide.

The acid halide was redissolved in 200 ml of hexane and a

solution of 40 g of methyl alcohol and 140 g of dimethyl

aniline was added slowly to the acid halide with cooling by

means of an ice bath. After the addition was completed the

mixture was heated to reflux for two hours. The mixture was

cooled and washed with 2x100 ml of water, 3x75 ml of cold 10%

sulfuric acid and 3x100 ml of 5% sodium bicarbonate. The

hexane was rotary evaporated to give 105 g of ester for a 92%

yield. NMR in carbon tetrachloride: singlet, vinyl proton

5.55 ppm; singlet, methyl ester protons 3.6 ppm; two singlets,

vinyl methyls protons 1.9 and 2.1 ppm. IR carbonyl 1720 cm1,

carbon-carbon double bond 1655 cm~ .

Methyl 3-Azido-2-iodo-3-methylbutanecarboxylate (IV) . --

Iodine monochloride, 18.3 g, was slowly added to 15 g of

sodium azide in 150 ml of acetonitrile and cooled in an

ice-salt bath. After 30 minutes, 11.4 g of III was added,

and the mixture was stirred overnight at room temperature.

The mixture was then diluted with 300 ml of water and extracted

with 3x100 ml portions of diethyl ether. The ether was washed
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with 2x150 ml portions of 5% sodium thiosulfate and then with

1 liter of water and dried with magnesium sulfate. The

rotary evaporation of the ether gave 22.3 g of product for

a 79% yield. NMR in carbon tetrachloride: singlet, alpha

proton 4.2 ppm; singlet, methyl ester protons 3.6 ppm;

singlet, gem-dimethyl protons 1.5 ppm. IR carbonyl 1760

-l -l
cm and azide 2150 cm

Methyl 2-Iodo-3-methyl-2-butenecarboxylate (V) .--Potas-

sium hydroxide, 1 g, was dissolved in 25 ml of tetrahydro-

furan and 10 ml of water. To this stirring solution was

added 2.8 g of IV. The mixture was stirred six additional

hours and then diluted with 200 ml of water. The aqueous

mixture was extracted with 3x75 ml portions of methylene

chloride. Dry column chromatography with silica gel gave

1.1 g of product for a 46% yield. NMR in carbon tetra-

chloride: singlet, methyl ester protons 3.6 ppm; two singlets,

vinyl methyl protons 2.05 and 2.09 ppm. Mass spectrum: m/e

(rel. intensity) 240(M+ 27), 209(20), 181(13), 59(32) and

54(100). Analysis C6 H9 102 : Theory; C =30.02 H =3.78.

Found; C =29.75, H =3.86.

Methyl 3-Azido-2-hydroxyl-3-metylbutanecarboxylate (VI) . --

To mercuric oxide, 8.6 g, in 100 ml of tetrahydrofuran, 10

ml of 60% perchloric acid was added. The mixture was stirred

until all traces of the red mercuric oxide were removed. To

this solution 8 ml of water and 11.3 g of IV were added. The

solution was heated to 450 and stirred for two hours. The
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solution was then cooled and diluted with 200 ml of diethyl

ether and washed with 4x100 ml portions of water. The ether

was dried with magnesium sulfate and rotary evaporated. The

resulting oil was purified on a dry column of silica gel.

The product, 0.2 g, was obtained for a 2.9% yield. NMR in

carbon tetrachloride: singlet, methyl ester protons 3.7 ppm;

singlet, alcohol proton 3 ppm, exchangeable; singlet, gem-

dimethyl protons 1.2 ppm. IR broad band 3400 to 3600 cm~1

-1
azide 2150 cm

Methyl 3-Carbomethoxy-2, 2-dimethyl--aziridinecarboxy-

late (VII) .--A mixture of methyl azidoformate, 27.0 g and

200 g of III were combined and placed in a glass cylinder;

argon gas was added through a fitted glass tube at the

bottom of the cylinder as a method of stirring. A mercury-

vapor lamp inside a water cooled quartz jacket was immersed

in the solution into the cylinder. The temperature of the

solution in the reaction vessel stabilized at 450 under

these conditions. The progress of the reaction was monitored

by the disappearance of the azide band at 2150 cm1. After

nine hours the azide had disappeared and the photolysis was

stopped. The unreacted methyl ester was removed by vacuum

distillation (5mm Hg, 400). The product was distilled at

0.1 mm Hg and 800. The distillation of the product gave

24.7 for a 49% yield. NMR in carbon tetrachloride: Two

singlets, methoxy protons 3.60 and 3.65 ppm; singlet, ring

proton 2.8 ppm; singlet, ring methyls 1.3 ppm. IR both
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carbonyl bands overlapped to form one broad peak from 1710

to 1740 cm-. Mass spectrum: m/e (rel. intensity) 187(M+27),

172 (14) , 156 (16) , 128 (100).

Ethyl 3-Carbomethoxy-2 , 2-dimethyl-1-aziridinecarboXY

late (VIII).--Ethyl azidoformate, 18.9 g, and 187 g of III

were irradiated for four hours using the same procedure as

that in the preparation of VII. The unreacted methyl ester

was distilled from the reaction mixture at 5 mm Hc and 400.

The product was vacuum distilled at 5 mm Hg and 1200. Twen-

ty-two grams of product were obtained from the distillation

for a 66% yield. NMR in carbon tetrachloride: quartet,

methylene protons 4.05 ppm; singlet, methoxy protons 3.65

ppm; singlet, ring proton 2.8 ppm; singlet, ring methyl

protons 1.3 ppm; triplet, methyl of ethyl group 1.25 ppm.

IR: both carbonyl bands overlapped to form one broad peak

from 1710 to 1740 cm~1. Mass spectrum: m/e (rel. intensity)

201(M+7), 156(18), 142(40), 128(100).

3,3-Dimethylaziridine-2-carboxylic acid (IX) .--Aziridine

VII, 18.7 g, was placed in 300 ml of ethanol and cooled in an

ice bath, to this solution was added 150 ml of water contain-

ing 8 g of sodium hydroxide. The solution was stirred 16

hours at room temperature, then acidified with 1 N sulfuric

acid. The pH was adjusted to 5, and additional ethanol was

added to precipitate sodium sulfate. The ethanol was rotary

evaporated to give 8.5 g of product for a 74% yiled. NMR in

D20: singlet, ring proton 3.35 ppm; two singlets methyl

protons 1.4 and 1.45 ppm.
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Results and Discussion

A major stumbling block in the synthesis of C-3 aziri-

dine analogues is the number of functional groups present in

the precursors. Standard reactions used in aziridine syn-

thesis such as the reduction of an azide with lithium alumi-

nium hydride to an intermediate amine cannot be performed

without the accompanying ester also being reduced. Because

of the need for mild and selective conditions, the method of

Ittah (2) et. al. was studied. This synthesis involves the

opening of an oxirane ring with sodium azide to yield an

azido alcohol; closure of the azido alcohol by triphenyl

phospine to give an aziridine follows. This method had

been successfully used in the studies described earlier for

prepareation of 3-(1,1-dichlorovinyl) -2,2-dimethylaziridine.

From the appropriate acid chloride and alcohol, 3-phen-

oxybenzyl 3-methyl-2-butenecarboxylate (I) was prepared.

The epoxidation of I was performed by the addition of one

equivalent of m-chloroperbenzoic acid. The epoxide, 3-phen-

oxybenzyl 3-methyl-2 , 3-epoxy-butanecarboylate, (II), was

placed in aqueous acetone containing an excess of sodium

azide, in an attempt to effect the opening of the oxirane

ring to yield an azido alcohol. All attempts to open the

oxirane ring failed. Only starting material or unidentified

tars were isolated. This failure of sodium azide to open

the oxirane ring was unexpected in light of reactions conducted

in this laboratory and others (3). Possible explanations
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for the lack of reactivity of the oxiranes ester (II) are

given below.

The azide ion preferentially attacks unsymmetrical

epoxides at the less substituted carbon atom because of the

decreased steric effects during the SN
2 displacement.

However, in the case of compound II, nucleophilic attack at

the a-carbon, the least substituted, is not favored due to

the partial negative charge induced by the adjacent carbonyl.

The s-carbon is also ununlikely site of attack because of

steric effects(4).

Since the synthesis of azido alcohols by reaction of

azide with oxiranes was not productive, another approach to

the synthesis of these.alcohols was explored. The method

selected involved the addition of iodine azide to an olefin

(5) followed by a proposed displacement of the iodine with

an hydroxyl group. Iodine azide was added to methyl 3-methyl-

2-butenecarboxylate, (III), to give methyl 3-azido-2-iodo-3-

methylbutanecarboxylate, (IV). Compound IV was then stirred

in an aqueous tetrahydrofuran solution containing potassium

hydroxide; upon work up methyl 2-iodo-3-methyl-2-butene-

carboxylate, (V), was obtained instead of the desired azido

alcohol. The formation of V occurs by the elimination of

hydrogen azide. The same results were found using sodium

hydroxide and potassium carbonate; however, the use of tri-

ehtylamine or sodium bicarbonate had no effect, and IV was

recovered unchanged. Since strong bases tends to promote
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the elimination of hydrogen azide from TV, displacement of

the iodine by an hydroxyl was explored under neutral or

acidic conditions. The use of reagents such as silver ace-

tate was ruled out since the hydrolysis of the acetate that

is formed in replacing the iodide would cause the elimi-

nation of hydrogen azide and/or the hydrolysis of the ester

portion of IV. The method used was a mercury-assisted

solvolysis of alkyl iodide developed by McKillop and Ford (6).

Mercuric perchlorate was the source of mercury ions and was

generated in situ by the addition of 60% aqueous perchloric

acid to a mixture of mercuric oxide and tetrahydroguran.

The generation of the mercuric perchlorate can be monitored

by the disappearance of the solid red mercuric oxide. After

the formation of the mercuric perchlorate, one equivalent of

IV was added and the mixture is stirred. The crude reaction

mixture after work up was purified on a silica gel dry

column. The azido alcohol, methyl 3-azido-2-hydroxy-3-

methylIutanecarboxylate, (IV), was isolated in yields of

less than 5%. Variations in the time, temperature and

concentration of mercuric perchlorate did not improve the

yield. Silver perchlorate was prepared from silver carbo-

nate (7) and perchloric acid and used in a similar manner as

was the mercuric perchlorate; however, no product could be

isolated using the silver reagent. The poor yields obtained

with tie mercuric perchlorate led to the discarding of the
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use of azido alcohols as a viable method of synthesizing C-3

aziridine analogues.

A photolytic procedure was chosen as another possible

approach to the synthesis of C-3 aziridine analogues.

Methyl and ethyl azidoformates were photolyzed with methyl

3-methyl-2-butenecarboxylate to give (figure 1) methyl

3-carbomethoxy-2,2-dimethyl-l-aziridinecarboxylate (VII) and

the corresponding ethyl aziridinecarboxylate (VIII), respec-

tively (8). These compounds, VII and VIII, possess the

basic structure sought in the synthesis of C-3 aziridine

analogues but lack the desired alcohol moieties in the ester

and carbamate functions. Nevertheless, insect toxicity

studies were performed and the data obtained are presented

in Table I. The toxicity of VII and VIII in all likelihood

can be ascribed to the carbamate function since pyrethroids

having a methyl ester show little or no toxicity. Photo-

lysis of 3-methyl-2-butenecarboxylates containing "active"

alcohol moieties was not possible since the amount of ester

required for the photolysis apparatus was prohibitive.

An attempt was made to hydrolyze the methyl ester of

VII by the slow addition of one equivalent of 1 N sodium

hydroxide, but no product could be isolated. The addition

of two equivalents of sodium hydroxide to an ice cooled

solution of VII followed by acidification with I N sulfuric

acid and adjustment of the pH to 5 gave gave 3,3-dimethyl-

aziridine-2-carboxylic acid (TX). Since IX may be considered
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-OMOC H 3

3

(VII)

z'-OCH 3

(OC H 2C H 3

(Vill)

Figure 1.-- C-3 Aziridine Analogues
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TABLE VI

TOXICITY DATA FOR C-3 AZIRIDINE ANALOGUES

COMPOUND # PERCENT MORTALITY ( 24 HOURS )

HF MBB SAW CRW

VII 20 20 0 40

VIII 10 20 0 30

PHENOTHRIN 100 100 100 20

TEST RATE: Housefly (HF), Mexican bean beetle (MBB) and

Southern armyworm (SAW) = 500 ppm

Corn rootworm = 10 ppm
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an amino acid, reactions known to mask the amono group

(e.g. the condensation of benzyl chloroformate with the amino

function to give a carbobenzoxy amino acid) would provide a

convenient route to the synthesis of desired carbamate

functional groups. Greenstein and Sinitz (9) list various

methods of conducting Schotten Baumann procedures for the

condensation of benzyl and other chloroformates with amino

acids. The condensation of numerous chloroformates with IX

were tried without success. The failure of the condensations

to yield the expected product may be explained by a mechanism

proposed by Dermer and Ham (10) (figure 2) which postulates

the ring opening of an activated aziridine by a nucleophile,

present in catalytic amounts. In this case the nucleophile

would be the hydroxide ion present during the Schotten-Baumann

procedure.

The reaction of ethyl 2,3-dibromopropionate with liquid

ammonia to give ethyl aziridine-2-carboxylate has been

reported by numerous groups (11, 12). In an attempt to

extend this work 3-phenoxybenzyl 3-methyl-2-butenoate was

brominated in methylene chloride to give 3-phenoxybenzyl

2,3-dibromo-3-methvlbutyrate. The dibromo ester was then

treated with liquid ammonia according to the published

procedure. The ammonia was allowed to evaporate and the

residue was dissolved in ethyl ether. After washing with

water the ether was dried and rotary evaporated to give only

3-phenoxybenzyl alcohol. The 3-phenoxybenzyl ester was



Figure 2.-- Mechanism for ring opening of an activated
aziridine by a nucleophile.
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hydrolyzed by the ammonia during the course of the reaction

to give the free alcohol and an amide,

The difficulties encountered in the synthesis of C-3

aziridine analogues can be divided into two areas. The main

problem was that the conditions necessary for the formation

of the aziridine ring tended also to destroy ester function-

alities. In the cases where the aziridines can be formed,

the alcohols of the ester and carbamate functions are not

the desired ones for maximum activity. All attempts at

replacing these alcohols with "active" alcohols results in

the destruction of the aziridine ring. The most promising

procedure for the synthesis of C-3 aziridine analogues was

the photolysis of azidoformates with 3-methyl-2-butenecar-

boxylates. This procedure, at the present time, is limited

to carboxylates that can be prepared on a large scale due to

the limitations imposed by the photolysis apparatus.
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CHAPTER IV

SUMMARY

The aziridines, 3- (2-methylpropenyl) -2, 2-dimethylaziri-

dine and 3- (2,2-dichlorovinyl) -2,2-dimethylaziridine, were

synthesized. These aziridines were coupled with chloro-

formates prepared from active alcohols; 3-phenoxybenzyl

alcohol, 2-Benzyl-4-hydroxymethylfuran and allethrolone. The

couplings yeilded C-1 aziridine analogues of pyrethroids

(the C-1 carbon in the cyclopropane ring has been replaced

with a nitrogen atom). Analogues of resmethrin, allethrin,

phenothrin, NRDC 134 and permethrin were thus synthesized.

Other C-1 aziridine analogues were prepared containing

alcohol moieties which are not expected to yield "active"

pyrethroids when condensed with chrysanthemic acid. These

were prepared to determine if the activities of the C-1

aziridines were due to the mimicry of pyrethroids or to the

carbamate functionality. The toxicity data for the C-1

aziridine analogues showed a lower percent mortality over 24

hours than the pyrethroid used as the standard except in the

case of the corn rootworm where a 3.5 fold increase in tox-

icity was found. The C-1 aziridine analogues having the

greatest toxicity were those containing alcohols known to be

active in synthetic pyrethroids. This finding supports the

93
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hypothesis that the insecticidal activity of the C-1 aziridine

analogues results from their mimicry of the pyrethroid

structure.

The synthesis of C-3 aziridine analogues proved to be

difficult. The major problem was the inability to form the

aziridine ring in the presence of an ester containing an

"active" alcohol. Another problem was the instability of the

aziridine ring. If the ring was formed initially, reactions

designed to incorporate alcohols as ester and carbamate

functions caused the destruction of the aziridine ring.

Only two C-3 aziridine analogues containing simple

alcohols were synthesized. Insect toxicity data show these

compounds to have low insecticidal activity; this is probably

attributable to the carbamate functionality, since neither

compound contains an "active" pyrethroid alcohol.
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