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dl-trans-Chrysanthemumic acid-1 -C14 was prepared in 45% yield from 4 mmoles of ethyl 
glycinate-1 XI4. Yield of the trans-acid was increased by isomerization of methyl cis- 
chrysanthemumate- 1 -C14 with sodium terf-amylate. Geometrical isomers of the acid 
were separated by column chromatography, and optical isomers of the trans-acid were 
resolved as ci quinine salt for the /-isomer and an I-a-methylbenzylamine salt for the d- 
isomer. Over-all yields of trans-chrysanthemumic acids- 1 XI4, based on radioactivity from 
ethyl glycinaie-l-C14 (2.7 mc. per mmole), were: 22.8Y0 of impure d-isomer, 10.470 of 
pure /-isomer, and 7.070 of pure d-isomer with specific activities of 1.3 to 2.7 mc. per mmole. 

STRACTS of pyrethrurn flowers con- E tain, as their natural insecticidal 
constituents, esters of pyrethrolone and 
cinerolone with d-trans-chrysanthemumic 
acid (chrysanthemummonocarboxylic 
acid) and d-trans-pyrethric acid (chrys- 
anthemumdicarboxylic acid monomethyl 
ester). Many of the favorable biological 
properties of the natural materials are 
also found for synthetic pyrethroids de- 
rived from synthetic chrysanthemumic 
acid (dl-cis, trans) esterified with dl- 
allethrolone. dimethylbenzyl alcohols, 
and other alcohols. The configuration 
of the chrysanthemumic acid isomer 
greatly affects the biological properties 
of its esters. so critical studies on their 
mode of action or inaction must utilize 
stereochemically pure co'mpounds. In 
each case. the esters of these alcohols 
with natural chrysantheniumic acid (d- 
trcins) were more insecticidal than esters 
ni th  synthetic chrysanthernumic acid as 
a mixture of isomers (dl-cis, trans) or as 
the other individual resolved isomers 
(.5. 7 S .  19). The toxicity of the eight 
isomers of allethrin to houseflies (Musca  
domestica L.) is synergizecl by piperonyl 
butoxide [ a -  [2-(2-butoxyethoxy)ethoxy]- 
4.5 - methylenedioxy - 2 - propyltoluene) 
to different degrees for the different 
isomers (73, 7 4 .  Flies selected Xvith 
pyrethrins developed highest resistance 
to the least toxic of the eight stereo- 
isomers of allethrin ( J .  7 7 ) .  

Certain types of toxicology and me- 
tabolism experiments on pyrethroids are 
greatly facilitated by the use of CI4- 
labelrd compounds. Pyrethr~im-C'~ was 
prepared biosynthetically l'rom carbon-1 4 
dioxide (20) and randomly labeled 
pyrethrin-I and cinerin-I of about 0.05 
mc. per mmole were chromatograph- 
ically isolated (8). Pyrethrins I and I1 
have also been prepared biosynthet- 
ically. in very low yields and specific 
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activities. from mevalonic acid-2-Cl4, 
acetic acid-2-C1? and methionine-methyl- 
C14 (9 ,  70, 75. 76). Acree? Roan, and 
Babers (2) converted ethyl glycinate-2- 
C14 (25.5 mmoles, 0.074 mc. per mmole) 
to di-cis. trans-chrysanthemumic acid- 
2-C'" in 527, yield, but the preparation 
contained impurities other than chrysan- 
themumic acid and the geometrical and 
optical isomers were not resolved ( 7 ) .  
di - trans - Chrysanthemumic acid - 2- 
CI4: prepared according to the general 
procedure of Acree, Roan, and Babers 
( 2 )  folloived by fractional precipitation 
to concentrate the desired geometrical 
isomer, has been used to prepare radio- 
labeled pyrethrin-I combined with one 
of its diastereomers which was not re- 
solved (72). Preparation of d-trans- 
chrysanthemumic acid-C", the common 
intermediate for preparation of radio- 
lr?beled pyrethrin-I. cinerin-I. and the 
most insecticidal isomer of the synthetic 
pyrethroids. i s  an essential step to future 
studies on radiolabeled pyrethroids. 

A semimicro scale (4 mmoles) pro- 
cedure is reported for: preparation of dl- 
cis,trans-chrysanthemumic acid-l-C14 
based on Acree. Roan. and Babers 
( I )  ; chromatographic separation of the 
cis and trans isomers; isomerization of the 
cis isomer to the trans isomer based on 
Julia et al .  (77); resolution of the i- 
tfans isomer as a quinine salt and the 
d-trans isomer as a i-a-methylbenzyl- 
amine salt based on Campbell and 
Harper ( 7 ) .  Pure d-trans- and i-trans- 
chrysanthemumic acids-l-CI4 (1.3 to 2.7 
mc. per mmole) were obtained. 

Experimental 

Chemicals and Methods. Xatural 
chrysanthemumic acid { d-trans, [.IU + 
24.1' (c, 6.600), b.p. 105'C. 1 .3mm.j  
was obtained from a pyrethrum extract by 
the procedure of Staudinger and Ruzicka 
(22). Synthetic chrysanthemumic 
acid (d1-cis.trans. Sumitomo Chemi- 
cal Co., Osaka, Japan) was recrystallized 

according to Campbell and Harper (6') 
to yield the di-cis-acid (1n.p. 113-115' C.) 
and the di-trans-acid (m.p. 51-52' c.). 
I-trans-Chrysanthemumic acid [ a ] ~  - 
24.9O (c, 4.460) 1 was obtained from the 
dl-trans acid by recrystallization of the 
quinine salt (7) to yield a melting point 
for the pure quinine-/-trans salt of 155- 
156' C. 7.5-Dimethyl-2.4-hesadiene 
(Sumitomo Chemical Co., Osaka. Japan) 
lvas purified according to Campbell and 
Harper (6'1 to yield a product with a b.p. 
of 134' C.  Ethyl gl>-cinate-l-C'? hydro- 
chloride (2.7 mc. per mmole) was ob- 
tained from n'e1.v England Suclear Corp., 
Boston, Mass. Diazomethane was pre- 
pared according to Arndt ( 3 ) .  Quinine 
sulfate !vas converted to the free base 
and recrystallized from benzene (m.p. 
176' C,) .  1-a-Methylbenzylamine (au 
- 37.5', no solvent) \vas resolved from 
di-a-methylbenzylamine (Aldrich Chem- 
ical Co.! Milwaukee, \Vis.)  according to 
Theilacker and Winkler 123). l 'his 1-0- 
methylbenzylamine formed a salt with 
natural chrysanthemumic acid which on 
recrystallizing from 50% aqueous ethanol 
yielded a m.p. of 110-1 12' C.  

All radioactive measurements were 
made with the Packard Tri-Carb Model 
3003 liquid scintillation spectrometer. 
Optical rotations were measured at  25' 
C. with the ETL-NPL Automatic 
Polarimeter Type 143'4 (Bendix Erics- 
son, U.  K. Ltd., n'ottingham. England) 
using chloroform solutions for chrysanthe- 
mumic acid and no solvent for I-a- 
methylbenzylamine. Infrared spectra 
were determined as lOyc chloroform 
solutions using the Beckman IR-4 infra- 
red spectrometer. All melting points 
(uncorrected) were determined on micro- 
scope cover slips on a hot block by ob- 
serving single crystals Lvith a microscope. 

Thin-layer chromatography (silica gel 
G, 0.25 mm. thickness) was used to 
ascertain the purity of cis- ( R ,  = 0.59) 
and trans-chrysanthernumic acids iRf = 
0.31) as resolved Ivith a mixture of three 
parts of isopropyl acetate saturated with 
1070 ammonia aqueous solution and one 
part of methanol. Radioactive ma- 
terials were detected by radioautography 
and known compounds by a spray of 
20% phosphomolybdic acid in absolute 
ethanol (sensitivity limit: 0.1 fig.) (27). 

V O L .  13, NO. 6 ,  N0V. -DEC.  1 9 6 5  525 



Two types of column chromatography 
were utilized. A Florisil column \vas 
used to separate ethyl chrysanthemum- 
ate-l-CI4 from radioactive impurities 
and from 2,5-dimethyl-2,4-hexadiene. 
This chromatography served to transfer 
the volatile ethyl chrysanthemumate 
from the hexadiene solvent to the 
petroleum ether-ether mixture (9 to l ) ,  
a solvent which was more readily re- 
moved with minimum loss of ethyl 
chrysanthemumate. Florisil (60- to 100- 
mesh, Floridin Co., Tallahassee, Fla.) 
was slurried in petroleum ether and 
added to a chromatographic tube which 
was packed to yield a 1.8- X 22-cm. 
column. 2,5-Dimethy1-2,4-hexadiene 
was eluted from this column Lvith 100 
ml. of petroleum ether, followed by ethyl 
chrysanthemumate with 100 ml. of 
petroleum ether-ether mixture (9 to 1): 
and impurities were eluted tvith 100 ml. 
of methanol, 

A Celite column was used for separa- 
tion of cis- and trans-chrysanthemumic 
acids, using a solvent system based on a 
paper chromatographic procedure for 
accomplishing this resolution ( 7 ) .  Thirty 
grams of Celite (Johns-Manville Celite 
analyrical filter aid): heated a t  150" C. 
for 24 hours and after cooling held in a 
desiccator over phosphorus pentoxide. 
was mixed with 15 ml. of lOYC aqueous 
ammonia solution which had been pre- 
viously saturated lvith isopropyl acetate. 
The resulting mixture was slurried in 
isopropyl acetate previously saturated 
with 10% aqueous ammonia solution and 
added to a chromatographic tube xvhich 
was packed Ivith air pressure to yield a 
column of 3 X 20 cm. Synthetic c h r p  
anthemumic acid was dissolved in a 
small amount of isopropyl acetate 
saturated with 10% aqueous ammonia 
solution and introduced onto the column. 
Development and elution of the column 
were accomplished with 700 ml. of iso- 
propyl acetate saturated with lOYc 
aqueous ammonia solution, followed with 
700 to 900 ml. of ethvl acetate and, 
finally. 300 to 400 ml. of methanol. 
Methyl and ethyl chrysanthemumate 
were eluted quickly before any other 
materials, and were followed by cis- 
chrysanthemumic acid which was mostly 
eluted with isopropyl acetate-ammonium 
hydroxide. and the remainder was found 
in the first few ethyl acetate fractions; 
trans-chrysanthemumic acid was eluted 
with ethyl acetate and polar impurities 
ivere eluted with methanol. Complete 
resolution of chrysanthemumate esters 
and [he cis- and trans-chrysanthemumic 
acids was obtained with 100 to 300 mg. 
total weight of compounds (Figure l ) ,  
and only a slight overlap of the cis and 
trans acid peaks occurred Lvhen up to 500 
mg. of the mixed acids liere chroma- 
tographed, although 900 ml. of ethyl 
acetate \vex needed for complete elution 
of the trans-acid with the larger amounts. 
The separation efficiency of the column 
used with radioactive material was 
ascertained b>- cochromatography using 
the thin-layer procedure of aliquots of 
the C14-fractions with unlabeled natural 
chrysanthemumic acid and df-cis-chry- 
santhemumic acid. Infrared spectra and 
melting points were also used for differen- 
tiation of the cis and trans isomers as 
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Figure 1 .  Separation on a Celite column of methyl chrysanthemumate-1 XI4, dl-cis- 
chrysanthemumic acid- 1 X I 4 ,  dl-frans-chrysonthemumic acid- 1 -CIA and an unknown 
impurity 

Relative amount based on c.p.m. X 10' p e r  5-pI. aliquot from each fraction. dl-cis-Chrysanthemumic 
a c i d - I - C "  ( I  37 mg.] wos converted to the methyl ester, isomerized as indicated in the fext, and 
saponified. Total recoveries from the cis-acid were os follows: 25 mg. of methyl chrysanthemumate- 
1 - C "  (expressed as chrysanthemumic ac id- I  - C 1 '  equivalent); 15.0 mg. o f  dl-cis-chrysan:hemumic 
ac id- I  -C14; 68.5 mg. o f  d!-frons-chrysonthemumic acid- 1 -C IA;  and 0.4 mg. (chrysanthemumic acid- 
1 - C I 4  equivalent] o f  an unknown compound(s] eluting with methanol. 

eluted. ll'ith both types of column used. 
10-ml. fractions Ivere collected Lvith an 
automatic fraction collector. The posi- 
tion of eluting materials was ascertained 
both by radioactive measurements and 
by a spot test in which 2 11. from each 
fraction were applied to filter paper and 
sprayed, after solvent evaporation. lvith 
0.05% aqueous potassium permanganate 
to detect unsaturated compounds as 
brown spots on a pink background. 
(The sensitivity limit was 0.1 to 0.5 pg. 
for cis- and trans-chrysanrhemumic acids 
and for 2,5-dimethyl-2,4-hexadiene, al- 
though the spot appeared more quickly 
with small amounts of the latter. two 
materials.) 

Preparation of dl-cis-trans-Chrysan- 
themumic Acid-1414. Chrysanthe- 
mumic acid-l-C14 \vas prepared from 4 
mmoles of ethyl glycinate-l-C14 accord- 
ing to Acree: Roan, and Babers (2). 

Ethyl diazoacetate-1-C" was prepared 
batchwise by using two 10-ml. separatory 
funnels. To  ethyl glycinate-l-C14 hydro- 
chloride (558 mg., 2.7 mc. per mmole) 
in one of the funnels \\'ere added, in 
order, sodium acetate (8.0 mg. in 2 ml. 
of water), sodium nitrite (420 mg.), 
and 1.5 ml. of 2,5-dimethyl-2.4-hexa- 
diene. The temperature was controlled 
by sxvirling the reaction mixture in the 
separator) funnel in a rvater bath main- 
tained a t  15' C. Sulfuric acid (loyo, 
0.1 ml.) \cas then added dropwise to the 
swirling reaction mixture and, after 
thorough equilibration of the layers, the 
aqueous phase was drained into the 
second separatory funnel ; the remaining 
hexadiene layer was passed by mild 

suction through a 1-gram column of' 
anhydrous sodium carbonate. The first 
separator? funnel \vas immediately rinsed 
with an additional 1 mi. of hexadiene 
which was passed through the column. 
To the aqueous phase in the second 
funnel, 1.5 ml. of hexadiene \rere added. 
followed by sulfuric acid and equili- 
bration as before. The hexadiene was 
passed through the column Lrith a rinse 
and the procedure repeated a third time 
for the aqueous phase. The yellow color 
of the hexadiene phase (due to ethyl 
diazoacetate) \vas prominent during the 
first- and second-batch preparations. but 
the third hexadiene phase \vas almost 
colorless. 

Ethyl chrysanthemumate-l-C1' \vas 
prepared by dropwise addition of the 
combined hexadiene extracts of ethyl 
diazoacetate-l-C14 to a refluxing mixture 
of 1 ml. of hexadiene and 0.5 mg. of 
copper poll-der. After the addition was 
completed, refluxing \vas continued for 
30 minutes and the hexadiene volume 
\vas reduced to approximately 2 ml. 
under reduced pressure at  35' C. The 
resulting mixture \vas chromatographed 
on Florisil from Xvhich the hexadiene wac 
eluted with petroleum ether (which also 
conrained 0.97c of the radioactivity). 
the eth>-l chrysanthemumate-l-C14 with 
petroleum ether-ether mixture (9 to 1) 
(lvhich contained 66% of the radio- 
activity), and impurities with methanoi 
(yielding 22Yc of the radioactivity). 

Ethyl chrysanthemumate-l-C14 \vas 
saponified by evaporation of all of the 
petroleum ether-ether mixture under 
reduced pressure. addition of 315 mg. 
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ofsodium hydroxide dissolved in 2.9 ml. of 
80% aqueous ethanol, and refluxing for 2 
hours. After eth>-l chrysanthemumate- 
1-Cl4 was saponified, the solvent was 
evaporated off under reduced pressure, 
and 3 ml. of cold 207, hydrochloric acid 
ivere added: the resulting mixture was 
extracted three times wilh equal volumes 
of ether. 'The combined ether layers were 
xvashed tlcicr ivith 3 ml. of \cater and 
dried \cith sodium sulfate. Impure di-cis? 
trans-chrysanthemumic acid-1 -C1" \vas 
obtained in 73.5yc yield based on Iveight 
(494 mg.) and 56% yield based on radio- 
activity from ethyl glycinate-l-Cr4. 

Chromatographic Separation of dl- 
ris and dl-trans-Chrysantht:mumic Acid- 
l -CL1 and  Isomerization of the &-Acid 
to the trans-Acid. The i.mpure dl-cis- 
trans-chrysanthemumic acid-l-Cr4 (494 
mg.) \cas separated on the Celite column 
to yield pure di-cis-chrJ.santhemumic 
acid-l-C14 (137 mg.. 2.7 mc. per mmole) 
and pure di-trans-chr!isanthemumic 
acid-1-C" (222 mg., 2.7 mc. per mmole) 
for )-ields of 20.4 and 3:3.07,, respec- 
tively. based on  the ethyl glycinate-l- 
'2" used. 

Further di-trans-chrvsant~remumic acid- 
1-Cl4 \cas obtained by isomerization of 
the radiolabeled cis isomer according to 
.Julia and coivoikers (77). The methyl 
ester \vas prepared by addition of the 
d/-cis-chr?santhemumic acid-l-Cr4 (1 37 
mg.) in 4 ml. of ether to a freshly pre- 
pared ether solution of diazomethane 
(4 ml.. 2yc. \c. v.) at 5' C. After 30 
minutes a t  5' C . ,  the excess diazo- 
methane and ether \cere evaporated off 
under reduced pressure, and 4 ml. of 
sodium tert-amylate-benzene solution 
(prepared by refluxing 690 mg. of sodium 
and 4 ml. of tert-amyl alcohol in 10 ml. 
of benzene for 3 days uni.il the sodium 
was completely disso1ved:I was added ; 
the resulting mixture \va!s refluxed for 
4 hours and held for 18 hours a t  25' C. 
The benzene and excess amyl alcohol 
\vere removed by evaporation under 
reduced pressure. 50 mi;. of sodium 
hydroxide dissolved in 2.5 ml. of 807c 
aqueous ethanol were added, and the 
mixture was refluxed for 3 hours. The 
acids were recovered by evaporating 
the ethanol. acidifying. and extracting 
into ether. They \cere chroma- 
tographed (Figure 1) to yield dl-trans- 
chrysanthemumic acid-l-C14 (68.5 mg.), 
di-cis-chrysanthemumic acid-l-Cr4 (1 5.0 
mg.), and methyl chrysanthemumate- 
l-CI4 (25-mg. chrysanthemumic acid 
equivalent based on radioactivity). 
Saponification of this ester and chroma- 
tography yielded an additional 3 mg. of 
di-cis- and 12.5 mg. of di-trans-chrys- 
anthemurnic acid-l-CI4. 

di-cis-Chqsanthemumic acid-1-Cr4 
(1 8 mg.) and di-trans-chrysanthemumic 
acid-l-Ci4 (303 mg.) of2.7 mc. permmole 
\rere therefore obtained in 2.7 and 457, 
yields. respectively, from ethyl glycinate- 
1-C". 

Resolution of d- and I-trans-Chrysan- 
themumic Acid-1414 by Selective Crys- 
tallization. dl-trans-Chrysanthemumic 
acid-1-C" (303 mg.: 2.7 mc. per mmole) 
and quinine (584 mg.) 'were dissolved 
in 1.0 ml. of \varm abs,olute ethanol. 
Crystals which formed within 18 hours 
a t  25' C. were filtered off (306 mg.: m.p. 

145-158' C.) and recrystallized t\vice by 
dissolving in 2 ml. of warm 507, aqueous 
ethanol and holding at  25' C. for 18 
hours (205 mg., m.p. 1555156' C . ) .  
This pure salt \vas decomposed by 
adding to it 2 ml. of 2.\-hydrochloric acid, 
and the liberated, labeled compound 
\vas recovered by extraction three times 
\vith 5-ml. portions of ether. After 
washing the ether tjvice with 5 ml. of 
water and drying the ether phase with 
sodium sulfate, pure i-trans-chrysan- 
themumic acid-l-CI4 (70 mg., [aiD - 
25.1' (c: 3.500). 2.7 mc. per mmole) 
\vas obtained. 

The absolute ethanol filtrate from the 
separation of the impure quinine salt 
of the i-acid lvas evaporated to dryness 
\vith an air stream. The residual 
quinine salt \cas decomposed as described 
above to yield impure d-trans-chry- 
santhemumic acid-1-Cl.l (178 mg., [.ID + 11.8' (c, 3.560)> 2.7 mc. per mmole). 
This optical rotation indicated that the 
impure d-trans-acid-l-C14 contained 129 
mg. of d- and 49 mg. of i-acid. Addition 
of 139 mg. of natural chrysanthemumic 
acid to the impure d-trans-chrysanthe- 
mumic acid-l-Cr-' (2 .7  mc. per mmole) 
gave 317 mg. of impure d-trans-acid- 
l-Cr4 { + 17.4" (c. 6.340)) which,on 
the basis of optical rotation, contained 
837,  d-acid (1.3 mc. per mmole) and 
17Yc i-acid (2.7 mc. per mmole). The 
impure d-trans-acid-Cr4 and I-a-methyl- 
benz)-lamine j228 mg.) \\-ere dissolved in 
1.6 ml. of \varm joy0 aqueous ethanol. 
Crystals \vhich formed Xsithin 18 hours 
a t  25' C. were recrystallized twice by 
dissolving in 1.6 ml. of joyc aqueous 
ethanol and holding a t  25' C. for 18 
hours to give the pure I-amine-d-acid 
salt (174 mg.. m.p. 110-112' C.'). 
Decomposition of this salt by the method 
indicated above gave pure d-trans- 
chrysanthemumic acid-1-Cr4 { 98 mg., 
[a],, + 24.7' (c, 1.962). 1.3 mc. per 
mmole } . 

All filtrates from recrystallization 
\cere combined, the ethanol was evapo- 
rated, and the salts \\-ere decomposed 
as indicated above to recover impure 
d-trans-acid-l-C'* { 250 mg., [.II, + 
11.2' (c, 2.495). 1.96 mc. per mmole 
based on direct radioactive measure- 
ment}. This impure d-trans-acid-l-Cl4 
therefore contained 29% /-isomer (2.7 
mc. per mmole) and 717, d-isomer (1.66 
mc. per mmole), so that 607, of the 
total C" was present as the d- and 40% 
of the total CI4 as the I-isomer. 

Discussion 

Over-all yields based on radioactivity 
from ethyl glycinate-l-CI4 (2.7 me. per 
mmole) were as follo\cs: 7.0y0 d-trans- 
chrysanthemumic acid-l-CI4 (1.3 mc. 
per mmole) ; 10.470 i-trans-chrysan- 
themumic a ~ i d - 1 - C ' ~  (2.7 mc. per 
mmole) ; 22.8y0 impure d-trans-chry- 
santhemumic acid-l-C14 (1.66 mc. per 
mmole); for a total recovery of 40.2yc 
of the radioactivity as partially or com- 
pletely resolved trans-chrysanthemumic 
acid antipodes. This method of resolu- 
tion could be repeated by again forti- 
fying the residual impure d-trans-acid -1 - 
CI4 lvith natural chrysanthemumic acid 

in the same manner and isolating the I -  
a-methylbenzylamine salt to recover 
further pure d-trans-chrysanthemumic 
acid-l-CI4 of a lower specific activity. 

Acknowledgment 
The authors are indebted to Y. Matsuo 
of Sumitomo Chemical Co.! Osaka. 
Japan: and C. I V .  Yoho of S. C. Johnson 
& Son. Racine, \Vis.. for supplyingcertain 
of the intermediates used: and to I. 
Yamamoto of this laboratory for sug- 
gestions on thin-layer chromatography. 

Literature Cited 
(1) .4cree, F., Jr.. Babers. F. H. .  Scirrzce 

120, 948 (1934). 
(2)  Acree. F.? Jr., Roan. C. C. .  Babers, 

F. H.. J. Econ. Entomol. 47, 1066 
( 1954). 

( 3 )  .4rndt. F.. Ore. Sin. Collective \701. - ,  

2, 461 (1943). 
(4)  Barker. R .  J.. Edmunds. L. N.. Jr., 

J .  Econ. Entomol. 56, 152 (1963). 
(5) Barthel. I\?. F.. Adr*an. Pest Control 

Res. 4, 33 (1961). 
(6) Campbell, I .  G. I f . ,  Harper. S. H. ,  

J .  Chem. Soc. 1945, p. 283. 
(7) Campbell, I .  G .  M., Harper. S. H.: 

J .  Sci. Food A g r .  3, 189 (1952). 
(8) Chang, S. C.. Kearns. C. \V. ,  
J. Econ. Entomol. 57, 397 (1964). 

(9)  Crowley. 51. P., Godin. P. J.? 
Inglis. H. S.:  Snarey. A f . .  Thain, 
E. XI.. Biochim. BiofihJs. ricta 60, 312 
(1962). 

(10) Crowley. $1. P., Inglis, H. S., 
Snarey. M.. Thain. E. hl.. .\hture 
191, 281 (1961). 

(11) Fine. B. C.? Pjre thrum Post 7 12), 
18 (1963). 

(12)  Fine. B. C. :  Godin. P. J., Thain, 
E. XI . .  .\-atwe 199, 927 (1963). 

(13) Gersdorff. I V .  -4.. Mitlin. s., 
Piquett. P. G., J. Econ. Entomoi. 50, 
150 (1957). 

(14) Gersdorff. 12.'. A, ,  Piquett. P. G. ,  
Ibid.. 51, 675 (1938). 

(15) Godin, P. J.. Inglis, H. S. .  Snarey, 
XI.. Thain, E. M.,  J .  Chem. Soc. 1963, 
p. 5878. 

(16) Godin, P. J.. Thain, E .  M.. Proc. 
Chem. Soc. 1961, p. 452. 

(17) Julia. M. ,  Julia, S.. Bkmont. B.. 
Tchernoff. G., Comfit. Rrnd. 248, 242 
(1959). 

(18) Metcalf, R .  L.. in "Organic In- 
secticides." pp. 37-72, Interscience, 
New York. l j S 5 .  

(19) Negherbon. LV. O., in "Handbook 
of Toxicoloav." Vol. 111. pp. 13-20, 
636-651. \by.' B. Saunders .CO.. Phil- 
adelphia. 1959. 

(20) Pellegrini? J. P.. Jr., Miller. .4. C . ,  
Sharpless. R. V.. J .  Econ.  Entomol. 
45, 532 (1952). 

(21) Stahl. E.. Arch. Pharm. 293, 65 ,  
531 (1960). 

Chim. Scta  7, 177 (1924). 

Chem. Ber. 87, 690 (1954). 

(22) Staudinger, H.. Ruzicka. L.. Heiu. 

(23) Theilacker. W., 1Vinkler. H .  G., 

Receiwd f o r  reciew .March 29. 1965. Accfpted 
August 30. 1965. This study was supported 
in part by S. C. Johnson CY Son. Inc., Racine, 
W'is.. the  C'. S. Atomic Energy Commission 
(Contract A T (  11-11-34, Project Agreement 
.Yo. 113). and the U. S. Public  Health Serrice 
(Grant 5 R 0 1  ESGM 00049-01). 

V O L .  13,  NO. 6, N 0 V . - D E C .  1 9 6 5  527 


