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INTRODUCTION

The history and charactsrigzation of pyrethrosin =s a chemical
individual has been thoroughly discussed by Stanton (29).

The research condacted by the author was directed toward the
same zoal s8 that of Stanton in that it socught to discover the strusture
of pyrethrcsin. Jnen the author began work on pyrethrosin the molecular
formula was known to be 317322c5. Alsec known were the general physicsl
propertiea and the ozzstina. of an acetate group, a doudle bond, an
active hydiregen, and a probable legtone structure.

Nelther the nature of the fifth oxygen atom nor the basic
sarboen skeleton were kncwn. Likewise, the relationship which the variocus
aroups bore Lo each other was unknown.

The condition of the problem sugiested two broad avenuss of
attasks First, an attempt could be made to determine the central scarbon
system, the most likely means of attask being dehydrogenation of pyrethe
rosin or scme of its derivatives and identification of the resulting
hydrocarbons. 3Second, attesmpts csoald be made to establish the nsxture
of the {ifth oxysen atom, the nature of the knowsn double bond, the
possible existsnse of other double bonds, and the relation which the
known sroups bore to each other. Here the moat lixely method of attask
sesmed to be éegrﬁdttion of the molecule into more simple structures
by oxidation or other means. i#r. d, D. dnspom (1) of this laboratory
had already started wsork on the dehydrogenation of pyrethrosin, so the

author attempted a series of oxidative studies of the compound.

The unstable nature of pyrethrosin and the pssuliar alxture

of substances which results whenever the acetste ;rouping is destroyed,
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suggested that rather mild oxidative methods would probably be most
productive. The knowledge that pyrethrosin possessed at least one double
boad caused oczonlzation to appear to b8 a ;0o0d method of degradiang the

mclacalis.
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DISIUSSIUR

Discussion of the Cgonization of fyrethrosin.

The cozenization reaztion (14) has been of encrmous value in

the solution of structural problems by cleavage of ungaturated compounds.
However, the com, lex mixture of aldehydes, ketones, acids, and peroxides
wnish results from the varicus clevages of the ozonide, followed by
secondary reactiocas, causes interpreteation of the results to be none

too simple. This is particularly true when the molecule contains other
groups tnan double boands whioh may be attaoked by the coione or during
the decomposition of the ozonide. The formation of polymeric czonides
which cannot be broken up into desired fragments 1s aiso a great handiocap
to the value of the reacticne There is algce aome evidence fndicuting
that not all ogonides have the generally ascepted structure proposed by
Stasdinier (23) and comseguently cleavage of the double bond should not
always be expezted. The gentler methods of decomposition of cionides
developed by ihitmore (3,31) and Fischer (3) reduce the number of pro=-
dusts, but these methods are not always applicable.

The ozonization of pyrethrosin, unfortanately, is subject to
many of the difficulties mentioned above. Its czonide could not be
decoxposed by catalytic methods and apparently other centers than the
double bond are attacked by the czone or during the decomposition of the
czonide.

Pyrethrosin is known to possess at least one double bond, yet
it does not abzorb oczone meole for mole in sither chloroform or asetio
acide It may be significant th;t py rethrosin reacts with cnly about

seven thenths of a mole of czone per mole of pyrethrcsin. This recalls
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Stanton's (29) observation that only about eight tentha of a mole of
peraonophthalisc acid is consumed, in chloroform, per mole of pyrethrosin.
Dihydropyrethrosin absorbvs less than & guarter of a mole of ozone befors
ozcne ia detected in the exit geses, yot osons apparsntly attacks it
besause only a syrup could be obtalned from czonlzation of this compound.

Probably the most signifisant product obtained from the ozonie
satiocn of pyrethrosin was formaldshyde. It was obtained in ylelds as
hizh as forty five percent of taeory for one mcle of formaldehyde per
mole of pyrethrosine It was identified as the dimedone (30) derivative.,
The formation of {ormaldehyde in minute amounts is cormon In czonalysis
reastions even whea the compound being cazonized has no structure which
sould logically produce it. However, the isolation of formaldehyde in
such large guantities seems to indicate that pyrethrosin possesses a
mothylidene group. The yleld of formaldehyde waz better than that
reported for many terpenoids known to have this structure (2,26).
Dinydropyrethrosin ylelds no formaldehyde on ozonization sc it would
appear that in this molecule the double bond adjacent to the methylene
group has been hydrozenated.

The presence of a mesthylidene group is very common in the
ssaquiterpenes (26,22,23,24) and their derivatives te which family
pyrethrosin most probably belongs. The methylidene group im the terpenss
is often part of an lsoproepenyl structure which i3 almost invariably
assocliated with an iscmeric form contalining the isopropylidense group.
Tals 18 true sven witi crystalline compounds in the terpene serles
acgording to udriznard (9,26) and others. Conseyuently a careful search
for acetone, as an oionization product, was made. HNo acetone was found

ner sould any methyl ketone or additiomal aldehydie be detected in the



5.

products., This seems to indicate that the methylidens group is probably
attashed tc a ring. If the metnylidene jsroup is attached tc a chain,
then it must be branched off at a point furthsr than one carbon from the
ond.

The fallure to sscure a higher yleld of formaldehyde than was
cbtained may be due to several gauses. Fyrethrosin apparently forms a
polymeric ozonide which will be discussed later. The formation of this
product would lower the yleld of formaldehyde since nocleavage of the
double bond occurs. Also there is evidence that ozone dces not always
¢leave the carbonesarbon linkaj e im pyrsthrosin but may make an epoxide
such as that enscuntersd by huzloka and Haagen-Smit (21) im the ozoni-
sation of the sesguiterpencl, giaiol. The fact that pyrethrosin doces
not appear to adbsordb as nuch as & mole equivalent of ozone may alsc be
siznificant. The dstectien of small amounts of formic acid may also help
aceount for the fallare to get nearly jusntitative yields of formaldehyde.
Ctherwise, the formisc acld s not signifisant since 1t would be expected
where formaldehyde is known to exist.

Acetic acid was obtained by ozonization in about a Fifty pere
sent yield of theory for one wmole of asid per mele of pyresthrosine.
However, no asetaldeohyde could be detected and hense It must be aasumed
that the acetic acid was not formed bycleavage of a double bond but
ratiaer scme from a disruption of the acetate group kaown to be present
in the molecule. The possibility that hydrolysis of the cicnide leads
exclusively to an acid splitting on one side seens a very unlizely cne.
Treatwent of unozonized pyretarosin in a msnaer identical with the ozonide
decomposition preccess did not hydrolyze the asetate structure so it must

be assumed that ozonizatlion causes the acetsie roup to hydrolyze acre
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easily.

The syrup obtained by the alkalins hydrolysis of pyrethrosina
58ve & yisld of formaldehyde about the szme as that {rom pyrethrosin
itself. This would indicate that if pyrethrosin is an enol acetate as
sugsested by 3Stanton (23), the enclization was not responsible for pro-
ducing the double bond adjacent to the msthylene group. It does appear
tc be true that ozomization disrupts the acetste structure In some way,
because ozonlization ia etiyl asetate and desomposition with beiling water
yislds a syrap whish contains no acetate structure and appears jeneralily
similar to the syrup obtained by alkaline hydrolysis of pyrethrozin.

Two acids were obtained from the ozonlzation of pyrsthrosin in
ethyl acctate. The first was obtuined from the water layer whon the
osonide was decomposed by sisply boiling it with water, inalyses and
neutral eguivalents indicated that this acid had the formala 7;gHayC7-
Bath the acetate and laotone structures in pyrethrosin were hydrolyzed
in the formation of this acid since the ascid d4id not take up additional
alxali after the first end poiat was reached. The fact that no garben
atoms were lost except those in the acstate structurs shows that the
ogone did not cause acleavage of the doudble bond. This failure to
clsave the doudble bond is unusual, but one example of such an osgurrenss
has already been mentioned in Ruricka's work on guaiocl. Ancther example
is the work decne by Komppa and HKoschier (12) on o fenohene. iny sup=-
position that clevage 4id ocsur would indicate that the double bond wes
in a ring. Cther evidence does not bsar this out.

The above acld was obtained repeatedly but always in ylelds
of about ten pesrcent. Treatment of the decomposition mixture with hydrogen

perexice did not increase the yield. Attempts to prepare the azid oy
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hydrolysis of pyrsthrosin, sinmply doiling with water and an orzanic
solvent without previous ozonization, failed in &ll cases. “thyl
scotate and water and dioxane with water gave baok the pyrethresin
unchansed. Aostic acid and water jave only a syrup.

It i3 interesting to note that this acid differs from an asid
prepared by Hose amd Haller (19) from alkaline hydrolysis of pyrsthrosin
by only an additional oxyjenm atom. This asulin sugzests hydrolysia of
the asetate strusture and an epoxide oxygem avross the double bond.

The other acid obdtained from sthyl acetate czenizsiion cams
from the ethyl acetate layer of the decomposition mixture when thias #as
allowed to evaporute slowly. It wag obtained in vrery small amount and
could not be obtained agains inalyses and asutral eyuivalent indlcated
taat 1t had the formula 0)gi,g03. This differs from the first acid by
an additional molecule of water.

Gzonization in both chloroforz and asetic asid gave a noune
systalline product melting,with svolution of gas,. at 36&-3?06. It was
inscluble in ethyl asetate but dissclved in mlcohol after firat turning
to a gume. It was precipitated by the addition of wsater and dried to ;ive
a 80lid which could be ground into a fine white powder. C’arbon and
hydrogen analysss indicated that it corresponded closely to the foraula
21782407 1%t wes not acid but took up excess slkall on stundimg. Tt
falled to reazt with any carbonyl reagents and gave no free iodine with
asidic potazsium fodide. Fyrolytic distillatlon gave acetis acid. Thie
substanse i3 probably a polymsric ozonlde.

The fajlure to ob:iain any crystzlline aldehydes or ketones
from the larger fragaents of pyrethrosin or any pure sarbonyl derivetlives

was u great hanlicap lmn the study of pyrethrosin by czonizution. several



methods of dscoanposition caloulated to give aldshydes and katones in

so0d yleld were tried (3,31), but all failed. The thick syrups invarie
ably obtained, failed to zive tests for aldehydss and no pure ketone
derivative was ever obtained. It 18 probable that loss of the agetate
group with sonsequent formation of the uaworkabls thick syrup which

made progress difficult in other attacks on pyrethrcain was againa
responsible for failure tc obtain pure oompounds oontaining the greater
part of the pyretnrosin molecules. The formation of the peliymeric ctonides
and epoxide compounds also complicated the investigation.

Faljiure to obtain formaldehyie [rom the ozonization of the
pyrolysis preduct from the diszomethane~pyretarosin addust indicates
that dlazozethane adds across the double bond adjoining the methyleane
STOMp .

rrethrosin, A jeaonda lgohol.

Pour of tne five oxyjen atoms in pyrethresin may be ascounted
for by the asetats and lacstone structures koown to be preseant in the
moiecule (29). Ko positive evidence as to the nature of the fifth oxygen
atom existeod when the author begsn work on the problem. 3Since all of the
many altexmpts to prepare carbonyl end hydroxyl derivatives had failed,
it was sssumed that tnese yroups were absent or in sowe way powerfully
nindered. Alkexyl determinstions (4) show the absence of an stheoxyl or
methoxyl ;roup (23). The possibility of an ether linkage between larger
fragaents of the molecule existed.

The possibility of the existence of & powerfully hindered
hydroxyl group was su,,ested by Stanton's (29) discovery that pyrethrosin
possessed neurly one eguivalent of active hydrogen. UDihydropyrethrosin

al3o possessecs & little less than cne syuivalent of astive hydrogen.
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The presance of a tertiary aloohcel would be in ascordansze w#ith nost of
this evidence.

Howaver, pyrothrcain and dihydropyresthrosin are oxidiged by
chromic oxide in aceiic acid and water to dehydropyrethrosin and dehyd row
dinydropyrethrosin regpustively. Thess products (obiained in saall yield)
differ from the scartiang matsrials only by Lhe loss of two hyirozen
atoss and mast be ketones since they yleld 2.&-&133tiophanylhy&razanen
and oxizes, yst give no tests for aldenyles. dence pyretiurosin and di-
nydropyrsthrosin must be sssondary alochols.

This evidence led to the repetition of many atteapts made by
sarlier workers to prepare aydroxyl dserivatives. Theze exporizsnts as
wall as treatasnt with ketene and F~-nitrophthalic anhylride all failed
to pive hydroxyl derivatives of pyrethrosin. Pyrethrosin falled to
react with any acetisc anhyiride in pyridine elther under reflax (3 hrs.)
or wnen allowed to stand el ht days in the reagsnt. This latter evidenss
wnd the low ylelds of dehydropyretarcsin and dehydredlaydiropyrsthresin
raise doubt about the comslusion that the fifth cayzen atom is part of
& sescndary hydroxyl sroup. lowever, it ia diffisult to explain the
forzetion of a ketone which differs froa pyrethrosin cnly by ths loss of
tet nydrogen atozs on the basis of any obther structure. It is perhaps
t¢ be expected thal the yield of dshylirepyrethrsein would bds low since
oxidation ®i _ht well aittack the double bond or the rither sensitive
scaétate stracturs.

dotive nyirogen detersinations (11) on dihydropyrethrosin and
cahyiropyrstarcain support the thsory that the fifth cxygen atem 1s that
of & seccndary sicchol, but the svidence i3 none too comalusive. In the

£irst place, dipydropyrethrosin ives values ranging from six to eight
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tenths of an eyulvaisant of active hydrogen. I thig $s dus to the
aloohel roup, them dehylirepyrethrosia shculd snocw no astive hydrogen.
dowever, it jives from two to three tentng of an eguivalent. This
fraction of an eyuivalent of active hydrojen may be due to enolization
of the ketone.

Biscussion of the i'stermination of Wethyl on ‘arbon.

Uxidation of pyrethrosin with shrosic coxide to determine the
samber of methyl roups sattached to carbon using a medification of the
method of iuhn and hoth (1)), gave rssults showin, that two or &li htly
more than two molescules of ascetlic acld are forsed per molesals of pyrethe
rosine This formation of asetic acld shows the pressace of at least
two wmethyl groups attacned to carvone There may D2 mors sadh roups
sinze 1t has been shoewn that the yleld of sceticz asid depends upon the
aature of the otner groups attached to the meihyl-carbon sirusiure.

There are many casesported {13) where the yield of asetic asid 1s as
low as fif'ty perssent snen calculated on tae basis of methyl sroups
attached to carbone.

Tae determination of msthyl on zarbon for tne nl h melting
form of dihydropyrstarcsin #as interssting because it showed the exisgtence
ef a minioum of three such groupse. This 18 excellent sorrcucratory
svidence of the presense of a double bond =zetaylene jroup in gyrethrosing,
sinse hydrogsnation would yisld an edditional metnyl rouap. This evidence
also supports the earlier work fandicatin, that the metihyllidene group is
not a part of an isopropenyl linkuge since the structure would give an
extra met .yl group on hydrogsenaticn but zculd not feoeram additional asstis

#31d on oxliiation.
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Discussion of Other Cxidetions of Pyrethrosin.

In general all other oxidations of pyrethrogin did not pre-
duce significent resulis.

felenium dioxide in boiling dicxane attecked pyrethrosin
but yielded only thiok syrups which could not te identified or com-
veniently characterized.

The Cppenauer (17} oxidation of pyrethrosin using aluminum
tertisry butoxide in dry ecetcne and benzene failed to give any dehydro-
pyrethrosin but apparently lef't the pyrethrosin unchunged.

Hydrogen peroxide oxidstion by Fenton's method (7) feiled to
give any dehydrodihydropyrethrosin; excess hydrogen peroxide with
pyrethrogin in beiling ethyl scetste failed to sttsok pyrethrosin to
any considersble extent.

Nitrie soid oxidetion of pyrethrosin, dihydropyrethrosin and
someé salechols cbtained by hydrogenation of pyrethrosin yielded only
syrupy mixtures of soids and neutral compounds which could not be purified
or identifisd.

Fotessium permanganete atteoked pyrethrosim vigorously in the
cold but no oxidation products could be obteined. Continucus ether
extraction of e water soluble portiom from cold ;c rmangenste oxidationm
of pyrethrosin yielded a few milligreams of a neutral orystelline substsance
melting at 120°. ifforts to repesat this work feiled snd omly syrups
were obtalned.

It may be significent that dihydropyrethrosin is not sttacked
by permenganste in the cold for this feet is in genersl agreement with
some other evidenoe indicating the absence of & double bond in dihydro-

pyrethrosin.
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Discussion of Absorption Spectrum of Fyrethrosin.

The ultraviclet absorption s;::ectram+ of pyrethrosin feiled to
show & maximum in the Frange investigated and tells little of a positive
nsture about the molecule. It indicates the absence of an uneitered
eerbonyl group or e oerbonyl group econjugeted with a double bond (5,15).

Eyrethrosin, & #ixture of lIsomers.

The faet that pyrethrosin is a natural product eand has a
nucleus of fifteen carbons efter the acetate group is removed suggests
that it belongs to the sesguiterpenocid series. The presence of = methyl-
idene group which is so common in the terpencids supports this azsumption.
Since even the orystalline, nsturally ocourring segcuiterpencids are
usually mixtures of isomers where the rositions of the double bonde vary
(9,20,22,73,24,26) , 1t seems logical to consider the possibility that
pyrethrosin is & mixture of very sizilar isomers.

There is muoh experimental evidence which osnm be construed to
support this possibility. Pyrethrosin reacts with about eight tsnths of
an eyuivalent of pbrmonophthalie acid (29) and sbout the seme amount of
ozone suggesting that part of the substence may hsve the doubls dbond in
a more hindered positiom. Likewise, pyrvethrosin (?9) and dihydropyrethe-
rosin exhibit only ebout six to eight tenths of an equivalent of active
hydrogen.

Pyrethrosin yields at least two isomers when a mole of hydrogen
is added to form dihydropyrethrosin and at lesst two isomers when it
rescts with diszomethane to give an adduet (29). Likewise permono-
phthalic acid gives a mixture of epoxide producte. All these frots may

be explained by essuming that pyrethrosin is a mixture of double bond

"The author is indebted to hr. Herbert yisemsn for obtaining
the absorption spectrum.
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isomers.

The fallure to obtain & batter yield of formaldshyde may be
due to the fzot thet rot all the substemce has the double tond sdjacent
to the methylene groupe.

The failure to obtein better ylelds of dehydropyrethrosin may

te due to the pressnce of isomerie forms of pyrethrosin imnvelving the

hydroxyl group.
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EXFERIMENTAL TATT

Purifioation of Fyrethrosgin.

The pyrethroeosin used in these studiez was obtsined from some
erudes supplied by HoCormiek Spice Company of Paltimore, MHaryland. It
wes extreeted with hot ethyl mcetzte and recrystellized from ethanol.

As many &8 elght recorystallizetions feiled to give a product melting at
260-201%, whioh was the mslting polnt obtuined by Stantom (29) after
three reorystallizeations. However, a single reorystellizstion from
soetone reised the melting peint from 196-3° up to 199-7201°. The prisa
tyre of crystels first noticed by amspon (1} gredually changes on stand-
ing into thes bipyramid type of erystal. Under the microscope the tiny
bipyramids may be seen growing off the sides of the prisms. Doth foras
have the same melting point. The prisms mey be grown guite consistently

by rapidly ococoling & saturated ethanolie solution.

Cxidation of Fyrsthrosin by Selenium Dioxide.

Two grams of pyrethrosin dissolved in LC ml. of ethanol was
treated with .75 grems of selenium dioxide im 10 ml. of ethanol. The
mixture was stirred and heated under reflux for eight hours. At the
end of this time resotion head ococcurred to only a slight extent, so it
wes continued for an additionsl 24 hours. 4 test of some of the solu-
tiom, using sulfur dioxide showed that some of the selenium dioxide
remsined.

Three grems of pyrsthrosin dissolved in 3C ml. of dioxane was
treated with l.1 grems of selenlum dioxide in 3C ml. of dioxene and
the mixture waz refluxed for four hours. A dark red ecolor qyuickly
developed and in less than an hour the walla of the {lask were coated
with selenium. A test with sulfur dioxide at the end of four hours

showed no unrescted selenium dioxide.



Fo erystalline products were obtained from either of the two
above oxidaticus and sttempts te prepare bisulfite addition products,
oximes, semiearbazones and 2,L-dinitrorhenylhydrezones of the thiek
syrurs obtained, resulted in fellure in all osses.

Ceronizetion of Yyrethrosin Compounds

Nesoription of the (Cronizer

An spperstus for genersting ozone esgentially like that
desoribed by Smith (?7) was construoted. The transformer supplied
15,00 wolts when comneocted to & 11C wolt A. C. oirouit. The oxygen
was dried by pmesing it through oconosntreted sulfurie ecid, two caleium
ehloride tubeg, and f'inally through a tube containing Anhydrone. Three
Berthalot+ tubes in series genereted the czone, and excess orone wes
destroyed by bubbling it into acid solutions of potessium lodide. The
ooncentration of ozore generated wes measured by bubblimg it into acid
solutions of jodate free potassium lodide end titruting the liberated
fiodine with standard thiosulfate. The percent ozone in the ozonized
oxyzen varied between 4.5 and & percent under the conditicns used in
the experiments to be desoribed.

Experiment I

Eight grams of pyrethrosin was dissolved in 30 ml. of dry
chloreform and eozonited for 20 minutes in a salt-ice bath at -5%°. The
ozonization wes stopped when the rubber tubing on the outlet orsoked
indicating that ozone was pemssing through the resetion mixture. “ithout

ohanging the rate of flow of the gas stream, the amount of crone being

-

*The author is indebted to Dr. Frenk Howard of the Naticnel
Bureau of Standerda for the loean of the Eertheulot tubes.
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produced in five aminutes was determined jcdimetrically and fcund to be
about 0033 mols. Thus the .026 mols of pyrsthrosin absorbed about .013
m0ls of ozone. The above expesriment was repeated using 5 grams of pyrethe
rosin in 25 ml. of shloroform; in this experiment 0165 mols of pyrethe
rosin absorbed about .01l mols of czone. The ozonide from the above two
runs was decomposed by alliowing the chloroform solution to drop slowly
into 200 ml. of water containing 3 zrams of powdsred z2inc and a trace of
hydrogquinone and silver nitrate. The water aas hested to beiling and
stirred. The chlorofcrm distilled out the condenser of the flask and

was collected In a trap ocoocled Lo -10°. The chloroform in the trap gave
ae test for aldehydes. The mixture in the flaszk was refluxed for 30
minutes. The gray solid whioch settled out on the bottom of the flask
was filtered off and separated from the gine by dissclving the sclid in
alechol. The alcohol was evaporated to half its volume and about .5
srass of a grayish substance formed oa gseccling. After purificatisn this
material «#ss shown to be pyrethrcsin. Further concentration of the
alcoholic solution gave ancther small amount of pyrethrosin and thea a
yellow sclid which was leached with hot ethyl acstate t0 remove all pyrethe
rosine. This yellow golid was amorphous. It was purified by dissolving
it in ethanol and precipitating it cut by adding weter. The resulting
product cculd not be caused Lo crystallize but dried to a sclid whiczh

wasd jround to a powder which possessed a yellow tinge. The {inal product
mslted at 360-370° and burned to leave a white residue which pave a solor
chanze from grsen to purple with dithizone showing the pressace of zins.
Aoidification of this compound zave only & sticky zum which could not be

sausad to orystallize.

The water soluble Lraction from the ozonization was acid snd
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reduced larze amocunts of potassium permanganate. HNeutralization with
godium hydroxide produced a gelatinous, surdy precipitate of zino
hydroxide.
Experiment 11

Five srams of pyrethrosin in 30 al. of chlorofcrm waa ozonized
at =10° for 10 minutes until the rubber exit tube oracked. The amount
of ozone absorbed was about .6 moles per mole of pyrethrosin. This
csonization was repeated using another 5 grams of pyrethrosia; the ozone
absorbed was about .5 moles pesr mole of pyrethresim. The combined
ozonides were decomposed by refluxing the chloreflorm solution with 200 ml.
of water in a taree nesked flaske The chloroform distilled over and 7
Zrans of a guummy solid was formed on top the water. Thias 301id was yellow
at first but turned red om bolling. This substance was filtsred off and
wazhed with watser. Observation ander the miorcascope showed the substance
was optically isotropis. lLeaching with hot ethyl acetate removsd the red
soler from the material. Cwer ninety percent of the sclid resmained. It
#a8 very slizhtly soluble im shleoroform, water, benzene, ethsr and ethyl
agetate. shem dry, the selid was sround into a powder which aslted at
360-370% This poader was soluble in sthanol snd dioxane, shanging to
a taffy~like material before dissclving. It could mot be induced to
grystaullize from either solvent or from ethanol and diexane mixed with
other sclvents. GHepeated leusching with hot ethyl acetate and reprecipl-
tation from ethanol by wauter did mot change the character of ths subs-
tance which reamamined optically Ssotropic and still melted atl 360-3?00
with decomposition. This final preducst wag rouand into a powder, dried

&b ?3° in vacuo for four hours snd analyzed.
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Mg. of Yge of Yre of Percent Persent
Sample dater Jarbon ¢ H
Dioxids

Jalculated for 817325@73 20 = 59.80; 2 H = 7.3

Un pyroclysis this substance yielded aclear liguid dist!llate
which was ldentified as acetic maid by preparing its p-phenylphensayl
ester (6). This ester melted at 112-113 and showed no depression when
ai xed with the same ester prepared from asetic asid. The sudbastance was
not asid but took up exness alkall slowly. It would not form a 2,j~die-
nltropheny lhydrazone and gave no frse iodine with acidic potassium fcdide.

The ethyl azetate leachinzgs were combined and evaporated to
leave about .2 grams of & 1§ght red colored zum which sould not bs caused
to cryatallize.

The agueocus layer from the decomposition cof the ozonide was dig~
tilled until only 3 or § ml. remained. The distillate was acid and reguired
200 ml. of 069 K sodiuam hydroxide to neutralize it. The neutralized
solution was sonceatrated to about 10 ml. and the pe~phenylphenacyl . sster
of the acid prepared. After recrystalligation the ester melted at 113Q
and showed no depression when mixed with the zame e¢ster of known acstic
acide.

Experiment 111

Pive grama of pyrethrosin in 5 ml. of ohloroform was ozonized
at -10° for 20 minutes. 4 sesond siimilar czonization was carried out and
the combined sclutions were run into 100 ml. of beiling water. The shloro-
form aas distilled over and the water refluxed for one hour. A browa gum

forned on top the water. The water layer was distilled over uantil about
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5 ml. remained. i test portiom of the distillate showed it was acid
and would disoclor perzanganate. Aacther portiocn was treated with
mercuric cxlde ascording to direstions given by HMulliken (16) and zave
a@llcidal mercary indicating the presence of formic aclid. The rerainder
of the dilstillate was neutrsiized with sodium hydroxide, made acid with
acetic acid, and treated with a seven per ceant solution of dimedone (30}
in zthanol. A precipltsate formed and was filtesred off after standing
over night. This precipitate was recrystallized once from ethanol and
sater. It melted sharply at 139°. The dimedone derivative of known
formaldehyde melted at 1890 and showed no depression when mixed with the
sanple prepared as above.

Geveral czonizations of pyrethrosin were then made to determinc
what conditions of ozonlzation and decomposition would give the maxiamum
yield of formaldehyde. Yieldas ranging from 9.5 perceant to 3%.56 percent
of theory for ons mole of formaldehyde per mole of pyrethrosin were
obtained when chlceroform was used as a solvent.

The ozonlaation #hish gave the yield of 39.6 persent of theory
isg dessribed below. Two grems of pyrethrogin in 50 al. of chloreform
way ozonlzed for 25 minutes at -10° until ozone was detected in considerw
eble concentraticn in the exit geses. The ozonide was desomposgsed by boil~
ing with wster, hydrequinone, zins and silver nitrate for one hours The
aguecus layer was distilled and additionsl water added twice. The dis-
tillates yielded .75 gzrams of dimedone derivative axelting at 139%. The
chloreform layer was extracted twice with water snd the water extrast
troated with dimedone. The yield of product melting at 189° was .032
LTRmS .

In the varicus runs made, the amount of ozone was varied from



cne halfl a mole eguivalent to several mole eguivalents and the time of
decomposition varied from 15 minates to an hour and a half but in no

case was the yield of formaldehyde greater than 40 percent of theory

for one mole of formasldehyde per mole of pyrethrosin. The cnloroform
soluble matter from these oczonlzations was saved for further study. If
rins dust, hydrogulnone and sllver nitrate were omitted from the decompo=-
sition mixture the yieslds of formaldehyde were cut ia half.

Cgonization of Pyrethrosim in “thyl iscetate.

Une gram of pyrethrosin in 70 ml. of ethyl acetate was cionlzed
at =3° for 22 minutes until ozone sppeared in the exit zas. The ozoni:de
was decomposed by refluxing the ethyl asetate sclutlion with 100 ml. of
water, an excess of powiered zins, and a trice of hydroguinone and silver
nitrates. The water layer was distilled and comblined witsh water used to
extrast the sthyl asetate layer. Treatment with dimedone gave .43 ;rams
of product melting at 133°., It showed no depression when mixed with
known foraaldehyde dimedone derivative. This yleld corresponded to 45
percent of theory. The ethyl acetate layer wug evaporated to drynsss.
The residue was a brown sticky syrap. It jave no test for aldehydes with
sehiff's reagent and failed to glve & precipitate with dimedons. iith
2efp=dinitrophenylnydrazine this gyrup gave a red zum which could not be
caused to crystallize or otherwise be purified.

Czonization of the Syrup Cbtained by Alkaline HBydrolysis of Pyrethresin.

Une and one-tenth  rans of the dried syrup obtsined by treate
in; pyrethrcain #ith strony sodium hydrodide ascording to Stanton {23)
waz dia;olvad in 70 =21. of ethyl acetate and ozonized [or 22 minutes at
«3%, The cacnide was desomposed with witer, zine, Aydrogquinone and

silver nitrate in the usual manner. The agueous layer was treated with
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dimedone and gave «53 grams of product melting at 1590. This product
showed no deprassion in melting point when mixed «ith an equsl amount
of the dimedone deriwvitive of formaldshyde.

Czonization of lhydropyrethrosine.

(ne gram of dinydropyrsthresin (m. ;. 193~235°} in 50 al. of
dry cnleoroform was ozonized for 20 minutes at -7% until czone was evident
in the exit zas by its reastion with potassium {odide. ibout one-fourth
& mole syuivalent of owone uppeared Lo be absorbed. The czonide was
decomposed by refluxing for one hour with 50 aml. of water contesining
sxcess 2iac dust and a trace of hydroguinone and silver nitrate. The
aater and chloroform layers remained clear in contrast to the red color
wnioh developed in them shen pyrsthrosin cionide was desompossd. The
#ater layer was distilled, nsutrallzed with scdiua hydroxides, mede apid
@with wcetic acld snd trested alth dimedonse.e aboubt 01 grams of a brewnish
precipitate formed. It melted with decomposition at arcund 170°. ke~
crystallization failed to give any product melting at 139°. The small
amount of yellow gum which was inscluble in the waler was not investie
satede The results indlicated that dihydropyrethrosin yields no formalde-

nyde on ozonization.

Azid ferom the Lzomization of Pyretarcsin.

Cne gram of pyratarosin was dissolved in 70 ml. of ethyl
azetate and ozonlzed for 20 minates at -7° antil ozone was detested in
the exit gazes. The sclutlion was adled to 5 =l. of water and refluxed
for one hour. The water leaysr #.8 evaporstsd under reduced pressure to
almest dryness. Cn standing seversl hours a crystalline product formsd.
«feer recrystallization from ethnanol, the product melted with Jdescmpo-

sition at 204%. The wsijht of the produst was 75 imge Further resrystale
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lizaticn from ethanci did not raise the =selting point but recrystallization
from asetone ylelded a pure product which melted at 209°. It was scluble
in weter and took ap alkali in the cold. The ozonization was rspeated
using 4 grams of pyrethresin In 200 ml. of ethyl acetate and the decompo=
sition carried out as before. Half of the water layer from the decompo-
siticn wus refluxed with 1 mle of 30 percent hydrogen peroxide in an
atienpt to increase the yleld of ssid. However, each portion of the

water laysr ylelded adbout «1 ,ram of the asid previously obtained. This
acid was drisd over phosphorous pentoxide at 73° in vacuo for one hour.

The follewing nedtral ejulvalents were determined in water solution.

¥g. of Yample ¥le of 01002 Neutral
H RalH YEguivalent
13.390 452 39
24.080 7.67 314
20.733 6.70 310

Jarbon and hydrogen analysss gave these resultis

#ge of 3ample Kge of e of Percent FPeroeat
fater G d 2

5.710 3e351 11.373 77 56.77

5e592 3.829 11.574 7 .66 56.43

3.2132 2270 6.716 736 56.71

Jaiculated for 315323&? 765 56.90

Hol. #wte = 31&03&
This acid would not take up any exce3ds alkalil which was run in after
the First sad point was rzached.

agdd from the “thyl Acetate  aysr on Tesomposition of Pyrethrosin Czonide.

The ethyl acatute layer from the ozonization and desomposition

of 4 srams of pyrethresin was put in an open flask in the desk. :hen the



ethyl acetule hed evaporated to nalfl its volume scme triangular crystals
were observed on the bottom of the flask.e Tness were {iltersd off and
drieds. The substance melted at 190° with desomposition. It was very
slightly scluble in ethyl ansetates and chloroform but scluble in water

and aloohol. #ive resrystallizations from hot acetone gave zbdout 7O mg.
of small, hard orystals wnich melted at 21 ® with desomposition. 4

8li ht yellow tinge could not be removed by charcoal nor zould tns zelting
goint bs ralised. The substance was solde It wes dried in wvasuo at 750

for 2 hours and analyged.

e of Smaple #45. of Hge of TG, Percent 7 Percent i
Jaler
36255 2+334 6445 54403 3.02
4460 3163 3.813 53.92 794

22639 wmi. of the acid reguired 4.65 ml. of .01945 4 sodiunm
hyirexide to produce a permansat pink using phenolphthsiein as an indi-
sator. %eatr;l equivalent = 323.

“alculated for 215326U3x £ 2 = 53.33; % H = 7.79.

¥ols. wte = 334.36

The remainder of the sthyl acetate was allowed to evaporate
at rocm temperztare but no zore orystalline matter formed. The re:
8yrupy residue was scluble in chloroform but anot im sthar or benzens.

a csnlovoforms sclution of it was extracted with 5 percent scdius hydroxide
put only a syrup was obtained on acidifylng this agueous layere The
shlorofors leyer ylelded a jume

investi ation of the “hloroform and "tayl icetate Scluble Mutter from

Lzendzation.
A neutral frastioca of the gum obtalned from the shloreform

scluble materisl from deccmposition of the czonide wag dissclved in



etaaacl wnd treabed sith <.g~dinltropusnylnyirazine acsording to tae
method of Jarinsr and Fusca (£5). 4 darx red, resinous materisl was
ebtalned. alter drylag tals residue could be pulverized toc a red powier
waioch melted over a range of 136~1aaa. This producst was difficultliy
solusis in ethancl and ({orzed a dark red gusm wnen warmed with the aloohole
This substance sould not be caused to arystalllize {rom any sclivent but in
all Juses came okl &8s a sum #which dried to a hard mass muzh lixke the
origlnal. an asctesmpt to wakes a ef~dinitroparenylhydrazons of the zum
¢utulned from czonlzation of pyrethrosin in sthyl acetate failed.

Attempts Lo prepare a p-pheaylphenacyl sster of scue acid material
from the veriocus ozonizations falled to yleld any ocrystslline material.

Attempts to Uscompose the (zonides of Pyrethrosin Catalytizally (31)

(ne gram of pyrethrosin in 70 ml. of ethyl asetate at ~7° saa
czonized until cne ejulvalent of cicne had been passed Into the solution.
The soclulion was then plused in a bomb and 2 grams of haney niokel added.
Hydrogen was ruan into the bomb to & pressure of 1000 poands and the boab
a8 shakzn {for 15 minutes al room tempsrature. KXo drop in pressure was
observed. ifter filteriag off the nickel and evaporating the ethyl acetats,
the residue was treatzd with a sclution of 2,.,j~dinitrophenylhydreazine bat
no evileace of nydrazone formation was obswerved.

The above cgzonizution was repeated and the ethyl asetate sclae
ticn was run into a well stirred mixture of 2 _rams of Haney nictkel In
3 mle of ethyl asetate a:zording te a prousedure llxce that describsd by
ahitmore {351). Ko heaxt was [ormed and no visible reaction ccourred se
the mixture w.s refluxed for 45 minutes. The miocikel was [iltersd off and
the solution evapcrated to dryness. 5 few crystals wsere found Imbedded

fn the syrup wnlch comprised the main part of the rssidue. The crystals



#ore jdentified as pyrethrosin. The syrup failed to show any reastion
with & solution of 2 4~dinitropasnylhydrazine.

Gzonization of the Produst (btained by Pyrolysis of the Diszomethane

adduct of Fyrethrosia.

The diazomethane adducst of pyrethrosin was prepared ascording
to the method described by Stanton (29). Two grams of the mors insocluble
addust was pat Into a Pyrex test tube carryianz a twoenoled stopper through
#nich passed a slow straeam of nitrogea. The test tube was izmmersed in &
metal bath and the temperature rsised to 210°. The compound which meltedl
with a vi_,orous evolution of zas, was kept at 210-220° for 5 mimutes. Th-
molt 30lidified on zooling to & clear ;lassy sclld. This sclid falled
to zive & test [or nitrogen ahen treated with scda lime and failled
to glve a test for unsaturation with tetranitromethane.

Eightetenths of a gram of this produst was ozcnized in 50 ml.
of sthyl scetate at =-3° until ozone was detectad 1n the exit %Z88. The
sthyl acetate sclution was refluxed with 5 =2l. of water containing zinc
dust, hydrojuinone and silver nitrate. The water luysr falled to yleld
any derivative of dimedens when treated in the same manner as the water
layer frox ozonization of pyrethureosine The etayl asetsie layer ylielded
2 syrup which was not investijated.
arastion of le

Pre vd ropyrethrogine.

four grams of pyretaresin in §0 ml. of 50 perient acetic acid
«a8 oxldized by adding 20 ml. of & 10 psrcent agueocus solation of shromic
oxide to the well stirred sclution neated to 35-30°. :ddition of the
shrowic acid solution was at the rate of one drop every i or 5 seconds.
The reactlon mixture waa goured on 100 ;rams of orartked iscs and the solid

wnich separated ocut on standing for one hour in the ise box was filtored
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off. After three recrystallizations from water and ethancl the product
melted over a ranje of 174-173%. It behaved much like pyrethrosin onm
melting in that it never formed a char lijuid if the temperature of

the bath was raised slowly. Further recrystallizatiocn falled to raise
the melting point to 173° which was the melting point reported for de-
hydropy retarosin by kose and Haller (19). However, the produst was
ghownr to be dehydropyrethrosin by carbon-hydrogen analysis. The yleld
ef product was 2] zrama. Uehydropyrethrosin failed to zive an aldshyde
test with Lchiff's resgent, Fehling's asclutlen, or Tollean's reagent.

It also failed to glve a positive icdoform test with lodine and sodium
hydroxide.

Preparation of the 2,4-Dinitrophenylhydrazone of Dehyd ropyrethrosin.

fourteen~hundredths of a grem of dehydropyrsthrosin was dis-
solved in 3 ml. of ethanol and .10 jrams of 2,j~dinitrophenylhydrazine
#ag added. The golution was heated to boiling and .2 ml. of consentrated
hydrochloris acid was added. The sclution changed Lo a canary yellow
color and & yellow precipitate quickly formed. This product was almost
totally inscluble in ethanmol. It melted at 243-250° with dezomposition,
af'ter darkening at 240°. Two resrystallizations from ohleroform and
ethanol falled to change the melting point. The compound was dried in

vacuo at 73° over phosphorus psntoxide for one hour and analyzed.

sige of ¥ze of Hge of rFerzent Percent
Sample sdater S0 2 #d
5e408 2«4T5 11.275% 56.39 5.12
6.325 2.35 13.03% 56.43 5.04

§4292 mz. gave 4432 ml. of Hp by lumas analysis. Temp. = 24.2
Pressure = 767 ms. E K = 11.66

Caloulated for J23H2uHLO8: % 0 = 57.02 T H = 4.99 % H = 11.56.



Preparation of Dehydrodihydropyrethrosin.

Four grams of dihydropyretarosin (m. p. 203-207°) was dissclved
in 40 ml. of 50 percent asetic acid and oxidized by adding 20 mi. of 10
parcent aquecus chromic oxide at the rate of one drop every 3 or 4 seconds.
The solution was well stirred snd kept at 6@«900 throughout the addition
oi shromic asid, after which it was poured on 10U grams of cracked ice.
‘ihe solid material whish formed on standing for cne hour was filtered off
and recrystailized [rom sthanol and water; it weighed .53 srams. Two
addi tional recrystailizaticoans Trom ethancl and waser gave a product
which melted at 193-135°. Purther reorystallization did aot change the
melting point. The compound gave no test for aldshydes with 3shiff's

o
resgent. It was dried im vacuo at 73 for twe hours and analyzed,

#ge of Sample dz. of Kge of Fercent U Persent H
fater 202
3331 2.530 3.600 66.64 T34
G264 2.300 10.403 66.65 7+35

Salculated for CT)oHoaUg % H = 66.65 £ = T7.24

Preparation of the 2.,4-Dinitrophenyloydrozons of Dehydrodihydropyrethrosin.

Cne-tenth of a gram of deaydrodihydropyrethrosin was treated
with 030 grams of 2,j=-dinitrophenylhydrsazine in 3 zl. of ethanol and the
sclution hested to bolliag. Ln the addition of .2 ml. of concentrated
aycroanloric acid the solution turned yellow and a precipitate formed.

It was filtered off and resrystallized twisce froa cnloroform and ethanol.
This substance melted at ﬁas»ééﬁo with decomposition aftsr darksning =zt
240°. FPurther recrystallization faliled to schange the melting peint.

After drying in vacuo st 78° over phosphorus pentoxide for one hour, the

supstance was analyzed.
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dg. of ge of Hge of Percent 2 Fercent Hd
Sample dater S0,

4.055 1.930 8422 56.68 E.46
4.080 1.9%0 3.465 56.62 546

Dumas anitrogen®
34308 mg. gave .330 ml. of Ny at 20.6° and 773 mm.
Geis28 mZe zave 440 ml. of Ry gt 20° and 771 mam.
%L ¥ = 11.56 aand 11.51
salculated for 323526ﬁ&°3‘ £ 2 = 56.73; €9 = 5.39; 2 ¥ = 11.51.

Preparation of the Cxime of Dehydrodihydropyrethrosine.

Two-tenths of & gram of dehydrodihydropyrethreain was treated
with hydroxyl saine hydrochloride and sodium hydroxide according to
direstions siven by Shrimer and Fuson (25) for the preparztion of oximes.
The product wnich formed on ice cooling was filtsred off and recrystale
1ized from ethancl and water. 7The product consisted of fine as!flky needles
which melted with decomposition at 229-230°, after darkening at 2150.
Three more recrystullizations brought the melting point up to 232“. the
first darkening ccourring at 225°%.

Two=tenths of a gram ef dehydrodihydropyretarosin was treatsd
with hydroaylamine hydrochloride im pyridine and absolute ethanol (25)
and refluxed for two hours. The solvent was evaporated and the residue
triturated with water and filiered. After four reorystallizations from
sthanol and water the white silky needles melted at 233° with desompo-
sition. #urther recrystallization did not raise the melting point. The

yield of preduct was about .2 graas or about twice the ylsld by the other

*The author is lndebted to ¥r. Daniel baulfwan FPor these
analyses.
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metaode. The oxime sma dried im vasuo at 78°% over phosphorus pentoxide

for two hours and analyzed.

¥ge of dg. of ige of Percent Percent
Sample fater 20, 3 21
j‘?at’» 20%3 8.?58 52:52 701?

7.640 mg. by Dumes sethod jave «239 ml. of Ny at 22.3° and 76% amn.
2{; H = }401‘,}1
Zalculatsd for 317323%@53 % 7 % 63.53; T H = Te2l; T ¥ = he36.

Attempts to Increase the Yield of Xetones froa Fyrethrosin and Dihydro-

prvrethrosin.

inile dihydropyrethrosin jgave sbout twice as uach ketone as
did pyrethrosia, the yields from both were scall. In attempts to incrzase
these ylelds, Lthe amcunt of ohromls oxide wus varled from one eguivalent
to four, the tempsrature was varied from room tempsrature to 100° and the
time of heating from 15 to 45 miputes. In no case was the yisld of ketone
better than that obtained la the sxperiuent dessridbed above {53 graas
of dehydrodianydropyrethrosin from 4 grams of dihydropyrethrosinj.

The agueous acstic asid solutlionsg from ths oxldations were
extracted alth variouas solvents in attempts to obtzin more xetone. [taer
sod benzsne took out inappresiable asmounts of any produst present. <hen
shloreform was used to extraot the mixture, the sclvsut took on a lignt
yellow color. Svaporation of the shleoroform left a thick ysllow syrup
which amounted to about 70 persent of the crigzlasl dihydiropyrstarosin.
This syrup #»as scluble in ethanel but not in watsr. Various attsmpts to
crystallize the syrup fuiled. /hen an ethancl-wster sclution of this

syrup was left to atand c¢pen in the desk for five days, some orysials



grew out of the oil ahlish first formed on the beottom of the bsaker.
These corystals were dissclved im sthancl, and water wus zdded to =
faint turbidity which was removed by additionel alschel. Un standing
some iong, s¢ft orystals forasd; thney ceculd met be separated {rom the
syrup adaering to them and attempts to rapsat tals grosth of sSrystais
failed.

Detsraination of sxethyl on Sarboue.

The method used was s modification of the micro-method described

by sauhn sad hoth (1)), Urdinary #yrex zlass was used in place of the
adnsrtz gguipaent descrlived Dy WnCse sdthors.

~eterminitions run on known compounds gave resulis which were
invariably too hign ao matter how sarefully the acstic asid was distilled.
A blank for tane determinacion was then found using the game amcunt of
reasents as was wsed in estuwi runs on pyrethrosin and dihydrepyrethrosin.
Une hundred and fifty aml. of distiilate was coliiected in all cases and
an averase blank of «30 sle of 1490 N scdium hydroxide was regulred te
veutralixe the mcid which distilled ocver. 7The ssmples were digested with
wne carealc oxide mixture for one and s nalf hours in all cases. In the
results tabuiated beleow the mmount of standard aikall required to nsutrale

jzge tae uHistillate has bsen ooerrected for the blank.

fiumbe r &eight of #ie of «1490 Eguivalents of Acetic isid
of Fam Pyrethrosin ¥ RalH per kole of Pyrethrosin

1 «1305% 5430 1.34

2 « 1000 435 1.39

3 « 1000 450 224

@ . 1009 4435 2.22

thus the results snow that pyretarcsin ylelds about two eyulvalents of
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setic acid per mcle of pyrethrosim. This establishes the existence of
at least two methyl [roups ou carbon. Deteraination cof methyl on carbon

for dinydropyrethrosia (m. p. 203-2039)

Run it. of Sample ¥le of 1490 fguivalents of isetic
B HalH 4cid per mol of Dihydroe
pyrethrosin
i » 1002 6.30 3029
2 <1003 6.60 3401

The above determinaticns indicate the existence of at least 3 methyl groups

attashed to csrboa in the dihydropyrethrosin molacule.

Uxidation of Fyrecthrosim asgording to (ppenauer (17)

Ten grams of pure dry pyretarosin was dissolved in 100 =le of
acetone whizh had been distilled {rom potassium permangsnate and dried
over Lrierite. 7o ghis mizxtare was added 10U ml. of benzene which had
bsen distilled from sodiume. This was refluxed on an oil bath at 30-35°,
whereupon & zrams of aluminum tertiary butoxide in 1UU al. of dry benzens
was addede The mixture was refluxed for eleven hours on the oil bath
at 30-35°%. The condenser was eoguipped with Drierite tube at the top.
After the xixture was gool it was treated with 20 ml. of water and acidi-
fisd with 50 ml. of 10 perceat sulfuric acsid. The benzene layer was
separated and washed with 50 ml. of concentrated ajuscus scedium bicarbone
ate. The bDunzene layer was then washed three times with 5 ml. portions
of water. Tne benzene luysr was dried by [iltering it taloce threough
godium aulfate. It wua evaporated down to 40 ml. Some ¢rystalas formed
on the walls of the flask. They welghed about one gram and were identie
fied as pyrethrosin by melting peint and mixed meliing point determina-
ticns. & thiok yellow 1iquid remsined when the pyrethrosin was [iltered

offe This liyuid was evaporated con the steam bath to a yellow semie
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solid material which was resrystallized from ethancl to give 4 srams
of a product melting at 135-190°. Three additional recrystallizations
save a produst which melted at 190-1910. hesrystallization frem acetone
and two additional rescrystallizations from ethancl raised the melting
point to 192—l93°. Jintering bsgan at 189° and no clear liguid was
ever obtainsd even at a temperature of 250°, The general beshavior on
melting was much like that of pyrethrosin except that the loss of crystale
iine form began about 9 degrees lower. 4 =zixed anelting point with an
egual asmcunt of pyrethrosin showed a typical loss of srystalline form at
137-138°.

This produst (5230 ;rams) ia 13 ml. of chlorofora gave a

4]
= =»3le2;
25 31.2;

nejative rotation of =1.15% with sodium vapor 1light at 25°. eL
py rethresin has OL Zﬁ = 33.6 in shlorofcrm. This product which did
not form a dinltrophenylhydratone was dried at 73° in vacuo over phosphorus
pentaxide for 2 hours and analyzed.

4234 mg. of sample gave 2.795 myz. of water and 10.294 =g.
of carbon dioxide.

% 2 = 66.37 2 H =739

Salcalated for UjpHya0er £ O = 66.65; % H = T.24

The ayueous layer from mcidification of the oxidation mixture
was cocmbined with water used to wash the benzene layer and the whole
svaporated down tc %0 mle Three grams of a heavy gum was obtalned. It
souid not be saused to orystallize. Beniene extrasts of the asidified

sediam bicarbonate wushings yielded only a brown syrupe.

Jotive Hydrogen Determinations on Dihydropyrethrosin and Denydropyrethrosin.

These detorminations were made using the "irisnard mechine*

desoribed by Echler, Fuson and Stone (11).
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Dihydropyrethrosin and Jdeaydropyrethrecain are not appreciably
soluble In iscanyl ether so the samples were 3dlssolved In toluane awnich
had been dried by refluxiag for 4§ bours over szodium and distillaticn
from the sodium. The tolusne was ghosn to have a ne lisibly small blank.
zach sample was dissclved In 7 al. of toluene. The reaction chuanbsr was
awopt oat for 15 ninutes before wdding the Grigaard reajent. The mixture
of reajent and sample was heated to 100° Por 10 minutes. after addition

of water the reacticn ohamber was agaln heated to 100° ror 5 minutes.

H i1
Wels of Grignard resgent «00139 00139
Wols of Dihydrepyrethrosin 000334 300374
wols dMethenes from sample 000229 «O00312
iiels detnane per mole of sample 69 «34
siels reagent used 02011 «00105
dols reagent used per mole of sample 3.3 2.8

I 17
dols of Urignard reageat 00118 00133
dols of Dehydropyrethrosin 000357 000385
sols of Hethane from gaample +00007H Q20121
#ola of Methane per mole ¢f sample 21 *31
Wols of reagent used Q0075 00093
#ols of reagent assd per wmole of sample 2.1 2.4

javestization of Products Cbtained by Drastic Hydrogenation of fyrethrosin.

Sixty~sight grams of pyrethrosin was dissolved in 450 ml. of
dioxane and 23 grams of copper-chromite catalyst was added to the mixturs
in the bomb. The mixture was hydrogenated at 300° and 7000 pounds preasare

for § hours, until hydrogen was no lomger sabsorbed. ifter the cautalyst
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hsd been {iltered from ths solution, the latter had a sligzht blue color.
The dioxane was removed under the pressure of the water pump by waraing
on the steam bath. The residue was frasticnally distilled under l«2 mm.

pressure. rour cuts were made of the distillats.

aslght Boiling range Pressure
e 6‘§ruas 60-90° 1-2 mm.
11 14§ grams 110-130° 1«2 mm.
Il 12 grams 130-148° 1=2 mme
IVe 3 grams 150~190° 1=2 @m.

The first fraction was a olear liguid of low viscosity and
was glven to Anspon (1) who had shown that it wss a hydroccarbon mixture.

‘he second frection had been shown by Anspon (1) to be shiefly
& alxture of alcochols correspondiag closely to the formula ZjgilogC.
5ix ml. of this wlcchol aixture was dehydrated by passing it thrcugh a
tube contalning alumina at 235~300° at the rate of about 3 drops per
minute. About 4.5 ml. of a green liquid of low viscosity was obtained.
This liguid zave a strong tetranltromethane test. It was dried over
drisrite i{n ether and distilled after removing the ether. It started
to reflux at an oil buth temperature of 230°. Hefrauctive index, ngé =
1.434.

Two and five~tentns ml. of this liguid was dissclved in 50 ml.
of 30-60° petrcleum ether whioh had been carefully purified. The puri-
Fication was cerrised out by stirring the potroleum ether with fuming
sulfuric acid for 20 hours. The pstroleum sther was washed with sodiam
hydrozide and dried cwver phosphoraus pentoxide. The final product zave
negutive tests for unsaturation when treated with tetranitrosethane,

permanganate, and bromine.
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The pstroleum ether solutlion was ozonized for 40 minutes at
oée until ozons was dstested in the axlt gas. The ozone ahsorbed was
almost esxactly one mole of ozone per mole of hyirocarbon 1f ths hydroe-
carbon was assumed Lo be 315326‘ The ozonlde was observed to be an
ano rphous white subsltansce in the peirclsum ethusr. The sclvent was
evapcrated; there remained = vissous syrup whizsh was transfarred to a
flazk containing 50 ml. of water and 10 ml. of hydrogen peroxide an
ref luxed for 30 minutes. The mixture was laft to stand over nf ght and
a thick oil formed on the water. This 01l was taken up in sther and
dried over Urierite. The sther was evaporated; a viscous ysllow liguid
remalned. A neutral squivalent of this material indicated that the
substance sontained considerable non-acid material. ‘ence it was parti-
tioned betseen ether and an ajuescus solution of acdium hydroxide. The
23id oblained on acidification of the alkall amcountszd to about one-~third
the origlaal preduct. An attempt to meske a pephenylphenacylester of thisg
fragction gave only s brown oil wshich coculd not bs crystallized. The
neutral fraction from the ether iayer was an ¢il which was btreetsd with
2yy~dinitropnenylhydrazine. It gave only & brown gum whicsh could not
be srystallized.

The water lager from the deccomposition of the czonide was
neutrallized with sodium hydroxive, taken to dryness, dissolved in water,
asidified with sulfurisc acid te conge red paper and digtilled. The
distiliate was neutraiized with 2454 ml. of 1490 K scdium hydroxids and
treated «ith an eyulvslent amcunt of pephemylphenacyloromide. The ester
which formed was resrystailized twice from ethanol and melted at 110°.

S xed #ith an egual awmount of known pepnsnylphenasylester of acetic aciad

is snosed no deprsssionm in melting point.
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istive hydrogen wus determined on tae hydrogenztion fracticn
bolling at 130-143° under 1-2 sm. (I1:3). 1312 [rams of sazple yisided
035030 nmeole of aclhane whun trested with an exssss of irignard rex ocat.
A total of 00071 mels of reagsnt was consused. I the alcohol mixture
18 masumed to correspond to 3153258. «33 wmols of methune wsas liberated
per mele of alconel and l.12 woles of Grignard resgent gus consumsd per
wcie of alcchol.

Both of the alcchol mixtures dist!lling at 110«130 (I7) and
i30«143 (111 w~ere treated with jfodine wnd sodiuu hydroxide but no iocdow
ferm was formed in either case.

Ton grazs of the fraciion distilling st 130-143° under 1-2 mm.
(Y71} was oxicdized with consentraisd nltric acid but ocaly thiok syrugs whlch
could net be purified or identified were obtlained. sbout nhall of the
prodacts weres acidic and nall were neatral.

anspon (1) has shown by carbomn-hydrogen analyses that the
fraction distilling above iﬁéa under l=2 mm. (IV) contained a higher
peroent of oxygen than the lower beiling frastions. The unalysis agreed
fairly well with the rforaala OjgHygUpe  i0tive hydrogen determinations
showsd less than half an equivalent of active hydrogen. Determination
of alkoxyl by Zlark's modification of Viebook mwthod (| ) showed the
abssnse of amy asthaoxyl or ethoxyl groups.

Poteassium Ferzansanate Oxidation of Tyreihrosin.

fwo and six-tenths grams of pyrethrosin in 30 ml. of acetone
wag rus into a thres-ncoked Llask seatalning 50 ml. of acetone and 1
srtam of powdersd potassius persangancte. The sslutlon was stirred until
the pink solor disappsared. An additional J grems of psrmangunste was

added in 1 rax portions during thse cocurse of an hour and stirring was
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continued until the pink celor wes gone. The manganese dioxlde was
filtered off and the aceicne evaporated te leave a small amount of a
browa liguid. Tae manganese dloxide was sxtracted three times with
bofling water. The water wag made asid to congo red paper with dilute
sulfuric asid and extracted continuously for 2§ hours sith ether. ifter
the etaer layer had been evaporated, about .1 sram of a brown zum which
was inscluble in water and conly alightly scluble In ethancl remained.
This zum was dissolved in benzsne and alcohol and ieft teo stand in the
open over night. GSome very thin, long crystals shish formed in the brown
sum at the botiom of the beaker mere removed, wushed with algohol and
resryatalilzod from beniene and alcohol. This product weighed about 20
dge and melted sharply at 120%, It was a neutral substance. Siace this
produst #as wmore soluble in benzene than ether, the water extrast of the
manganese dioxlde was extracted continucusly with benzene for 24 hours.
Loly & jum was obtained and it could not be caused to orystallize. 4lil
asttempts to repeat the formation of the produst melting at 120° falled.
Ko srystalline materisal could be obtained [rom the acetone soluble
material resulting from the oxldation with psraanganate.
Dinydropyrethresin does not reduce purmanganate in the sold.

Oxidation of Pyrethrosin with Hydrogen Peroxide.

Five grams of pyrothrosin in 200 al. of ethyl acetate and 1T ml.
of 30 percent hydregen peroxide was refluxed for one and a half hours; 4.5
srams of pyrethrosin was rssovered unchanged. A small amount of a sl htly
yollow material melting at 175-135° and degassing at 190-200° was also
isolated. Further fractional recrystallisation of this materisl from
ethanol ssve an additiocaal siall amount of pyrothrosin and about 50 mg.

of & material snizh melted and desomposed over a ranje of 130-195°%. Tats
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product #as notl investi ated further.

Plve-tenths of a gram of dihydropyrethrosin in 40 ml. of acetone
with «2 zrass of ferrcas sulfate and .2 ml. of 30 percent hydrozen persxide
was left to stand for 24 hours. The dihydropyrethrosin was regoversd
unshanged.

Cther Unsucscessful “xperimenta with Pyrethrosin.

Four grams of pyrsthrcsin im 80 ml. of dry acetone st 0° was
treated with 4§ moles of xetens psr mole of pyrethresin. The pyrethrogin
was roccvercd unchanged.

The above experiment was repeated and a small drop of cone
sentrated sulfuric asid was added te the acetone. The sulfurigc asid
was removed by stirring with precipitated calcium carbonate. Zvaporation
of the acetcne left a thiok liguid which ylelded about 1 ml. of acetic
acid on distillation. The residue formed a tough resinous oske on standing.
1t could net be caused to srystallisze.

Twe srazs of pyrethrosin and +6 grams of =malelic anhydride were
refluxed for 7 hours in 40 =l. of xylsne. A sticky film formed on the
flask. addition of 0-60° petrclesum ethur caused a olear guammy material
to separate out. It asould not be crystallized.

tne gras of pyrethrosin and 3 grams of Je~nitrophthalic anhydride
wore refluxed In 20 ml. of dry toluene for 3 hours. The toluene was
resoved under the wster pasp; % yellow gum remained walioh gould not be
Saused to orystalilaze.

Five grams of pyrethresin in 200 ml. of dry bdenzene was trzated
with about 7 moles of phenyl magnesium bromide p:ur mole of pyrethrosinm.
The mixture, containing 55 mle. of ether,wass refluxed for 30 aninates,

gsocled and poured on ¢racsked ice. It was acidified w#ith sulfuric acid
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and the producsts were worked upe Exsept for a small amount of bi-
pheiyl no crystalline matter was obtained. The main product wus a
hard brown glassy asterial.

Tweaty grems of pyrethrosin was pyrolyzed (10) and about 1
ale of a green liguid distillate collested. It guve a fainmt yellow
golor with tat ranitrometaane. The resinocus lookiag residue gave a

siallar teat. This residue falled to give formaldehyds con ozonization.
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SUMMARY ARL CORCLUZICKS

l. The czonization of pyrethresin ylelds 45 percent of a mole
of formeldehyde per mole of pyrethrosin. This indicates that pyreth-
rosin possesses a methylidene group.

?« Eo other aldehydes or methyl ketones mre formed by czoniza-
tion. This fact suggests that the methylidene grour may be attached
to e ring snd is not a part of an igopropyl ecarbon skeleton.

3. The isolation from the ozonlzatiom of pyrethroszin of two
acids which have lost no earbon stoms btut those in the acetate proup
suggests that ozonirzrstion may have failed to cleave the double bond
in at least a psart of ths substancs.

{. Fyrethrosin appears to aebsorb less than s mole of ozone
per mole of pyrethrosim which suggests that part of the substance may
have the double btond in & more hindered positione.

Se Fyrethrosin epparently forms a polymsric ozonide when
osonization is conducted in chloroform or acetic soid.

6. Pyrethresin snd dihydropyrethrosin are oxidized by chromio
aclid to give dehydropyrethrosin and dehydrodihydropyrethrosin, respeotively.
These rroduots are ketones whioh dif'fer from the startin, materiel only
by the loss of two hydrogen atoms. Henmce pyrethrosin and dihydropyreth-
rosin sre sscondery salochols.

7. Pyrethroein, when oxidized by the chromic oxide method of
Kuhn and *oth yields two molecules of esocetic scld per mole of pyrethrosine.
Thus pyrethrosin hes st least two methyl groups sttached to carbon. The
higher melting isomer of dihydropyrethrosin has et least three msthyl
groups attached to carbon. This supports the theory that pyrethrosin

possesses & methylidene groupe



8. Bog;rdropmthrosin shows sbout two or three~teanths of an
oquivalent of sotive hydrogen while pyrethrosin end dihydropyrethroain
shew about six to eight-tenths of an ejuiveleat of sotive hydrogen. This
faot indiocates that the setive hydrogen im pyroethrosinm is due to the

secondary ulechol group which has been oxidized to a ketome group im
dehydrepyrothrosina.
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