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PORLE0RD

The isolation of the chemicel individual pyrethrosin
from pyrethrum flowers wae first reported in the years
1890-91 by several investigators (18, 28), but no great
amount of work was carried out on the substance. In
recent years the compound has again been isolmted (3,21)
by lsborstories interested in the constituents of pyrethrum
flower insecticides. In the laboretordes of the Insecticide
Division of the Duresu of Intamology and Plant uarantine

of the United S5tates Department of Agriculture the subatance
was isolated (21) from petroleum ether extracts of
pyrethmen flowers. The seame leaborstory (21) identirfied
pyrethrosin ez the mnin constituent of & atill residue

snd pipe-~line scale sent to them by leCormick and

Company, Baltimore, ¥aryland, makers of pyrethraa ine
secticides. DBeocmuse of its insecticidal inertness the
Govermment Laboratory had no justificetion for continuing
work on the chemical nature and properties of pyrethrosin.
In consequence, this problem end & large quantity of crude
and pure pyrethrosin wes turned over to the Urganie
Chemistry Department of the Universlity of Haryland as the

basis for s series of scademie resoearchies.



HISTORICAL IHTHOLUCTION

vhile investigating the nature of the asctive in-
secticidsel prineiples of pyrethrum flowers {chrysan=
thexum cinerarisefolium) Thoms (£28), in 1891, isolated
an insectieidally inert constltuent for whioch he
proposed the name “"pyrethrosin”. This substance proved
to be identical with s compound supplied to him by &
druggiast friend who also had obtained it from pyrethrum
eXETRots . |

¥arino-Zuco (18), an Itallien, had reported a year
esrlier (in 1800) in a paper entitled "About A New
Alkaloid Obtained Out of Chrysanthemmam Extract" the
1solation of a compound with some of the charecteristics
of pyrethrosin. Thoms had no doubt thet his "pyrethrosin®
wap identlcal with the compound obtalined by Herino-Zuco.

Thongs knew the generel properties of pyrethrosin as
we know them today. However, he found & melting polnt
of 139“, as compared to the true meliting point of 200
201°. On the basis of combustion data alone he assigned
it & formula of Cg4ligg0ypn, this belng exmctly twlce the
formula now accepted.

the compound was lost slight of untll 1934, vhen the
Chinese investigators Chou and Chu (3), working on

benzens extracts of pyrethrum flowers isolsted a compound



melting at 200° and having (X)EC0 = <30 in ehloreform.
These workers, again on the basls of caxbustion date
only, suggested Cygl,405 for the eupirionl formula
althousgh thelr eanslytical date better {1t the ureaont
accepted formule Cynlln,Op. They eallsd this oompound
"Chrysanthine™.

in 1937 Hose und Haller (21) reported the isolation
from pyrethrum flowers of a chemieal individuwel vhich
seomed to be ldenticel with that obtained by Chou and
Chu and which they called "chrysanthin® having dropped
the finel "e" of chrysanthine in the light of the
newer standerds of nomenclature.

The compound as obtained by Hose and Haller melted
at 201° when recrystalliszed from ethyl acetate and 177~
178° when recrystallized from ethanol. It had an
optical rotation ix);“;‘f‘;‘ = «30.6 in chloreform
(¢ = 5.16) and on the basis of cowbustion analyses and
molecular wolght determinmiions was given the formuls
CigHpoOge (% )ES = -38.1 in aleohol (¢ = 0.315) vas
also reported.

In 1939 Schecter and heller (25) shovwed that
chrysanthin and pyrethrogin were identical sand
recommended the adoption of the name "pyrethrosin”
which had been proposed by Thoms. This svacestion



has been adopted by our laboratory.

it i3 interesting to note here theat although
pyrethrosin hes been shown o be non-toxiec to insects,
Chou and Chu (3) report it to be toxie to rabbits within
48 hours 1f injected hypodermically in mantities
aprroximeting 008 per cent of body welight.

oge and daller Laving saveilsble originally only
& gxall amount of materisl smde only & preliminary
exapipation of pyretlarosin. llowsver, their fipdings
for the most part have been substantisted by the
present work. They were mwnable to show the presence
of mothoxyl groups by the Zelsel ncthod o e prosence
af hydroxyl groups by the acetle anhydride-pyridine
resgent. .Jlso, they were uwnable 0 prepere an oxime
or semicarbazone. Yhey found that on hydrogenation
with pleatinum oxide catalyst two atoms of hydrogen
wore adsorbed and that chromlic smeid oxidation in agueocus
acetic acid caused the loss of two hydrogens with the

formation of 2 neutral compound Cyglaa0
prohoble attempt to establish pyreihvoasin as &
finwvouo~like individuel they ifused the compound with
potassivm hydroxide and os>btalned o small quantity of
subsbtance saeid by them to have a strong phenol-like

odor. Their product gave o red-viclet color with



ferrie shloride reagent.
Rose and laller deseribed the reaction of
pyrethrosin with dilute aquecus alkall as being
"perhaps the most chavacteristis”. They found that
1t readily dissolved on warming with 5 per cent
agquecus sodium hydroxide,and that on acidification
with dilute hydrochloriec acld,wster seoluble products
woere obtained. One of these was acetle acid and the
other an acid only slightly soluble in ether and
ehloroform, and which the suthors deseribed &s being
dirficult to crystallige. Thelr examination showed
this t0 be CygH,.0y with & melting point of 190-192°.
However, if dried at 110° a molecule of water was
lost and the new seid obtained melted at 210-211%.
This aseld wes shown to possess one

hydroxyl throagh
the use of acetlic anhydride~pyridine resgent but no
acetyliation product could be obtained. LAttempte to
propare derivatives in which the onrboxyl group was
eaterified were also unsueccessful. Asetyl determine-
tione run on pyreturosin were not particulsrly
satisfactory, indiceting in ome cese less than one
acetyl per moleoculs and in the other slightly more
than one per molecule.

In a later paper, Schecter and Baller (25)



report several edditional propertics of pyrethrosin.
They found that on warming with 20«25 per cent aqueocus
hydrochloric seid, pyrethrosin gave pinkeviolet to
violet solutions whieh gave amorphous yellow precipitates
on dilution. In & similer manmer concentrated sulfuric

goid gave a yellow-brown solution. These authors also
reported the falluwre of pyrethrosin to glve & tetre-~
nitromethene test Lor unsatwratlon as well as its
fsllure to decolorise a chloroform solution of bromine.
Pyrethrogsin did, however, reduce cold sgueous potaasiuvm

ganate solution.

wingate (29) heas run active hy«rogen and carbonyl
determinea tions on pyretivosin using methyl msgnesiuvm
lodide in dl-n-smyl other according to the modified
7erevitinoff method ss developed by Kohler, Stome, snd
Puson {17). Khesults of the work led to the conclusion
that no sotive hydrogen atoms and/or carbonyl groups
wore present.

In st least one inmtance pyrethrosin has been
confused wlth another substange. Kimington and
Hoets (20), in 1836, during the course of some work
on peisers aspers, & plant thet produces & vomiting
sickness in sheep, isolated e compound which they
ealled "geigerin® and which they thought to be identical
with the pyrethrosin lsolated by Thoms. Hcheoter and



Haller, in a paper previously mentioned {(25), under-~

took the corpurison of gelgerin and pyrethrosin on

the basls of thelr recorded properties and showed

that geigerin and pyrethrosin are different substancea.
Although gelgerin has been shomm to be

C15Hog0y - Tin0 (20) and thus poslilvely not identieal

wlth pyrethrosin 1t must be stated that the two compound

are related, 4f not striotly so in a chemicel sense, at
least in a physiological sense. Both must be included
i!l t&% 31&8@ ‘}f -"'lé‘ﬁé;* abhss G

that are coming to be called
bitter principles”. Hore end more plant sources are
viclding ohemical compournis of wvarled chemical
characteristiecs whioch ave extrumely bitter to the taste.
2f the bitter principles discussed in the liverature,
those isolated from certaln species of helenium sare
particularly interesting. Some of their moleounlax
formulas have beon shown t0 be Cqyaiioo05 ~ the same

as pyrethrosin. 4 compound isolated (2) by workers

&t the University of Tennossee has been c¢nlled helenium

erd one 1solated (6) by Clark of the Bureau of Entomology
and flant wunrantine of the United iHtutes Department of
Agriculiture has been called temalin. Clark (6) believes
that helenium is ldentlieal with isotenulin. Isotemulin
ie obtained from tenulin by treatment with dilute slkall
and algo has the formula Cygllenfg. Inspsction of Taeble I



showe st once that pyrethrosin 1ls different from both
tenulin arnd isoctormlin oy helonivm.

TABILE I
Brief Comparison of Pyrethroalin, Termilin,
Isotenulin and Helonlum

Propoerty Pyrethrosin Tenulin Isotenulin (&)

{6,7,8) Heleniwum (2)
meltdr 200-201 105-195 162 %a;
point, % 158 (2
optical {x)gﬁn w53.9{¢ ® S.0d4 (K)ZBm 21.8
rotation 1B CHCLlm) (0 B 542 dn  wewe-

()20 -38.1(c = 0.32  stom)
in “absolute LtOH)®

formation of no yesn yes
a aryatalllse
dibromide
roacbion with deep~scated with no ylelds iso- o o
dijute alkall erystaelline product weaulin and
another
erystalline
product

# yaiue of Hose end Haller (2))



LAl EeNTAL PART

The melting pointa recorded ln thils section were
taken by two methods: (1) in thin-walled glass
capillaries in a ligquid bath in the customary manner
and (2) on & microseope hot stage. Figure I is -
photograph {(actusl size) of the microscope hot stage
bullt and used by the author. e sampls is placed
o 6 15 rme microscops cover glass placed in the
irnoer depression and covered with s second glass of
the sare Wind., 4 2% rm. polarimeter cover glass fits
in the larpge depression. The depth of the inner
depression is cufficlent to sllow for e slight air
gpace between the glass covering the sewple and the
top gless. The stage is heated electrically Ly means
of a five ohm rosistance (three feet of #24 nichrome
wive) vrepped on a poreclsin ring end placed ip an
anmular depression in the bottom of the block. The
heater is insulsted fyrom the block by moens of ssbestos
paper. Jonnection to & Varisc is made thuyrough the
pindines posts shown. The Varise ¢an be callibrated to
zive any desired rate of heating st any desired
temperature. The usunl rate of heasting is one degree
per minnte. The temperature of melting is read by

reans of the thermometer althoush provision hss been



Figure 1
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made for inscrtion of s thermocouple through a hole bored
into the block along the redius opposite the thermameter.
The junction of the thermocouple would lie jJust below the
sample im the small depression just off the axisal hole
that passes the light for illwineting the sample.

doth thormometers used were eallbrated sgpainst
standards of known welting point. The melting points
are theretfore corrvected. '‘he methwd of talking le

indiceted by the use of “enp.” for eapillary and

Hﬁm&“ﬂ
for the sicgrogscope method In rarentheges Poliowing the
melting point symbol m.p. A4AlsO wused are the designations
"g" for softening or shrinking -in gernersl any change
in the szawple prelimirary to meliting, "m¥ for melting
renge, 4" for darkening, snd "de” for decomposition
with geseous evolution or Lubdbling. fhus the melting
point in ¢ eeplillary of a compound that melis at 1928«
1989 with decomposition sd with proliminery soltening
6t 185° would be desipnated:

mepPe {CupPes} 3185, mloE-1GBde

All temperstures ere given in degrees Centirrade.



fure pyrethrosin was prepared from the meterisl

supplied by the United States Department of Agriculture.
This material melted at 199-201%, It wes recrystailiszed
three times Irom ethanol and dried efter grinding in an
pagate wortsr in an 2bderhalden dryer for nine hours at

100° over phosphorus pentoxide.

he &ryaza;a or pyrennrmsxn fee Frontisplece)

are regular octahedra when crystallized from ethanol.
If orystallized slowly the tendency is towsrds elonga-
tion at the ¢xpense of sthicimess. Pyrethrosin is very
bitter to the taste.

msPe {CADP.) MBOO-E010
MePe (Btage} 8197.5, mi99.5-208°

Pyrothroain 48 only slightly soluble in hot and
cold water but more 80 in cold ethanol. In the latier
solvent it dlssolves to tihe extent of approximately
7.6 g. per 100 ml. at the bolling point amd 1.5 ms=. a8t
room temperature. It 1s readlly soluble in eold
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echiorofoms, pyridine, and dioxane. It 43 insoludle in
ether and very slightly soluble in bengzene and petroleum
ether.

Ve Specifie rotation

ledil ze of pyrethrosin dissolved in 28 ml. of
shloroform gave an obscrved rotation of «3.22° when
used in & two dooimeter tube st 25° with o sodium wepor
lemp as the light souroe.

(o«)§5°~ «3349 ( & = 5.64 in chloroform)

«27% mg. of pyrethrosin in Y.285 mg. cmmphor
(k = 41.5, meps = 177.6°) gave a depression of 5.1°%.
Foleculer weight = 308
celculated for Capligply = 306.35

+2 £0 3 p. Oof pyretihrosin were welighed into a
125 ml. irlepmoyer flask. 25 =l. of standard sgueous

# The asuthor is indebted o r. H. 1. Longley, Jr. fox
this srmliysis.
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allmli vere added and the mixtwre warmed on the stesnm bath
for on® hour. A wad of cotton was ussd 0 stopper the
flask loosely. The pyrethrosin was completely in solution
after four or five minutes. At the end of the heating
period the determinestion was completed in the usual menner
by titrating with sterdsrd aclid. See Table III for resulta.



TABLE II

Corbugstion Analyses of FPyrethrosin

Sample Heol % B Gy % C
g B WM.
4.256 2.743 7.2 10.384 866.60
3347 2.206 737 8.198 66.79
T .08 o:ﬁ% 7.2 B8.987 66.7T2
4 .330 2.750 7.15 10.561 66.49
D049 2.3593 T35 8.890 5G.40
aversge 7.25 66.61
average of 15 r»uns V.28 66 .54
caleulated for GyptigeUy 7.24 66.65
TaBleE XXX

Seponification Equivelents of Pyrethrosin

sample mle Of L2XW saponificaution

e alkell used egquivalent
- 2857 T.28 168.2
28353 7.69 1653.0
2351 ?.59 1s3.2

average 163.9
calculated for quaﬁaaﬁlsa.ﬁ
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Potrgsiuw Hydpoxide fuslon of Uyrethrosin

4 g. of pyrethirosin end 6 ml. of weicr were
mixed with 40 g. of potassivg hyaroxide in & nicltel
erucible. The mixturse wes groduslly we

med with & strong
Bunsen f{lame untll most 0 thie water was driven off and
then heated to 250° where it was held for ten minutes.
The fused rmelt tock on a blood red selor. after cooling
the 80lidified melt was dissclved in seversl hundred ml.
of water and scidified to congo peper with falrly strong
aairuria acid, wvhereupon & brownish non-orystalline wass
precipitated. The whole durk colored mixture was then
extracted severs! timee with o gulisble volume of sther
which rermoved zll of the brown emior and brownish
precipitate and caused precipitation of & considerable
smount of potassiuwm sulfate. The ether extracts which
had becn sepurated from the wpter and potazsivm sulfate
weyre then extracted with ten por csnt sodiom bilcerbonate
gelution. The bicarbonate solution removed scme of the
brown color and pgave o éalmtiém‘p@aa$$$ing & purple
fluoreseence. Eveporation of the extrscted coiher
solution, without drving 1t, vielded & smell amount of
proen 0lly realdus. The blcarbomate solution wag then

aeldified with scid amd extrmucted with ether. This ag
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removed all of the brown c¢color. Evaporation of the ether
yielded a brown evilesmelling tar. Attenpts to crystallize
both oils met with fallure.

The szmll smount of alkali-soluble 0ll was distilled
at atmospheric pressure without Cractionmtion. The nighest
boiling point attained was 2£40%°. The distillate was a
light greenish colored 0il which darkened on standing over-
night to air. This 0il gave noc positlive ferric chloride
test but decoloriszed alimline potassium permanganste and
bromine water. It was lighter then water and dissolved
readily in ether, carbon tetrachloride, ethsnol amd cold
concentrated sulfuric scid. It was irsoluble in dilute
hydrochloric ncid and turned & deep blue ¢olor on standing
with concoentrated slkali. 9he 01l pave no Zchiff's test

and no hydrazone could be formed.

e fusion and separation as described above were
repeated on 20 g. of pyrsthrosin. In this experiment the
ether solution rmmain;ﬁg from the bicerbonate extraction
was dried over anhydrous magnesium sulfste for 18 hours.
After riltering, the ether was removed by ewvaporation.
About 2«3 ml. of a brow

1sh o1l with a phenolic-liike
smell were obtained. Attempts to make a b&aﬁaata by
the Schotten-Baumen resction, an aryloxyacetic acid by
the method of Shriner and Fuson (26),snd to obtain a
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ezination product, all met with failure.

Phe bicarbonmtew-soluble {ractionsfrom both fusion
pxperiments were combined, acidified to congo and dis=
tilled with steam. The distillate smelled of pyroligneous
aclid. The residue was cooled and the insoluble tar induced
to solidify. This solid was broken wp and filtered off.
¥o erystallisatlion couid be affected fram any of the
gommon solvents or mixtures of them. An attempt to make
s p-phenylphenscyl ester resulted in fallure us did
attempts to make & meihyl ester wlth both diasomethans
end dimethyl sulfate and allmli.
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Typical Experiment on the Treatment of Pyrethrosin

1e5 ge of pyrethrosin were addied to & solution
consisting of 40 nl. of comecentreted aydrochlorie acid
and 25 ml. of water. Alaost all of the pyrethxrosin
diszolved at once. This solutlion was illtered through
a8 hardened filter peper end werwed on the steam bath.
In e minute or two the color was green. This rapidly
grew darker, turning plnk-violet and finslly a deep
violet. Soon n precipitate begen to come out of
solution and the goluition appesred to be oreen again.
After sboul six minutes total hesting s deep orsnge«
yellow precipitate was filtered off. The remesining
filtrate was & clear viclet. The precipitate was
washed with ddstilled water until silver nitrete gave
no precipiteate 4in the weshings. The preclpitate which
was amorphous was well dried ia alir. It melted to a
brown oily iiquid from 135-156%°. Attempts to recrystaliize
the material feliled. The dried precipitate was a dark
orangé~yellow powder. Lidluslian of the filtrate produced
an additional quantity of amorphous muteriasl with the
same pencral cheracteristics that was greenish.yellow

in colore.

S<E1) mg. gave 3.201 mp. of water amdd 12.922 mg.
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earbon dioxide
C = 67.06% B = 7.04%
4.991 ng. gave 3.023 mg. of water snd 12.150 mg.
carbon dioxide
C = 67.79% E = 5.91%

Although thls substance garve a brilliant Beilstein
test, no positive umlogen test could be obtalned by
dipsolving in elther walm aguecus or aleoholic alimli
and sdding silver nitrete and nitris scid. Fusion with
sodium peroxide, howewver, in the Parr mothod for hslogen
indieated & trece %0 be present.



Alkeline iiydrolysis of Pyrethroain apnd Lihydro-

{This experiment wes esaendtially & repeat of the
experinent porformed by uose exd Haller (£1) from whieh
they obtalned 8 erystalline acld).

£ g of pyretirosin vore added to 80 ml. ol water
containing Z.6 g, of sodlwn hydoroxide. Un wversing on the

team batlh the pyrethrosin dilgsolwved and the soluiion
become pllgnltly yeliow Ia color. JAdter wcooul Yiftean

minutes e solution was acldiried Lo Longo with dlilute

suifuric acia, ww solution Locoming oolorless. The
solution &t this point swelled strongly of acetic acld.

The mixture was steam distilled, wuntil the
distilling liquid was no longer acld, the distililate
neutralized with sodium hydroxide, and cvaeporaied $o
drynesse. This residue was dissolvec in 20 ml. of 850
per cent ethanol wnd 1.5 g« p-pheanyliphenscyl broaide
added. ¢ mixture was refiluxed or one howr awwl toen
cooled. The product wes recrystallized fraz agqueous
ethanol and melted 110«111%. 4 wmixed melting polnt with
known p-phenylphenacyl scotate (m.p. 111-112%) showod ne
deprosasion.

The soiution remaining from tue stear Jdistilletion

was concentrated on the stem bath under o water pup



vacuwryn o a armell volume. Dthanol was added end the
sodium sulifante which nrecipitated was fllitecred off. Tho
solution was then evaporeted nlmost to dryness and telken
up in sbzolute ethenol and cooled. The precipliated
sodion suifsate was agein reroved. The soluvtlon wus LLon
concentreied to an alwost wetor-white ayrup whilcoh was
guite soluvble in weter, methenol, ethendl, e€thyl wcotats,
and like solvents, but slimost insoluble in bonzene, ether,
petroleuwn other, chloroform and the llke. 411 attompts
to orystallize this syyup fallied.

Attermpts to maike & methyl ester of the syrup through
the use o dlazomethane, dimethyl sulfete and alisll, and
metnyl aleoholic hydrochloric acid sil failed. ILikewise,
no pe-phenylphenacyl ester could be prepared.

Treatmont with bolling acetic acid and with scetlce
aphydride in the presence of pyridine both felled to give
back pyrethrosin or any other orystslline material. Like-
wise, no acetylation was obisined with meagneslium wmetal and
scctyl chloride.

4 g» of finely powdered pyrethrosin and 1.5 g. of
sodiuwm hydroxlde were asdded to L0 ml. of water. This
mixture was left standing for twsnty-four hours with
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Experiment 1V

A npumber of quantitative saponifications were
carried out. 4 weighed searmple (.2 to .3 g.) of
pyrethroslin was added to 10 ml. of stendard alkall
sontained in s 1256 ml. Erlenmeyer {lask. The mixture
was thon warmed on the ateam bath for the deslired length
of time or sllowed to stand at room temperature. In some
cases noutral alcohol waes added to increase the solubility.
At the end of the saponifying treoatument the solution was
cooled if necessary and the residusl allkmliil titreted with
standard acid. ‘The results sr¢ given in Table IV.

Some quantitative experiments designed to show
rolactonization are glven in Yable V. Ouxmples were
completely sapounified by warming on the stemm bath for
cne hour,. The solution wse then titrated to neutrality.
in exeess of 10 ml. of standard acid wes sdded and the
solution left standing. At the end of the desired time
the residual aecld was determined.



TABLE IV
Quantitative Saponifieation Experiments on Pyrethrosin and Dihydropyrethrosin

Wl. 7 MI. WI. ®of %

Run Substance Sample Conditions of the  .3250N° secid aeid one complete
g saponification acld needed needed equiv. saponi-
used for 2 for 1l used fica-
, equiv. equiv. tion
1l pyrethrosin  .2770 thirty minutes on 5.12 5.36 2.78 - 96
the steam bath
2 " +2376 ten minutes on the 4.02 4.58 2.29 - 88
steam bath
3 " +2290%7 two minutes on the 3.10 4.45 2.823 - 70
steam bath
4 " «2244 ten minutes cold 2.60 4.34 2.1%7 - 60

{10 ml.alochol
added to aild soln.)

then 10 ml. more 2.98 4.34 8l - 68
alksli added, and
retitrated

[ " 2011 dissolve in 10 ml. 2.00 3,90 1.96 103 51

aloohol,add alkall
back titrate as
repidly as possible;
2% min. required

6 " 2049 repeat of 5 but 1.99 3.96 1.98 100 BO
only 1 min. req'd.

4 " 2921 repeat of 5 but 2.91 5.64 2.82 104 52
several min.req'd.
then allowed to 2.80 99.6 80

stand while end
point shifted,{ hr.

8 #dihydro- «2287 repeat of b, 5-6 4.40 2.20 1.62 74 a7
pyrethrosin minutes required

9 " «2492 repeat of 8 4.78 2.39 1.82 76 38

10 " +2486 repeat of B,but 4.78 2.39 2.34 98 49

end point obtain-
ed in 1 minutei::

end point changed 4.78 2439 1.87 78 39
rapidly,finally

# &1l calculations given in terms of acld.

#%# this titration probably accuraete to only .05 ml.
# the dihydropyrethrosin used was the mixture obtained from hydrogenatilon.



TabBie ¥V

Experimenta on kelsotonisation of Sapomified

Pyrethrosin snd Dihydropyrethsosin

ml. <3260 W

Ran  Substance Sawple Time &am Keq'd. % of
8- hras. acld used for one one
up equiv. equiv.
1 pyretaroain <2209 ;| « 44 B.22 20
2 " X334 2B 1.11 2.86 49
M&WN" A1 i ezl 2 2B 2]
4 @ ~R533 19 -89 £.43 37

* ghe dihydropyrethirosin used mas the mixture obtained

from hydrogenatione.



by hydrogenstion) was treated with 1.5 g« of sodliwm
hydroxide in 50 ml. of water. On warming on the stesm
bath the dihydropyrethroain seon dissolved end the solution
became & light yellow in coler. After ene heur the
solution wae worked up as in Experiment I for pyrethrosin.
Acetic acid was identifled as its p~phenylphonacyl ‘ester
and an unorystallisable syrup was obtalned. This syrup
failed to pdd diszomethans, failed to give an ester with

ghenylphenacyl bromide, falled to go back teo dilydr
pyrethrosin with acetic avhydride and pyridine, and
failed to give a hydrasone with 2,4-dinitrophenyl~
hydrasine.
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The syrup obitained fram 15 g. of pyrethrosin by

complete hydrolysls with alkell wes treated with an
ethersal soluiion of the dlezomethene obtained from 20 g.
of nitrosomethylurea. The syrup was not perticeularly
soluble in ether but or standing twenty-four hours with
frequent shaking and rasceration preduslly changed in
gppearance to s white amorphous looking meterisl. The
ereesse dlsszomethane was eovaporated off with the ether.
Heorvstallization of the residue from slightly aqueous
methyl alcohol gave about 2.5 g« of orude yollowish
moterial. After several recorystallizations I'rom the
seme sclvent the melting point was 195-196° with
evolution of gers. Three more recrystallisstions from
squeous methanol ylelded e small amount (G.1l g.; of
wvhite meterisl crvatalliszing as thin fraglile needles.
meP. {cep.) s8197.5, mlfH. 5100 Qe

The techoicne for reerrstzallizstlion vee t0 disgolve
v material in the smellest poeslible amount of bholling
methanol and to add water drop by drop until = clowdiness
began to appesy. The solubtlon wes then allowed te otand

in & current of 2ir 80 tiat crystallizetion could tolwe
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plage slowly. The meterinl was dried for four hours in
waeud over phosphorus pentoxide at 100%.
Bepe {crpe) 28105, MP0O4-204 .54
4,304 mg. gave 2.7T65 mg. water and 9.890 mg. cardon
dioxide
C = 62.71% H » 7.16%
3090 mge. gave 2.020 mg. of water and 7.064 ng.
carbon dioxide

C = 62.53% H o= 7.31%
¥2%.933 mg. gave 3511 ml. of nitrogen st 22.6% and
764 mme.
H = 9.18%
5.465 mge gave 430 ml. of nitrogen at £2.5° and
765 rme
H = 9.15%
Celeulated for ﬂlsﬂegosﬁg
C = 62.73% H o= 7.247 H o= 9,145

It was lnter discovered that this product eovnld
be nore satisfasctorily recrystallized I'ror propancl,
the gellowyaaler belng removed more qulekly. Attempta
to obtain & ssponification eqguivelent on this compound
pave conslstently high and scaitered results depending
on the boiling time. 'The lonmger the bolling, the nlgher

¥ Prhe author is Indebted to Er. L. Parks for these snalyses.
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2
the result. Velues of 349, 350, snd 309, 308 were

obtained for & theory of 306.

Acetylation of the Disgomethane Addition Product
of the Syrup from Alkaline Saponifiecstion of Pyrethrosin

About 100 mg. of material constituting the second
and tnird crops obtained in the purification of the
disgomethane additlion product of the syrup fraom saponified
pyrethroain were dissolved in 10 ml. of scetic aphydride to
which 2 ml. of dry pyridine had been added. This mixture
was 1eft stapding for five days,at the end of which time
it was poured into a small amount of ice and water. 4
eryotalline materisal preciplitated out and was filtered off.
This melted with bubbling from 173-181%. Two reerystellize-
tions from agueous ethanol gave about B mo. of fine needles.
™is was dried in vacue for three hours at 100° over bariwm
oxide.
me.p. {Cup.) sl78, ml79-80de
424118 mg. gave £.430 mg. water and 9.313 mg. carbon

dioxide

C = 61. 75% H = §.61%
3.923 mg. gave 2.349 mg. water and 8.840 mg. carbon
dioxide

C = 81.49% H = §,70%

%% Tne author is indebted to Kr. L. Goldman for these mnalyses.



*2.78 mg. gave 191 ml. of nitrogen at 28.5° and
67 wm.
He 7.85%
1.85 mg. gave .131 ml. of nitrogen at 38° and
T70 mme.
E = 7.83%
Calouleted for GWB&G@&N&
C = 61.52% B w» 6.71% H = 8.04%
Caloulated for CyptiggOglic

C = 62.06% H = 6.05% H o= 7,178

® The author is indebted to kr. A Sedle for the nitrogen
analyses .



seld Bydrolysis of Pyrethrosin

4 gz. of pyrethrosin were added to 40 ml. of
50 per cent sulfuric scld and refluxed for one and one-
half hows. The solution turned purplish, then yellow-
ish, and gradually becsme darker as more and more
charring occurred. At the end of the hesting period,
25 ml. of water were added. About 30 ml. of liquid
were distilled off. This distillate was neutralized
with dilute sodiuws hydroxide ami evaporated to dryness.
15 mle. of 50 per cent aloohol were added and the
solution made just acid with concentrated hydrochlorie
agid. .3 g. of p-phenylphenseyl bromide were added and
the zolution wee refluxsd for ome hour. The orodnot
obtained on cooling was filtered off and recrystallized
from ethanol. It melted 112-113% and showed no

depression of l1lts melting point vhen mixed with & sample

of p-phenylphenacyl acetate of melting poimt 111-112°.
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frang-esterification of Fyrethrosin

2 g. of pyrethroesin were sdded to 100 ml. of
shsolute methanol. To this wes added severseld drops of
a8 dilute scolution of sodlum ethylate. All of the
pyrethrosin did not dissolve at once. This mixture was
left standing for ten days with occasional shaking. sfter
three days nearly ell of the pyrethrosin had gone into
solution. After the firast day & strong odor of methyl
acetate was noticeable.

At the end of the standing period the solution
wag concentrated under s woater prerp vacuum to sbout 10 ml.
vater was added and the solution covled. 4 small amount
{less than .08 g+) of crystalliing materisl was obtained
thet melted from 171-180%. After two recrystellizstions
froam agueous alceohol about 20 mg. of fine white needles
were obtained. This was dried at 100° for two hours in

vacud over phosphorus pentoxide.

mepe (c2p.) 3181, m1iB4-186

2.328 mg. gave 1.536 mg. of water and §5.652 mg. of
carbon dioxlde

C = 66.08% H = 7.,40%

3.740 mge. gave £.480 mg. of water and 8.993 mg.

of cerbon dioxide
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¢ = $5..62% H = 7.42%
3.0T7 mge. gave 1.993 mg. of water and 7.397 mg. of
garbon dloxide

C = 65.50 % B w 7.25%

The residual solution worked up toe & ecolorless
syrup which reslisted all attempts al eryastallization.
It friled to go back Yo pyrethrosin when trested with
gcetic anhydride snd pyridine.

& small quantity of pyrethroain was pleced in &
amall distilling flask having ¢ short frectlomting side
arm contalining a thermometer. he recelver was arranged
sc that 1t could be cogled in ilce wnier. lent was
applied to the bath by means of s metal bath.

The pyrethrosin nmelted at & bath temperature of

sbout 210%. From 210 to 250° a amall emount of clear liquid

boiling et 110-116° ceme off. This smelled strongly of
acetic scid and solidifled in jee water (freezing point,
acetiec scid, 33”). 4 second fraction bLoiling at 110-140°
was obtained when the bath temperature was reilsed to 300°.
This t0o0 smelled of acetic aclid Lut was dark colored. "hen
the bath temperature wes raised to 400° a qumntity of
dark viscous oll distilling irom 200~-3507 was obtained.
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The residue on cooling selidifled to a dark glassy solid.

The first frection was converted to its p-phenyl-
phenscyl ester and proved to e p-phenylphenscyl acetate,
melting st 110-112° .

“n converting the zeeond Craction to Itsg g-~phenyl-
rhenascrl oster only that of acetic acld could be obtained,
althourh scoveral reoryetellizations were regulred to
obtain it pure.

"he third fractlion was redistilled umidor z wuter-
punp vecmm. It bolled et 210-260%. The reofluxing
distillete was & greenish blus.

In one sxperiment the Tiquld distilling bolow 3000
wag not sersreted but converted directly to its pephenyl-
phenscyl ¢ster. This estoer crystallized inm plates. It
vnz recyystallized three tiwmes from aqueous algohel and
Aried for four hours in vncuo over thosrhorus pentoxide
at 56%. adout 10 mg. were obtained pure.

e Peo (Cap.) 2889, nl.5«02
£.656 mz. gave 1l.269 mge. of water and 7.073 mg. of
carbon dioxide

C = 73.28% H = 5.30%
2.619 mge gave l.256 mge of wateor and 7.040 ug. of
carbon dioxide

C = 73.35% H = §-57
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Caleulated for CpsHixn0g (U3pHgCOCHE00CR)
L o> ‘?3!4&% H= 5«5&}6

Atterpts o obitain other esters from the mother
liquor failed, as did attempts to obtain this eater in

larger quantity.

Pyrolytie Distillstion of Hydrosensted

Several grams of syrup obtained from & complete
hydrogenation of wyretarosin uslos tuney hickel Catealyst
at o pressure of sbont 10 stmosvheres and & temnerature
of 50° wers transferred to a mmall Alzti1 1 4ne flagk with
aelanhol, The alaoohol was removed under & watey pumd
voeonmm gnd a beth temperature up to 1009, sfter sll of
the solvent was removed the vwacuumm was broken and the
bath temperature raised to 200-220°. This caused a
smell amownt of maeterial of boiling point 115-120° to
come off. This distillate solidifled in ice wnter and
was unmistalably acetiec scld. A vascuum of 1e2 mme. of
meregyry was then applied. At a bath temperature of
210~240° smooth boiling occurred with little or no
charring. The distilline liquid boiled at 170-200° and
solidified to 8 clear rclassy massg which resisted sttempts

at orvstallisation.



Beanction of Pyrethrosin with slecoholle Awmonin

4 saturated solution of ammonia in absolute ethanol
was prepared by passing gsseous srmonlia thirough zbsolute
ethenol that was cooled in an ice-water bath for one
hour. 4 g. of pyrethrosin were asdded to 300 ml. of the
ammoniacal solutlion and left standing 1n the isebox.
Overnight the pyrethresin completely dissolved. After
two days the solution was concentmted to e small volume
arxd diluted with an equal volume of water. On stending,
a small amount of crystalline smterial geparated ount.
This was filtered off and apounted to mbout .8 g. After
one recrystallizestion from alecohol the melting range wes
216-218% with preliminery softening at 214%. %Pwo more
recryatallizations fror alcechol gave about .08 g. of
fine white needles. These were dried in vecuo at 100°
for three hours over phoaphorus pentoxlde.

m.ps {COPs) 8218, mM220-221
4.449 mg. gave 2.956 mg. of water and 10.585 mp.
of carbon dioxide
C = 64.93% H = 7.45%
4.508 mge. gave 3.038 mge. of water and 10.912 mg.
of esrbon dioxide
C = 54.70% H = 7.38%
Caloulated for 2C1yipa0p + Nilg
C = 64.85% B = 7.52%
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This compound showed a remarksable tendeney to
become charged when ground in a morter. It gave no
nitrogen test on fusion with sodium nor ammonia when
warned with concemtrated slksli. Dumas! nitrogen
determination did, however, show nlirogen to be present.
The analyst reported thabt & whilte sublimste formmed in
the cool exit end of the combustion tube.

%4 .89 mEe gave 113 ml. of nitrogen st 26412 and
7666 rm.
H = 2.86%
.06 mgg« gave «195 ml. of nitrogen at 20.1% ana
762.0 mm.
E = 2,41%
Caleulated for Z2Cypllosls + KRHj
K = 2,250
An attempt to prepare an acetate of this compound
with secetiec anhydride in the presence of pyridine falled.
The residual solutions were combined and ewmnporasted
down. On cooling e whitish o©ll came out of solution.
This was teken up Iin alecohiol, filtered and 2llowed to
evaporate under e slow stream of alr. A thilek oil was
sgain obtsined and left standing. On Observation several
days later crystals hied appeared. This substence molted

#* gne author is indebted t0 ¥re Lo T. Crews For these
enalyses.
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et 130-145°. After two recrystallizations from aleohol

the melting range vas 154-156°. From the filtrates a
second ¢rop wmas obteined which, after one recrystallisation
om aquecus propencl, melted st 154-1856°. The two crops
were combined end recrystaliized one Lime from cyclohexane.

About 10 mg. of fine needles wore obtalined. This was dried
for two hours in wescuo at 78° over phosphorus pentoxide.
MePe {caps) 1EH~1L66
2.285 ng. gave 1.538 mg. of water and 5.334 mg.
of earbon dioxide
¢ = 64.B5% B = 7.635%
2.069 mg. gave 1.396 mg. of water and 4.824 mg.
of curbon dioxide
C o= 53.94% H = 7.50%

A second attempt to obtaln this product in larger
quantity feiled. UJesedling of the oil obtained from the
treatment falled to produce crystals.

The residusl soluilions were worked up to a thiek
syrup which failed to give off smumonis on warming with
concentrated alkall and frowm whioch no dinltrophenyl
hydrazone could be prepared. an sttempt 1o agetylate
the ayrup with acetlic anl

raride and pyridine also falled.
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ition of Mazomethape to Pyrethrosin

3 g. of pyrethrosin were dlssolved in 50 mi. of
pyridine. To thls was added the other soliutlion of the
diszomethene prepared from & 5. ol nitrosometiiylurca.

&8 the ethoresl solutlion wus slowly added the color of
the diassomethane disappesred ad a wnite precipltete
settled out. Soon an excess of dlesomethane was present
and the soluition took on & light yellow color. After sll
of the diassomethsne wsas added the mixture was alloved to
stard for five honrs at room tenperabture. The ozxooss
diazomethane wes then driven off by wermine in the hood
end the preocipitate removed by flltrabtlion. 2About 2.3 g.
of product meliting about 1&39 with decamposition wnas
obtuined. This materisal was rocrystellised from ethanol
{about 500 ml. were required), after which iv melted at
196-197%, It orystallised im long, thin, white needles.
i small sanple was again recrystallised from ethanol and
dried for threes hours in vasuo at 100° over phosphorus
pentoxide.

wePe (Cups) 8193, nlob6.Hde

4136 mg. pave Z.587 mz. water and 9.431 mg. of

earbon dioxide

C = G2.28%
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4.303 nge gave £.037 mg. water and 9.758 mg. of
carbon dioxide

C = 61,058, H = $.885
Caloulated forx U;BEB¢&5H8

¢ = GR.08% ¥ = 6.95%

This product falled to resct with acetle anhydride
in the presence of dry pyridine &t room tempersture. The
megterinl was recovered mmchanged.

T™he filtrete from the insoluble produet above wes
concentratea, taken up in alcohol and reconcentrated to
a smell volume. 4sbout .6 g. of white crystelline
material melting at 120-125% was obtained. %This was
recrystallised from etlmnol (ebout 25 mli. were required).
It then socemed to melt at 118~-123° but to a semi~liguid
which became clear with bubbling at 165-169°. The
meterisl was recrystalliized four more tlmes from ethwanol,
each redgrystallissation raising the tamperature at wiiloh
the preliminsry melting ocourred until {inally & pure
substenee wes obtained, This was dried three hours in
vacuo ab xﬁﬁg/ﬁv@r phosghorus pentoxide.

mep. (cap.) 168-169°

3811 mz. mave 2.381 mr. of water and 9.706 mg.

of carbon dioxide

C = 62.35% H = $.99%
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4£.393 mge gave 2.730 mg. of water and 10.009 mg. of
cerbon dioxide

C = 82.,18% H = 6.95%
Caleuleted for Cygi,,0gNp
C = 62.06% H = 6.95%

Addition Froduet of Pyrethrosin

Une-tenth g. of the more insoluble diazomethane
addition product of pyrethirosin were placed in & small
test tube and slowly hested over a free fisme. Un
melting the substeance degussed to a viscous oil. After
allowing to cool, this oil waz taken up in othanol and
thrown out with water. The cerude material obtained
melted at 126% with preliminsry softening at 110°. %wo
recrystallisations from agueous alcohol gave about 15 mg.
of pure product. This was dried for two hours in vacuo
at 78% over berium oxide.

m.pe. (eap.) 8118, Mm1I33-138

3.219 mge. gave 2.160 mg. of wator and 7.935 mg.

of garbon dloxide

0 = 87.27% H = 7.51%

24256 mp. gave 1.520 mg. of water and 5.573 mg. of

carbon dioxide

C = 67.41% E = 7.54%
Calculated for CigHaslg
C = 6?-'&6% Hw= VQ%%
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HYDROOGEEATION OF PYRETIROSIN

The appayatus used throughout mas one of the
standard sssemblies built by the American Instrument
Comparny, Silver Spring, Baryland, for pressure
hydrogenations. It consisted mainly of bombs, bomb
holder with heater and a shaker assembly for the banb
holder. Tenperature was controlled snd observed by
means of & Brown asutomatic potentiometric controller

and & thermocouple inserted in the bomb well. Pressure

could be followed Doth Ly the mmin gauge on the shaker
assembly,through which all hydrogen entered, snd a
smmaller geuge which could be inserted in the line before
the inlet to the bomb.

Experiment I (Preliminary)

10 g of pyrethrosin wes added to 3500 ml. of
shaolute aleohol in & one liter bomb. Approximetely
1 g of raney Hickel Catslyst prepared under absvlute
slcohol was added. The hydrogenation was ran for one
hour st room bemperature snd & pressure of 100~120
stmeogpheres. There was & repid drop of aeversl
atmoapheres at the besianlng of the period.

The waterial that omme out of ihe bowm
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in solution. This solution, after filterine off the
catalyst, was concentrated to & amall volume. After
cooling snd standing for several hours, 4.5 g. of
erystalline meterisl melting at 180-207% was obtained.
This smmbteriel was reorystalilzed three times fram ethanol
and driec for three hours in vwamoeud at lﬂﬁa over phosphorus
pentoxide.
mePe (Capa) aldl, mOG-211
wepe (Btage) mi7U-204
4+035 mpe gave <.828 mg. o water and 9.786 mg. of
carbon dioxide

U= %-m Hm» ?.85%
Caloulated for Cynlo,0p
¢ = 656.219 T = 7,059

The residusl solution was worked up to a thick
syrup from which no other crystaliine meterial could be
obtained. 4n attempt to frasctionate the crystalline
materiasl was made, using tho meliing point es the
criterion of separation. This, .owever, wes not
successfule After the first few crystallilzations the
direction of change of e melting point could not be
predicted. Cambinetion of secples or like melting point
would, in o Insteance, glive s higher melting polnt,
while in others, & combination of samples of the same
melting point as before would give & lower melting point.



10 g+ of pyrethrosin was added o S00 ml. of
absolute alecohol on & 1 liter bomdb. 1.5 g. of coppere
chromite catalyst was added. The hydrogeomtion was rum
at 175% for five and one~half hours at about 175 etmos-
pheves. The solution which came out of the bomb was
groen in color. It worked up to & thick greenish
materizl from which no erystailline meterisl wes Lsolated.

This experiment was »m In a bos

b in vhich .01356
moles of scetone required a pressure drop of 60.5 pounds
of hydrogen to give izcoproryl aleohol mole for mole
under the same conditions.

2.8 g. (.00816 moles) of pyrethrosin was added to
40 ml. of sbeolute alecohol in a 120 ml. bomd slong with
approximately 1 g. of Heney Rlokel Catalyst. ‘the hydro-
genation was started with a mressure of 109 pounia. After
two hours st room tempersture the pressure had dropped to
70.5 pounds and the rate of sdsorption bad bLecome slmost
nil.

Hydrogen used up by pyrethrosin 385 1iba.

Hydrogen required if pyrethrosin

took up hydrogen mole for mole 57.0 1bas.
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The pressure was then raised to 120 pounds erd
the temperature sallowed to rise to 60°. At the end of
six hours the rete of drop had Lecosre almost zero.
After cooling to room temperature again the pressure
read 45.5 pourds.

Potal hydrogen used up by pyrethrosin 125.0 1ibs.
uydroapen regquired 1f sne mole of
pyrethrosin took up ihwirec moles of

hydrogen 121.0 1bs.

Om worklng up the product only a clesr weter-white

ayran vas obtained thet resisted crvstallizstion.

Lxnerirment IV

Tnls exporiment was run in a bomb in which 0138
moles of acotonoe required und@r the same eonditions a
pressure drop of 50.0 pounds of hydrogen to give
isopropyl slcohol mole for noleo.

2eH zZo (+0082 moles) of pyrethwrosin was dissolved
in 40 ml. of dioxmens in a 120 ml. bomb. spproximately
1 g of Laney Hickel Catalyst was added. In sixz hours
at room temperature thwe pressure drop was from 1235.5 to
96 .0 poumnds .

Hydrogon used up 27«5 Ve
Hydrogen required 1f being
taken up mole for mole 28.0 1bs.
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prepared under dioxsne was added. During five hours
at yroom tempsrature a pressure drop from 120 to 60
pounds was observed.

Hydrogen used up 60 lbs.

Hydrogen required by .016 moles

of pyrethrosin taking up hydrogen mole

for mole 58 1lbs.

After the cstalyst was filtered off, the solution

was taken up in a large gquantity of slocohol and then
concentrated to about 30 ml. This was allowed to cool
slowly. 4ibout Z g. of large rodelike crystals were
rexoved by filtration. This was called fractiom I.
T™he residual solution was then cooled in an ice bath
and about 1 g. of erystals called fraction IX was
obtained. The mother liguor was then conoentrated to
a amall volume and on cooling yielded about 1 g. of
fraction III. 7The following observed rotatliona were
ocbtained using as noarly as practicable the same
concentration of material in chloroform {about .35 g.
per 25 ml.). Ailso given are the approximste capillery
melting points.
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¥raation Ubaerved rotatlion Kelting point
I 2.00° 8195, m200~2056
iz 1.289 8160, semi~-liquid 188,
clenr 202
11X 0.78° 8160, semi-liquid 160,
clear 182

As 1t eppeared that rotation waz a surer method of
following & separation than melting point as tried in
Experiment IV, this oxperiment was repeated using 40 g.
of pyrethrogin. The slzmplified fractiommtion scheme
is riven Iin Ficure 2. It waz also found that ohgervation
of the crystalline form wes of walue in following the
fractionation, particulerly in determining the purity
of the wmore insoluble form. All rotations are for
soliutions in chloroform of sbout the same concentration
{about .35 g+ in 25 ml.).
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FIGUKE 2
Simplified Chart of the Prectionation Carried
out on Product of lydrogenatlion Exporiment V

solution from bomb
goncentrated to about 250 ml.
after removal of the catalyst
arl cooled In 1ce water for
20 minutes |

I 1
precipitate (88 g.) solution
recrystallized from 303% concentrated to about
excoss alcohiol with slow 30 ml. and oooled
cooling ¢0 room temperature
f |
1 1
graaipitat@ (14.5 g.) solution praaiﬁitaka (6 go) solution
e orystals 8l8dH, recrystalliised from conc. to
n204-209 1in aapillary 20 ml. nlicchol 5 ml.
this freuction was re- 4 g. mlb68, clear 182
erystallized thriee more rearyetallised twice
from 30% exceas alcohol Irom n~-butyl ether
with slow cooling comtaining a little
7.5 ge nicely crystalline 3.6 e product
material 25
{X)EB= -83.5 (o) = =33.7
g gall sample was roarystall-
ized twice more Irom ethanol,
then ‘ {
&x)gﬁ = L0337 precipltate syrup
1 m. of crude, (5 g.)
l sticiy with mmtﬂer
liguor
filtrates woere thrown back to rma?yaﬁaliiaﬁﬁ twice
tre middle throughout and more from n-butyl ethey
of this isomer obtained ¥
0‘& ,g,ﬁ

(«)§5 - ~20.4
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By repeated removal of the more insoluble form from

the precipitates, & franotion was ocbtained that aoon

resched conetant rotation. This freetion, if sllowed to

cool slowly, formss long hexagonal reds. Crystals 12 sum.

long and 1.5 mm. in thlckneas are readlly obiained.

Several grameg of this material were dried in vacuo for

two hours at 100°.

mepe (cCupe) 8175, nIIE-E200 to semil-liguld, clear at 202
m.®». (stage) 8165, considerable liquid forming at 180,
ciear at 108
4.303 mz. gave 3.021 mg. of water and 10. 4067 mg. of
carbon dloxids

C = 66.585 H e T7.87%
4.199 mge. gAVE 24975 mge Of waier ond 10. 1986 mg. of
carbon dioxide

G o= BUR6R o= 7.025

) oul i TOY Gomwii, .0
Caleulated for &2?33‘95

C = 66.21% H = 7.85%
« 3310 g. in 85 ml. of chloroform rotated the plane

of polarized light -2.21% when used iIn & two decimeter

tube at 25° with & sodium vapor lamp as light source.

(o()gﬁ » =83.5 (¢ = 1.32 in chlorofornm)
2335 g. used up 7.63 ml. of .20 N elksli in &

saponification experiment. Saponiflication equivelent
- 153541,
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22533 ge used up 2.18 ml. of «20 ¥ elikmll in a
saponification exporiment. Caponifiestion equivalent =
155.0.

Caleulated for 017Ha463

Saponifiecation equivalent » 154.2.

Copbination of the Tilcretes frop the wore insoluble
form and continucus removel of that form from them failed
to give, from the rwither liguors, a proecipitate of
minipem rotetion in the opposite direction. The lowest
rotation observed was ¢o<;g§ m «Z22.7, and tiiis en w
fraction obtained in the middle of ithe frectionations
to the sztent of sbout .6 g+ The direction of chenge
of rotation on recrystallisstion of a sample could not
be prodicsted. nthanol, n-dilbuiyl ether, and dioxanc
were the only solvents from whileh satislactorily
crystallineg meterdial could bLe obtelined roedily. In all
ol these the one form was ove insoluble tlian the other.
in alli, some thirtye-Cive recrystallizations were mede.
For marposes of aoreparvleon, seveoral sarams of an inter-
wediate I'rection were prepared and driled.

mape (Cups.) 81565, mled, clesr 172

mepe (Btage) 3148, mié2-16T, elear 185
5439 mge. gnve Z.422 mg. of water and 8.582 mg. of
carbon dioxide

¢ = 66.356 H = 7.88%



2.832 mg. gave 2.006 mge. of water and 6.842 mg.
of oarbon dioxlide

C = 85.93% H= 7.98%
Caloulated for al’!%,-s@&

C = 66.21% E = 7.8506

«3428 p. in 25 ml. of chloroforrm rotated the plane
of polerized light «1.022 when used in a two
decimeter tube st £26%2 with & sodium vapor lamp for
light souree.

(X %ﬁ = «37.2 (0 = 1.37 in chlorororw)



& sample (3~.4 g.) of the substanes to be oxidized
was weighed out into & 25 ml. volumetric {lask. 7To this
was added 10 ml. of a phthsalic monoporacid solution in
dloxane (sbout .06 M.) prepsred according to the
{1}). The flask wag shalken to
dissolve the so0lld and then sllowed to stand the desired

directions of Bohme

length of tiwe &t room teuperature. The solution was
then made up to volume wiith puwre diocxane and & 6 ml.
aliquot taken. ihis wes edded to 30 ml. of & 20 per cent
potassiuwm iodide solution in & 125 ml. Lrlemmeyer filssk
and sllowed to stend Ffor ten minutes with occasional
shaking. The liberated lodine was then titrated with
standsrd sodlium thiosulfate. uther & mi. aliguots were
titrated at ilater times. Lince the permold solution
detorlioretes on standing the strength of the solutiom
used wes determined fram s control experiment carried
through the same progedure. ihe difference between

the smounts of thiossulfate used for titration of the
eontrol end the sarple 1z & messure of the peracid used
up by the substance beling studied. Clnnanyi salcohol was
uaed ag & known. 7The dibydropyrethrosin used in tuis

experiment was the morse insoluble isoner (°<)g5°u =83 .6
(o = 1.32 in chloreform). Table VI gives thé results.



TABLE VI
Phthalie XHonoperscid Oxidatlon of Pyrethrosin
and Dihydropyrethrosin

OO

Pyrethrosin pyrethrosin®

Fun I 1 I¥T 11X I11
;32?13 «2920 L2148 L3844 L4003 L3886 .4016 .3111 .2944
?iﬁguia moles of peracld used per mole sample

1.5 - 92 - - «10 - - .21

6.0 - <97 - - .38 - - .37
20.8 1.01 - - 74 - - 74 -
21.8 - - .72 - - .73 - -
28.75 - .08 - - .60 - - .50
45.0 - - .75 - - .76 - -
67.5 - - .81 - - Y - -
73.5 «65 - - G - - 44 -
74.5 - .31 - - - - - -
90.0 - - .83 - - .20 - -

¥ sore insoluble isoumer (°i)§5 w =83.5 (¢ = 1.32 in

¢hloroform)



Product from the imhthalic Momoperacld Uxldation of

The residual solutions (contsining ebout 0.3 g.
pyrethrosin) from the phthalic monoperacid oxidation
studies on pyrechirosin were

cambined and left atandling
wmtil all of the peracid wes decomposed. The solutlon
wes then soncentrated to dryness umder a current of airx
at room Lomperature. The crystals s¢ obtsined consisted
mostly of phthalic scid. This materiasl was extracted
several times with bdoiling chloroform, the phithalie acid
being very slightly soluble. The chloroform extracts
were combined and evaporated to dryness. The syrup
obtained crystallised readily from eothanol. 2fteyr two
reorystallizations from ethanol {ts relting point waa
constant. Ilis behuvior on melting was very mmueh like
pyrethrosin iteself. The product (50 mg.) was dried in
vacuo for two hours at 78° over barium oxide.
mep. (cap.) 8212, m2l5-2817 with final clearing at 233
Tellb mr. gave 1.892 mg. of water and 7.207 mg. of
carbon dioxide
C = 63.12% B = 6.80%
3867 mg. gave 2.048 mg. of water and 7.568 mg. of
earbon dloxide
C = £3.28% E = 7,01%
Galculated Tor Gywnllpplg
C = 63.34% H = 6.88%



Product from Phthalie Monoperacld Uxidution of

This product was qulte difficult to purify and
eould not be obtalned from the residuasl solutions rom
the oxidation studies.

0.5 g. of dihydropyrethrosin (%) 25 = .g3.5 (e =
1.32 in chloroform) and 18 ml. of the perseid solution
were mized and left standing until all of the permcid
was decomposed (soversl days). 'The solution was then
worked up according to the same progedure as used sbove
for the similar solution obtalned frox pyrethreosin. The
erystalline product obtained required six reorystallizae-
tions from saqueous propancl before its melting point
became consbant. Lbout 20 mg. of fine vwhite needles were
obtained. Thege were dried Iin wvecuo for one and one-half

hours at 100“' over barium oxide.

MePe (Cop.) 8221, mELB-2304
L4860 mp. gave 2.019 mg. of water and 6.829 mg. of
carben dloxide
C = 85.27% H = 7.88%
3.211 mg. gave 2.197 mz. of water and 7.6886 mg. of
carbon dloxlde
Cow 65.32% H o= 7.65%
irom the mother liguor wes obitalned & small amount
of wnreacted dihydropyrethwosin.
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The active hydrogen atomsa and carbonyl groups
present in pyrethrosin were detormined by using the
modified Zerevitinoff avparatus of Rohler, Stone, and
Ffuson (17). In sddition to the Grisnard reagent in
di-n~aryl ether arnd the pyrethrosin, pyridine to the
smount of 5 ml. wvas added to inereanse the solubility.
A blank deterpinmstion using pyridine wes »un to obtain
the correction necessary because of the pyridine and
to obtein the strength of the Orignard solution being
used. The dete are given in Table VII.



TABLE VI
Determination of Aetive Hydrogen itoms and Carbonyl
Groupa in Pyrethrosin

Run X Iz 11X Iv
time of heating for reaction 10 20 20 20
with active hydrogen atoms in
ninutes
millimoles pyrethrosin «318 676 .8638 .569
riillimoles sctive hydrogen
atoms «206 « 612 « 496 «478

miliimoleas acilve hydrogen
atems per millimole pyrethrosin <549 805 JTT5 .840

milliimoles Grigoerd reagent

conswned by carbonyls 543 114 1.07 -
millimoles of carbonyl groups
per mlllimole pyrethrosin 2.08 1.68 1.68 -

total millimoles Grignard
reagent used per millinole '
pyrethrosin 2.67 2.59 2.46 -
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Jegmtive Zxperdments carried out in sttewpts Lo
Hake Carbonyl and Hydroxyl Derivatives of
Pyrothrosin end Dihydropy

IRy

The Following methiods have failed to yield hydrozyl

derivatives with both pyrethrosin sand dihydrepyrethrosin:

1, thenyl isocysnate in absolute chlorofomm.
2. Hetallle sodiuwm.

3+ Dimzpomethans. ,

4. scetic aphydride and pyridine.

In addition, the {ollowving methods have faliled with
pyrethrosin onlys

1. Acetic anhydride and anhydrous sodlium acetate.

2. HMagnesium an! eacetyl chloride.

3. Phe reaction product of pyretivosin and methyl
magnesivwn iodide plus acetic anhydride.

The olloving methods have falled to yvield corbonyl
derivetives of both pyrethrosin and dihydropyretiwosin:

l. 2,4~dinitrophenylhydragine and Lydroghlorie
acid in ethyl cellozolve.

2. Hydroxylemine hydrochloride and godlium scetate.
3+ Hydroxylamine hydyoanloride, trace of pyrid ﬁn
in ethanol esolution in & mealed tube at 100
1. Serlssrbazide hydvochloride end nyridine in

4 gtqan@l.
“He Lydrezine hydmetc snpd elkeli.

¥uny of the above experiments have been repeated

gseverel times with slight varistions in comditions.

* only tried for pyrethrosin.



Product from en ,ittempt to male

Lt T e b ARG o AN o

Dihvrdropyrethrosin

+5 go of dihydropyrethrosin (the pure isomer)
snd % g. of hydroxylamine hydrochloride were added
to 10 ml. of ethanol containing sbout 1 ml. of pyridine
in a pyrex tube »f about 15 mm. externsl dismeteor and
30 ame long whickh hwd been soaled 2t one end. After
cooling in an fce-water bath thls tube was sealed Of7
at = length of about 20 em. &and then heated for three
hours at 100%. 4t the end of the heating period the
tube wes agalr cooled amd then carefnlly opened. Aftey
renoval, the sclution wus cvaporated to dryness, the
resldue taken up in alochol and evapwated sgain until
erystals begsn to appear. Afbter cooling, the crystals
were filtered off. These relted at £13-218° with

preliminery softering at 158%. ifter tvo recrystallize-

plates wore obtained. 7The sewple wes dried In vacuo for
two hours &t 100° over barimm oxide.
Mepe (ca&p.) 8216, mI19-L21
L.554 mo. guve Z.5634 mp. of water and 8.5%4 mg. of
garbon dioxide
U ow 05H.99% Ihom F.97%
ZTIT mge 2ove 1832 nge of wALOY and B.009 mg. of
carbon dloxide



¢ = 86,589 H = 7,067
Calenlsted for ‘;17324‘35
C = &66.215 B = T.88%

6.934 mg. in 1.503 ml. of chlorolorm zave an
observed rotetion of +.02% when read in a one decimeter
semi-mioro polarimeter tube st 26° using & sodium vapor

lamp 88 light souyce.
(v()ga w 4.4 {¢c = .47 in chloroform)

The same product wes 180 cbiaslned Iro: an atbenmpt
t0o make s semicarbasome of dihydropyreilrosin using
semicarbazide hydroohloridie end pyridine in sthanol.

A mixed melting point of the two producits showed no
depression.
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COHG LUSTORS

Pyrethrosin is a white, opileslly active,
erystalline compound with a decidedly bltter taste.
In solution it is neutral to litmmas sand does not take
up alkali. The c¢rystals have sn octsahedral shmpe, bubt
on oasunl obszervation appsar to be diamond-shaped
{see Frontisplece). Pure pyrethrosin melts in a
capillary at amwsaxﬁ when the rate of hesting is
fairly rapid (ten to fifteen degrees & minute), until
the nelighborhood of the melting point is reached. If
heated slowly.the mmterial slowly changes to & glassy-
14ke mass which refused to become a8 liguid even at
300%. If obeserved under the wicroscope softening
cceurs at 197.5% and the melting range 1s 1996.5-2020.
This is typloal of the differences in melting polints
taken by the capillary and hot stape methods.
Prelininery changes which oo cur sre much more easily
seen and the end of melting is much rore socurately
determined by the microscope method. The oriterion
of complete fusion in the miecroscope method 1s the
disappearance of the property of double refrection in
polarized light.

Pyrethrosin above its melting point rapidly
assumes a yellowish appearance and decomposes with
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bubbling. Helted pyreihrosin will not solidify to a
erystelline material.

Fose and Haller (£1) reported & form of pyrethrosin
melting at 178° 1f ethenol was used as the recrystalllicaw-
tion solvent. The normsl form melting at 200-201° was
obtained by them when ethyl acetste was used. In the
present work only the high melting form has been obtained

from a variety of solvents, ethanol, ebsolute sticneol,
pyridine, acetic anhydride, chloroform, ethyl acetate,
and dioxenc.

This leada to the speculation that the compound

worked on by Rose snd Haller wes in some way different
froam pyrethrosin. The sample worked on by them was
obtained only in small guantity from pyrethrum extrects
of their own, whereas the sample now belng studied wes
obtained From a commerelal souree. Purification of the
two samples was brought about, however, in the same
general way. At least one worker in the same laboratory
(private communiocation from M. 5. Schecter) has since
falled to obtain the low melting form. Lxeminstion in
our laboratory of Rose and Haller's low meliing sample
{supplied by the Government labomtory) revealed a
melting reange of 183-198°. kesrystelliszation of the
sample from ethanol removed a slightly yellow color and
showed the material to be identiocal with the ordinary
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nigh melting form. %This of necessity leads to the
eonclusion that thers 1s only one form of pyrethrosin.

Fyrethrosin containe only the elements carbon,
hydrogen, and oxygen. A comparison of combustion,
sguilvalent velght and molecular welght date found fo
pyrethrosin with those culeulsted for various theoreti-
cal possibilities 1s givenm in Teble VIiIi. Ixamination
shows at once that the formule is Cyelinelg.

£lthough any of the forrmles Cyall

O
20~-24 5
possible from the moleocular welght and saponificetion

are

data, only Ui, 0p agreos for the combustion deta.

In & #irilar way, 8$§E4é&19 glves good agreement fop
combustion nnd saponiiflcation deta, but does not eagree
with the molecular weight date. The formmle ﬂ;?E22ﬂ$
is further eonfirmed by combustion and saponification
dats for dihydropyrethrosin shich are also included

in Tadble VIII, and by combustion data for osther
derivatives.

It is difficult to run last molecular weight
deteminations on pyrethrosin,ss the compound probably
associrtes and/or polymerizes to give high values. The
longer the periocd of heating, the higher the reaulis.

The vslue given, 3505, was the lowest or limiting value
obtained.

Hose and Heller slso arrived at s molegulsr formla
of Cymlion0Op by & similar sorles of determinations.
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TABLE VIIX
Comparison of @ambustion, Saponification Equivalent,
and Molecular Geight Data for fyrethrosin and Di-
hydropyrethrosin with Those of Various
Probable Formulae

Substance dolecular % % Saponification
» woelght ¢ . _E equivalent

leﬁ%i)ﬁ bt 80 e &%7.08 6.08 162.8
gy O 306.35  66.66  7.04  153.2
Yyretirosin 508 66.54 7.28 155.9
Camiin, O 308.36  6G.21  7.85  154.2
Dihydro-

pyrethrosin - 66.31 7.81 154.1
ﬁ}.?ﬁgﬁﬁﬁ 310.38 65.78 8.44 155.2



64

15 I Pyrothrosin to be a8 Flavono-
> Substence Containing g fyrone Husleus

Although not & colored substance, there were esrly
indications based on tie preliminary work of hoge and
Heller (21} that pyrethroein might be reluated L0 iLhe
Plevomes, is,¢., might contain & pyrone mcleus. 7Thus,
an ulksll rusion using the general direciions that had
been used by Ferrer (167 for splittiss sortaein antho-
gganidine was carried oul 1o an attompt to splls Ltue
molecule into known phenclic and eeldlic subsiances.

#0 typical clean-cut reacilon was oblainoed and no
products were ldentifled. 1n all probabilisty a greoat
deanl of the decamposliiion which occeurred was dug o the
heating alone end not to the combination of Leat and
alkall.

w“hen pgreturosin is warwed wlia eaqueous hydro-
aehloric ascid stronger than 1O per cent, a variety of
colored solutions can be produced depending upon the
lengtl. of time involved. Un steanding or ou diliuting
with water these solutions alli yielid yellowish amorphous
precipictatea. sAttempts Lo purdlly these rnaterizlis by
recryeballisgstion were frultless. Ilowever, analysis of
a caroiully weshed and dried sample showed only fraces

of helogen to Lo present vwhen it was expecited ithat the
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compound might be & aalt of the oxonium type. Carbom
and hydrogen determinations best fit the formula
Cynlipn0g, that of pyrethrosin.

itbampts to make sn oxonium salt by the proseduwre
uscd by serrer (16) for msking pyriliium saits of the
flavones falled. vhen flavones are warmed in 8 per esent
hydrogen ehloride solutlion in dry methanol and the
regculting colution Gliuted with ether, & solored
precipltate of an apprphous oxonlws sslt ls obteined.
Althoush these materisls can not be recrystellilzed,
ennlysis of a carefully prepered and dried sample geve
values Indicated by the theory. Pyrethrosin was
recovered fran such e tregatment unchanged.

Pyrethrosin elso feils to give posiiive resctions
with load agetate, tartaric acld and ferrle culoride
reagents. These are standaxd (127 color and precipitation
tgsta for pyrones.

sane of the tests for anthogyanidins and anthioe-
cranins were also tried but these gave s mizxture of
conflieting Indicutions.

The conclusion to be dyawn, of course, is that
prrethrosin ic not s flavone-like materisl. In ell
probeLlilisy the amorphous materisls obialined from the
hydrocehloric acid troatment are polymers or isomers of

pyrothrosin.



Pyrethrosin readily reacts with dilute allkmli to
show s saponification equivalent of 164, halfl of its
moleeular weight. Hydrolysis is approximamtely Y2 per
cent couplete alfter two minutes warming with alksli
and 88 per cent after ten minutes.

rwenty minutes
hesting showza the reactiom to be 95 per cent complete
while thirty to sizty minutes hesting mives complete
saponificution.

One of the products of alkaline hydrolysis is
readily identified as acetic ascid. This lsmedliately
suggests the presence of an acetyl group. In the light
ef the experience of Hose and Haller (21), who found
agotyl values above and below, but still in the neighbor-
hood of ome por molecule by different methods,and in the
light of the lability of the molecule to acidic and
alksline reagents, no acetyl deteminations were run.

The ilability of the pyrethrosin molecule to alkall is
indicated by the attempts to lsolste a second product

or products from the alkeline hydrolysls. Although

fiose und Haller {21) report the isolation of an noid
315%435 that vas difficult to orvstallize, =o far in

the present work no crystalline product has been obiained
froam working up the residues from saponification. In
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all cases, and many attempts have been made, only a
thick ayrupy material has resulted. Hany attempte
have been made to agetylate this mmterial back to
pyrethrosin or & pyrethrosin~like substsnce but with
ne susceas, perhaps the fallure being as much due to
the faet that the starting material is probebly a
complex mixture rather than to the iack of & hydroxyl
or anol ecareble of belng scetylated.

¥any ettempts have also been made %0 isolate a
product from hydrolysis through the hydroxyl and/or
carboxryl thet might be liberated by the second egquivalent
of alkall used up. It was one of these attempts that
vielded s produet which helps to establish an acetyl as
being present in pyretiwosin. the syrup obtained frem
alkaline hydrolysis was treated with diszsometiwene in
the hope of obtalning & methyl ester. 9Shis treatment
lead to a oyryatalline product which was looked

upon for
& time &8s the desired methyl ester of an acid obtained
by hydrolysla. Although on melting this product degassd
to a thick glassy~like masa, as would be expected of a
pyrazgoline obtsined by adsiition of dlazomethane to a
double bond, no test for nitrogen was obtained from s
aodiuw: fusion of the materisl, although the test was
repeated garefully several times. However, ignition
with copper oxide in a closed system did Indicate
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nitrogen to be present amd earbon,

hydrogen and nitrogen
detemminations soon showed the Tormmlae to be awawmwahwm.
The theoretical sddition of diszomethane to

pyrethrosin would produce & compound of formula mwwmmamwﬁm.
The ¢ifference between this formule and wamwwaﬂmw is
CgHgl. CgH,0 is the difference bebtween sn scetylated and
a free hydroxyl group. The reactions of pyrethrosin Lo
produce ﬂwmm&meauw would then be:

pyrethrosin plus water minus acetic aclid plus dlago-
methane gives the diazomethane saddition product of an
aleochol obtained from pyretirosin by hydrolytie remowval
of an acetyl grouap.

CyyHgn0Op ¢ Ho® = CH,COMH + CHoN,—> CygHo 0.8y

The low ylelds obtalned in this treatment help to
confirm the suggestlion that tie original syrup wes a
mixture and not a pure substange. That thils must be so
iz readily shown by the fact that no second eqguivalent of
alkzall has been used up in the formatlion of this produst.

Acetylntion of this product glves & crystalline
material) melting at H4$§H®99a Armlys is, however, does not
show whetlher 1t is & monoacetate or diacetate. Cardon
and hydrogen valucs agree very well for s diascetate but
pitrogen values are low for a aam&ﬁaawaaau and much t00
high for a diecetate. Saponification equiwalents on
these materisls are worthlessg. The parent substance
ClgHpplglip gave incomsistently high results depending
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upon the length of time bolled. The acetate obialined,
however, if & monoscetate,is not identical with either
of the diaszomethsne addition products of pyrethrosin
itself which have the same empiricsl Moremiea.

Having thus obtained soame evidence or an sneetyl
group in pyrethrosin other evidence was sought for and
foumnd.

‘wo attempts to hydrolyze pyrethrosin to acetie
sgid with five per eent sulfuric acid failed. when
iieated with sulfuric acld of this concentration, the
crystals of pyrethrosin disappeared wlih tihe formmtiion
of an insoluble oil. 7This olli and swroumiing solutlion
gredunlly took on & yellowish color as besting was
scontinued. If some @f the solution was diluted wiih
aleohol & yellowish amorphous precipltate was obtained.
‘nis precipitate was similar to the produet obtained
Ly tresating pyrethrosin with hydrochlioric aclid, and
gould not e recrystallilged. [tear Aistillation of the
mixture o rewove soellie acld wes earrisd oub, PN
distillate neutralized and evaporated to dryness and
the residue thus obtalned trested with p-phenylphenacyl
bramide in sicochol in an attempt to obialin the p-phenyl-

phenacyl ester of acetic acid. Un working up the resldue

fraom the stesm distillation & ysllowish glassy-like resin



was Obtained. 7This resin resisted all sttempts at
eryatallizetion, first forming an oily tar that then
reresinified.

An attempt to hydrolysze pyrethrosin with hot
80 por cent svlifuric aeld, bhowever, did yileld zcetie
ccid. These condltions produced considerable charring
end doubt may be expressed ag to whether or not the
acetlc acid resulted by simple hyirolysis. In view of
the rfact that in many ceasses the equilibriwe in the
raaction:

alochol + aesld = eater + water
lies well to the »right in the presence of acid, the
failure of pyrethrosin to hyvdrolyze readily in dilute
acid in the absence of specisl efforts to displace the
aquilidrium 1s not unexplaimble.

“hen prvrethirosin is added to 2bsolute wethyl alechol
to whish a4 trsce of sodium ethylsts hag been added, most
of the sample dissolves on standing overmight and carmot
be recovered as pyrethroslin. The odor of moethyl ascetate
is unnistaknble. 9Ome experiment performed in on attempt
- to drive off the methyl acetste, saponily it and identify
the scetic scid producsd, falled. The ma jor product of
such & treatment is a ayrup vhich ylelds e very small
emount »f orystalline materisl which on the basis of
cerbon and hydrogen determinations 1s no expected campound.



also, no moceptable empirlcal formula can be caleulated
from the data. Abttempts Lo convert this syrup back to
pyrethrosin all falled. The trans-esterification, how-
ever, which came about, is evidence for an ester linksge
in the molecule.

Several pyrolytic experiments were carried out In an
attempt to obtain alimple degrsdation products whose
fdentification would offer an insight into the fundamental
carbon skeletom of pyrethrosin. Yhen pyrethrosin is heated
Just above its melting point it degmses t0 a resinous ter
and a8 small amount of liquid distils off. The major psit

of this liquid 1s acetic acid. However, in ell probebility
the distillate containe s smwl)l amount of pyrethrosin
earried over by sublimation and other degradetion products.
in one exreriment, instead of isolating the p-~phenylphenaeyl
estor of ucetic scid, the p-phenylphenacyl sster of ancther
ecld was obtained in small guantity. Combustion deta alone
indicate this ester to be derived fram an scld n@ﬁﬂ&éﬁu but
no support has boon obtained for this as attempts to obtain
the paterial sgain have falled.

It the residue from the distillate is raised to sbout
300° & thick visoous material distils off. On cooling, this
solidifies to a clear glass that resists all sttempts at
grystallization. Nothing 1z lnown &8 to the nature of this
material except that 1t apposrs 10 be highly unsatursted
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hydrogenation) is treated with aqueous sodiwm hydroxide in
the same way as outlined for pyrethrosin, similar results

gre Ohtained. Apetic aclid, identified as its p-phenyle
phenacyl ester, and esyrupy nmaberlial are the products. This
syrup like that from pyrethrosin also has resisted all
attempts to eryatallise it. 4in attempt to add dimzomethane
to this syrup falled ss did an attempt with asetic aphydride
and pyridine to aenvért it vack to dihydropyrethreain. Also,
when & syrup obiained when pyrethrosin took up alx atoms of
hydrogen per mole was subljected to pyrodistilletion, acetie
asld was still obtained. 7These latter fects would indicate
that the ezter linlkage of pyrethrosin nersisted unchanged
throush hydrogenation, and would help eliminnte the
peasibility that acetiec acld could be obtained from pyrethrosin
as outlined above by some complex mechanism involving the
unsaturation of the system.

The general conclusion muat be, therefore, that
pyrethrosin contains & simple ester linkege, and that the
scid fragment is scetlc scld., vhether ithis ester linimge
is one of a primary, sccondary, tertisry or enclic hydaroxyl
cannot be stated.
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Pyrethrosin e Lactone

fhat pyrethrosin is not a di-ester of acetlic acid,
and that the second egquivwalent of alkell used up might be
comsumed by hydrolyzing such & second ester linkage is
established by the existenge of Glﬁﬁaaoaﬂg* the diaszomethane
addition produet of the syrup obtained from saponification.
The soluntion left afteor the saponifiestion of pyrethrosin
was acidified and then steam distilled until the distillste
was no longer a¢id. ‘This removed al) of the acetic scid
ardd any other volatile acids. Vorking vp of the residue
then ylelded Cqgl,,0,%,, o compound Aiffering from the
dlazomethone addition product of pyrethrosin »v only one
acetyl group. This, then, 1z not only evidence thaot
nyrethrosin is a monozscetate but that there ere no sther
ester linkeges involving any other volatile acid.

glﬁggzﬂiga elso offers some evidence for the nature
of the linkage using the second equivalent of alknli.
The formation of claagagﬁng from pyrethrosin regquires
the use of only one equiwalent of alkall, whereass two
are readily used up. Ybvicously then, the linlkmge that
uses up the second equivaient of alkall is readily ro-
synthesised from ite component ports. In obtaining
C16Hoo04Np,the necessary condition for such & resynthesis,



the presence of ecsld was fulfilled.

¥hether the existence of 31552304R8 is due to the
resynthesis of a lactone or to the resynthesis of an
ester from non-volatlils aleocholie and acldice fragments
eannot be definitely stated. .8 mentioned before, many
attempts to 1solate scldiec and alcoholico components from
saponified solutions heve been mede, but no free aclds or
aloohols or thelir derivatives have been obtalned. Thums,
no direct evidence 183 as yet awveilable.

tuantitetive saponification studles tend to throw
some light on the subject. Samples of pyrethrosin vhich
had been sznponified completely were titrated to neutrality,
and sfter sddition of an exoess Of standard saclid lefd
stand inz &t room temperature. The excess acid sdded was
about four or five times thet which would be required in
using up one eguivalsnt end the solution waz about onew
tenth normel with respect to this ac¢id. In one hour, one-
fifth of one equivalent had been used up and after twenty-
five hours almost one-half of one equivalent had been
consumed. & similar experiment »un o dihydropyrethrosin
gave the same results. After nineteen hours almost four-
tenths of one egquivalent had been used. Thils latter faot
is evidence that in pyrethrosin itself the acld was not
being used up by any mechanism involving the active double



bond which can be shown to de present.

Thesé results lead to a conclusion that & lactone
is being reformed. Such s conclusion is natural since,
although hydroxy and keto aclds are known which do not
exist in any but the laectone state, othera lactonise
slowly. Under the conditions it 1s hardly possible that
any salcohol and acid fregments would recombine to the
extent oungd.

Lpecinl sttempbte Lo open the laoctone ring were made.
Selutions of sapmified pyrethrosin were worked up without
acidifiention. The suppomed erli thus resulting was then
treated 1in various ways in c¢fforts to not only tie up the
aoid pert of the ring but elso the libersted hrdroxyl.
Even these attempis falled 4o glve arvatallines esters.

‘The failure to obtalin derdivatives fron the many
treatments mentioned so far again cells up the possibility
that after saponificstion a mixture of suybstances exists
from whieh it is not possible to isolate & orystalline
derivetive. Iif g lacion® slone were present in the
molesulo, the set-up nedessary for producing a mixture
on saponlification mizght be present, the simplest mixture
being that of the lasctone and free acid. If the lactone
were of an enol arxi & csrboxyl, then the free acid might
exist in keto-enel forms. Pyramided on top of this might
bs the possibilities that there is further keto-cnol



tautamerism due to the presence of an enol acetate and
that relactonization might ocowr involving another hydroxyl
in the molecule rather than the one saponified.

The possibility of keto-enol tautomerism in the
alceoholiec fragment from saponifieation led to attemptas
to prepare carbonyl derivatives of the syrups obtained.

No carbonyl deriwvatives, however, have yet been prepared.

One of the standard methods for opening lactone
rings is treatment with elgcoholic armonia et low temperature.
Pyrethrosin was subjected to such 2 trestment and two
products were obtalned, one in about five per cent oversll
yield, and the other in less than one per cent yleld.
Analysis of the second product gave no clue as to its
forpule, and an attempt to prepare it & second time folled.

Anpalyeis of the first compound showed it to contain
cardbon, hydrogen, nitrogen and oxygen but not to be any of
the zought after nitrogen derivatives of pyrethrosin. In
faot, tie nitrogen porocentage was only about one-half of
that expected. This lead to the somelusion that the
product was impure.

In reviewing the litersture on ammonolysls of
lactones at & later time, & peculiar parellelism was found.
Ruzicks {(22) and Hansen (13),working independently, had
both obtained from a sesquiterpens aompound known as
fsoalentolnctone on treatment with slccholie armonis &
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erystelline product which consisted of two molecules of
lectone plus one molecule of smmoniae. Caloulation for
the same ocourrence with pyrethrosin gave csrbon end
hydrogen veluoe agreeing exeellently withkh the observed.
Agreement of the observed nitrogen veluss were not as
good, £.41 per cent, and 2.66 per gent being observed
for a theoretieal of Z2.81l. 4An isomer of 1socelantolsctone,
known as alantolactone end differing from it only with
respect to ths position of two double bonds whigh are
preaent in both molecules, b@hnéa nommally when treated
with slceoholic axmonis and ylelded the desired amide.
Fugiclm (22) offered an explanation for the
formation of the compound consisting of two moles of
lsctone plus & molecule of ammonie following some work on
e large quentity of the substance. He belleved that a
molecule of armonia sdded scross one of the double bLonds
in ifsoalantolactons and that the smine thus formed then
added to & sscond molecule. Thils explanation is very
plausible and could apply to pyrethrosin whieh can be
shown to have st least one very scotive ethylenie linkage.
The general conclusion to be resched, although based
to be sure on more Or less indirect evidense and analogy,
is that & lsctone ring is present in the pyrethrosin
moleounle &nd accounts for the use of the zecond equivalent

of rikali required in seponificetion.



Although pyrethrosin cenpot be tlirated dlrectly
with alkali, if sn excess of stankdsard agueous allkmlii iz
added Lo sn alechollic solution and the exceas alkmll
imnedintoly baoketitrated with standerd acid, at leest
one equivalent of aliknll is alweys used up. Threo
experinments gave 1.00, 1.0%, snd 1.04 squivalents used.

The longer time the back-titration regvired, the higher
the wvalue. ‘The solution from the ezperiment giving the
value 1.04 w83 allowed to stand for forty-five minutes
during which time the end-point shiifted slightly, back

t0 305 equivelents used. 4s yebt no quantitative
exseriment to determine whether the one equlvalent
liberates only scetic acld or whether the sesord reaction
is wlso involved bas been devised. dome specisl procedure,
possibly involving the separmition of the liberated sodium
agotate quantitatively by 2 solubility method will be
DOCEI8ATY .

Zimilar experiments carried out on dihydropyrethroain
add to the availaﬁ&e deta. If an excess of stendard alimll
is edded to an zlischolie zolution of dlhydropyrothrosin
and guiclkly back-titreted with standord aclid, .98 of one
equivalent is used up but the ond-point quiclkly chanpges
to an eguilibrimm value of .78 equivelents used up. Two



other experiments gave eguillibriuvm values of .74 and .76
of one equivalent.

o attempt is made to interpret the above results
on the hasis that not enough data are avallable. 4Lttempts
to prepare hydroxyl and carbonyl derivatives by working up
the sclutions from such partial saponificstion experiments
have also falled.

Pyrethrosin readlily reduces cold alkamline permanganate
golution but does not decolorize bromine water. It will
take up bromine, however, Irom & concentrated solution in
ehloroform but with apparent decomposition and no pure
product. It also faills to give a positive test with
tetranitromethane, & reagent often useful for the detection
of docuble bonds (10).

“hen 1t was observed thot a pyrazoline was formed
from the syrup obitained by slikmline saponification of
pyrethrosin by treatment with diasomethane, it was
suspected that the same double bond might be present in
pyretirosin. On addition of diaszomethane teo pyrethrosin
iteelf tvo pyrazolines of formula C4M,,0:F, were formed,
one quite insoluble in sleohol and melting at 196.5° and
formed in about aix times the quantity of the second which
was feirly soluble in sloohol. The latter was considerably



more difficult to purify and melted at 168-169°. The move
insoluble addlition product readily lost nitrogen at its
meliing point to zive tho expescted compound. The other,
however, although it degesed reasdlly st its melting point,
pave no pure crystelline product although the experiment
was roepeated several times. The mature of the decompossd
petericl was entirely different from that obtained from
the morez insoluble form. Hsd the two produets sziven the
gameé cyclopropane derlivative 1t could have been concluded
that the diszamethans had sdded to the molecule in both

pogsible waya: R, R|. cH
\ P N _ 2
K:,'T - \\ R, C‘/ ‘\\
N N
R, Y/,
R3’Q‘ \Cg 3 C! N/
R"f 1. ! R",

16 failure to give the same decoamposition product
indicates then that the two additlon products are elither
sterecoisomers or addition products of different double
bonla. If the latter were the case the isolation of a
vroduct that had added two molecules of dlasomethans
would he exneeted. Y¥mme, however, was found. A4Also, it
would he expceted that et least one dissorethane addition
product would be obitained fror dihydropyrethrosin. Hone,
however, could be mede, the meterisl beling recovered

unchanged.
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The more insoluble addition product clﬂﬁagaﬁﬁa was
saponified with alkall in the hope of obtalning the
disgomethane addition product of the syrup obtained from
saponifiestion of pyretinrosin alﬁﬁﬁﬁgiﬁa‘ vonsiderable
decomposlition ocourred and no produst could be isolanted.

The fact that prrethrosin teltes up ome mole of
hydropen readily at roonm tamporsture and lov pregsare
in the presence of s catelyst is snother indlestion of
tne prescnce of wmsstwration in the system. The rsterial
obtained by hydrogenation of pyrethrosin in alcohol in
the presence of Reney Nickel Catalyst at room temperature
snd & prescure of aix to eight atmospheres showed the
wide melting range of 180 -y““, althoush anelysing fop
ﬂlﬁﬁgggﬁ' ittempts to freciionste this materlal using

melting polnt as a gulde were frultless, the &ireuﬁi&a

of schenge of the melting point of a sample on recrystelli-~
sation belng vnpredietsblie. It was observed, however,
that if the maiterial wes roughly sepursted into frections
there was & difference in rotation and crreteliline form.
By fractioration with these proverties az 2 gulde
considerable progress wvas rede. Heneeted reacoval of the
more inscluble form finelly yilelded o semple of constant
rotation that crystallized in long hexnponal rods. Its
specific rotation st 25% using s sodium vepor lemp as

1ight source wag ~83.1 (¢ = 1.32 in chloroform). Its



melting point, however, wus still over & renge, from
202° with preliminery softening at 175%. No sample
of maxirmwm opposite rotation could he separsted. The
low

est specifie rotation cbtained was -22.7 (o = 1.4 in
ehloroform). This sample had a melting point of 158«
170° with preliminary softening at 148° but was obtauined
in the center of the frectiomation triangle rather than
at the side. After a certsin polnt it seumed impossible
to remove the remaining amounts of the more insoluble
form by erystallisation. Only ethanol, di-n-butyl ether,
and dloxane gave niocely crystalline saterial. 1Im all of
thesze solvents the one form wus the more insoluble. A4
sinilsy difficulty was observed in purifying the product
obtained if s hydrogenation was stopped Just short of
one mole of hydrogen talken up. After the removal of the
first dihydvopyrethrosin in large crystals by allowing
the solution to eool slowly, it was impossible to remove

the unrescted pyrethrosin from the remsinder, the presence
of the pyretinrosin being urmistakable under the microscope.
It 18 interesting to note that a mixed melting point of
pyrethrosin and dinhydropyrethrosin shows no depression or
apparent change in the melting range of the dlhydro-
pyrethrosin. 4ll of the melting points reported above
ware taken in capilllaries. Under the microscope the

rangss were even wider. In many onses at the end of the
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molting point renge solution rather than melting sppeared

All of the crystalline products imolated from hydro-
genation experiments have unalyzed for dihydropyrethrosin.
It would thus seem that hydrogenation of the double bond
was generating isomeric forms. This wonld agree with the
results obtained when diszomethane was added to pyrethrosin.
he similarity not only existas due to the fact thet two
products ere formed but thmt the solubllity of the two are
in both cases widely different. That a double bond was
hydrogenated and not some other functional group reduced
is indicated by the fact that dihydropyrethrosin does not
add diascomethane. 7Thus the double bond which adds
diasomethane must alaso be the one that is hydrogenated.

On complete hydrogenation at 60% and spproximstely
six to eight atmospheres with Haney Nickel Catalysst,
prrethrosin took up three moles of hydrogen per mole.

The only product wee & syrup. In this hyirogenstion
there was only & steady dropping off in the pressure
during the sdsorption of the second two moles of hydrogen,
and no break whioch wounld indicate a successive addition
of these two moies. In two experiments, in whigh
approximately two and one-half moles of hydrogen were
wsed up, ome run in dlioxane gave only & syrap while one

run in alcohol gave about 35 per cent of dihydropyrothrosin.
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This wonld indicete ¢ concurrent addition of the second
two moles in slechol but & successive addition in dloxsne.
There was no observed break in the rate at which the
hydrogen wes adsorbed in the latter experiment. 7Tt should
be mentioned here that ell of the nickel cetalysts used
were four to eipght months old. Kone would estceh fire
spontancously if allowed to dry im air. This, of course,
;ﬁring@ to mind that catalytie hydrogeastion work 1is as
%@ﬂﬁh of an art as a2 science and that any oconcluslons

é§awn from quantitative experiments of the wind reported
here wust of necesalty be speculative to some degree.
Fyrethrosin hydrogensted at E?ﬁu and 175 atnose
pheres in the presence of copper chromite catalyst,
also produced a syrup. 4 suznary of the hydrogenation
experiments iz pciven in Tedble IX. In nll cases it will
be noted that the reaction in dioxane wag much alower,

possibly due to & less sctive catalyst.



TABLE IX

Swmmary of Hydropgenation Zxperiments on Pyrethroesin

Hl. Solvent Cat. Time Temp. P3 Pp Hp

E1fn)

Expt. g- y E
*pt usﬁh hra. lbs. 1ibs. 1lbs. 1%3. Product
I 10 300 abs. about 1 1.0 room 100-125 - - - gome oryst.
ethenol g.Ni(R) atm. material
anal., for
dihydro
obtained
II 10 300 " 1.6 g« 5.5 175° 175 atm. - - - product a
CUu=~Cp=0 syrup only
I1II 2.5 40 " about 2.0 1room 108.0 70.5 37.0 38.56 1
lgc
Ri(R. 6.0 609 120.0 48.5 37.0 74.5 2
Total 370 123.0 ¥ product a
syrup only
IV 2.5 40 dioxane " 8.0 room  123.5 96.0 28.0 27.8 1
6.0 100° 96.0 56.0 28,0 40.0 1.5
Total 28.0 67.5 2.5 product a
syrup only
A 2.5 40 abs. " (similar to IV) 2.5 about 1 g.
ethanol erystalline
dihydre
ebtained
VI 5.0 40 dioxane about 5.0 room 120.0 60.0 50.0 60.0 1 see experi
mental part

Symbolss ;
Py ¢ initial pressure
Py « final pressure

Hp « hydrogen required per mole of hydrogen per mole of pyrethrosin

Hy = hydrogen taken up

X - moles hydrogen taken up per mole pyrethrosin

cat.~ catalyst



Having estahlished the nresense of st least one
double bond a quantitative stody wuaz Indicated. On
tresting pyrethrosin with phthalic monoperacid sccording
to the scheme used by BBlrre (1) in studying the presence
of double bomds in all mannmer of simple ecompounds, omly
« 74 to .81 cdouble bonds were indicsted per mole of
pyretarosin. Oddly enough, T4 to .75 double bonds were
indizated to be present per mole of dibydvepyrethrosin.
The product obtained from the peracid oxidation of
pyrethrosin snalysed for the expected oxide C 1’#&:@9%”
However, on melting it behawvod mmeh like dihydropyrethrosin,
gshowiny & wide vange from 215-253%. iz only a smell
quertity of the material wes obteined no attempt was mede
at fractionation. However, the possibilility thet 1t 4s
a mixture of stereolisomers remains. The produet obtalined
from the veracid oxidation of Aihydroprrethrosin weae smach
harder to obtein in nicely crystazlliine form but melted
erarply at 228-230°. It did mot ammlysze for an expected
oxide. The nearest ocmpirical formala on the basis of
cambustion dsta elome would be CygH .0, (8 = 65.25%,

H = 7.52%) ~ dihydropyrethrosin that had lost a methylene
group. BHo attempt ia mede to explain the formation of
such & substance as fumher work should be carried out

to prove definitely that the compound 18 CygHonlg. It
should be noted here that & small emount of unchanged
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dihydroprrethrosin was recovered fram the mother liguors.
interpretation of these resulits is difficult. It
ig herd to understand why & double bond active enough

add dlagamethane snd hydrogen ss rosdily es 1t doea should
fail to react quantitatively with phthalic monoperacid.
Incidentally, the failure of dihydropyrethrosin to glve
an epoxide is further indication that the bond which adds
dlasomethane iz also the bond that is hydrogensted.
Cimnanyl alcohol run &8 & known in these oxidation studies
went 92 per ocent to completion in one and one~half hours,
while pyrethrosin was rescting only to the extent of about
10 per eent. AL the end of twenty and one~half hours
cinnamyl aleohol had gons 1Q1 per cent to completiom while
pyrethrosin had only gone 74 per eont, 1its maximmm for the
ran. It 12 Interesting to note that sfter r certain
maximms s reached, the smount of peracid in the solutiom
sceme to incresse at the expense of the previous oxidation,
8.5., after seventy~three and one~half hours the sample of
einnemyl aloohol that had shown 1.01 equivslents of peracid
used up at twenty and one~half hours showed only .68
equivalents as being used. The cause of this was not
investigated save in one run (mumber II1) to keep nitrogen
rather than air over the solutions. Ko difference was
observed in the results. The results of these sxperiments
have been given In Table VIi.

Hore difficult to explain than the failure of the
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reaction to go to completion is the fact that dihydro-
pyrethrosin behaves in the same mamer as does pyrethrosin,
exgept in the important maifer of the products obtained.
were the sctive double bond iIn pyretimroein a part of &
con jugated system, ss in an alpha<~beta unsaturated ketone,
perphthalic acid might not be expected to remot (P) as the
peracids seldom attack thls type of system. A&lkaline
hydrogen peroxide, however, does form epoxides with such a
system (9). 4An attempt to oxidize pyrethrosin with this
latter reagent gave only a syrupy material, inr all
probability the result of the sotion of the alkali alone.
The formstion then, of s dihydropyrethrosin, an
epoxide, and diszomethane adlition products is excellent
evidence for the nresence of one hirhly astive double bond
in the moleccule. How the other two moles of hydrosren are
used up during hydrogenation snd whether or not other
double bonds are present, ere questions that remain to be

angswered.



The_Skeleton of Pyrethrosin

The isolation of & possible ammonia addition product
of pyrethrosin offered the first direct conmection with
other nsturally occurring compounds. ihere are sssqui-
terpenes related to tiw slant substances already mentioned
that contain up to four oxygen atoms and which show
similarities to pyrethrosin. As & speculstion, pyrethrosin
might be an scetyl derdivetive of a sesquiterpene derlvative

aromatic system iIn pyret'rosin by el¥kali fusion, it

seemed llikely, om the basis of theoreticul sonsiderations,
that such & system might arise from dehydrogenation
experiments and that the fundamental esrbon skeleton of
pyrethrosin might be deduced in this way. vork now being
carriec on in ihds lesboratery Ly Hr. H. D. inspom is
bearing out this conclusion. Jo far, by palladiume-
charcoal dehydrogenation of pyrethroslin, en azulene has
been is0lsted and an arcmatio frecilom obtained. The
azulene is probably Cigl;q- work in progress on the
arometic fraction indicstes it to be & substituted
paphthalene or o mixture of substituted naphthalenes.

It the azulene 1a O3sH,,, only fouwr csrbons of the
original molecule sre left to be accoumted for. This
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would certainly eliminate the posalbllity that the second
equivalent of alkall used up in the ssponification is dy
an ester linkage in preference to & lectone, sa dehydro-
genstion would split the molecule at the ester linksge.

The isolation of an azulsne s&lso connecte pyretihxosin

» of essential 0lls consisting of sesguiterpene
alognols and ketones. 4t lemat one ©of these, beta-vetlivone
{24) uas been shown to have the azulenic skeleton present
in the original molecule. However, azulenes are also
fomaod from other classes of terpene ecompounds (14), whieh
nove begon shven not to contaein the azulenie skeleton.

It should be mentioned here that although pyrethrosin
arisce from pyretirum flowers and might be expected to be
structurally related to other substances isolated from this
sane source, its characteristices ere entirely different snd

no connection heas as yot been found.



A Comsideretion of the Moleculsr Formuls

An idea as to the nature of the pyretiarosin molecule
can be obtained, at least in a limiting sense, from a
mathemstieal consideration of its molecular formuls.
vhenever an hydroxyl group present in & molecule is

revlaced by a hydrogen atom the number of hydrogen stoms

present in the molecule remains the sarme, and only a loss
of oxyren appesrs in the wolecnlay and rereralized formulas.
vhen a simple ether linkmge ia replsaced br hwirogen, not
only oxygen 1ls lost but also as many ~Cilg- groups as there
are cerdboms lost. The latter, of course, has no effect

on the generalized formule. VWhenever a cyelic sther

oxvgen, or & carbonyl oxygen is replaced, two hyirogen
atoms must be added to the molecule in order to satisfy

the bonds liberated by thse remowval of the oxypgen. In the
cage of esters, methyleno groups may bo lost when the group
1s repleaced end no hydrogens are required for the connecting
oxygen, &s this becones & asimple ether linimge after the
carbonyl oxygen is replaced.

By replscing the oxygen of & molegule with hydrogens,
the formmla of the theoretical hydrosarbon to which it is
related is obtalned. The completely saturated aliphatic
hydrocarbon to which all molecules of seventeon cavbon

atome are related is Cygllags corresponding to C o, 4 o,



For every double bond added to the molecule, two
hydrogens may be subtracted. Likewlae, I'or every
scylic ring. For every triple bond added, however,
four hydrogens could be subtracted, and 20 on.

If sll of the oxyzens of pyrethrosin were carbonyls
its basic rormmla would becmn® Cyelizn, oach oxygen having
been repleoed by two hydrogens. This corresponds to
enﬁﬁn*@' &nd would permit the exigtence in prrethiromin of
two double borndis, or two agyclic rings, or one double
bond end one acyoclie ring, and so on. At present, one
of the oxygen atans of pyrethrosin sappears to be bound
in & cyolie ether linkage (in the lsctome group)
requiring two atoms of hydrogen 1f replaced, two appear
to be carbonyl oxygens, also reguirdng two hydrogens
aplece on replacement, and & fourth is the connecting
oxygen of an ester requiring noe hydrogons when replaced.
Thus, atripping the molegule of these foudr Oxygens glves
Qlﬁ%ﬁ, corresponding to Cui, _o0. If the rifth oxygen
were a carbonyl or cyelic ether oxygen, two more hydrogens
would be required and the foremila would become Cyglsg,
corresponding to ﬁuﬂemo This would allow the eguivalent
of four double bonds in the moleculs. If the fifth oxygen
were & hydroxyl or ether oxygen, no additionsl hydrogens
wonld be required and the formule would become Cynllogs



96

corresponding to Ggly, o+ This would sllow for the
equivalent of five double bomis. The dehydrogenstion
work now in progress appesrs likely L0 show the presence
of two soyelie rings. The present work has imdlicated at
least one double bond. ‘This would leave then, one or
two double bonde to be sesounted for, depending upon the
pature »f the rifth oxygen.

The Hature of

Although it seems uniikely that a naturally
ocourring compound containing five oxygen atoms should
have no simple oxygenated functiomel group, the
exporimentel evidence thus fay obitained for the wmost
pert Indicstes this to be the case. Pyrethrosin has
reuisted sll attempis to make carbomyl or hydroxyl
derivatives even thourh many schemes have besn trled.
However, active hydrogen determinations by the
Zorevitinolf method show .66 to 91 aective hydrogens
per molé. Carbonyl determinntions T™m at the seme
time shovw l.48 to 2.02 groups per mdle. In view of
the fect that there are twe csarbonyl groups present as
parte of the ether and lnctone systems the cerbonyl
results are worthless. Wingatet's fallure (29) to get
results is explained by the insolublillity of pyrethrosin
in the reagent used. In the present work pyridine was



used to bring ebout solution.

Apoaanting for the active hydrogen, however, is
another matter. ithis could only result from an
ordinayy hydroxyl group, an enol, or the type of active
hydrogen found in saetylenes. Unless the hydrouyl were
very much sterlcslly hindered, as might te indlested by
the frecitiomml wvaluks obiained, the exporimentsl work
indicates no group of this klnd es belng pressent. The
Practionsl valus obtained might slso Indlente that
pyretirosin is a mixture of falrly stable keto-enol
forms bui derivatives in thiis case should still be
possible. Mo specific attempts have been made to
romove water from ithe molscule by debydration,for any
of the ususl mnethods for brdnging aboutl dehydruation,like
hesting with formliec seid or sulfwic acid would be
doamed to failwre becausc of the Instabllity of the
molegule in such resgents. Likewise, no work has been
done in an effort to locate & possible sctive methylens

zroup, althongh geou

ye off eneh & type would be exvected
20 rocct with metalllc sodium.

it was Loped that hydrogenatlon of & double bond
of pyrethrosin would modify the ciemracter of the fifth
oxygen sufiliclently 80 that 1t could be detedted. This
was not the ease, howevey, bocuuse dihydropyrethrosin

zlso resists «ll sattempts Lo malke carbonyl end hydroxyl



derivativea. It should be mentioned here that hydro-
genation does, however, increase the stablility of the
molecule towards alkall, st lesst to some extent.
Although no produgt other than aceble scld can be
isoleted on saponification, dihydropyretirosin does not
color up aml decompose like pyrethrosin in alkaline medis.
Also, on melting 1t will resolldify to a crystalline
meterial,that on the firat remelting, melts only several
degrees lower than the true melting point.

Attempts to determine or sihiow theé prosence of
methoxyl, a group often found in naturally oceceurring
substances, in pyrethrosin by the modified Viebock-
Schwappaeh method of Clark (5) led to results indieating
e small amount of methoxyl. Percentages ranging from
about fivee~tenths to mme and five~tenths were obtained
but depended entlirely upon the length of hesting.

Clark (4), mentioned above aa the modifier of the
Yiobochk-Sehivnppach methoxyl determinntion, reported
obtaining small smounte of methoxyl with aome ~ossypol
derivatives when none was present. In conseguence, it
must be concluded that wmethoxyl groups

are leacking. The
same argument would hold for the absence of ethoxyl
groups, these being detectadble along with methoxyl.

The presence of an éther oxygen as part of a
ring must not be overlooked ms a possibllity. However,
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if an epoxide, the troastment with methyl aleoholic
hydrogen shloride mirht have boen emmected to have
epened the ring (11) end piven a crystelline chloraw
hydrin. ¢Crystalline chlorohydrins have been obtained
from compounds of the terpene series (27), by addition
of hypochlorong acid. In view of the ease with vhich
dlagomethane adds to pyrethrosin & eimiler renction would
be expected. No attempts, however, were made to obtain
sunch & produet.

1f the £ifth oxyren is s pert of & cycliec ether
gysten larger than an spoxide, no indlcatloms have been
found ezcept Lits indifference.

A1thonet vrrethrosin 1 an ontinelly setive compound,
1ittle 15 me yet known as to its stereonhermistrr. Then &
mole of hydrogen is added cstalytically with the saturation
of a double bhond a mixture of optienl isceers is vroduced.
Ko indications as to the mechanism of thelr formation,
however, is as vet st hand. In sddition, in some recently
completed work the treatment of the pure isomer obtained
by hydrogenation with pyridine and hydroxylamine hydro-
ohlorids in ethanol asoluvtion in 8 seanled tude in an

attempt to make an oxime, gave an opticslly insctive
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compound that still snalyzes for dihydropyrethrosin, but
whiich ms a melting pelnt thwmt is much sharper and which
iz alwmost twenty dogrees higher than the starting mmterial.
in attempt to make & semicarbagone in s simlilar ranner by
allowing the material to stand in ethanol sclution in the
presence of pyridine and semicerbezide hydroonloride gave
the same product. No sttempt 1s made t0 aceount for ihis
transformation on the basis of insufficlient evidense
exgept to say that it is well known that pyridine (and
sirmilar woak basos) cause racemisation and epimerimation
of opticslly actlive centers.

It may be stated with certainty that pyrethrosin
is an ester of acetic acid containing at least one very
active double bomd, and that wntil proved otherwise, &
lactone grouping must slso be considered as being present.
Hothing can be seid with certainty reparding the nsture
of the fifth oxygen or the possibllity of one or more
other unsaturations in the molecule. A source of soctive
hydrogen, however, is present.

Dghydrogenation work now being carried out will in
all probability establish the central earbon system of

the molecule and connect pyrethrosin with one or more
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clasgses of kmown

ternene ocupounin.

e feuilure to obtaln pure products fror hydrolytic
vork has slowed down
irdioates the srrengement of the molscule Lo be complex

the investigstion. This fallure

and guite unstable. The only pure erystalline derivwatives
whose relatioms to pyrethrosin are known without doubt
have arisen Irom sdditions to the double Doml. In
addition, all of the other c¢rystalline materials have
veen obtalned in very srell ylelds.

Oxidative wvork is

now indicated as the sourde of degredation products {rom
wnioh 40 oarry on the Inveatigation.

The formuls for pyrethrosin may now be written:



)

4.

6.

T
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SURMARY

Pyrethrosin, the white, optically actlive, crystaliline
compound isolated from pyrethrum flowers, has &
molecular formula of CivigaOg.

It 1s an ester of acetic acid, bubt the type of
hydroxyl estorified with the acetlec acid has not

been cheracterized.

thore are strong indlestions that & lsctone group

is present.

4% least one very acilive double bond is present,

from which crystalline diazomethans additiomn products,
dihydrogenated products, snd an epoxide have been
formed .

The presence of somewhst less than one active hydrogen
per mole has been determined but its origin is as yet
mexplaingble.

The natuwre of the fifth oxygen atom and the

carbon skeleton have not yet been determined.
Cther as yet fully wminterpreted data regurding
pyrebthrosin and its derivatives have been presented.
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