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The Isolation of the chmtie©! individual pyvethrosla 
from pyrethram flowers was first reported. In m e  fears 
1890-91 by se?®ral Investigators (IS* 28) * but no great 
amount of work mmm carried out cm. the substance. In 
recent years the compound has again toon isolated (3*21) 
by laboratories interested In th© constituents of pyr© tlurum 
flower Insecticides * In th© laboratories of the Insecticide 
Division of the Bureau of Entomology and Plant quarantine 
of the Bulbed States Depaidsiaent of Agriculture the substance 
m e  Isolated (21) from petroleum ether extracts of 
pyre thrum f lowers * the same laboratory (21) identified 
pyre throe In as the main, constituent of a still residue 
and pipe-line scale sent to them by McCormick and 
Company* Baltimore, dryland, makers of pyrethrum in* 
seetieldmm* Because of its insecticidal Inertness the 
dcrrernment Laboratory had no Justification for continuing 
work on the chemical nature and .properties of pyrethrosin*
In consequence, this problem and a large quantity of crude 
mud. pure pyre throe in was turned over to the Organic 
Chemistry Department of the University of Maryland as the 
basis for a series of academic researches *
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hxsitmi&Ah m m m m m x m

■fihi1# tow©stlgatto|§ the m l m m  of the aobiw© to* 
eeetlctosl principles of pyrethrum flowers {ebryean** 
themuEi ctoerari&efoXXmRi} Thera* (28)» to 18911 isolated 
an toseetXeldaXly inert constituent lor vtlflb h© 
proposed tils.# mu*© "pyre thro* t o R . This substance prosed 
to be identical with a expound supplied to hte by a 
druggist -friend who also had obtained It from pyrethrusi 
extracts•

&artoo*2uco (IB), an Italian, had reported m year 
earlier (In X890) to a paper entitled nAbout A B m  
Alkaloid Obtained Out of cn&ryaantbsamoBK Extract** the 
isolation of a compound with sose of the chare c teristics 
of pyrethrosln • toons had no doubt that tils "pgrrethreato* 
m  identical with the compound obtained by iartoo*Suco* 

mem# knew the general presort to# of pyrcthrosto ms 
w© know then today. Bovemr, he fowl a melting point 
of 189°, a# compared to the true melting point of 200* 
201®. chi the basis of combustion data alone he assigned 
it a formula of C$41144Ok), this being exactly twice the 
formula now accepted*

The compound was lost ©i^it of until 1934* when the 
Chto©a© towestlgatore Chou and Ohm (3), working on 
bemseme extracts of pyrethrw flowers isolated a compound



m®ltt&g at BOO® and hawing * *30 la chloroform*
These f , again on the basis or eoMbmstlom data
only* suggested % # 15%  lor m m  miplvl&kl tamxtiM 
although their analytical data better fit the present 
aeeepbed formula Cx73%g$0g* they called this compound 
n-Chrfmmnmim$n *

In 19®? Rose and Em Her (El) reported the Isolation 
from pyrethrum flowers or a ahanleal Individual which 
seemed to be Identical with that obtained by Chou and. 
Ohm and which they called *chweanihim*1 hawing dropped 
the final mrnm of chxys&n thine in the 1 lght of the 
newer standards of mcxsiemelature *

The eosrpoamd as obtained by Hom  and Haller melted 
at 20X° whom reerysbaXllsed front ethyl acetate and 177- 
178° when re crystallised from ethanol* It had am 
optical rotation {«* >gB , .oO.e In o U o M f o m  
(o * 5*16) and on the- basis of combustion analyses and 
stoleemlar weight detendLiiatlena was given the formula 

^  ̂ IP * **38*1 In alcohol (e w 0*311) was 
also reported*

In 1939 Sshooter and Haller (El) showed that 
chrysamthln and pyrethresin were Identical and 
reeespieaded the adoption of the ms©  ̂pyre throe inM 
which had been proposed by Thoms* This suggestion
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chloride reagent.
Rose ami toiler deaerlfeed the reaction of 

pymthreeisi with dilute aqueous alkali a® feeing 
11 perhaps the Mat characteristic* * They found that 
it readily tlissclwi an warming with 8 per emit 
aqueous aodluu hycferoxide ,and that on acMif t oat ion 
with 'dilute hydrochloric acid, water soluble products 
were obtained. One of these was acetic acid ami Hi# 
other mm acM only altgfetly suitable in ether ami 
chloroform, and which the authors described a® feeing 
difficult to crystallise. their emmlnatioa showed 
this to fee G18%0°7 11 melting point of 190-192°.
However, if dried at 110° a molecule of water was 
lost and the new acid obtained melted at 210-2 ll0* 
I’hia acid m e  shown to possess m e  hydreayl through 
the u»e of acetic anhydridc-pyrldin© reagent but me 
aeetylstion product could fee obtained* attempts to 
prepare de?ivsatl?@s in which the carboxyl group was 
eater If led were also unsuccessful* Acetyl deteraina- 
time m  on pyrethro*in were not particularly 
satisfactory, indicating in cue case leas than one 
acetyl per molecule and in the other slightly more 
thmt m m  per molecule.

1m  a later paper, acheeter and toller (25}
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report several additional properties of 
They found that on warming with 30-26 per cent aqueous 
hydrochloric acid, pyrethrasia pv» ptek^wiolet to 
violet solutions which gar# amorphous yellow precipitates 
mi dilution* la a similar mmmmv concentrated sulfuric 
i t H  gave a yellew -fercrat s o lu tio n * These a u th o r* a ls o  

ieprt«i the failure of pyretkrwta to give & tetra- 
altrewethane test for mm well mm Its
failure to decolorise a chloroform solution of hrenlM* 
fyrethresin did, however, reduce cold aqueous potassium 
pemaaganite solution*

slagate (29) has n a  active hydrogen and earhoayl 
determine tlons on pyrethrosln using methyl magnesium 
iodide: lii di-n-aiiyX ether according to the modified 
xerevitinaff method s® developed hy Kohler, atone, and 
r^im (IT)* Besults of the work led to the conclusion 
that no active hydrogen atoms axsd/or carbonyl groups 
w m  present*

In at least one- instance pyrethroslu has hem 
confused with another substance* ktalnghon and 
Boats (80), in 1936, daring, the course of m m m  work 
«m igsigera aafiSSfc# & plant that preduees a vomiting 
slehness in sheep, isolated m compound which they 
called ^gelgerim11 mud which they thought to he identical 
with the pyre&hreela Isolated by Thoms * Sefeeeter and
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m m

ftm  melting points recorded in this section were 
taken by two aasthods 5 Cl) to. M a » « l i e d  glass 
capillaries t o  a  liquid b a th ,  t o  t h e  customary manner 
and i2) on a microscope hot stage* Figure I to a 
photograph (aetml tise) of to© miora© ©op® hot stag© 
built and used by the author* The sample Is placed 
cm a 15 ms* ffitereacop© cover glass placed in tbm 
tasor depression and covered with a eeeemet glass of 
the same kind* A 2S s?»m* polsrineber ©erer glass fits 
to the large depression* The depth of the inner 
depress Ion to sufficient to allow for a slight air 
space between the glass eoeerlsig the sample and the 
top glass* the stage 1© heated electrically by means 
of a fire oh® resistance (three feet of #24 nlchrone 
wire) -wrapped en a poroe.la.to ring and placed to am 
annular depression t o  the bottom of toe block* t o e  

heater Is insulated from, the block by means of asbestos 
paper* connection to a Varies to mad© torough the 
binding poets shown* The Varies can be calibrated to 
give any desired tote of heating at any desired 
temperature* toe usual rate of heating to one degree 
per minute* Th# temperature of melting is read by 
means of the thermometer although provision has been



Figure 1
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Ftsri pyrethrosto was prepared from the si&terl&l
supplied, by tl%# Halted states Department of Agriculture*

three tines from ethanol sod dried after grinding in an 
agate mortar in an Ah&erhalden dryer for nine hours at 
100° over phosphorus pent oxide*

II*
The crystals of pyre throe in (see Frontispiece)

are regular oetahedra when crystallised from ethanol* 
if crystallised slowly the tendency is towards elonga~
tion at the expense of thickness* Fyre throsia Is very 
bitter to the taste*

Pyrethrosto Is only slightly seldble In hot and
cold water but more so in cold, ethanol* In the latter 
solvent it dissolves to the extent of approximately
7*0 g* per 100 ml* at the boiling point and 1*6 pas* at 
room temperature* It is readily soluble to. cold

This material melted at 199~£01° * It was re crystallised

sup* (cap*} mSQ0**B01®
sup* (stage) al97*5# ml99*b-2C^0
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© t O o M T m n *  a w l  O i o m i a # *  It to t o o o l t & t o  t o

ottour and wit alltfbcfclr Mtofeto to hmnmzm mat pttfolmai 
otter*

X*4U g* of pjMttaooto ilisflf# to 25 sal* ©f 
falwofom ifaw am otoHsrvod rotation of «*3*82° xftMm
rnsod to a two dootoeter tob©. at 25° wifa a sodtom vapor 
lamp as fa# light ® &mm*

(«)«°- -53.. i . . 5.3. in shlnrofom)

S®m Tmrn® IX *

*27tt ag* or to- ? » W  mg* « | t i f
{k ** 41*§» m* p *  *  § o w  a d i p m i i o ®  o f  S *X0 *

ifolaonlar might * 30S 
OalcwX&ted for &%i&%gp£ *  30©*35

*2 to *3 g* or iTWti:ii*o#te w r# oelgbod fa to a 
Its ml* l^lomoogror flask* 25 ml* of otmdard m̂ piooini

# ill# author to fadoOtoct to Mr* li* X# MoRgtoy* Jr* for fa to mmlr«fa*
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4 g* of pyreturosin end § ml* of wtto were 
mixed with 40 g* of potassto&i hydroxide to a nicSceX 
©TOitle* The » i x M  wss ipradually rame4 with a strong 
tatea flame until m m t  of toe wafer m e  driven off ami 
toon heated to £50° where it wmm held for ten minutes*
H e  fused melt took on a blood red color* .after cooling 
t h e  solidified m e l t  was dissolved t o  several hundred m l*

of water ant acidified, to cengo paper wito fairly strong
/smlfurle acid, vhoxeupfls a brownish »on<~ cry eta 11 toe urns® 

precipitate* The tools dark colored mixture was then.
extracted several., times with a suitable velum of ether 
wfefeb removed mil of the brown color and broroito 
precipitate and caused precipitation of a considerable 
amount of potass toa sulfate* Tbm ether extracts which 
had beam separated from the water and potassium sulfate 
were then extracted with ten pox cent sodium bicarbonate 
solution* The bicarbonate solution removed, seme of the 
tram color and gave a solution possessing a. purple 
fluorescence * Evaporation of the extracted other 
solution* without drying it* yielded a maall amount of 
tooon oily residue* m e  bieatoonate solution mas t o m  
acidified with acid and extracted with ether* m i s  again



m

t « 0# i  all of th© brown color* Eftpmtion of th© ether 
yle Idled a browm ovll««H©lllisg tar* Attempts to crystallise
both oils mat with failure*

fh© small wmmmt of aXkall~**oXubX© ©11 was distilled 
at atmospheric pressure without llract donation* ‘fh© highest 
boiling point attained ©a© 240° * fh© distillate was a 
light greenish colored oil which darkened on standing ©wer* 
night to air* this oil gave no positive ferric chloride 
test hot decolorised ©Umlim© potass itm permanganate and 
bromine water* It was lighter than water and dissolved 
readily in ether* carbon tetrachloride, ethanol and ©old 
eosieentrated smlferle said* It was imolmbl© in dilute 
hydrochloric meld and turned m deep blue color on standing 
with ecm centra ted alkali, fh© oil gave no Sehlff *a test 
and mo hy&rasons could be femed*

BxmeriaaemS II

the fusion and separation as described above were 
repeated on 20 g. of pyre thro* la* In this experisaemt the 
ether soXmtloa from tlm  bicarbonate extraction
was dried over anhydrous magmas in® self ate for IS hours* 
After filtering* th©' ether was removed by ewposmtiem* 
About 2~3 mXm of a brownish ©11 with a ph©m©lle**llk© 
smell were obtained. Attempts to make a bens oat© by 
th© 8©ho t&es*~Ba©mesi reaction, am. arylossy©©oil© acid by 
th© method of Rhriner and Pusom (26) #amd to obtain ©



in?dm *
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1*5 g* of pyrethrosIn were added to a solution 
consisting o f  40 ml* of concentrated hydroMork taii 
and 05 ml* of water* Almost all of the pyrat&reaim 
dissolved at once* This solution was filtered through 
a hardened filter paper and w&rrsed on the steam b&iiu 
In e minute or two the color was green* This rapidly 
grew darker, turning pink-violet and finally a deep 
violet* Soon a precipitate began to come out of 
solution and the solution appeared to be green again*
After about six minutes total beating a deep orange** 
yellow precipitate was filtered off* The remaining 
filtrate was a clear violet* The precipitate was 
washed with distilled water until silver nitrate gave 
no precipitate in the washings. The precipitate which 
was amorphous sms well dried in air* It melted to a 
brown oily liquid from 155-155°• Attempts to re crystallise 
the material failed* The dried precipitate was a dark 
er&nge-yeXIew powder. Dilution of the filtrate produced 
an additional quantity of amorphous material with the 
same general characteristics that was greenish -ye1low 
in color*

5*Ell mg* gave 5*381 mg. of water and 13.928 ag«



it

C » ©7.6658 H • 7.04^
3.005 stg* of water & M  12*150 mg*

p t t o  d i o x i d e

C * «r *?t# It • 0*tl$

AltftOctgfe thin imbat&aee pirt a brilliant BolXeteia 
test* m* positive halogen test eonM lie obtained by 
dlMOlvistg in either warn o q m m m  or aXeohoXie alkali 
and adding ®IXwr n i t r a t e  and nitric* told* F u a i«  with 
*o d lm  b & n s fti*, in  H ie B arr netlKKl tor halogen

Ixatieated a traee to be pmont*
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(Tatm expartasut was essentially m. repeat o f theexperl&exit pai'f orsaed by Hose mn& Hallor {01) from wiilfe they obtained a srysteiXtne teM) •
4 g* of pyrefchroslu ww© added to  0b mi* of tiler 

oonimtoing 2*5 g* of sodtiffli liybraidbci©* Or warsaing mi thm 

mtmm lasfe the pyrsferosln dissolved and the solution 
feeewo slightly yello© in. oolor* After about fifteen 
ttixxtstes fee m i  acidified to bongo with dilute
sulfuric acid, the solution beeotateg colorless* the 
solution at this point swelled strongly of aootle sold*

The mixture was stow distilled, tint 11 the 
distilling liquid m m  no longer meM ,  the distillate 
neutralised with sodium hydroxide, and evaporated to 
dryness# fill® residue was -dissolved in 20 ml# of 50 
per eent ethanol and 1*5 g* p~ph©jsyXp&exiaey 1 bromide 
added* the Mixture was isfJUusi for one hour sixt feats, 
cooled* The product m s  rocrystslllsod froa aqueous 
ethanol and molted 110*111°* A mixed melting' point wife 
tamm p»gftssisyIp&umaey X sestet© Cm*p* 111-*112°) feowod. no 
depression*

fee solution rwalutog from thm steam distillation 
was eonowtratod on fee &toma bath under m water mnp



wmmmn to a small volume • Ethanol m s  added and the 
sodium. sulfate whidh preelpltaied was f XXtered o f f *  ftse 
solution wmm then tftptimtsM almost to dryness and taken 
up in absolute ethanol end cooled* The preslplt&ted 
sodium sulfate mm agate *fhe solution m s  then
eoneemtrated to an almost weter•white syrup wtoiati m s  
ifmite seXubie te wnur# ethanol * ethanol* e t l t j l acetate# 
ansi Ilk© solvents* but almost insoluble te btmwii ether# 
petroleum other# ctoXerofora and the like* All at tempts 
to erystall ins this syrup railed*

Attempts to »fet s methyl ester of the sywf through 
the ms# o f ^X«ftS&ethaM| dimethyl sulfate and alkali# and 
mthyl alcoholic hydrochloric aaM all failed* Likewise# 
no p~3femylpfcenaeyl ester could lie prepared#

Trmtasnt with foiling nestle a eld mud with aeetle 
anhydride te the presence of pyridine both failed to give 
back pypethroate or any other arjmtellte* material* Lite- 
wise# no aeetylatlan was obtained, with miptssium metal and 
acetyl chloride*

4 g* of finely powdered pym throe te and 1*5 g. of 
sodium hydroxide were added te 50 ml* of water* This 
mixture was left standing for twenty-four hours with
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M M *  noutrftl alcohol wts

in mtol m ¥

one how. Tkm solution «me then titrated to neutrality . 
An ojmmmmi of ID ml* of ataotamft no id m e  added end the 
solution loft standing- At the end of the desired time 
the residual mold nos determined.
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tmiM if
Quantitative Saponification Hxperiments on Fyrethrosin and Bihydropynethrosin

Run Substance Sample
6*

Conditions of the 
saponification

’Ml • " ‘ 
•3250H 
acid 
used

iff. 
acid 

needed 
for 2 
equiv.

IT."..
acid 
needed 
for 1 
equiv.

“ T o F  
one 

equiv - 
used

T m..
complete 
* saponi- 
fi ca­
tion

1 pyre thro® In .2770 thirty minutes on 
the steam bath

5.12 5.36 2.78 wm- 96

2 i? .2376 ten minutes on the 
steam bath

4.02 4.58 2.29 m 88

3 « .2297 two minute® on the 
steam bath

3.10 4.46 2.23 - 70

4 *» •2244 ten minutes cold 
{10 ml.alcohol 
added to aid soln.)

2.60 4.34 2.17 - 60

then 10 ml. more 
alkali added, and 
retitrated

2.95 4.34 2.17 * 68

6 n .2011 dissolve in 10 ml. 
alcohol,add alkali 
back titrate as 
rapidly as possible] 
2§ min. required

2.00

I

3.90 1.95 103 51

6 « .2049 repeat of 5 but 
only 1 min. req*d.

1.99 3.96 1.98 100 50

7 » .2921 repeat of 5 but 
several mln*req#d.
then allowed to 
stand while end 
point shifted,! hr.

2.91

2.80

5.64 2.82 104

99.6

52

50

8 #dihydro~
pyrethrosin

.2287 repeat of 5, 5-6 
minute® required

4.40 2.20 1.62 74 37

9 M .2492 repeat of 8 4.78 2.39 1.82 76 38
10 n .2486 repeat of 5,but 

end point obtain­
ed in 1 minute**#

4.78 2.39 2.34 98 49

end point changed 
rapidly,finally

4.78 2.39 1.87 78 39

* all calculations given in terms of acid.
this titration probably accurate to only .05 ml.

# the d ihydropyr e t hr os in used was the mixture obtained froem hydrogenation.
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3ABUS ¥
on of OmiMMadUttad

Fyretteroa&n «md Biliy

R m  Si^lfii^ 3&iapX© fte m£* *5250 1 &©M E#qf & * Jg ofg* M m * acid used. for o m  on©up pgul?* +qator*

X $pr©12irQ©lXI *2299 X *44 2*22 20
2 tt *2334 26 1*11 2 #20 49
S ©dlfcgp&ra*pjr©thra©in *2333 X *21 2*26 9

4 m *2033 It *S9 2 *63 3?

#  fte© & i f e y d r o p y * © t t e x ^ l &  © » © &  m »  th© m J U s & w m  obtain©*! 

frosa te^djrog©B&tlo&*





ftie syrup obtained f m  16 &* of pyrebferoefii by
wmjfiu&tm hydrolysis with, aX'tait was t m t w t  wife an
ethereal solution of th# dl* some thane obtains fian 20 g#
of nitre# case fey lurea * the simp was not particularly
soluble in ether bet on standing twenty-four hours with
frequent shaking and mas aeration gradually changed in
appeaMnee te # white sMMrsfeotis looking ©at#rial# Th#
exeeee Aiasessetlmne was evaporated off with the- other#
ffeerysbiiXXitaiicxB of the residue from slightly aqueous
methyl alcohol gave about t*6 g* of erode yellowish
material • After several recry ata11Isations from the

oeeme solvent the melting point was 190-196 with 
evolution of gas* Three more r#crystalXinations from 
aqueous methanol yielded a mall amount <0*1 g#) of 
white material ery»talllsing me thin fragile needles*

m*p# < cap*) 8l9?*5» mXMk 5-109 de
Tli# technique for recry* tallls*tion was to dissolve 

tli# isaterlal In th# smallest possible amount of bailing 
methanol and, to add water drop by drop until a. cloudiness 
began be appear* The solution was then allowed, to stand 
in a current of air so feat cry# tall Isa t ion could take



place mlamlj* The material w s  dried for foxir lmm&® in 
vmeu© owe* phosphorus pKmtoxt&e at 100° *

m*p* {cap*) *195, w204**204*Sde
4*304 mg* gaw 2*755 mg* water and 9*500 mq> carbon 
dioxide

0 * 52*71$ a * 7*l«Jt
3*090 mg* gave 2*020 mg* of water and 7*064 mg*
carbon aioxid©

0 • m * m $  m • 7 *31$
#3*033 mg* gave .311 ml* of nitrogen at 22*5° and
754 w *

M « 9.18jfe
5*465 mg* gave *450 ml* of nitrogen at 22*0° and
755 mm*

1 * 9*15$
Calculated for ^%^24%nB

C • 6&*7a£ H « 7.245? H * 9*14$
It was la tor discovered that this product §iaM 

be sore satisfactorily reerysbmllisoa from propanol * 
the yellow color being removed more qulekly* jit tempts 
to obtain a ©sponifioatlom equivalent mi 
gave eeiastabemtXy high and scattered result© depending 
on the boiling time* The longer the boiling, the higher

# The author la indebted to Mr* h. farks for these analyses•
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tli# result* VUlwt of 349 p 360 # and 399 # 398 were
obtained for a theory of 306.

About 100 mg* of material constituting the second 
and third crops obtained in the purification of %he 
dladumthftii* addition product of the syrup aapiwtlftod
pyre1 thro® in were dissolved to 10 ml* of meet to Mbydrtoe to 
which 2 ml* of dry pyridine had been added* this mix tore 
was left standing for five days *mt the end of which time 
It ms poured into a small amount of lee and water* A 
crystalline material precipitated out and ms filtered off# 
ffels melted with bubbling front 173-181°* Two re cry stalli na­
tion# free eqtieeus ethanol gam about S3 mg# of fine needles* 
This was dried. In vacuo for three hours at 100° over b&ritui 
oxide*

sup* (cap*) sl78# ml79-80de 
4*116 mg# gave 2*430 mg* water and 9.313 mg. carbon 
dioxide

C » 61. 76$ H W 6*61$
3.923 mg* gave 2*349 mg* water and 8*84© mg. oerben 
dioxide

C » 61.49$ K * 6*70$

**** The author Is indebted to Mr. L* (loltoan for them# analyses.
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author la iiHtebtad to My.
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Acid Hydrolyalc of

4 g* of pyrethrosin were to 40 ml* of
30 per ©out sulfuric acid end re fluxed for os© mod one~ 
half tews* The solution turned purplish, them yellow­
ish, and gradually became darker as more mid more 
charring occurred* At the ©aft of the boat fog period ,
25 ml* of oat or wore added* About 30 ml* of liquid 
were distilled off# This distillate was neutralised 
with dilute sodits hydroxide ami ewaporated to arymees# 
IS ml* of SO per m b t alcohol were added and the 
solution made Just acid with concentrated, hytlr och lor 1 e 
acid* *3 g* of p-phemylphemaey 1. bromide were added and 
the solution was refluxed for one hour* as product 
obtained on cooling was filtered off and recrystallised 
from ethanol* It melted 112-1130 and showed no 
depression of its melting point when mixed with a sample 
of p-ph©nylpheimcyl acetate of melting point 111-112°*
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t 45* of pjrrethrosim fir® added to 100 ml.* of 
absolute met&mnol# To this was added several drop® of 
a dilute solution of sodium ethyl&te* Ail of the 
pyre&hrosln did not dissolve at ones* This mixture m s  
loft mtmn&ixks ton days with oooasioiml shaking. After 
three days nearly all of the pyre thr os in had gone into 
solution. After the first day a strong odor of methyl 
a estate was not testable -

At the end of the standing period the solution 
was eeneeatreted under a water pn»p n m  to about 10 ml* 
$aber m s  added and the solution eoolsd* A pm 12 sanoaat 
{less than *05 g.) of erystalllass material m s  obtained 
that molted from 171-100° • After two- recry* t&l lisa tions 
from aqueous mleohol about 20 mg# of fine white needles 
were obtained. This was dried at 100° for two hours In 
mono over phosphorus pentoxide.

m»p* (cap.) 3181, stlM-»10$
2.328 mg. gave 1.530 mg. of water and 5*032 mg. of 
earbun dioxide
C » M«08£ E * 7*4®̂ f
3*74® mg* gave 2 *48® mg* of water and 8.993 ag* 
of earbom dioxide
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e »
3*077 mg* gaw 1*093 mg* of water end 7*397 mg* of 
carbon dioxide

€ » 63*50 %

The residual meXmblm%. worked op to a calories# 
syrup which resisted all attempts at crys bal lisa t Ion * 
It failed to go back to pyre thro® In when treated with 
acetic anhydride ssd pyridine*

A small quantity of pyrethrosin was plaoed 1b a 
m i l  die tilling flask having & short fractionating $M#
a m  containing a the monster • f&o re ee Ivor was armsgd 
so that it could be cooled in lee water* Beat was 
applied to the bath by means of a metal bath*

The pyre three In melted at a bath temperature of 
about 210° * From 210 to 230° a small amount of clear liquid 
boiling at 110-115 mi© off* this smelled strongly of 
acetic acid and solidified in lee water (framing point* 
acetic acid, I®0)* A second fraction boiling at X10~140° 
was obtained when the 'bath temperature' wms raised to 500°. 
This too smelled of acetic aald but m s  dark colored* When 
the bath temperature was mined to 400° a quantity of 
dark viscous oil distilling from 200-350° a s  obtained.

Typical



m

toe residue m  cooling solidified to a dark glassy solid* 
The first fraction was eonverted to its p~phenyl~

jtoexiaeyl ester and proved to be p~pherylftieiiscyl acetate,
0Melting at 110*110 *

CM c m  vert tog the second fraction to Its p*phenyl- 
pteemoyl ester only that of see tie sold couM be obtained, 
although several recrystalllsstlocus were required to 
obtain It pore*

to# third fraction was redistilled under a watev* 
pump vctemm* It boiled at 210*000®» toe refImadtng 
distillate was a greenish bine*

to one experteent the liquid diet 11 ling ho low 300* 
m s  rot separated but converted directly to its p-phenyl** 
pisoMseyl ester* this ester crystallised to plates* It 
o$ mcryatalXlaed three tines frois aqueous alcohol aM 
dried for four hours to vacuo over phosphorus pent oxide 
at 56°. About 10 mg* were obtained pure* 

su P0 i-cmp*} @89, ia91 *’3*92
2*636 Mg* gave 1*239 Mg* of water and 7*073 Mg* of 
carbon dioxide

0 » 73*22pi * * 3*«#
2*619 Mg* p M  1*266 sag* of water and 7*040 Mg* of 
carbon dioadte

C •  7S*88jt H »  § .3 7 ^
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Cmlealated for C012EfOOC%OOCS)
Q m 73*45# H « 5*36#

Attempts te obtain other esters from the mother 
liquor failed* as did sttempt® to obtain this ester la 
larger quantity*

Fyrolytle Distillation of Siydnoftenated

&ererel gratis of syrup obtained fro® & complete 
hydrogeimti on of pf&mthrmXn tag tog fmney l̂ lokel Catalyst 
at a pressure of about 10 atwostherss and a tempera tors 
of 60° n e w  transferred to a ana11 distilling flask with 
alcohol* Ybe alcohol was renewed under a water pimp 
samniHt and a bath teopenature vm to 100°* After all of 
the sdlnat «sa renewed the mono®, was broken and the 
bath tempersttare raised to 200-220°* This caused a 
small mmmmt* of material of boll tog point 1-15—3120° to 
eons off* this distillate solidified to iee water and. 
sms unmlstakably aeetie aeld« A vaeussa of 1-2 mm* of 
aterewy was then applied* At a bath temperature of 
210-240° smooth boiling oeewred with little or no 
charring* The distil ling liquid boiled at 170-300° and 
solidified t© a clear glassy mass which resisted attempts 
at cry»tallisat Ion *



A saturate*I solution of .mmwnia in absolute ethanol 
was prepared by pass ins gaseous mmkomtm through absolute 
ethanol that was cooled in an lee-water hath for one 
bsox1* 4 g* of ggrra throw in were added to 300 ml. of the 
wmmw&mtml solution, and left standing in the icebox* 
Ofiraigbt the pyrethrowIn completely dissolved# After 
two days the solution was concentrated to a small voltme 
and diluted with an equal values of water* On standing, 
a small amount of crystalline material separated out#
This was filtered off and amounted to about *2 g* After 
one reerystallismtioa from alcohol the melting range was 
2X6~218® with preliminary softening at 214®. *fwo wore 
reerysta&lisatlens fro® alcohol, p w  shout #05 g* of 
fine white needles# these were dried in vacuo at 100® 
for three hows over phosphorus pent oxide # 

m*p* (cap*) s£18, xa220-£21
4*449 mg* gave 2*936 mg* of water and 10*585 mg. 
of carbon. dioxide

C • 64*93$ E * V*43$
4*393 mg* gave 3*052 mg* of water and 10*912 mg.
of earfeen dioxide

C • 64.70$ B » 7*33$
Calculated for ♦ HH3

0 * 64.85$ II • 7*62$



This mmpmmd showed a remarkable taxsdemey to 
feeesne charged when ground in a mortar* It gave no 
nitrogen teat on fusion with sodium nor amonia when 
i t m l  with ecaeentnated alkali* Duma1 nitrogen 
determination did, however, show nitrogen to he present * 
The analyst imported that a white sublimate foxwed in 
the cool exit end. of the combustion tube*

#4.8® mg* gar# *111 ml* of nitrogen at £b*l° and 
Toe.b m u

B * 2.66%
9 *$6 Mg# gave «1M ml* of nitrogen at 20.10 and 
T62.0 m u

S' » 2+41j£
Calculated for gC^^IlggOg ♦ IIB3

s » u*zast
An attempt to prepare an. acetate of this compound 

with acetie anhydride in the presence of pyridine failed.
The .residual solutions were combined and evaporated 

down* On cooling a whitish oil osno out of solution.
This was taken up to alcohol, filtered and allwed to 
evaporate under a slow strewn of air* A thick oil was 
again obtained and left standing# to observation several 
daye later crystals had appeared* This substance melted

# The author is indebted te Mr* h* T* 6rows for these
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at 130*140°• After two recs^fstalllsatieits from aleobol
the melting reng# w m  154-156°* Prom the filtrate© &
second crop was obtained which, after one re crystallisation
from m q m m m  propanol, wilted at XS4-X500 . ffhe two crop©
Wire combined and re crystal Used one time from eyel<ftex»re*
About 10 mg* of fire needles were obtained, fhis was dried

<%for two hours in mere at fS over itiosphorua pentoxl&e# 
m*p* leap*) 155-156
2.265 mg. gsre 1*538 mg* of water and 5*334 mg. 
of carbon dloatMe

0 » 64*66$ 1 » 7*63$
2*068 mg* gare 1*396 mg* of water mad 4*084 mg. 
of carbon die side

€ * 63*94$ E «* 7*59$
A second attempt to obtain tele product to larger 

quantity failed. Seed tog of the oil obtained from the 
treatment failed te produce crystals.

Tfam residual solutions were worked up to a thick 
synap which failed to gire off asnciiis as msslig with 
concentrated alkali and from which ao dtoltrepfoeayl. 
hydrasore could be prepared* to attempt to ace ty late 
the syrup with acetic anhydride mad pyridine also failed*



3 g* of prfrethposlzi were dissolved In 50 ml* of
pyridine* To thle was added the ether solution of the 
diasosie thane prepared from 5 g. of nltwommmtUjXwmm,*
Am the ethereal solution was slowly added the color of 
the dlasoeie thane disappeared and a White precipitate 
settled out* Soon an assess of dtasoasethane was preset 
and the solution took on a I light yellow color * After all 
of the diaseesebh&ixe was added, the mixture m s  -allowed to 
stand for five hours at re-os*. temperature* The exeese 
dlasomsthane was then driven Off by warming in the hood
and the precipitate removed by filtration* About 2*3 g*

oof preduet molting about 193 vrlth deeeapositloas m s  
obtained* This material m s  recrystallised free ethanol 
{about 500 ml* were required), after which it melted at 
196-197°. It crystallised in long, thin, white needles*
A small sample was again mcrystallised free ttiitnol and 
dried for three hours in mono at 100° over phosphorus 
penboxl&e *

m*p* (cap*) a!93, stl$6*Ms
4*13# mg* gave 2 *#@7 mg* water and 9*431 mg* of 
carbon dioxide

0 *  E  »  7*00$
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4.303 mg. gave 8*357 mg. water and $*758 mg. of 
carbon dioxide

C * 61.8%* & » 6*86p>
Gal ouiated fox* G 18^*24^8^8

C • m * ®6$ H * 6.98$
m is prod,tact failed to react with acetic anhydride 

in the presence of dry pyridine at roam temperature * Tkm 
material wte recovered imefcanged*

The filtrate from the Insoluble product a bore wee 
concentre tea t taken op in alcohol and re concentrated to 
a small v olm» About *5 §♦ of white crystalline 
material melting at 120-125° « u  obtained* M s  was 
recry sta 1Xised from ethanol (about 28 ml* were required). 
It then seemed to melt at 118-123° but to a semi-liquid 
which became clear with bubbling at 166-169°* The 
material was re crystallised four sore tiaee from ethanol* 
each r eery stalllasblon Falsing the tempemture' at which 
the pmlimiBary melting occurred until finally a pmm 
substance was obtained* This was dried three hours te 
vaeuo at 100°^ over ffcosphorws pent oxide* 

m.p. (cap*) 166*169°
3*811 mg* geTO 2• 381 mg* of water and 8*703 mg. 
of carbon dioxide

C m 69.33$ M • 6.99$



41

4*393 mg. gift 9*730 mg. of water and 10.009 mg* of 
carton dteocld*

c • m * w $  a » ®*m%
Calculated for 0 ^0^2

€ • 62.05$ H * 6*9Mf

0»o* tenth g. of the store insoluble die some thane 
addition product of pyre thro® in were placed in a small 
tost tube and a lowly heated o w  a free flue* On. 
melting the substance degaa©ed to a wieeom oil* after 
allowing to cool# thl* oil was taken up in ethanol and 
thrown out with water, the crude material Obtained 
melted at IBB0 with preliminary ©of toning at 1X0°. Two 
reer ys ta lll&ations from aqueous alcohol gave about 10 mg. 
of pure product* Thin was dried for two hows in imowe 
at 78° owr barium oxide.

sup* (cap.) ©113# n!53«0U5$
1*219 mg. gmw 2.160 mg# of water and 7.913 mg. 
of carton dioxide

C • 07027% H * 7*51$
2*233 mg. pt@ 1.5B0 mg* of water and 5.571 mg* of 
carton dioxide

C ** 57.41$ E • 7*54$
Calculated for 0 l®B®4 0g

C » 67.46$ B - 7.56$
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m r n m & M nfioi m  m m f i m m m

The apparatus used throughout mmm one of the 
standard assemblies built by the American Xnstrmfant 
Company* Silver Springy Maryland, for pressure 
hydrogenations* It con# is ted mainly of bombs, bomb
holder with heater mad a shaker assembly for the t a b  
holder* Temperature m s  controlled mml observed by 
mean® of m Brown automatic; potentialstrie controller 
and. a tbemecoupl* Inserted in the bomb mil* Pressure 
could be foilowed both by the main gau^e on the shakier 
mmscrub ly*through which all hydrogen entered, and a 
smaller gauge which ecuM be Inserted in the line before: 
the inlet to the bomb*

10 g* of pyre throe In was added to 500 ml* of 
absolute alcohol in a one liter bomb* Approxim&tely 
1 g* of haaey Bio,feel Catalyst prepared under absolute 
alcohol was added* The hydrogenation was ran for one 
hour at room temperature rad a pressure of 10G~1£5 
atmospheres• There was & rapid drop of several 
atiBoe shores at the beginning of the period*

The material that came out of the bomb m s  all
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to © ©lilt lots* This solution* after filter tog off the 
catalyst, mas eonoeatvete© to a small volume« After 
cooling and standing fee* several hours, 4.5 g* of 
crystalline material melting at X8O~807° was obtained.
this material m s  re crystallised three tines from ethanol 
and drtoa for three hours to vacuo at 100° over phosphorus 
pent oxide *

»#p. (cap.) slSfe, mk;aa-211 
n#p• {&tag#) bi1y0~*&>4 

4.Q55 mg. gave £*8£8 mg. of water and #.¥85 mg. of 
earfeon dioxide

0 » M*tt£ H a ¥.85^
Calculated for

€ • 8®.21$ If * ¥.1*5$
The residual solution was worked up to a thick

syrup from which no other crystalline material could fee
obtained, to attempt to fractionate the crystalline 
material m m  made, us tog the melting point as the 
criterion of separation. tola, however# was not 
successful. After the first few crysta 11 isalions the 
direction of change of ttis melt tog point could not fee-' 
predieted* combination of samples or like melting point 
wornId# to o m  to© tame# give a higher molt tog point# 
tolle to others* a eottsblnat ion of samples of toe same 
melting point as before would give m lower melting point.
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Experiment -XX
g# of pyretbresXii. was added to 3Q0 ml* of 

absolute alcohol cm a 1 liter bomb* 1.5 g. of copper*
ohromlto catalyst m s  added. The hydrogenation was rtm 
at 175° for five and one-half hours at about 17b atmos­
pheres. urn solution which same out of the bomb was 
green in color. It worked up to a thick greenish 
material from which bo crystallise material was Isolated.

This experiment was m  in a bomb in which .0X35 
moles of acetone required a pressure drop of €0.5 pounds 
of hydrogen to give isopropyX slcdhol mole for- mole 
under the same conditions*

£•& g* ( * 0 0 5 1 5  moles ) of pyrethroslm was added to 
4 0  ml. of absolute alcohol in a 1 2 0  ml* bomb along w i t h  
approximately 1 g. of Kaney lickel Catalyst. The hydro­
genation was started with a pressure of 109 pounds. after 
two hours at root tem.pe3nii.ture the pressure had dropped to 
70.5 pounds and the rate- of adsorption had be cose almost 
nil*

Hydrogen used up by pyrethrosin 38.5 lbs.
Hydrogen required if pyrethrosln
took up hydrogen mole for mole 37.0 lbs*
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The pmstoe was then raised to 120 pounds &nd 
the temperature allowed to rise to 60°* At the end of 
six hours the ».t« of drop had become almost sere*
After cooling to reetn tSBipexntwre again the pressure 
reed 45*5 pounds*

Total hydrogen used up by pyrethroela 125#0 Its#
hydrogen required if one molo of 
pyre thro sin took up three moles of 
hydrogen 121*0 lbs*

O n  wo r d i n g  u p  tiie product only a clear water-white 
syrup was obtained that resisted e r y s t s l l i m t i c m #

Experiment I¥

This experiment too run In a bomb in ettlcfh *0135 
mole© of meetone required under the same conditions a
pressure drop of 50*0 pounds of hydrogen to give
Isopropyl alcohol mole for mole*

2*5 g* (*0082 mo lea) of pyre tbrosin was dissolved 
in 40 ml* of dioxaue in a  120 ml* bomb* approximately 
1 g. of l-ianey Miotel catalyst was added* Xn six hours 
at reess* temperature the pressure drop was frees* 123., 5 to 
05*0 pounds*

Hydrogen used up 27*5 lbs*
Hydrogen required if being
taken, u p  m o l ©  for mole 28*0 lb®*
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at room
During ftw hours 

pressure drop tram 120 to 6©

up in a 
concentrated to about 3© ml 

r* About 2 g- of lars 
*y filtration*

to cool

1 0Z* of

Oil

a t

fraction X*
cooled In an lee bath 

fraction XX was 
then concentrated to 

out 1 g* of 
observed rotations were

25 ml*}
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WwfflLm% JME1S1 Observed rotation Melting point
•2M» ia2QD~20S

•100 » semi-liquid 1881 clear £02
©150, sem to llq u ld  160 *elesr 188

II
I E»00°

1.28°

XIX 0„TO®

A# it appeared that rotation **a a surer method of 
following m separation than melting point as tried In 
Experl&eiit X¥* this escpwisiient sms repeated using 40 g* 
of pfratbresto* ¥he simplified froet lorntion ntitmm 
Is glfti 1b Figure 2* It was also found that observation 
of the erystelline fora was of mine in foil owing the 
fractions t ism* part i oularXy to determining the purity 
of the more insoluble fora* All rotations are for 
solutions to chloroform of about the mmmm CNemeentratloa 
(about .55 g* in 25 ml*}*
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w m m m  a
Stapling UJtert of the FractIonatto n  Carried 

out cm Product or Hydrogens fc ion Eaq^rtM&t ¥

solution from bomb concentrated to about- 250 ml* after removal of the catalystana cooled in lee water for SO minutes

precipitate CBS g*> re crystal Used from 30$. excess alcohol with alow cooling to room temperature

precipitate (14*5 g*) large crystals s!85, ©&O4~209 in capillary

this fraction wmm re~ crystallised thrla# from 30$ mmwmm alcohol with slow cooling

solution

i
¥•5 g . n ic e ly  c r y s ta l l in e  material{oOg8- -83.5
m email sample was reerysbsll* ised twice more from ttlmMl, then

CoO|P « -83.1
i

filtrate® were thrown hack to the middle throughout and more of this isomer obtained

I
solution concentrated to about 30- ml* and cooled

i
precipitate (6 g*) » « m  talllsod from 20 ml* alcohol

4g> ml53f clear 182 rooryatalllMd twice from n~butyl ether containing a little ethanol

©elution cone♦ to 5 ml*

1
3.6 g. product 
{pL)ji®«n -33.¥

preeipitabe 1 g. of crude» sticky with mother liquor reerystalllMd twice from n-hutryl ether

swap (5 g.)

■4 g.
« * > f 4nt —28 * 4
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Bgr repeated m o n l  of the mere insoluble f @ w  from 
the precipitates* a fixation m e  obtained that sum 
reached constant rotation,# This fraction, if allowed to 
eool slowly, fmrnm long taomgonal rods* Crystals IB mnu 
long and 1*5 m *  in thickness are readily obtatriad*
Several grams of thIs material, were dried in memo for 
two hows at 100°*

sup* (cap#) »t?S, »195«B00 to seal "liquid* clear at 202 
sup* (stage) al©5# ocmaidexmhlo liquid forming at X80,
clear at IPS

4*503 mg* gave 0*091 mg. of water and 10* 48? mg* of 
carbon dioxide

0 a 0#*38g, E » ?*8^
4*10# mg* gave 2*075 nag* of water and 10* 10© mg* of 
carbon dioxide

C « 53*25$ H ** 7.9B?S
Calculated for

C * 66.21* H » 7.66%
.3310 g. In £5 »1. of chlorofoTm rotated the plane

of polarised light -£.21° when used In a two decimeter 
tube at 25° with a aodium vapor lamp as light source*

(0t)2S m -85*© (e • 1.52 in chloroform)D
#233© g* meed up 7«€S ml* of .20 X eltell in a 

saponifies t torn experiment * Saponification equivalent 
• 159*1*



m

*8035 g* uaed tip 8*XS ml* of *80 1' mllcaXi in a 
saponification uxpwiront* Saponlfloatloa equivalent •
100*0*

G&lculated for
Saponification equivalent « 164*2*

Conbin&tlon of the filtrates from the siore Insoluble 
form and continuous rteoml of that fom frees them failed 
to give, from the nether Itqoors, a precipitate of 
mlnimm rotation In the opposite direction* the lowest 
rotation observed m m  (t* m *82.7, and this on a 
fraction obtained in the middle of the f r act Iona Lions 
to the ©actant of about *6 g* the direction of change 
of rotation on roerys tall tea. t4on of a sample could not 
he prod! ebed* Ethanol, irKiibiityl ether, a m  dl-amn© 
were the only eoIveata frets which satisfactorily 
crystalline material eouM he obtained readily* In all 
of these the one foxes was more Insoluble than the other* 
In all, acme thirty«*fiwe veoryBtalllaatiom ware ?mde *
War* purposes of comparison, several of an tater-*
mediate fraction were prepared end dried*

»*p* (cap*) »100.f ml©0# clear 178
m+p* (stage) &148f ml62*lOT, clear 186
5*459 mg* p n  Z*4B2 mg* of water and 8*362 Mg* of
carbon dioxide

0 • M*3Mt H » 7*88$



i o n m «



(3-.4 g.)
out into a 2B ml* volumetric flask* To tills 
ml* of m pfcth&lle rao nopomeM seXmtiim to 

*05 M.) .prepared according to thm 
directions of Xiitee (1)* ‘The tlmmU imm shaken to

solid and then allowed to stand t&e de© ined 
n of t w  at room temperature* solution was

£h pore diexame and a 5 ml* 
was added to 50 ml* of a SO par 

solution to a 125 ml* Krlenmeyer flsi 
to stand for ten mtoutes with occasional 

Hat© 1 Iterated Iodine mas toon titrated with 
odium thiosulfaie* ufcher 5 ml* 

titrated at later times* Since the pares:
the strength of the solution 

from- a control experiment serried 
through the same procedure * the difference between

control and the sample is a measure of the

a known* libs
was the mors insoluble isomer m -83*5
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TABOE 71
Hath&llo MofiopermoM Oxldatlcm of I’̂mfclmsNtto

mmd Biliydropyre fchrosin

aleoiioX f>y?e throe to pyvethroft to*
Run II Ill I XX 1X1 X XX 111
sample
5* • m m .sim *5844 *4095 .5826 .4016 .5111 .2944

ftoo to hr s. ml®» of pemelxl w#6 per mole i«flt

1* 5 • *92 - - *io mm • *21
6*0 «•» *97 *• .58 mm: *** *57
SO*# 1.01 - - .74 ■so - .74 -
21*5 **- i#?- .72 mm OT .73 mm •
88.176 - •98 ** *» *40 ** mm *80
46*0 mm * •75 - s* *75 •**
67.5 rnm - •81 • • .44 *** •

76*6 *66 mm «** .66 *m - •44 •

74*# - *61 ** mm mm *#* -
00*0 - ~ .65 m* mm *20 *» ■mm

# Mot# Insoluble Iao®OT C'K •» -85*5 (c » 1*52 t oI)
ehlorofoxst)



>duet from. the Plathalto jSoooperaeid oxidation of

The reeMual solutions 
frees the

were
until all of the per a old 
was then eon centra ted to 
at roam

of

0.3 g.
mmoptimeM oxidation 

ami left standing

under a current of air 
so obtained

aoluble<

wmeue for two
sup* (cap*}
3*1X6 n*g* i

0
3*NV

front ethamol. After two 
front e th&nol its m l  ting point was 

on melting was very much like 
m produet (50 m@*} was dried in 
78° over barium oxide.

•012 9 1121.5-217 with final e lea ring at I 
1*89® mg* of water and *7.207 sag* of

2*048 mg« a n t 7 *!M

0 • 68*28£ H « 7*01#'
for



This product was quit# difficult to purify and 
ecmld not be obtained fw» the residual solutions tram
the oxidation studies.

0*5 g* of dihydropyrethroala (ô ) ** **@3*0 {c m
1.32 In chloroform) and IS ml* of the persteid solution
were mixed and left standing until mil of the peraeld
was decomposed (several days). The solution was them
wwta&d up according to the same procedure as used above
for the similar solution obtained from pyrethrosln* The
crystalline product obtained required six Yeerystalllsa**
tlone fro® aqueous propanol before its melting point
became constant* About 20 mg. of fine white needle© were
obtained* These were dried in vacuo for one and. ane«helf 

0hours at 100 over barium oxide, 

sup* (cap*} s221» ssE£S*»230d
2*S06 mg. gmr# 2*010 mg. of water and b.829 mg* of 
carbon dioxide

q « m * m $  m »
3*211 mg* ©awe 2.197 img* of water and 7.086 mg* Of 
carbon dioxide

C * 65.32A B * 7*06£
Proa the mother liquor m e  obtained & small amount 

of unreaoted d ihydropyrethros in.



m

T i m active ’h y d r o g e n  m t m m  ml carbonyl groups 
present &n pyrebtiFoete were determined by using the 
modified Zerevltlmeff aparstia of Stabler, Stone, ud 
Pusan (17). In addition to the 0rtgimrd reagent in 
di-n«e®yl ether and the pyrethroein, pyridine to t h e 
amount of & ml* «m added to increase the solubility *
A blank deteraiMtlott using pyridine wmm m m  to obtain 
the connection necessary because of the pyridine a n d  
to obtain the strength of the flrignsrd solution being 
need* fhe data are given in fable ¥11.



per millimole
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Th® following methods have failed to yield hydroxyl
derivatives with both pyrethrosln and dlhydropyre tbros int

1* Ihenyl Isocyanate in absolute chloroform *£* Metal lie sodltes *3* *4* beetle anhydride and pyridine.
In addition* the following methods have failed with 

pyrethroala onlys
1* Aeetie ^hydride and anhydrous sodium sestat#* 
2 *  Magnesium and acetyl chloride*3* the reaction product of pyre throe in and methyl mstgneslm iodide plus acetic anhydride*
The following methods have failed to yield carbonyl

derivatives of both pyrethrosla and dlby&ropyre throate s
1* 2 #4-dlnItro^cnylhydmatoo and hydrochloric acid In ethyl eeUoeolve*
2* Hy&rexylMtlae hydrochloride and sodium acetate*3* Mydroxylaniifie hydrochloride, trace of pyridine In ethanol solution In a sealed tub* at 100 *4 * &emlearba&Ide hydrochloride and pyridine In ethanol *Jsyuvaaloe hydrate and alkali* 
if any of the above experiments have been repeated 

several times with slight variations in ecnxtltlosis *

# Only tried for pyrethroslxu
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*5 g* of ditiydr©pyrethroein. (the p w  isomer)
and »5 g* of hydroxy tomtoe hydrochloride wen# added 
to 10 ml# of ethanol containing about 1 ml* of pyridine 
in a pyrex tuba of about lb mm* exteml disMt«r and 
50 am* long which bad boon sealed at one and. Aft#*1 
cooling to an lee«er&tor bath this lube was sealed off 
at a length of about £0 * #  aid tlmn heated for throe 
hours at 100°* At the end of the heat tog period the 
tube was again cooled sad then carefully opened* After 
removal* the solution was emjxmtted to dryness* the 
residue taken, up to alcohol and evaporated again until 
crystals began to appear# After cooling* the crystals 
war® filtered off. ITiese welted at 213-218° with 
prelialmrjr softening at 108°. After two n©crya tall, Isa- 
lions from benseae about fifteen mg a of flaky shite 
plates wore obtained* the sample was dried in vacuo for 
two hours at 100° over barium oxide#

m * p • (cap*) 0 8 X6 9  m2X9'**»ESX
3*6S4 mg* gave £*554 mg* of enter and 8*594 sg* of 
carbon dioxide

0 • 65*99^ ii •  V*9t%

2*717 mg* gave 1*032 ssg# of water and 6*600 mg# of 
carbon dioxide



0 1

C * 06*SS€ E • 7.965?
Oals&lated for £^7%4%
0 « 6*«£l£ 1 » 7*86$

©*934 mg. la 1*S05 »1« of c&lcs>ofan& pit an 
Observed rotation of ♦*Q£° vtara road la a on® deeiste&er
ec^l^micro polarisister tube at £©' using a sedtom mpor 
Isttp as light soures*

(K)“  « **4 (e» -.4? in oihXoroffiwa)

a»e prodoot m o  also obtained Iron an at&mpfc 
to m k d  a ©arnicarbasso&o e€ dl&^di^pgreturosin using 
semlear te & Ida ĥ -iirootilorMo and pyridine la. ethanol*
A sitaed melting point or tli# p m  products shmed :no 
depression *
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Q Q m i m m m

Pywfcbroste im a white, optically settv®,
crystalline compound with a decidedly bit tar teat#*
In solution it is seatml to litmus and does not take
up alkali* the crystals have an octahedral shape, but
cm o r n l  observation appear to bo diamond-shaped
(see Frontispiece) * Faro gyre three la* malt© In a

ocapillary at 2Q0-2GX when the rata or heating is 
fairly rapid C ten to fifteen degree© a minute), until 
the neighborhood of the melt teg point is reached. If 
heated slowly, the material slowly Ganges to a glassy- 
like w m m  which refused to become a liquid even at 
300**. . If observed under the el area cop© softening 
occurs at 1 9 7 axkl the melting range Is 199.5~&0&o* 
ffeXs 1© typical of the differences in me It tag point© 
taken by the capillary and hot stag© methods* 
freltatmry changes which ce cor are much more easily 
seen and the end of melting is much more accurately 
dotermlikod by the microscope method* tee criterion 
of complete fusion in the microscope method 1© the 
dieappeasmnee of the property of double refraction te 
polarised llgjbt*

Fyrethroeia above it© melting point rapMXy 
a i m s  a yellowtah appearance and decompose© with
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Mfebllag* Melted pyretorosim will not solidify to & 
crystal line material *

Rose sad Bailor (21) reported a form of pyrethrosin 
molting; at 178° if otBanol was used as the reerysbalXi^- 
tion solvent* the normal fern melting at 200-201° was 
obtained by than when ethyl acetate m $  used* In the 
present work only the high melting form ha# been obtained 
from a variety of solvents, ethanol, absolute; ethanol, 
pyridine# aeetle anhydride# shlorofomm* ethyl acetate# 
and dloxane.

fhi# leads to the speculation that the compound 
worked on by lose and. .Mailer was in seme m y  different 
from pyrethrosin* The sample worked, on by them was 
obtained only in small quantity frost pyretbrn® extracts 
of their own, whereas toe sample now being studied was 
obtained from a eonmereial soars** Purification of the 
two samples was brought about# however# in toe same 
general way* At least one worker in the same laboratory 
(private eosm&unication fm m  M« S* hehecter) has since 
failed to obtain the low melting form* Examination in 
our laboratory of Hose and Haller*# low melting sample 
(supplied by toe Government laboratory) revealed a 
melting range of 183-198°. BeorysbsXXlsatlom of the 
sample from ethanol removed a slightly yells* color ami 
showed the material to be identical with toe ordinary
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high melting tmm* This of xieeessity leads to the 
©on clue ion that there is only m m  form of pyre throe to*

iyrsthrosto contains only the el ©stents car ton, 
hydrogen, and ojeygen. it comparison of ooE-ihuation*
equivalent weight end molecule? weight date. found for 
pyrethrosto with those ealsulatsd for various thewetl* 
eel possibilities to given t o  Tab!e ¥111* X£ssmtoattom 

shows at one® that the formula to
ilthOU^  any °f th° f <«"**• Cl^S0-S4O8 ar* 

possible from the molecular weight and saponlf 1 cat!on
data, only egress for the ecmteurtlcm data *
In a similar way, Gg4H44°!0 iifis good agreewemt for
-eessbmstiom a n d  eapcsslf lest i o n  data, but does not agree

with the molecular weight data* the foaremla **\*fygP&
to further ecmfiimed by combustion and saponification
data for dtoydropym throe to whi oh. are also- included
to Table fill, and by combustion data for other
derim tires*

It to difficult to run hast molecular weight 
d© to mine t ions on pyre throsto , as the compound p r o bably 
eesoetotee and/ear polymerizes to give high- values* The 
longer the period of heat tog* the higher the results, 
m e  value given, 30b, wee the lowest or limiting value 
obtained.

Hose and Ballet* also arrived at a molecular fcmnftla 
of Cyyf%£°5 by a similar series of determinations•



m m m  fixx
loloomlmr vmX&t D&tm, for

viftlk
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Although mot a colored substance, there i m  early 
indications baaed an tin# prolistetaary work of nose and 
Haller {21} that pyre throwin might 'tee related to the 
flavooes» i*e*# might contain a pyrem* nucleus* finis, 
mn alkali rue Ion using the gemeiml direct ions that had 
been need by iKerror (id) for splitting curtain antho* 
eyanidlits w m  Oifrl# out In an at tempt to split fclie 
Molecule into known phenolic and acidic substances*
I0 typical clean-cut reaction wmm obtained mnd no 
products were identified* In all probability a great 
deal of toe decomposit ion which occurred was dxm to the 
heating alone and not to the cce&bl&atlcn of beet and 
alkali*

them pjp^tbrosim is warmed with aqucouw hydro* 
chloric add stronger than 13 per cent* a variety of 
colored solutions can be produced depending upon the 
length of time involved* On standing or <m diluting 
with water- these solutions all yield yellowish amorpbotm 
precipitate#• attempts to purify those materials by 
reerys tml 1 Isa. t i on were fruit leas* However* analysis of 
a carefully washed and dr i d  stop 1c showed only traces 
of halogen to be present when It was expected that the
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m p r a i  might toe m salt of bh# Q'&milvm typo. Oartooa 
and hydro-gem (MtniiaitlM boat fit the tm m & m  

%*?%©%* t3a&t of pyrethrosim.
Attempts to make an omnium salt toy the fxroaodor* 

uaod by Kjukwkp (lb) for making pyrllXlum salt® of the 
fla vanes failed* &toe» flavorne ere warned la © pop cent 
hydrogen. chloride solution lit dry methanol ami the 
resulting solution dilated with other, a colored 
precipitate of an smrptooua -oxonltsft gait is attained« 
Although these materials can not ho recrys tall lead # 
analysis of a carefully prepared and dried sample gave 
mimes indicated toy the theory. S’ywfchrosla wmm 
recovered from such a treatamt imchanged*

Fyretliros-in also fails to give positive reactions 
with load acetate* tartaric aold and ferric chloride 
reagents* These are standard (IB) color and praclpttatlem 
tests for pyrones.

COfĉc of the teats for cu&tl^oyaaidina and axxtho* 
cyanima were also tried tout these gave a mixture of 
conflicting Imdieatleiss*

The conclusion to toe dram* of course* la that 
pyre throe in is not a f la von© -1 Iks material. In all 
probability the rnmoŵ hmm materials obtained from, the 
hydrochloric acid treatEwwafc are polymers or l s e m n  of 
pyre throe Is *



fyrethrmia readily reacts with dilute alkali to 
show a saponification equivalent of HI, half of its 
molecular « $ i p »  Hydrolysis is approximately 92 per 
cent complete after two minutes warning with alkali 
and 88 per cent after ten minutes * Twenty minutes 
hooting shows the reaction to lie 9$ per cent complete 
while thirty to sixty minutes heating iflves complete 
saponlf lea t ion*

O m  of the products of slim line hydrolysis is 
readily identified as acetic acid* fhis tonedlately 
suggests the presence of an acetyl group. In the light 
of the experience of mm® and Mailer (21) # who found 
acetyl value# shore and below, but still in the neighbor-* 
hood of one per molecule by different method# »aisl in the 
light of the lability of the molecule to acidic and 
alkaline reagents, no acetyl detcimiimtlons were m *
The lability of the pyrcthrcsin M&seiil* to alkali is 
indicated by the attempts to Isolate a second product 
or product# fm m  the allsaline hydrolysis* Although 
Hose and Haller (21) report the isolation of an acid 
GXbK24®0 was a iffieult to crystallise, so far in
the present work no crystalline product has boom obtained 
from working up the residues from ©aponifleatlon* In
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all eases* and many at tempts have been made* only a 
telek syrupy material has resulted* Many attempt# 
have been imde to aeetylate tel* material hack to 
pyre thro# in or a pyr eterosin~lite substance but with 
*10 success, perhaps tee failure being as mute due to 
the faet that tee a tart ins matorlal la probably a. 
complex mixture rather than to tee late of a hydroxyl 
or ©nol capable of being eoetylated*

Many attempts have also beam made to Isolate a 
product from hydrolysis through tee hydroasyl and/or 
carboxyl that might be liberated by the second equivalent 
of alkali used up* It was one of tease attempts teat 
yielded a product white helps be establish an acetyl as 
being present in pyrot&srosla* the syrup obtained from 
alkaline hydrolysis was treated with dlaswetlmne in 
the hope of obtaining a methyl ester* fhis treatment 
lead to a crystalline product white was looted upon for 
a ttee as the desired methyl ester of an asM obtained 
by hydrolysis* Although on smiting this product degased 
to a thick gXassyXlte mass, as would be expected of a 
pyrasollne obtained by addition of dlasoBte thane to a 
double bond* no test for nitrogen was obtained from a 
sodium fusion of the material, although tee test was 
repeated carefully several times* However, Ignition 
with copper oxide in a closed system did indicate
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upon the length of tism boiled. The acetate obtained, 
l ^ v e r } if a stonoa estatetls not identical wife,. either
of fee dlMOMthana addition product® of prefer ©sin 
its®If which bar® the suss® empirical fortela*

Hmwteg tans obtained s*e evidence for am acetyl 
group la other evidence im® sought for and.
found*

llso attempt® to hydrolyse pyrethrosin to acetic 
acid with fit® per cent sulfuric acid failed* When 
heated with suimi’io acid of this concentration » the 
crystal® of pyrethro®in disappeared with fee fwmtlon
of am insoluble oil* this oil. and snrraoadiag solution 
gradually took on a yellowish color as heating was 
continued* Xf some of the solution was diluted wife 
alcohol a yellowish amorphous precipitate was obtained* 
this precipitate was steilar to fee protest obtained 
by treating pyrethroein with hydrochloric &$M# and 
©ouM not he re crystal Used * Steam diet illation of fee 
mixture to remove acetic acid was carried out, fee 
distillate neutralised and evaporated to dryness and 
the resMue fens obtained treated wife p~phsmyiphan&cy 1 
bromide in aleohol 1m an attempt to obtain fee p**phenyl« 
phenacyl ester of acetic add* on working up the residue 
from the a team distillation ® yellowish glaesy~llkg» .resin
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was obtained* This resin resisted all attempts at 
cry at a 111 11 on, first forming an oily tar that then
rerestolfled *

An attempt to hydrolyse pyrethr osIn with hot 
SO 'per sent sulfuric acid, however* did yield acetic 
coId* These conditions produced considerable charring 
and doubt say he expressed mm to whether or not the 
acetic acid resulted by simple hydrolysis. In view of 
the fact that In isany cases the equilibrium to the 
reactions

alcohol a acid m ester ♦ water 
lies well to the right to the presence of acid, the 
failure of pyre throe in to hydrolyse readily to dilute 
acid in the absence of special efforts to displace the 
equilibrium is not unexplainable*

uhc?i pyrethrosto Is added to absolute methyl alcohol 
to which a trace of sodium ethylcto has W e n  added, most 
of the sample dissolves on standing overnight and cannot 
be recovered as pyretftroaln* The odor of methyl acetate 
is unmistakable* One espertoent performed to am attempt 
to drive off the methyl acetate, saponify It and Identify 
the acetic acid produced, failed* the major product of 
such a treatment is a syrup which yields a very small 
amount of crystalline .material which on the basis of 
c&rbom and hydrogen deterntostlsms Is no expected compound*
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hydrogenstIon) is with aqueous sodium hydroxide to
the same way as outlined for pyrethroala# stellar results 
are obtained* Asetlo acid, identified as its p**pfeeiiyl~ 
phasseeyl ester# and asyrupy material are the products, fills 
syrup Xito tost from pyrefcbreato also has resisted all 
attempts to crystallise it* Am attempt to add dlascnethane 
to this ayrmp failed as did an attempt with asetla anhydride 
and pyridine to convert it baok to dtoydropyxethrosln. Also# 
when a syrup obtained shea pyret brosto took up ate at m m  of 
hydrogen per mole was subjected to pyvodistlllatlefL, aeetie 
mold m m  still obtained* These latter fasts would indicate 
that the ester Itnh&ge of jsyre three in persisted mdhangsd 
through hydrogenation-# and would help el tein&te the 
possibility that aeetie aeM could be obtained from, pyrethrosto 
as outlined abewe by s«e cor.plex meotmnJUm Involving the 
msaturation of the system*

the general conclusion axoat be# therefore# that 
pyrethrsato contains a simple ester Itetaage, mud that the 
meld fragment is aeetie a eld* Whether this ester linkage 
la one of a primary# secondary# tertiary or enolis hydroxyl 
cannot bo stated*



V *

Tbmt pyrethrosin is » t  & dl-ester or acefei© acid, 
sat that the second equivalent or alkali ua©d. up might be 

by hydrolysing «udh a ©©©end aster linkage is 
©*fcafelldhe& by fell© eadUftesiee of ®x$^22®4®2* ciisson©thane
tdiltlsi produofe of th© syrmp obtained f m  sagKmiflesfelon* 
The solution Ioffe after the saponif ic&t ion of pyrefehrosJjtt 
a s  acidified ©ad then stoein distilled vm til feh© distills to 
was *10 longer sold* ’Hits removed all of th© aeefete acid 
and any other volatile ael&s* ftorkteg tip of the residue 
fehcm yielded CigRggO^l^r © e»pai«f differing from tha 
diasowofehoiMi addition product of pyrethro# in by only © M  
aoetyl group* This, thm%, is not only evidence that 
pyrefehrosin is a mono&cefeate tmfe that there ere no other 
©star linkages involving any other role tile sqM *

els© offers ©me evidence for the nature 
of the linkage using 'the eeeoad equivalent- of alkali*
The formation of ° X # 2 S % %  fro® pyrefehrosln requires 
th© ms# of only on© equivalent of alkali,, whereas two 
are readily used up* $bviously then, the linkage that 
uses tip the second equivalent of alkali ia readily re— 
synthesised front its ©opponent parts* in obtaining 
^ X 0 % £ % %  *̂ h0 neeeaeary condition for such a r«my»fch©sis#
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the proseno© of ae 14 was fulfilled*
Aether the ©jetstone© of e j ^ O  Ig i® duo to the 

reayntheeis of a lactone or to the reayntbesis of mm 
ester from non-volatile alcoholic and acidic fra&aents
cannot b© definitely stated, as mentioned before* many 
attempts to iso late acidic and alcoholic components from 
saponified solutions have been made, hut no free aeMs or 
alcohols or their derivative® have been obtained * feus, 
no direct evidence is ss yet available*

Quantitative sa pen if lea t ion studies tend to throw 
some light on the subject* Samples of pyrethrosln which 
had been saponified completely were titrated to neutrality* 
and after addition of an ex#©©* of standard acid left 
standing at room tempers taro* "fee ©xoeu acid added was 
about four or five times that which would be required in 
us ins np w e  equivalent and. the solution was about one* 
tenth normal with respect to this acid. In one hour, one* 
fifth of one equivalent had been used up and after twenty* 
five hours almost on©*haX£ of on© equivalent had been 
consumed* A similar experiment run on Ofeydropyretitrosln 
gave the same results* after nineteen hour© almost four* 
tenths of one equivalent had been used* fet© latter fact 
is evidence that in pyre throe in itself the acid was not 
being used up by any mechanism involving the active double
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bond which can be shown to be present *
These results lead to a conclusion that a lactone 

Is being reformed* Such a conclusion Is natural since# 
although hydroxy and tote acids are known which do not 
exist in an? but the lactone state> others lactoaise 
slowly* Under the conditions it Is hardly possible that 
any alcohol and acid fragments would recombine to the 
extant found#

Special attempts to open the lactone ring were made# 
solution® of saponified pyrefehrcsln were worked up without 
acidification* the supposed salt thus resulting was then 
treated In various ways in efforts to not only tie up tbs 
acid part of the ring but also the liberated hydroxyl*
Bren these attempts failed to glue crystalline esters#

Th© failure to obtain, derivatives from the many 
treatment® mentioned so far again calls up the possibility 
that after saponification a mixture of substances exists 
from which it is not possible to Isolate a crystalline 
derivative* If a lactone alone were present in the 
molecule, the set-up necessary for producing a mixture 
on saponification might be present, the simplest mixture 
being that of the lac time and free acid* If the lactone 
were of an end and a carboxyl, then the free acid might 
exist in keto-end forme* Pyramided on top of this might 
be the possibilities that there is further keto-cnol
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bambemeriam due to the preitaoe of on ©nol acetate and 
that relactomisatlorn might occur involving another hydreasyl 
In the molecule rather than the- one saponified*

The possibility of keto-enol teubewieriasa in the 
alcoholic fragment from sapomlflea t ion led to attempts 
to prepare carbonyl derivatives of the syrups obtained*
Mo carbonyl derivatives, however* bare yet been prepared*

On© of the standard methods for opening lactone 
rings 1® treatment with alcoholic mmnonim at low temperature* 
Pyrethreein was subjected to such a treatment and two 
products were obtained, one in about fir© per cent overall 
yield, and the other in less than one per cent yield* 
Analysis of the second product gave no clue as to its 
formula, and an attempt to prepare it a second time failed* 

Analysis of the first compound showed it to contain 
carbon, hydrogen, nitrogen and oxygen but not to be any of 
m e  sought after nitrogen derivatives of pyrethrosln* in 
fact, the nitrogen percentage was only about one-half of 
that ejected* mis lead to the conclusion that the 
product was impure*

In reviewing the literature on ammonolysls of 
lactones at a later time, a peculiar parallelism m s  found* 
Hus 1 oka (32) and Hansen (13) , working Independently, had 
both obtained from a sesquiterpene compound known as 
iaealantela atone on treatment with alcohol la $wm<mtst a
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crystalline product which consisted of two molecules of 
lactone plus on© molecule of usesla* Calculation for 
the same occurrence with pyrmthrMlm gave carbon and 
hydrogen values a peeing excellently with the observed* 
Agreement of th e  observed nitrogen values were not as 

good, 2*41 per cent, and SUM per cent being observed 
for a theoretical of 2*81* An Icoster of isosX&ntolsctone f 
known as slantolaa t cm e and differing fro® it only with 
respect to the positlem of two double bonds which are 
present in both molecules, behave normally when treated 
with alcoholic amenta and yielded the desired aside* 

Kusioka (88) offered an explanation for the 
formation of the compound com is ting of two melee of 
lactone plus a molecule of anaonls following seme work on 
a large q u a n tity  of the substance# Be b e lie v e d  th a t a 
molecule of mmmxla. added across one of the double bonds 
in isoalantolactone and that the amine thus formed them 
added to a second molecule* this explanation is very 
plausible and could apply to pyrethrosin which m m  be 
shorn to have at least one very active ethy Ionic linkage* 

The general conclusion to be reached, although based 
to be sure on more or less indirect evidence and analogy, 
is that a lactone ring is present in the pyrcthroein 
molecule and account® for the use of the second equivalent 
of alkali required in saponification.



Alfehoagb pyrethrosin cannot toe titrated directly 
with alkali* If am excess of attMtid aqueous altalt la 
added to mm aledhOuULc selutlom and the excess altali 
tai#dlately ton ok** tit rated, with standard acid , at least 
one equivalent of altall la always used up* 'iliree 
oxpertoomta mxm 1*00, 1»05» and 1*04 equivalents used*
The longer tin.® the bacd£«*t It ration required, the h ig h e r 

the mlua. ihe solution from the experteamt giving the 
mlue 1*04 was allowed to stand tor forty-five minutes 
during which tins the end-point shifted slightly, hack 
to m99B equivalents used* As yet no quantitative 
expsrtoosit to dotermine whether the one equlvaleat 
liberates only acetic acid or whether the second reaction 
is also involved has boon devised * ôcas special procedure, 
possibly involving the separation of the liberated sodium 
ace ta te  q u a n tita tiv e ly  toy a s o lu b ility  method, w il l  too 

eseessary*
Similar experiments carried out on dihy&rog^rathroslsi

/add to the available data* If an excess of standard si tali 
Is added to an alcefoelle solution of ditoydropyrothroŝ  
sad quickly tadc«»tltratedL with standard acid, *90 of one 
eqmimleat is used up tout tbs end̂ potet quickly eh&mgss 
to an equilibrium value of *7B equivalents used tip. ftm
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other experiments equilibrium wains* of *74 and *76
of on® equivalent*

Bo attempt la made to interpret the above results 
cm the basis that net enough data are available* Attempts 
to prepare hydroxyl and sarfecsayX derivative* by working up 
the solutions from s m l  partial aaponifi eat ion experiments 
have also failed*

Fyretftrosln readily redness cold alkaline pegsMuigsmfee
©elution but doe® not decolorise bromine eater* It will 
take up bromine* however* from a eonoentr&ted solution in 
chloroform but with apparent deeempo® 1 fc Ion and no pure 
produet* It also fail® to give a positive test with 
t e tranitroest than* * a reagent often useful for the detection 
of double bends (10).

m e n  it was observed that a pyrasoline was formed 
frost the syrup obtained by alkaline saponification of 
pyrethrosla by treatment with dt&somethmae * it to® 
giBpactcd that the same double bond might be present in 
pyrebhroatm* On a d d itio n  of dlMSBtetfcame to pyre thro© in 
itself two pyrasollxies of formula ^ x ^ 2 4 % %  wmT® fowsd, 
one q uite Insoluble in alcohol and melting at 196*5° and 
f s m i  in about six times the quantity of the second which 
was fairly soluble in alcohol* 1?h® latter was considerably



move difficult to o tore

to give the
®.*VUV«F^ it

\ no jrnro 
repeated.

was entirely different
me®'# u

at
al
nature of 
fr* that

It could 1 
had added to the

*^1* c N
* «*~C

V C
ft.

I
ft

/»

he fa i lu r e  to  g iro

products are

bonds* If

would be
he exi

or addition prodnote of different
t latter were the ease the is o la t io n  of 

t w o  molecules of 
s.e, however, was 
at least one 6

however, eonId be made, the  m a te ria l



€Jr|l

The mere addition product vta
saponified with alkali In the hope of obtaining tine 
dlaswsethaM addition product of the tyrap obtained from 
saponlf teat Ion of fsyrethroain Considerable
deecatpeelttea occurred and no product could be isolated.*

The fact that pyreihrosin take© tip one mole of 
hydrogen readily at room temperature and low pressure 
in the presence of a catalyst is another indication of 
the presence of mftatuMtlosi is  the system* The sisterieX 
obtained by hydrogenstion., of pyrethrosin in. alcohol la 
the presence of B&ney HekcX Catalyst at roc® t e n p e m t m  
and a pres sure of else to eight ataespheres showed the 
wide melting mage of 180-20*?°, although analysing for 
C17Ii84 0^* Attempts to fmetimmt# this material using 
aeltlag point as a gold# ear* fruitless, the direction 
of change of the melting point of a earn pie on reeryiitsllt- 
nation being unpredictable* it see obs erred. , however # 
that If the material was roughly sspmtsd into fractions 
there m s  a difference In rotation and crystalline tmm*
By fmctlenation with thee# properties mm m guide 
considerable progress was made* Be Treated per?aml of the 
sore Insoluble tmm finally yielded a sample of constant 
rotation that crystallised in long hexagonal rods* It® 
specific rotation at 250 using a so&iusi vapor lamp a® 
light source was -83*1 (o » 1*52 in chloroform). It#
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melting point, t w w p ,  m m  still over a range, from 
19$«202° w ith  in^XIminary softening at 17S°* Ko sample 
o f ifsasdtaam opposite ro ta tio n  could be separated# 3t*e 

lowest specific rotation Obtained was *22.I* (e *» 1*4 in 
chloroform} • this sample had a melting point of 158- 
170° with preliminary softening at 148° but was obtained 
in the center of the fmet tons tten triangle rather than 
at the side* After a certain point it seemed impossible 
to remora the remaining amounts of the more Insoluble 
form by crystallisation* Only ethanol, di~»*bufcyl ether, 
and dioxane gave nicely crystalline material* Xn all of 
these solvent® the one form was the more insoluble * A 
similar difficulty mas observed in purifying the product 
obtained if a hydrogenation was stopped Just short of 
one mole of hydrogen taken  up. After the- removal of t be 
first dihy&ropyrethrosXn in large crystals by allowing 
the solution to cool slowly, it m s  impossible to remove 
the unreaoted pyre thro sin from the re e e lu d e r, the presence 
of the pyre fcrir os in being unmis takable inkier the microscope * 
It is interesting to note that a mixed melting point of 
pyrethrosln and dihydropyretfarosin shows no depression or 
apparent change in the melting range of the dXhydro* 

pjrethroaln* All of the melting points reported above 
m re taken in capillaries* Under the microscope the 
ranges were even wider. In maay cases at the mod of the
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thXm would indicate a emmrrent addition of the seoenni 
two In alcohol but a sueeessiee add it tom in tioaii#
There was no observed break' to the rata at which the 
hydrogen was a dabbed in the latter eaqperlnent* It should 
be men timed bare that all o t the miotel catalysts m a d  
were four to eight months old# Mmm would e&tdh fir© 
•jKrelaxiMualy If all mod to dry la air* This, of eowse, 
/todmgs to mind that catalytic hydrogens®tlea w k  la as
uaot of am art as a science and that any ocmclua loons\
drawn tmm quantitative experiramts of the kind refierfeed
her® must of necessity be speculative to eoiae degree.

of’yrethrosla hydrogenated at XTO and 1TO atmos­
pheres In the presence of copper ehrenlte catalyst # 
also produced a syrup» A sinsary of the hydrogemat ion 
ejcperlmemts Is f l w  in Table Bt* In all oases if will 
be noted that the reaction in dlosatse was much slower, 
possibly duo to a less aotire catalyst*
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Swmmry of Hydrogenation Experiments on. Pyretnresia

Expt* g* used Ml. Solvent Oat* finehr®. Temp«► n  %lbs. lbs. %lbs. BLlbs. if Product
I 10 300 aba*ethanol about 1 g.M(E) 1.0 room 100-125 at»•

m m ** some eryst. material anal* for dihydro obtained
II 10 300 t» 1*5 g* Cu-Gr-0 3.5 175° 175 atm. m — product a syrup only
III 2. 8 40 » about 1 g* MCE)

2.0
5.0

roam

60°
102.0 70.5
120.0 43.3 
Total

37.0
37*0
37.0

38.5
74*5
123.0

1
2
3 product a syrup only

rr 2.5 40 dioxane & 3.0
3.0

room
100®

125.5 95.0 28.0 
96.0 55.0 28.0

27.5
40.0

1
1.5

fetal 2S.0 57.5 2*5 product asyrup only
t 2.5 40 abs.ethanol

a (similar to I?) 2.5 about 1 g. crystalline dihydro obtained
¥X 5*0 40 diomne about2 g.MCE)

5.0 room 120.0 50.0 50.0 60.0 1 see experi­mental part

Symbol®t P* t initial pressure Pf - final pressure%  - hydrogen required per mole of hydrogen per mole of pyrethrostn * hydrogen taken op M * moles hydrogen taken op per mole, pyrethrosin oat—  catalyst
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Having established the presence of at least m m  
double bond a quantitative stnady was indicated* CM 
treating; pyrethresin with, phth&lla monepereeid according 
to the scheme used by Bite© <l) to studying the presage# 
mt double in all wmmmr of simple compounds, only
•74 to *$1 double bonds were indicated per mole of 
pyrethrealn* Oddly enough, #74 to •?§ doable bonds were 
indicated to be present per mole or dfeydrepyrethroetm*
The product obtained from the pcracid eaddafeie® of 
pyrethroeIn analysed for the expected oxide 
B®sever, on melting it behaved much life© dihydropyre thr os in, 
showing a wide range from 21b~233°* As only a email 
quantity of the material w i  obtained no attempt was made 
mt fractionation* However* the possibility that it la 
a mixture of stereoisomers timlim# The product obtained 
from the para eld oxidation of a. ihyd Topyi*® thrmn in was much 
harder to obtain in nicely crystalline form but melted 
sharply at 228-*£3€)0# It did mot analyse for mm expected 
oxide* The nearest empirical formiala on the basis of 
Caabas felon data alone would bo ® ^  m
H ** 7*83Qf) - dfeydropyrethrosln that had lest a methylene 
group* Bo attempt Is- made to explain the formation, of 
such a substance as further writ should be carried cut 
to prove definitely that the compound la Sx@%2a5* **
should be noted here feat a small amount of unchanged
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reaction to go to completion Is the fact that dihydro- 
pyrethrosin behaves in the same smimer as does pyrsthrosln, 
except in the important matter of the products obta ined* 
were the active double bond in pyre throe in a part of a 
conjugated system, as in an alpha-beta onsaturated fee tone, 
perphth&lle acid might not be expected to react (9) as the 
peraclds seldom attach this type of system* iilkmline 
hydrogen peroxide, however, does form epoxides with such, a 
system 49)* An attempt to oxidise pyre throe in with this 
latter reagent gave only a syrupy material, in all 
probability the result of the action of the- alkali alone* 

'the formation then, of a dihydropyrethrosin, an 
epixld^i and d.iasemethatts addition products is excellent 
evidence for the presence ©f <me highly active double toufl 
in the molecule* How the other two moles of hydrogen are 
used up during hydrogenation and whether or not ©tear 
double bonds are present, are questions that remain to be 
answered*
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would certainly eliminate the possibility that the sesond 
equivalent ©f alkali, used up to toe &a ponlflea ttoa to by
am eater linkage to p u f t m e e  t© a lactone* a a defoy&ro- 
genetics would split the molecule at toe ester linkage*

Th# toelatton of am asulene also eo&mscte pywtorosto 
with a group of essential oils com 1st lug of eesqmtoerpai*© 
alcohols and ketones* At least on© of these * hete«eetlvoee 
<24) has been shown to have to© asulemlo skeleton present 
to the original molecule• H a s u l e m e s  are also 
fomed from other ©lasses of terpen© compoimsto (14) » which 
hare beam shown not to ©ontain toe asuleni© skeleton*

It should be mentioned here that although pyrethrosto 
aris.es fron pfv^tiwmi floners and might be expected to be 
structurally related to other substances tools tod from this 
same ssotaroe* its oh&ra e tar 1st lea are entirely different and 
mo a<mne©blom baa as yet been found*
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A € one Ider&t ton. of the Molecular Formula

4b idea a# to the nature of the pyre t hr os to molecule 
can he oh t a toed, at least to a limiting sense, from & 
mathematical conmtderation of its molecular formula.
m m m v m * am hydroxyl group present to a molecule is 
replaced by e hydrogen atom the number of hydrogen atom 
present to the Molecule remains the seme, and only s less 
of oxygen appears to the molecular and, generalised formulas * 
H um a simple ether Itokastge is replaced by hydrogen, not 
only oxygen Is lost but also as many groups as there
are carbons lost* the latter, of course, has no effect 
on the generalised fomsuXe* whenever a cyclic ether , 
oxygen, or a carbonyl oxygen Is replaced, tiro hydrogen 
atoms must be added to the molecule to order to satisfy 
the bonds liberated by the removal of the oxygen* to the 
case of esters, methylene groups may be lost wham the group 
is replaced and no hydrogens are required for the comneettod 
oxygen, as this becomes a staple ether linkage after the 
carbonyl oxygen is replaced*

By replacing the oxygen of a molecule with hydrogens, 
the formula of the theoretical hydrocarbon to which it is 
related is obtained, fhe completely saturated aliphatic 
hydrocarbon to which all molecules of seventeen carbon 
m%mm are related is &x?^3a* to 0^1^  + 2.
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For every double bond, added to toe molecule* two 
hydi^genii »ay be subtracted* ^Itowlae* for ®firy 
scylic ring* For every triple bead added, however# 
four hydrogen® eouM be subtracted, and so on*

If all of toe owygsns of pyrot!u^»sto were enytii 
its basic femtio would beams each oxygen having
been replaced by two hydrogens* This corresponds to 
®n%n"*^* a^d would permit the existence in pyretbreeto of 
two double bonds, or two acyclic rings* or one double 
bond and m m  acyclic ring* and. so on* At present, one 
of the oxygen atone of pyrethroeln appears to be bound 
to a cyclic ether 1 Into go (to toe lactone group) 
requiring two- a ton® of hydrogen if replaced* two appear 
to be carbonyl oxygens* also requiring two hydrogens 
apiece on replacement* and a fourth is toe connecting 
oxygen of an ester requiring no hydrogens when replaced* 
thus* stripping toe molecule of those four oxygens gives 

eoiwepoadtog to SJSgjj^O* if the fifth oxygen 
were a earbenyl or cyclic ether oxygen, two more hydrogens 
would be required and the fomtla would become Cxyil̂ g, 
correspond tog to This would allow toe equivalent
of four double bends to toe molecule* If the fifth oxygen 
wore a hydroxyl or ether oxygen * no additional hydrogens 
would be required and the formula would beecne C^^2S#
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ewxmspaodlng to Thtm would allow toot the
equivalent of five double bonds, m e  dehydrogcsmticm 
work ao» In progress appears likely fee ©how m e  press®®® 
of two acyclic rings * X*he present work lies iadleeted at 
least m m  double bond. this would leave them, one or 
two- double bends to be aesomted for* depending upon m e  
nature of the fifth oxygen*

Although it seem® unlikely that a naturally 
occurring compound containing flee oxygen atoms » M l d  
have no simple oxygenate functional group* the 
experteemtal eviAemee thus far obtained for the mmit 
part indicates this to be- t e  ease* Pyrethroaia has 
resisted, all attempts to make carbonyl or hydroxyl 
derivative® even thee®)® many schemes have boom tried* 
However* active hydrogen determine t ions by the 
^erevitiaoff method show *§# to *91 active hydrogens 
per mole* Oarbenyl detemiMtlcsis m  at the sen® 
time show l*00 to 2*0B groups per mole* 1® view- of 
the feeb that there are two carbonyl groups preseat as 
parts of the ether and lactone systems the carbonyl 
results are worthless * iflagate *® failure -{29) to get 
results 1® explained by the insolubility of pyrethroeia 
in the reagent wed* la the present work pyridine was



m

used to brims about solution*
Aeseoxitlng for tii# active hydrogen, however, i©

another matter* this could only result fro® am 
ordinary hydroxyl groups an emol, or the type or active 
hydrogen found 1b acetyleuee* Hale** the hydrsssyl m en  
wry much aterleaXXy hindered, as mi ght be indicated by 
the fractional value© Obtained, the experimental work 
indicates mo group of this M i d  ft® helmg present. Th® 
fractional wlu© obtained might also indicate that 
pyrethroslm 1® a mixture of fairly stable teto~ez*0l 
form® but derivatives im this earn should still be 
possible. Me specific attempts ha w  baas, n d ©  to

water from the welecule by dehydratiom,far any 
of the asm I methods for bringing about dehyctra t lorn , like 
boat-lag with formic meld or sulfuric acid 101M  ba 
doomed to failure because of the instability of the 
molecule im such reagents * likewise, mo work has boro 
domo in am effort to locate a possible tetlis stethyle&e 
group, altheai#* grottiM of audh a type would b© expected 
to react-with metallic sodium*

It was hoped that Iiydpogemat-Xota of a double bond 
of pyrathrosim would modify the character of the fifth 
oxygen sufficiently so that it could be detected* fhls 
m s  mot tbs mac, however# because dlhydropyratiircftim 
also resists all attempts to mate carbonyl and hydroxyl
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derivatives* Xt should Im  mentioned hers that hydro- 
genutIon does, loww,. the stability of the
molecule towards alkali, at least to  costs e s to u t*

/*! though »© prod net other tban acetic acid can ho 
£solatod on sapcKtlfloatlen* dihydrof^cthrosiii dee# not 
solar mp and decompose like pyrsthroslm in alkaline media* 
Also* op melting it will resolidify to a crystalline 
mii.tsr£aX*that on the first raoM&tixtg* melts only severs 1 
donees lower than the tree melting point*

Attempts to determine or show the presence of 
methesyl* a group often found in naturally occurring 
substance®, in pyrethroain toy the edif ied Vlehoek* 
Schwappaeh method of Clark (0} led to results indicating 
a .small amount of mettexyl* Percentage® ranging frmt 
about five-'tenths to cm* and five-tenth® were obtained 
hut depended entirely upon the length of testing*
Clark (4), mentioned above as tte modifier of the 
fiebock-B A m p p a  eh mettesyl determine tio», reported 
obtaining small smeupfc® of msthootyl with some gossypol 
derivatives when wmm was present • In eemseguenee* it 
must be concluded that methoxyl groups are lacking* The 
same argument would hold for the absence of ethosyl 
groups, these toeing detectable along with methosyl* 

fte presence of an ether oxygen as pert of a 
ring must pot be overlooked as a possibility* However,
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If an epoxide, the treatment with methyl alcoholic 
chloride might haw teen expected to h a w  

opowed the ring (111 ead given a crystalline chlore** 
hydrte* Crystalline chlowhydrfas tew teen obtained 
frcn eosgpotnkds of the terpere aerie® (27)» by addition, 
of hypechlortms ®cM« fa view of the ease with which 
dlasome thane add® to pyrothroato a atelier react lorn weuM 
be expected* Bo attempts, however, were made to obtain 
watch a protects*

If the fifth osygen is a part of a cyclic ether 
aysteas larger than an apoxiCe, no indications hmxm teen 
found except its Indifference*

Although wyrethroain Is an optically active eengNwmA, 
little Is is yet teown ms to its stereochemistry. whom a 
mole of hydrogen is added c&talytically with the saturation 
of a double tent a mixture of optical isomers is produced. 
Ho indications as to the mecteniass of their formation, 
however, la as yet at tend* fa addition, in some recently 
completed work the treatment of the pure is osier obtained 
by hydrogenation with pyrtd tec and hydroxylasfae hydro** 
chloride fa ethanol solution fa a sealed tube fa mm 
attempt to mate an oxlmc, gave an optically inactive
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compound that still analyse® far difaySropyr© throeto, but
which 1mm a aelttog point that Is isuaii sharper and which 
is almost twenty degree# higher than tbs starting mtertol* 
An attempt to male a mwtmwtmmmm in m stellar manner by 
allowing tb® maberiaX to stand in ethanol solution. in toe 
■presence of pyridine mm& ®«ml cartoon M o  hydro chloride gave 
ttm ®mm product# 1# attempt is made to account for this 
tmmmtmmm fciati «  toss basic of insufficient evidence 
e w p t  to say that it 1m well team timt pyridine (and 
stellar weak base®} cause mmmAUmMixm and epte&ris&tioa 
of opt foully active centers*

It may bo. stated with certainty that pyrettsresto 
is an a ©tor of acetic a® id eo&tateteg at least one very 
active double bond, and that until proved otherwise, a 
lactone grouping must also be eonsidered a® being present, 
loth tog can be said with cert & toby regarding the nature 
of the fifth oxygen or the possibility of one or more 
other wnsatwmtiena to tta* »cXeemX#* A oouroo of active 
hydrogen, however, fa present *

Dstoy&rogeaatton work now being carried out will to 
all probability establish to® central carbon ®y®teas of 
toe molecule and connect pyrethrosto with on® or ®ere
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of tewi terpeu® oooriKraiia**
Ttm fall m m  to olttte pur® p^#d;TOta tv&m by&rolgrtl® 

wmM-1ms oIcmmNI down tim lnvMtltpt&lm* f&aio fsiliw 
ln&lMtoa tli® minmrnQmmmt of tb® mloeol* to bm 
®.nd quit® amtahlo* fbo only |w® orystalllji® defi.mfclvoo 
ohm# MlatJUmft to pyrothP'Oolii u #  tawi wit&out doubt 
has* «ti«oi front additions to th© cioitbXo bond* In 
addition* all of tlio otbo* aryatalllao mutonlals hat® 
tooia obtatood in nosy snail ylolda# Oa&iatlv® tork is 
m m  lo&laatod aa tbe sotareo of dogpAdatlM paodnafc* from 
ahlat* to omrry on tiio tavosl Ig&tlon*

' ftto £<mmQa  for pymtbtfosifti m y  a w  bo m ttto fe i

 m&mQwQ
 1

f
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FyretJtmmln, the white, optically active, costal 11m 
Isolated fro® pym thrum flower0, has a 

molecwlar f c a « k  of ^17Sg2%*
It la aii ester of acetic meld, hut the type of 
hydroxyl ester if lad with the aeetle acid has act 
been characterised.
there- are stream indications that a lactone group 
Is present *
At least one wry met ire double bond Is preseat* 
from which crystalline etUimtbuw addition products, 
&iftydmgemte& products* and an epoxide hare h e m  
formed«
the presence of smwhst less time one active hydrogen 
per mole has been determined hut its origin is as yet 
unexplainable •
the nature of the fifth oxygen a t m  and the fundamental 
carbon skeleton haw# not yet been determined*
Other as yet fully uninterpreted data regarding 
pyrefchrosla and its derivatives have been presented*
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