v:\ponzed lindane® bto be used in “the room for: L
insect control is 1 gram per 10, 000-20, 009 cublc/‘

feet per 24 hours The maximum- amount to be

-allowed m the Japanese rooms, are shonn m’ o

Table 6."

In the above expenments, that 1s, in cases of

0. 2, 0.4 and 0 822 lindane solutioris . 4.5mg.,

8. 7’mg. and. 15.2mg. .of lindane respectively. -
were vaporized per hour under proper condltxons.'v

Therefore the desired amount. of Imdane can be
vaporized contmuously for a lonrr tlme, if
the c1p1c1ty of hottle, ‘the condition of the

platinum-asbestos”and the concentration of lin-

" possible to’ control ‘insects _in the room w1thout‘ :

any ill-effects on human be}ng. “This apparatus -

ST N

R x‘ccogmzed maxxmum amount in U S. A_. of *
*

'18 %é.e—-lv

can be used also in grcen house :t'or fumlgatxori
of plant Dests

In practlcal use, it was - found convement to‘ .
émploy . the bottles with capacmes of two txmesT
as - large as those employed above. With' such‘ )
) bottle necessary and sufficient amount of lmdane

can. be vaporlzed durmg about 8 to 10 hours.

The author— is mdebted ‘to Prof. Sankiohi‘
" Takei and Assist. Prof. Mmoru Olmo for their
kind guldances and encoung‘ements He also .
'_wxshes to experess his apprecmtwn to Mr. )
1aLash1 Yamaguchi, the Presldent of Osaka

:Kas'ei Co. who'ir’wented thlS apparatus.
dane are controlled In thls way, it becomes -, .,
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‘Pyrethrms’l and II have been separated in pure forms through a_hpluat:on of column

. pamtzon chromatography

Wzth these as standard substances

the accurate dctermznatton of .

total pyrethrins by polarogmpluc mcthod has been attazned successfully. This method appa-
vently is far superior in ifs accumcy and convenience to the comvzonly practzsed methods such

" as the Seil’s or the mercury-reduction ‘metkhods.

s these pure ‘pyrethrins’ on lousefly gave an tmexpected result:
1 . :

“than I,

AN

o - B Y :
-Aiming at developing- a method of direct.

quantitative determination of insecticidally active

molecules through physico-chemical methods,
and” the consequent enhancemént of accuracy

and cfliciency, the authors have long -Dbeen

The es.penment on’ the knock-down ‘effect of '

‘Pyrethrms "II is more toxic

Rﬂ(_gjg;?g‘f;&‘tli pyrethtins
Iz pyrethrms I D:E{llff‘é‘z.%;’tkft‘bbh S

Iﬂwni&%m”

&

izt i

N

AT o

“engaged in the study on the ‘possiblé methods

‘of quantitative determination of all. kinds. of
“their -
\qtudleq already resulted in the 1ntrodu¢t10n of o

pyrethroids.. As’ previousle reported

a new method of qmntltatlve determmatlon




. “standard substances,

.- not entlrely free from cr1t1cxsm. -

- determmatlon

. countries,

%mﬂ&

of allethrm“’ -and allethrolone("’ based on the )
polarographrc metho_d.‘ ’l‘he present report con~

: cer'ns the "polarogr’aphic 'and spectrbphotometric :

determmatlons of natural pyrethrms, and_the .
re-]nvestlga.tlon of . the Sell’s method and the
mercury-reductlon method. . S

AT remarkable progress ~and development"*’
attamed in these : ‘years: in - the chemlstry of :
pyretl{rum have revealed that ‘the lnsect1c1dally
act:ve constltuents in the pyrethrum are pyre-

; thrin and 1 and cmerm I and’ I, whlch are

‘; shown to be. the esters of -two - cyclxc keto- N
s alcohols, pyrethrolone and cmerolone w1th twol.
" acids, chrysanthemum—monocarhoxylxc acid and -

chrysanthemum dxcarboxyhc ac1d monomethyl
ester,’ respectlvely. The methods of quantltatxve
for . these actxve constxtuents B

practlscd are

and the modlﬁed Seil's method‘“’

' . which was proposed by the staff of tlus,laboratory . ;V‘
and is now practised in Japm.

polnted out that al‘l these methods were developed
-at a time ' when the. “active _constituénts’ -of
pyrethrum were consxdered to be only pyrethrin

| and ¥, with chrysanthcmum monocarboxyllc

‘acid - and - chrysanthemum dxcarboxyhc acxd as
and thhout ~the ‘use of
pure pyrethrms or cmerms, the 1nsect1c1dally

. '1ct1Ve ester. forms. The oversnght of these most .

lmportant factors m the course ‘of developmg‘

. these methods has resulted in many fallures upon .
" their pnctlcal apphcatron. “The xmprovement of

*.the. procedure, and the over-all re- examrmtlon .

of these methods h'we, therefore, heen strongly

“desired. " .

The cxxsting 'xnethods heing as above, ethylene’5
dlamlne method based.on a new 1dea is now
United -

States* In nelther of those methods, hoxvever,

bemg tentatlvely exammed in the

the ester form is determmed dxrectly, nor thhout
orgamc chemlcal change, and 1ts prmc1ple 1s

.o

N * Accordmg to-a prlvate
(dd. JAug., 11, ..)3) from -Dr.
l’roductlon and Marketmg /\dmlmstratxon,

. David Kélsey,
The

- Umted States Department of Agrlculture.
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' ."by Beckley‘s’ and Shukls et al. @

" the ‘Seil’s® and the- mercury—
reductxon n*ethods"’ whxch are used-in foreign =

It is.to be *

“As the result,

\_,€z,,.‘a-, = 34250), which was either the mixtute

- by the 'tuthors were

communication |,
S II estlmated was far, from being’ correct.

518 s oL
In- additlon ‘to such chemlcal

mentloned - above, ‘ there have” been several

phys1co chemxcal methods proposed for thxsl.,
purpose such as the spectrophotometrlc method'

devrsed by ‘Gillam' dnd West<7) and proposed
.. and the
polarographlc method proposed by Y1mad1. et

-al, 4o - These physxco~chemxcal

advantageous over the chemlcal means ‘in that"

(1) the- ester form is determmed directly,

(2 ) the process xs a slmple and eﬂicrent one,and ’
The punty.
- of the standard substance used by the ‘proposers’
" of these methods however

C 3) the’ reproducxblhty is good.

was that based on
the .analytical value of the. Sell’s method or the

G mercury—reductlon method, and this fact }ustlﬁes
, - the- ax_'gument that the dra\vbacks of " the Seil’s

and the' rnercury'-reduction' methods still re,main

unremedledf in-these methods. 4 o ,
W1th these thmgs and the present stage of

chemlstry of pyrethrolds m consxderatlon. the

'authors carrxed out experlments as descnbed‘

belaw ’ . R T

The actlve components in the ﬁrst place were

,‘separated from pyrethrum extracts and purified

by column partltlon chromatographlc method.

pyrethrms 1 (lmué')-l M.,

thrin II'and’ cmerm II or the pure pyrethrm
11 or the cinerin II, were obt;uned Theoretxc
Cally,
‘pyrethrin 1 and 11 and cmerm I and II, “each

been done,however, the standard substances used
pyrethrms I and 11,

) allethrm. With these as standard’ substances,

-:the Sell’s methoi and the mercury—reductwn
‘ ‘method were exammed. It was found that by,
‘the Seil’ s method, pyrethrms I could be estimated

'almost correctly, whereas the value of pyrethrms
By

" the’ mercury-reductlon methoi even the appro-
x1mate value of pyrethrms I and II could not'

“methods .are.

the standard substances should compnsc

methods 'as”

- Tof pure pyrethrm I'and cinerin I, or the pure .
" pyrethrin I.or the pure cinerin I and ‘pyreth-. -
. rins’ 11 (3\,,.“ =229 M;z.. ‘51,,.”—30800), which
: likewise’ was . either-the mixture ‘of pure pyre-

obtamed in pure form. As this could not have =

_and a-dl tra.ns allethrm, a crystallme lsomer of. .



By m

be obtained. If the total pyreth’xfins_ value -is
the sum. of the values of pyrethrins I and 11,

these methods, ‘which so specify, are hut

- meaningless, since none of them is capable of

' nccur’ltc]y dctermmmn,r pyrethrms 11, thoul;’h
the value of pyrethrms I may be measured thh
conslder'xble accuracy by “the Sell’s method ‘

The authors; on the other hand used as. stan-.

dard suhstances, pyrethrms I and II sep'tr'lted

in pure forms, 'and developed t\vo completely_;

original methods of (Ietermmatwn b'tsed on the.
i pohrographlc and spectrophotomctrxc procedures.
the exact - value of total
) although

By these methods,

'pyrethrms could »he * obtained,

theoretxcallythevalues of pyrethrms I and II .

could not be obtained separ;ttely. Solong as pure
‘pyrethrins’- . \'vere used,
. .proved equally successful. When pyrethrum
"ﬂowers or extracts’ conhmmate(l \vi'thf~ other

substances. werg treated, however, the spectrophot-

" ‘ometric method was greatly affected by th_e pres-,;' )

“ence of these other substances, and’ the value

: recorded was higher than the -actual v'alue. The

’ rpolarograpluc method, however, proved entlrely
" free from these ~mf1uences, and showed ex1ct
velues. ‘ ’ '

""The e'x'periment,. coh_ducted by the authors’

"2 co-worker Nagasawa, on 'tlxe knock-down effect

‘. on adults of the housfly- of ‘pyretllrins” I and -

TI kerosene solution gave a result quite contrary

”to the expectation("" ‘Pyrethrins’ 1I w'ls'much o

more toxxc th'm 1. This f"tct leads to the assertlon
" that the mere quantxtatlve determmatlon of
pyrethrms I is without’ pr'tctlml sxgmﬂcmce._
_At the present st"u:e of pyrethrm usage, the:
determination of the value of t()t'll pyrctlmns,

: which is the insecticidally actwe component m

-pyrethrum, is cnouth to meet the demands.

The authors, therefore, wish to recommend a
- new method of inspecting pyrethrum products,’
the determination of total. pyrethrins by polaro-

graphic method, the results of which should
he indicated as “Tolal Pyrerhrtm Value (T
v.)". . . *

th"esev- two methods .

#OE 18 B—IV

PART I

PREPARATION OF STANDARD PURE
‘PYRETHRINS’I AND II "

* Methods- of separatmn of pyrethrms used up
to the present have ‘sometimes 1nvolved alkaline
hydrolysis, followed by separation of the acids
and alcohols; the origingzl constituents ha\te b,eeu:
reformed by cstcrificatiou_for the purposes of
tovicity testing. This procedure nﬁy result’ in
isomerization of the compounds. It seems desl— o

'_( rahle, therefore, to mvestmate the possunhtyv
of separatmg the pyrethrms from one another, Lo

'md from iractive’ maternl in the pyrethrum‘
extncts by such process as would be conSIdered
to-rid ‘isomerization. The authors have ‘succeed-
. I and 11 from
;from' other constituents _ of .

ed in separating. ‘pyrethrins’
each other and

* pyrethrum extracts by column partition chroma-, .
'_L;.. togtaphic process, as the  authors did in puri-f
fying the isomers of allcthrm‘“ or the nlleth-‘ '

1.
rolone "'

It happened to come to the authors’ attention .

“that Lord et al. !9 recently published a- report - »

on the study on the chrom‘ltov‘r'tphlc sep1rat10n

of the pyrethrins. Ihey too_have succeeded in

sep1r1tmg" the pyrcthrms I and II from each

, other and from the ~inactive constituents of', '
. .pyrethrum extr:icts.. Theirs is -the method in -
. .which the sex)qhtion is attained by passing

pyrethrum extract throug'h alumma‘or silica co-

lumn. The nfethod with the use of slhca column.
- much resembles that employed by the present

authors. “The seven methods mentioned in
expenmentnl part were used by the nuthors to

locate and identify the pyrethrms ln the course

of sep'tr'ttum or after punﬁmtmn.

,The.methods used by Lord et al., on the

~ " other hand, iuclude : (a) the reaction described
" by Lappm and Clark (1951) for, the determma,- ,

tion of mrbonyl groups, (b) thc spectrophoto-_'
metric method, (c) the ester reactlon applled to
the pyrethrins by Lord (1950), - (d)the mercury-
reduction method, and (3] tests ‘of biological actlv-i
ity. Pyrcthrms I and IT obtamed by them and
the authors are of like purlty, where the same

' -'method of ldentxﬁmtlon is commonly uscd b)

both. L7
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) ’ Table 1 : D o '

.

Comparatlve‘rﬂlts of v1r10us 1dent1f1ca.t10ns on"

pyrethrms I and II

' O Mercury- o

Lo ‘Half-wave , | . R
L, Az lelim(u:' potential vs. Elementary' analysis. - Seil’s, method _ reduction
L Mp, . N.C. E.,v. .,~_‘:, e e a N , -~ . method
L ' _— g “C }'I% /.—_.__/\___“/——-—\-J\-———\
~f . for-CuHusOs 76.83 8.53 - PYS-I : P>S~ II Pys.I. Pys.11
Al L SR SRR (pyrethrmI) R S L, 4
= e T calcd. S K o
S1224 34250 - —L25 . fer Conngs 70.94 8.86 - 90.1 = 8.8 ,.109.4 ‘7.4
. ~
" 5 o S N (cmennI) 7‘ RN At o L
AT e BBaE
ot GEI O 7 for CaHseO3 0.9 . 7.53 pot
N I x \' ald (pyrethrmll) P ‘ . :
= | H9Q - Q= __' Y (; Ci ’ _‘ AN K R ‘
CEJ220° . 35850 -1.23, for CaiHzO5 70. 000777 LT 865 120969
‘é . /' (cmerm]l) S - . - y
L . PN b — - . - ey s N : . o g -
- . 0 59 7.63 : RN -
A f"““d? .63 800 L

After the traces ‘of solvents had been removed by ‘mears of hlgh vacuum, the-

obtamed pyret\hrms 1 was left standmg’, tlghtly covered for about 21 hours under

‘ - atniospheric pressure, Léfore elenientary analysxs was undertaken. R
' 2. After the traces of solvents had been rcmoved by means ‘of high " vwcuum,
“obtained pyrethrms' IT was left standing under dlmlnlshed pressure for ahout 3 hours. S

before elementary analysis was undertaken.; )

7 .1;;, Pys.: pyrethrins.
Preparatlon of pyrethrms I and II :

.The" separatlon procedures followed by thel :

. ‘authors were as’ follows:- ' . .

Commercml pyrethrum extmcts ‘were punﬁed
by mtrometh:me metho“l Its n- hexane solutlon
was then cooled thh the\fmxture of dry ice and
ethyl “alcohol, and, in’ 1ccordance
solublhty,

pyrethrms I rlch fraction, .

‘difference’ s i'n" was . divided

and pyrethrms

1I:rich - £ ractwn.

‘by. pdssmgr each of the'n several tlmes _through -
until _

silica columneatnder dlfferent COHdlthﬂs,

th(. varlous physical constants and chemical
R o
clnncters no longer .varied. ) S

-

into : )

lhen the . separa}xon a.ndv.i

<

Sl

-with« the .

B The - biological assay of such " samples '15 .

the

~ \

R

! .
pyrethrms II is pyrethrm 11,01/ cmerm II or.

the ‘mixture of those-two. These .

. and II#% were used as "samples in the experi-

‘ments detnled in Parts II, III, and IV..
Toxlclty of . pyrethrms ‘1 and II -

pyrethrms I and II, pyrethrum extracts, from

‘which pyrethrms I.and II were separated @-

In this procedure, cach fractlon can bé ‘obtain-
~

ed in great quantltles ‘and with ease. lhe

characters of pyrethrms Iand II: thus obt:uned

:u'e as- shown in Table 1, whxch can serve to‘
testlfy “that

pyrethrms I and II thus obtamed

. .are ‘pure. in that they are ‘the esters “of cyclic
keto alcohols components with chrys:mthe'num- -

.monocarboxyhc acid or -dlcarboxyhc acid’ mono-

methyl ester.’ However, doubt#® , remalns as, to

\\hcther py:ethrms I is pyrethrm I or cmerm,

I,or the mixture of both,

v purlﬁcatxon of “these. fractmns were undertaken o

-lvthh sx-dl traps-allethrin- was separated, was |

dl trans-allethrm, and technical 1llethrm fron -

conducted'l)y the A;tuthors co-worker "Nagasawa’

* ¥ to examine. the relatlve Lnock-down effect -
~of these samples on adults of the common house- ’
“fly,

Illusca domestzca vicina Macq Tts . results

- - - —,

* For orgamc-chemxcal clanflca}lon of this
- ‘point, mvestlgatlons 'are now bheing conducted
The' results are to be published later. .

Sk Thus, the authors’is different in me‘mlng‘\

from “the pyrethrms in its generally accepted

—’ sense. For tlus reason, pyrethrms, when used in.

:md as to’ whether- -

‘mol-of ‘pyrethrins’ II'-is - the mean’ value
" those of pyrethrin II and cinerin L.~

. this me"mlng', is marked with‘. 3. - ; i

~In this report, for convemence s sake, mol

of -‘pyrethrins’ I ‘is decided at the mean value /

of mols.of pure pyrethrin I and cinerin I, and
of .

~

#%* Details " in tlus connection will be re-
,pgrted“by S.. Nagasa‘wa on ' the¢ Botyu-Kagaku.

Foo -

< S -

pyrethrms 1

T



-kerosene - solution . compared
'»1llethr1n kerosene

. thc mcdlan knock down

-V'lllethrin

- authors

' pyrcthrum.

By & & .

are shown in Table 2. Remarkable are the t\vo
of the points clarified by this experiment: (1)°
‘pyrethrins’ 11, is more t(m(‘ to, adults of the
common housefly. than pyrcthrms I. and (2) the
toxicity of pyrethrum extracts is shown as the
sum of the toxicity of hoth"‘pyrcthrins’l and
II. These 1)()i11ts- are quite ' contrary” to the

Kenerally accepte(l concept®h, i

N
.

Table 2

Relative effectiveness of * ‘pyrethrins’ I, II,
pyrethrum e‘xtrlacts "and technical allethrin

with a’-dl trans-
* calculated’ from
adults of

solution
time of
the common housefly,

\

Macq. ) N .
. ' Relative
Sample : } effectiveness
- ‘Pyrethrins’I . ) 1.47
‘Pyrethrins’II . T , ©2.19
"*{The authors’ . Seil’s, Mercury-~ . .
. e method - method reduction
. . ) method’
'Pyreth- P.1. N ) ’
Jum Ly /' 6.1 6.1 6.7 - y1.82
extmcts l’.’Il . v . :
. V., 2 - 5.‘6 8.3 - 8.3
A e e wmo )
" @-dl-trans- Allethrm i 1.00
{Technical (Allethrm %, 00, 6) oL

The reasons for tlus dlscrepancg may be ‘as.

follows : (1) Purity of the shmples used by the
th'm th'xt of the
s'tmples in common use up to the' moment (2)

was . much better
As there was no posslblllty of 1somerxzat10n in
the process of - separation and 'puriﬁmtion,

pyrethrms Y-and II. could remain. in the same
molecular conﬁrzuratmn as those conhmed in -
(3)‘_A_s the st'md'lrd matter for
the bxolog‘lc'll assay -such’ a matter as a-dl-

reproducil)ility and

trans-allethrin’ of goo:l
constancy was used and thus the (‘X’!Ct relative

value could i)c ohtainede

| EIXPER'IMENTAL B

. L Location and identification of pyrethrins

and the column partition chromatography.
Various tests(u~g)were conducted in locating

Musca domestica vicina

’

- lOg.

m 18 ',féS—IV

un(l identifying byrethfins.

a) Polamgraphw analyszs. Pyrethrms I ShO\VS~

lnlf -wave potentxal of about =1 2av., .and

pyrethrins IT about -1 93 v, B

b) S[)ec!rophotcmetrzc analy:zs' ,Pvrethrms I

. shows m'wxmum ultravmlet absorptxon, Wthh
is about .)M/z lower than that of pyrethrms R

1L V.

“Pure samples of pyrethrms I and II can l)e
distinguished by these two methods, -but the
potentlals or - the peﬂ\s are too close for the

. . Y.
methods to give a reliable check on-contamination.

Nevertheless,

the quantity of pyrethrins,
l}us is a-very useful
l>etween

¢) Elemen'ary analysis ;

method, beca.use it -can dlstmguwh

- pyrethrins I and II, although the result of the

element'zry analysis- alone cannot

distinguish between cinerin and pyrethrin. »
d) Synthesis of the a_’erwatwes of pyrethrins,
‘) Seil’s method. . _ C
f) Mercury-reduction. method,

the methods have px‘n\ved useful
- for ascertainini¢ the presence and determining -~

/

g) Tests of knOtL down effect on adults of the

housefly. . .
Experimental condltlons for a, b, and e, f were

such as shown in the’ I‘xper:mcnt'lls iof P'trts !

~IIT, IV, and 11, rcspectwely

Column partition chromatoﬁ‘r'lphxc column’
used was the same as in the case of 'lllethrm

~and allethrolone‘l 2, and vas as follows E

To 100 8. of SlllClC ac1d (size of the partlcle .

was about 90730 Mo )- ina large mixing vessel,
of hitrometllane “was added and _'mixed
thoroughly. ’Then, some amount of immobile
solvent was added .and mixed thoroughly’ until
it became a slurry. The resultant slurry' was

poured . into an absorption tube (pyrcx pipé,

.‘70cm. long X 2.4cm. inside diameter)and pres- ..

'sure(nltrog'en gas) was applied on to it. When ’

there was sufﬁc1ent splce in the tube, " the rest

of the slurry was poured in, and pressure was
applied. ai.':lm. When the gel became so ﬁrm

_tlnt it retamed its shape on tlppln the pressure

.

was relensed o
2. Preparation of pyrethrms I and II

Two hundred ‘grams of pyrethrum extracts
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(T P. V. =11 7/,,, PILV. =6. 1/, P.IC V. =56

- / ) were purifled by the process of mtromethane

method‘”’ . and 438. ~of " oil (O]l 1 “T.P.V. =
48.12) was obtamed 0il-1 was dlssolved“"

- in 187 cc. of glamal acetic acid and 130 cc. of

. 'n-hexane 1n a separatory funnel and 20 ce. of

water was added in small portlons w1th vxgorous .

shakmg.

solutlon to sep'lnte into t“o la) ers, an n-hexane. .

/fractlon (8-1) ‘and - an_acetic- acid fraction.’

vThe latter; when washed six tlmes with 19 cc.

'(s—z) ‘The’ n- hexane solutions were comblned }

“of about 10 mm. Hg,

“o2, T. P V.= 60.12) was obtained,

portions of n-hexane,

(8=3). Solutxon S1 and S-3° \vere combmed

and the solvent .was removed by 1mmersmg the E
‘ ,ﬂask in 40°C water bath and applying a vacuum

with the aid of mtro"en
gas. (In this part, unless otherwrse stated, the

* removal of solvent was performed in the similar

condmons.) I‘theen pomt one grams of oil (Oxl

'.set aside for the isolation’ of ‘pyrethrins’ I

The, dissolved material of solutxon S-2 was

vxsohted by dllutxon w1th water . and extracted

w1th n- hexane. (Durmg thrs process brownish

-'resmous matter ‘was” produced in the mxddle
) layer. This matter was: sepanted ) The solvent

'was removcd, and 14. 42‘. of oil (Oil-3, T. l

vgrams® of. 011—2
and the solution was added to the S

V. =75.62) was. obt"uned "This was’ set aslde

for the 1solatlon of pyrethrms II ‘
Preparauon of py;ethrms I: Nme pomt two
was dlssolved in aOcc. of

—hekane,

" column. Compressed mtrogen gas was applled

- to the column until all the solution ‘containing.

0il-2 had just entered the al)sorbcnt. n-Hexane
was added to the column and the pressure _was

applied :again.v Twenty five milliliters’ of the

' solutmns was collected in each tared ﬂask from

- the bottom of the column and the solvent was

PRI

removed. The fractlons, in whlch the content

.were combmed and were purlﬁed three tlmes

) im “the same procedure. \Vhen the procedure was

T ‘over, the wave hexght the half wave potent1a1

‘the - wave length of max1mum .of ‘ultraviolet

. absorptlou, and the absorbency were all constant,

148 :
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The - addltron of water caused the -

ylelded an acid fractlon '

and was -

© was immediately’ located- and identified by the

s pyrethrzm’ I 2

- ethyl alcohol_ was added to it.

Dﬁ.‘ﬁﬁ%ﬁilsé’fIV

'and some amount of oil (Oll 4). was ohtamed

- ; The last traces of sol\ ents conhmm'ltmg 0il- 4 )

were removed by means of high vacuum (4. 4X

10'4mm. Hg) for 30 minutes in a 40°C. water )
. bath. One point two one grams of hght-yellow

vlscus Q]l ;( pyrethrlns, I)_ “as, obtained,

"The results of
The
‘polarogram and the spectrum of - pyrethrms I

various tests 'mentioned in 1.
these tests are shown- in 'Iables 1 and 2.

are shown in I‘xgs 1 and 16, respectlvely

' Preparatzon of 2,4- dzmtro Izenylhydrazone of .-

Nmety e1ght mllllgnms of
pyrethrms I'was dissolved in small amount of -
952" ethyl alcohol.-To 58, 6 mg. of 2,4- d1nxtro-

:phenylhydrazme, 3 drops of “conc. HeSO, “ere '

added;and mixed thorouthy, and 7cc. of ‘)o/
Thls solution
was, added to thev above pyrethrms I alcohol
solutxon. After standmg ore’ day at room

tempenture, 119 mg. ‘of crystals, of which the

meltmg point was about 105°C., \vere obtamed. .

. The crystals “were. dxssolved in 50cc. of the

mixture of ethyl ether and n-hexane (J 1), and .

the solution was added to the column (mxxture

- of ethyl ether and n-hexane (3 1) was used as"

immobil solvent) Compressed nitrogen gas was
applled to the column untll all the solutlon

". containing thc crystals had just entered the'

‘of pyrethrms I was supposed to be the greatest, -

R ‘absorl)ent. ST

_ was collected-ini each tared ﬂask from the hottom

K Six fractions [No“‘l (14 2mg. ),
- mg. )y "No. 3 (28 4mg. ), No. 4(7.omg ), No.

-Mtxture of ethyl ether and n- hexane (3 l) was

. '1dded to the column and the pressure was applied

agam. ’lwenty -five rmlhllters of the - solutions

of the column, and the solvent was removed.
‘No. 2 (34.4

5. 2meg. ), and No 6 (1. 4mg )3, were obtamed

. The crystals, of fractlons No. 1 "No. 2, -and . ’

No. 3 were recrystalllzed w1th 90/ ethyl alcohol,
respectlvely. AI‘lve mg‘.- of crystals’ I of melting

. point of 124.5~125.5°6 (from No. 1), 20mg.’

of crystals II of meltmg pomt of 125. o~126 5°C,

(from No. 2), and 13 mg. of crystals III of

meltmg Domt of .125~126°C. (from No. 3) were .

-obtained. When mixed with 2 4-dm1trophenyl-

. hydrazone of  a- dl- trans-allethrin of melting " =

o

and -~

/-
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point 127~128°C. , these crystals were depressed .. amount of oil,was obtained. The last traces of
of melting point by about 9~10°C. The results' . solvents conhmlmtim: this oil- were removed
of- clcmentiry -amalysis* of these three crystals | by means of lngh vacuum (9. 4% 10~ mm. IIg)
were as follows: . for 30 minutes in an about 40°C, water bath,

for Crl 506Ny, . C% ‘12 One point one three grams of light—yéllowv vi‘scus

¢ 4-(]|mtrophcnylhydr'zzonc 63.77 6.34  oil (‘pyrcthrins’ II) was obtzined, and was
of pyrethrin ). . . .l N . PR
. lmmcdlatcly.loc.:ucd and 1dcnt1ﬁed by the various

‘I for Capl13:06Ny L . tests mentioned in L The results of these tests.
2, 4-d1mtropheny1hydrazone 62.95 6.50 y

Caled.

of cmerm I)
and the spectrum of ‘pyrethrins’ IT are shown

ferystals . ‘ gg gg g ﬁg [in I‘lgs. 1 and 16, . respccnvcly.
. Found (CTystals II {ed oa
cryst'lls I ' {gg % g gg ’ . PART 11 :
)  RE- INVESTIGATION OF. SEIL'S AND
Preparatzon of pyréihrms’ II One hundred . MERCURY REDUCTION METHODS
and forty milliliters of n—hex-me was' added g . In this part is given the result of the exammatxoh"
1448 of Oil-3, and was cooled at —70~—80°C. - 5 to whether or not the Seil’s method® and
by mc”ms'_ of 'the - mlxture of dry ice and  jhe mércury-redlrction@ method are theotetically
~ethyl alcohol. - Sep1rated 0_11 was t"ﬂ\en by~ _correct. -For ‘the purpose, (15 chrysanthemum-
\ decantat.ion.. One hundred and sixty milliliters ‘monocarboxylic acid (mono-acid), (2) chrysan-
of f"he?‘ilne \'vas~again. added to 8.2g. of this .themum-dicarboxylic acid (di-acid), 3) di- K
oil, and was cooled at—40~-—80 C., by means '1llethrolone, (4) a-dl-trans-allethrin, (5) ‘pyre- -
. of th_e mixture of d»ry. ice- and ethyl alcohol, . thrins’ I, and (6) ‘pyrethrins’ 11 were used..
and ﬂrle separated Oil_ was'taken by decantation. °~ Taple 3 shows the wvalues, indicated accordmﬂ
The solvent contaminating this oil was removed, _to the rules set for the respectivé cases, of these -

and 4.068. of oil (Oil-5, T.P.V. =7L6% ; matters determined by means of the analytical
T.P.V. is less in this case. than in Oil-3, as'.  ‘method described in the Experimental. :

"pyrethrins -I1I become richer) ‘was ohtain’ed.j : This table makes the following points clear.

Oil-5  was- dissolved in G0cc. of n-hexane, (1) In case mono-actdu used : "The value obtained - i

~.and. the. solution was added to the. ,column.‘ by the qe,rg method is 4~g/ lower than the . .
‘Compressed nitrogen gas was applied to the - . - theoretical value, while that obtained by the.

-'column until all the solutlon conhxnlng 011-.) S mercury-reductlon method well alzrees to “the
had just -entered the absorbent One hundred ) theoretlcal value. . - -t ) .
milliliters of n-hexane was added to the column (2) Di-acid.: Both the Sell’ -and the ‘mer(:u'ry- :
and the pressure was apphed ag'un. After . reduction methods glve the values quite sxmxhr
n-hexane had entered. the absorbent mlxture . to the thc()l'(‘tl("ll ones. ,
of m-hexane and ethyl ether (1:1)  was added (3) di-Allethrolone : In bhoth the Seil’s and the”
to the column, and Pressure  was applxocl - mercury -reduction methods, an acid very simlar
ag:un_. Twenty-ﬁve milliliters of the solution . in character to mono-acid is prodnced in the
was collected in each tared flask from the bottom process-of determxmtmn, though only a trace
of the column and the solvent was removed.” The ~in tiré former and in a small quintity in the -

’ fr'lctions, in which the content of pyrethrins . Iatter. Al\soiin both' cases- an acid * similar in,’
11 w1s supposcd to_be the greatest, were . character to di ‘acid is  produced in gre1t
;:omlnned and were purified four times iri the . quantities in the process.of determmatmn.
same procedure. "After the procedure was ‘o-ver', (4) a-dl- tram-Allethrm With the Seil’s method,
the wave height, half-wave potential, the \_vni»e the value obtained 1s about 972 of the theoretxml
length of maximum of ultraviolet absorption, . value, and in the process an acid sxmlhr in’
apd the ahsorbency became constant, and somc. “character to ‘di-acid - is- produced. \Vlth '_the
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'mcrcury reductlon method the determmed value

‘is about 109 over. the theoretlcal otie, ‘and. an -

+ acid  similar in ch"tracter to di- acrd is also
.produced 3 _ < 7 :
(5) “Pyrethrins It “With the 'Seil’s“method"
“the value of pyrethrlns Iis .)0 of the theoretxcal

- value, and an acid slmllar in character to d1-

-acid is, produced in the process. Wrth the mercury—

"reductlon method,

al)out 1024 over.'the ~theoretical

y obtamed is

the vaIue, of pyrethrms.l,

Uiﬂﬂ'#ﬂiwﬁlv

v ‘,'(3) a~di-trans-Allethrin : mp. 50. 5¥51°C

N/oO NaOH was 9J 923,

(2) Chrysanthemum dzcarboxylzc acid : m’p 164°C.

Its purity as titrated witlr N/pONaOl{ \Va599. 9%. .

(4) dl-—Allethrolone. The crude matter \yas‘

,dlstlllEEd and was’ thoroughly purified by column

bvpartrtlon chromato”raph%untll at last the wave

value, and yet an. acld similar in. character to

di-acid is produced [
- (6) ‘Pyrethrms II:
pyrethrins II is- nearly 132

’

“"The determmed value of

‘lower -in the Seil’s
method than the theoretlcal value, and is almost

) 'the same in’'the mercury reduction method with
the theoretlcal .one, though in both cases an acid

' heltrht of the polarogram of the dl-allethrolone i
Al)e(‘ame constant.

The w ave lenght.of-maximum,

e of ultravxolet absorptxon of this substance in

the -ethyl alcohol solutlon is* 2‘)J0A and the

. molecular extmctxon coeﬂiclent ‘in thrs case is

2 h b : , ; .
Seilin 1947 was adapted, although the apparatus .

zsrmllar in ch'\r'lcter to mono-acid 1s prbduced S

-in the process. = - IR '

I‘rom the. result of the expenment descrxhed

above, the followmg conclusmn may l)e reached
' o By the Sell’s method.an approumate value'of
_pyrethrinsI m'ay/be obtained but: no feasrble
value ‘of: pyretI\rms 11 can be obtalned By the

mercury reduction method,an approxlmate value,

too 1n'1ccunte to be put to use, of pyrethrmsI .

m'ty l)e obt'uned, whllc the value of. pyrethrins
LI cannot he’ obtamed If the tot'tl pyrethrins
value is to, be obtamed as thesum of the values
‘of’ pyrethrmsl and 11, these methods, which so
specrf y, are but meamngless, since none of them

“is capable of accurately determmmg pyrethrms
Il"

- measurcd with” Conslderable accuracy by the =

Seil’s method. -~

Apparently the cause for such results as above

,can be sought,_‘ among othcr things,- in. the
dccomposmon Products of alcohol component

an ester composxt to -whlch ‘no attentron has

P |

l)ccn pald so far. L

EXPERIMENTAL

L Preparaf.ron of standard pure matters.

.

The standard pure. matters, other: than pyre~5 ;
used 1n_Parts_ II~I_V_ are s

I-and II
just ‘as folloiys : .
BC) Chrysanthemum-monocarbakylzc zmd
~1L6°C. /4 mm,

: thrms

1_,'p'. 115

Its puvrxty' -as. titrated

_though - the ‘value of pyrethrins I, may be -

‘with

- ones,

109
\2 Procedure.g g

Seil’s method : The method(‘? proposed by

“for steam dlstlllatlon was the one devised in.

the present 11boratory‘6> It was first conﬁrmed
_with mono-acid and dl—amd “that. the method
could give values nearly the same as the theoretical
Amlyses as shown in Table 3 were
completed upon "this conﬁrmatmn. :
Mercury/rcductzon methOdM SR -

3. Results. .. . RPN

The results , obtamed on varlous samples :lrc
shown in Table 3.

'

PART IIl

- POLAROGFAPHIC DETERMINATION

OF TOTAL PYBETHR]NS

\

S In this partis grven the account of polarographxc

1nvest1gat10ns made on the five substances; i. Cos -

- v'the_ ‘effect - of - pH,

- concentration and the wave helght, (8) appr-""

pyrethrms I
. pyrethrms I and 11, a- dl trans -allethrin, and

. pyrethrum ﬂowers and extracts. The chief points

examlned are (1) a suitable composition of
electrolytlc solutlon for showing the . typical
reduction wave, (2) half-wave- potentxals,
' temperature, and time on
reduction '”wave', - '(4) relations between' the
opriateness of the system 1n whlch the four

actlve constltuents in pyrethrum are shownasa-

mirle active component i.e.; as total pyrethrms, T
“and (6) the exxstence of substances in pyrethrum
. ‘ﬁowers ‘or catmcts, whlch mterfere with the

ty plC'll reduct:on wave of the above- mentroncd'

pyrethnns 11, the mixture. of -

@). -



y 3
. S |
w,mﬂ%‘iﬁsme W T e e
’ ©oTable 3 T
’ Amlyt:cal re:ults obtained on various samples by the Se11’s and the B _ . L
~ T . mercury-reduction methods - . - A e
- ) Seil’s method = ~- Mercury'-reductien methbd o o

Mono-acid! or Di-acid! or “Mono-acid! or  -Di-~acid? or:

Sample

allethrin® or allethtin 15 or “allethrin? or allethrin I% or

- ) pyrethrins 13, 25 pyrethrins ]“, 2 pyrethrins 13, 22 pyrethrins ]I6 % L

—aci g6 81 : 090.6! (4, 1ICI) . trace C L
Mono -acul‘ 4 96.8 (7)}\ ‘ ‘ trace {100 2 (2, H SO4) trace T ¢ =
Di-acid ' ~ trace 99.34 (2) trace 100 3% (HCI) \ L
Mixture of . _ 2 . . S
mono-and di-~ 95.0! _ 100.3¢ - 09,91 (4, IICI) : .)9. T% (HCI) - T
acid ~ - R . » C o . /
dl-Allethrolone .~ . trace : 77.6%.(2) 3.12 (2, HCI) - 63.8%% (2, HCI) s
a-dl-trans-- { 06.9% (2)° 10.05 (2) . 111.32 (¢4, HICD) G.5%% (4, HCI) T
.- Allethrin N i - 106.42 (2 H: soq) 10._1'* (2,-H2S04) - - -+ =
Mixture of pyre- T . - - ‘ . R
. thrum extracts o K . k ‘) . R
- (0.7256 g. ) and 08.61% % . 104 ‘“"* L - A
a-dl-trans-alle~ : ‘ - ’ /\

thrin (30 mg. ) e S
" Mixture of Pyre- (. = T ' ) :
thrum extracts
(0.7124g.) and * } -

96, 674 %" 112.29%% . - — - ' - »
a-dl-trans-alle- ~ ' C. . : : ‘ : DR
thrin (40 mg.) . N ) : o oy R
. ‘Pyrethrins’ 1 00,13 (2) -8.8% (2 - 109.47 (2, TICD) 7.4%% (2, HCl) - .~ . .,

Pyrethrms I 1.1 (2) 86.5 5 '(2) 12 12.0"°(2, HCI) 96.99 (2, HCI) :

.n, I‘u:.’ures t1gged 1,2 3,4, 5 and 6 show ‘the determmatlon value (percentage) as calculated
from the titration numbeyr, which is assumed, respectively, as resulting from thelexistence

" of mono-acid, allethrm, pyrethrms I (mlxture of pyrethrin I.and cinerinI (1: 1)3. di- acxd
allethrin II (the ester of allethrolone w1th chrysanthemum-dicarboxylic acid monometh}l o
ester), and pyrethrins II (mixture_of pyrethrm II and cinerin II (1:1)). '

2) ‘*HCI'’ and “II_»SO;” mean the '1c1d1ﬁcat10n of the solution by the respective -
, chemicals®. : Voo . Ce B
. 3) . *signifies that the 2cc. of ethyl alcohol was’ not used in the case®, o B
4) Italycized figures- show ‘the number of expenments repeated. - < Va ) R

5) “k* These are the percentage of mono-and di-acids determmcd to the theoretlml values
of the respectlve acids” in’ the mixture of pyrethrum extracts (No. 8 ‘of “Table 14, the
- determination of pyrethrms I -md IT was performed by Sell’s method ) and. a-dl ~trans-
allethrm. ' . . ! v [ .

N

'subst'm'ces. As the result; an origiri'tl method of -

. polarographlc determmatlon of total pyrethrms
~ was devxsed in which e-dl-trans- allethrm was

utlllzed as'a standard substance. This method ’

apparently is far superior 1n its accuracy and

) conveme'nce to the Seil’s, the mercury-reduction -
Tor the qpectrophotometnc method. : '

A.. POLAROGRAMS OF ‘PYPETHRINS’

" AND 1L .

" 1. 'Preparing Electrolytic Solution. .
! The composition of the electrolytlc solutxon
used was the sime’ as in the case given in the .
first report : Ethyl "dcohol 6022), M/[5 (CH',)4
NDBr solution '(10%), nnd,buffer\solutlon (4023).

"As shbwn’(fn‘ f‘ig. 1, the typie'd reduction wave

of pyrethrlm cmhe obtained in-this compoqxtmn
of the clcctrolytlc solution. - S

The use of NaCl or KI asirdifferent salts in *,
place of (CIIs); NBr, however, is not desirable,
. .as it’ makes the diffusion current steeper 1s

-shown 1n F1g. \2.
2 Influence of . pH on Reductlon Wave, and
Half—Wave Potential. -

lhe polarograms of pyrethrms I and e o
- were taken, with™ the ald of various " buffer =
< solutions, by the method ard under the condi-",

tions described in®C of Part III. The ‘re's'ui_t is

shown in I’Tigs. 35—8._\The ) vajluevs" of pH in the

P ;) B
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.thrins' II (20X 10™A1.), III mixture "of - -1V.(pH= 4 99). Each pol'lro"nm bemns at
‘pyréthrins’ I and IF (20x 100 ), 1V SN . 80v. R :
. ~‘pyrethrins’ I (20X 10-*M. ). Fach polaro-*' ’ R L el : S
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" . Fig. 2—Influence of . indifferent s1lt on re- . Fig. 4—Polarograms of '12. 4x10~*M. ‘pyre- . - e
duction w: 'we’ of mixture of ‘pyrethrins’ I. = " thrins® I reduced at’ different. pH values: - \N
~'_:md 1I(1:1) 1 1(M/5KI), 11 (M/5 (CH3)4 - V.(pH= 5.67), "VI(pH=6.73), VII (pH= .. et
i NBr), IIL(M/5 NaCl). Each polarogram . 7.63), VIII(pH=9.03). Each polarogram o
’ ‘«',begms at -—O 80 ve .o T K L [‘begms at*—l v, - o TN
ﬁgures are of the electrol)tlc solutlon N L Tk :'The half-wave potentials of- ‘pyrethrins’ I and

The authors, after carefully comparing those SRS and @-dl-trans- allethrm under the conditions "

polarof'rams, and in’ order to” 'make - the -wave “described ‘in C of Part III are as in Table 4.

:’ height measurement “as easy, ‘and ‘errors as , - 3. ‘Effect_of Temperature on Reductlon
llttle as possﬂ)le, dec}ded that the value of pH © Wave.

w of the utlllled buffer. Sollltlon suxtable for the . The polarognms of pyrethrms I1I, mixture ‘
anal)sxs “as about 3. O - T . o - 'of ‘pyrethrins’-I-and I (1: 1), and e-dl-trans-
; . ‘\ : J - .- .
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©=0.80 v - . Dbegins at =L 10v. ) St
Table 4 . ) T
Comp'tntlve pohrogmphxc characters’ obtalned on standard mattcrq
Half-wave Relations between ' i S .Relations between
potential concentration.'and .. - ',~ temperature . and
S vs, N.C, E., v. wave height - ..+ wave height .
‘Pyrethrins’ 1 ~1.25 - idy=0.339 C+0.003> (1) 1dx=0 0593 T +3.605(14. 2X10-4M. )--(o)
‘Pyrethring’ II . —1.23 id:=0.335 C-0.009- - (2) ide=0.0599 T+-2. .322(11. 4X10‘“‘1W )< (6)

- idg= 0..347C-—0.00’ -(3). xdq—O 0595 'T+2. 90"(12 8X10’4M Y+ (7)

- id4=0.360 C=0.001- - (4) ida-—O. 0005 T+3. "87(13 3x10~M. ) (8)‘
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Jit is evxdent that the temperature should
© controlled at least to the Jrange of :l:O 7 C., or

S Figl 0. oL

Ihc theoretual equatlons of the curves ‘are as in

Table 4. In these equatmns, id shaws the wave E )
he'v ‘

height”
temperature degree in /Centlgrade

in . centlmeter and . T~ sigmﬁes
Under’ these’

c:rcumstances, therefore, the posxtlve temperature -
’ coeﬁicxcnts of the wave helght of mixture of

pyrcthfns I and II 1:1) varxed between about™

1.82s (at’ ’°C ) and about 1.3% (at 30°C. ). R
. _ : <
55 104 =
g Ky
et : -
T2 -3 B
g 1A
rﬁ - . - N ‘,0 .
= — = —— i
57 1016 20- 2030 L. =
- ‘Temperature,- °C. h E

Fig., 9—Wave height of 13. .}XlO“’ JW a-dl-

trans-allethrin and 12.8x 107 M. ‘mixture of ;
‘pyrethrins’ I and IT ws. temperature. oy e

indicates of @-dl-trans- allethrin. @, indicates ~ -~
.+ of mixture of“pyrethrms 1 and II (l 1)
oo . R

‘ y : ’
Conscquently, from ‘the analytlcal vxewpomt

be

better, in order that, .when the- temperature is ’
about 25°C: (at WhI(‘h the procedure is compmratlye— -

1y simple), errors due to the temperature chantre
he kept within’ J:l/ o R

4. Relations between Concentration and S

oy

. Wave Height. - . VT
‘ By the - m/ethod and under the condltlons
described in C of Part III the relatlons betu een
the concentration and the: wave helght of pyre-
. thrins” I,

i the wayge helght is proportlonal to the concentra-

studled, and the results obtamed are shown m :

4 .
P R
Ly

‘The st'mdn'd theoretxcal equatxons obtamed
Cross

_ Bt

the axis of - coordmates at’ zero pmn

can serve-to testxfy that, .aszlong at least as-the

" '7and81re. e

- o & , . ‘," o

N * B '\ L ~ .o - ‘ h . \. ",' :

B m =N ?‘ﬁi 1%#5—1\/ N

allcthrm were taken at - varrous degrees of o .“-. T v ! Bl 4 P ;<'

temperature by the method shown in.C-of Part - g 6 . -t L ‘ Lgs i ?s .

I1J, while the concentratlon “nd the composxtmn i . & RE

of the electrolytlc solution were kept constant. - :_%3 at o . % S e '_bi:o

. " As temperature mcreased the half—wave poten- _:' -: v : ,f.' e e Lot s. N

tial shifted slightly to the negatlve potential. -~ 7 2t Zadi® S -
The wave height increased Imearly in proportion’ 3 e R S §
to, the increase ' of temperature (See Fig. 9). - ’ 3.6, 79 12 \Io 8. ‘ :

Concentratlon, 10~ M.

" Fi 1}: IO—Wave height ‘of a-dl- -trans-allethrin
and mixture of- ‘pyrethrins’ I and 11 (1:1)

~ ws. . concentration. Oy mdxcfites of a-dl-
‘trans-allethrin. @, indicates of mixture of - -
‘pyrethrins’ _I and IT (L), -~ ‘ '

N . . -

j and .a.re as’ in Table 4. 'In the equati(;ns’id is
" the \vave he:ght in: centimeter, and C is- the

concentratlon shown in unit of, 10‘“ M I‘herefore,

tlon, and thé calculated 'md expenmcnt'll values
are dlmost the same, w1th possu)le eJ\penmenhl

" efrors m consxderat\lon. ]\ehtxons between I qs.

1dz-—0 964 1d4 --'--j-f-~--(9)
Study was made on whether or not the reductlon
wave, under the COndItIOI’lS descnbul in ¢ of
part III

of tlme. Nelther the wave form hor the wave

showed any ch'mge 1fter the hpse

helght showed any c’hang.r

after 3 hours at
+0,2°C, o

B, \THE AUTHORS’ IDEA '0F POLARO-

',’ GBAPHIC DETERMINATION OF TOTAL

PYBETHRINS - .l . .
As ‘shown in I‘lg 1,

\ - -

pyrethrms I and. I,
'and the mlxture of the two (1:1) show one- step.

’ . wave, and the wave form of pyrethrms I'and

th'tt of a~dl-trans-allethrin are alike. The wave
-form of pyrethrms I

mmture of pyrethrms ‘Inand II
pyrethrms 1 and a-dl trans allethrin’
that’ order.
differences, hou_(eyer, ‘

are slight.. Table 4,

shrowin'g‘ the relations' betweeh the - reduction

temperature or the concentratmn and. the. wave

helght and other characters of those suhstances,

polarographic “characters specified "therein are

is slightly different-’
© from these. The reduction potential of .- ‘pyre-

“zthrms II
et 1?_,

_ 'shifts’ to' the negative. in
pyrethrms 1, mxxture of pyrethrms, T
Iand II (1t D, and ‘a-dl-trans- allethrin “were . a

“The .

‘

[
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concerned, ‘pyrethrins’ 1 and w-dl-trans-allcthrin\
are “alike, . -while ‘pyrethrins’ II- is slightly
different. The clnr’lctcrq
‘pyrethrins’ I and TI(L: 1) are_ ‘about in the
middle hetween those of jts two constituents,”
‘and roughly agree to those of @-dl-trans-allethrin,

. As have wlready Ieeni - pointed out in Part I,

-while )

of the mixture

pyrcthrms I is either (a) pure pyrethrm I,or.
(b) pure cinerin I1,* or (c) the mlxture of pure,

pyrcthrml and pure cmermI ‘Pyrethrms 1I-

o 18 -1V ot

of -

v -

s, hke\wnse, either (a)/pure pyrethrm 1I, or (b)
pure cinerin II, or (¢) the mlxture of - pure,

' pyrethrm II and cinerin I1. The '1bove-ment10ned
: experlmental results c:m, t)lerefore, be cla551ﬁed

‘as below: . - Do S ,.

)’ The polarognphlc ch1racters of either
pyrethrm I or cinerin I agree well to those
of a- dl- trans allethrm. '

(b) The"

polaro"’raphlc ch1racters of the

) mlxture of. pyrethrmI and cmermI agree’ -

well to those of w-dl trans-allethrin: ,

X .

(c) “The polaroﬂnphlc characters of e1ther~
pyrethrmII or cinérin I are _ not much )
dlﬂ'erent i’rom, and approx1mately the S'lme :
w1th those of a-dI-trans- -allethrin,

the-

mlxture of pyrethrin II and cinerin II are

(d) 'Ihe polarographlc clnracters of

- not much dlfferent from, and 1pprox1mately
the same w:th those of a- dl—tnns a.llethrm. :

(e) The' mlxture'(l 1) of either pyrethrin, 1
or cinerinI or the mixture of pyrethrm Tand .
cinerin], \vlth, elther Pyrethrin II or’
cinerin II or the mlxture of pyrethrin II and,

. cinerin II, has a- polarographlc char;tcter
resembling that of a-dl-trans-allethrin.:. -

’lhe qbove-mentloned experlmental results (a

~e¢), plus such facts as that 1llethrm, yrethrm,

and cinerin have like structures, and that-‘step = -

waves’, which are supposed to reésult from the:

' coexistence of. pyrethrins, and cinerins, are not

seen in the polarograms of various pyrethrum .

flowers and extracts (as mentioned

paragraphs), grounds
suppositions ¢ . a

¢

thrins’ I and those of the mx.\ture of pyre-

pﬂ'cr for . following
The polar ograpluc ehu.uters of ‘pyre-

thrinI and cinerin I are alike.
. . Al

_ this cgnclusio'n \is .also supported by the fact that . ‘
the polarograms ‘of “the "all samples, of pyrethrum

S
_since they,

,\e1s'\1y b

. by testmg 1ts meltma’ pomt It can, furthermore, e

~fortunately reached

in later . -

/

liquid form, and would be so rc?(ly to ch:mgc'."
" On the other Hand,

2y The polaro,f..'r'lphxc characters of pyre- 7
thrins’ I1 'md those of - -the mixture of pyre\
thrm IT and cmermII arerallke. . )

(8) The
mixture of

pohreraphlc chancters of the
‘pyréthrins’ 1 and TI°(1: 1) and
those of the total pvrethrms in ‘pyrethrum "-'

. are '111ke.- Co - R

The polaro,g’raphw characters of the total pyre— .
thrms in pyrethrum can be regarded as. agreeing to
those of a:—dl trans-allethrin, On the other‘hand,

" flowers anl.extracts , from various sources, which were \" )
analysed by the authors were well resembled to that -~
-of a-dl-trans- aIIethrm : _\\ R

-

'lheoretlcally, " the’ most deslral)le st1nd1rd

substance for determmatlon 1s the mixture of 3
pure pyrethrin I{'md II and cinerin’I and II,
e'lch contuned in equal molar, However, the B -
pmctxml plnse ls that the materialization of ' “
.this procedure is not only cxtremely complex ~
and gllmost impossible, but has little . meaning,. o '
if actually isolated, would be in
" the

ﬁrst p}rethrm “homologue to he ()l)hmcd as

@-dl-trans-allethrin,
‘ester and in pure crystalline form, has many
advantageous points for this purpose. It canbe -
commercial

i—suhted from allethrin- .

products. Its purity can l)e ascertamed 51mply
be easlly “re-crystallized, when necessary, to
1mprove purlty. Those advmhges of a-dl- trans-
““allethrin in- ubiquity :md const'mcy make it an -
excellent candidate for the standard substance .
in actual determination processes. IHavinT R
the conclusion that the
polarognphic charachters of the total pyrethrin's
and those of ‘a-dl-trans-allethrin are aprox-.
1mately the same, the atithors: recommend for
the practlcal purpose the use of. w*dl trans-
allethrin -as the standard substance for the
pohrographlc determmatlon of -total pyrethrlns. C , ‘
The mcthod of determmatlon is as follows : e
lhc line of wave helght w concen"tratmn ot :
e-dl-trans-allethrin (Tq 4) is, glrst« obtamed

and from tlus»and the modlﬁed equation (Eq.9) ot



RS

the line of. wave helght s, -
’ total pyrethnns (Eq 3) 1s obtamed for calcu-

of total P yrethr.‘l ns

Jjﬁzﬁ“"

concentratlon of

E latmg purposes. 'lhen the molar concentratlon
-is - obt:uned by placxng_

measured wave helght into the Eq. 3, fo- "

llowed by the calculatlon

total pyrethrlns in the electrolytlc solutlon. For’ f

in . mllhgram of

the reasorns mentloned below, the mean molecular

wezght of the total pyrelhrms to Ize used here is -
" determined at 344. . The total pyrethrms _content”

" will be indicated. as

(TI) )n;.'

“Total Pyrethrzm Value.

L. -

Mean molecular wexght “of pyrethrms 1
and II, and total pyrethnns used for
analysls A

" In'the. Sell’s and the mercury—reductlon me
thods, the calculatlon of mlllxgram concentratlon . '\

- from the t1tr1t10n value xs hased on the molecul—rr

wught of pyrethrms I orll alone, and is done -

w 1thout the con51deratlon of cmerm 1 or II.

Inasmuch as the 1nsect1c1dally active constltuents i

m pyrethrum conslst of pyrethrm F.and 11 and

‘ cinerin I and II, and as these methods alm at

‘the ‘determination of  pyrethrins I or II, l_)_oth. A

of which are the mixtures of- pyrethrins and

‘cinerins, some attentlon must of course be pald .

to the molecuhr w elght of cmerms. I‘ven in'the

ﬁs 18w IV e s

solely of pyrethrm II whose ;veiéht is the

A .

largest (372) of the four. constltuents, calculation

of total pyrethrms value through application of - - '
the mean molecular welght(344) mvolves the error, !

of—8. 14/. Should on the otherhand cmerm I,,

-

wrth the smallest welght (316), be the sole_ .
actlve constltuent of the. sample, the error

,mvolve(_:l ‘in calculatron” is. -+8.86%. - In_other
words, the theoretical errof ‘range” intvolved in

- the calculatlon of | total pyrethrms value with

“. mean - molecular welght at- 344 is -8. 14%~+ R

8 86/ In llke manner, | the determlmtlon of

yrethrms I wrth the mean molecular welght at -~

3"’ mvolves the theoretlcal error ‘range of -
=1 83/~+L90/, and that of pyrethrms II

\vxth the mean. molecular welght at 366 mvolves
the theoretlcal error range of -1 61/ ~+1.67/

' c QUANTITATIVE DETERMINATION
’ .OF TOTAL PYRETHRINS

"The follo\vmg is the method of determmatlon

" for total pyrethrms dev1sed after: the above-
i mentloned fundament'll 1nvest1gatlons.‘

_1 Method of determmabzon.
o ae Electrolytlc cell

‘ The_ electrolytlc cell 1s of the .same type as v

used by Nakazima et al. - This cell -can easxly

keep ‘the temperature of electrolytxc solutu)n

polaro'*raphlc and spectrophotometrlc methods, ‘ constant .
Tin - \vluch the . total pyrethrms values are " ., Staudard w-dl—trans allethrm and
determmed directly; the molecular Welght for | [ - reagents. . -+ . <

actual calculatlon must be obtamed from the

1olecul1r w elght of hoth pyrethrms and cmerms. E

It xs )et to be known 1n wh’tt ‘proportion’ B

pyr«.thrlu Tand II and cinerin Iand I ex15t in

pyrethrum, T he authors, therefore, suggest that

they " be assumed to ex1st in cqual proportlon,
_.and that the molecular Welght of pyrethrms I
be decided at'3
I and’ cinerin 1,

2

Ly

the mean weight of pyrethrm
_that.of p)rethrms IT at 300,
the mean welzht of pyrethrm II“and cmerm 11,

and that of total pyrethrls at 344, ““the, mean

’

.The reagents must l)e “the ones . th'tt have
undergone a blank test and shown no reductlon
-waves. It is necessary that this blank -test
should be done each tlme beforc the reagent is

" used. TR :
(I) Stardard a—dl—zrans allethrm oIt s

obtamed in crystalhne form by cooling allethrin

'. . nuxture and recr}stalhzmg it from petroleum

welght of " the four- constltuents._ (The mean :

moluecular welghts used in tlus paper, of course,

" . are these ﬁgurcs )

1

-~ What, then, is’ the range’ of “error. when the

mean molecular welghts are dec1ded as ahove?

1o6 :

L If the 1ctne constltuents of pyrethrum consisted

ether untll at’ Tast the meltmer pomt hecomes

) constant (00 5~51.0°C.). - U
(2) Ethyl alcohol Ethyl alcohol of bp. 78°C,

_from \Vthh aldehydes have been - completely'

removed in’ the undermentloned way is used.
Conc.f sulphurié- acxd and water. are added to
alcohol (HoSO4 5cc., H,0 20 cc., alcohol 11litre),
.and dlstxlled. To the dxstlllate, sxlver nitrate and’
pot1ss1um hyd]o:udc are added (Ag‘NO;; lOg.,

-~

- )

-
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KOH 1g., the dlstllhte 1 lxtre). and ruhstllled

.{4

" after several hours’ hoiling.

(3) Tetramethylammonium bromide :olutzon :

* M/5 (ClHs)y NBr is purified by recrystallization

> from alcohol, and dissolved into distilled water.

(4) Buffer solution :
c1tr1te hvdrochlorxc 1c1d huﬂ'er solutlon of pH
“about 3,0. . S o ’

(5) Hydrogen i Oxygen'
removed ‘beforehand by passmg it through at
" least ﬁve pyrogarol - “washing bottles (10 e, of -
pyrogarol is dissolved into 100 cc. of s1turated
ROII or NaOH solution). - ‘

( 6) Mercury : Mercury used at cathode and -
:mode ‘has been: punﬁed by distillation, dfter

Sbrensen s sodxum

1s completely

being was_hed with nifric acid solution. -
( 7) " Petroleum ether.:

C. Procedure. .

o) Pyrethrum ﬂowers n : |

. General procedure: Five grams of crushed

~ sample (30 mesh per sq. cm. )'are’ extracted'iu‘n

"~ Soxhlets extractor with petroleum ether for five

hours. ; The circulation of - petroleum ether

‘solution must he ,over 15 times an hour.

: ‘solvent is removed under dlmlmhed pressure, .

"in a 40°C." water lnth, w1th the aid of nitrogen’

- gas.

4

" calibrated

Ethyl alcohol is added to the residual
-extracts. - The solution is_placed into a-10cec.
volumetric - ﬂask using amlytx(‘al

_transfer technique, and is made to volume. After

" below,

‘standing _two hours, Tcc.:

tube carrying a glass stopper, “added w1th dece.

of ethyl alcohol” and lce. of M/5 (Clis) NBr

solution. To thxs solution, 4cc.’ of buffer solution
'is added and sh'lken.
‘electrolytic cell which contams anode mercury,
and whose temperature is kept at 2510, ’°C
When the procedure‘lﬂ over, (1ls<olve(l oxygen
is removed from the solutmn at 20+0. ’°C

a stream of hydrogen.

the buffer solution is added,

Thirty minutes after
- hydrogen is cut off,
and the polarogram is taken at 251-0.5°C.

'I‘he wave 'hci;:ht of
mmsurcd by the construction method mentloned

the polaroqr'lm is

lhe concentration of total pyrethrins is
calculated from the line of wave height vs. con-

of "the upper clear’

This - 1s poured mto an’

lhe )

{

bp. 30~G0°C. . . .

" layer of this stock solution is taheu into a test -’

m

‘quantitatively,

18 B v ‘ o

. centration of total pyrcthrms (l' q. 3. (Scc

of Part III).
Single flower.:, A

and extracted for 5

single flower. is cut

hours by
means of Soxh]ch extractor with petrolc‘um

ether. Then the same procedure as .that .of the

- preceding experiment is followed until -the" 10cc. '

After
‘of “the upper clear.

ethyl alcohol stock solution ]S prepared.

standmg two hours, * §i cc.

- layer of this stock solutlon is-taken into- a test
_“tube cqrrymg a glass stopper, and added w1th
" lce of M/ (CHg)4 NBr solutlon. The follo-
. wing procedure is- altogether the same as that
followed in the precedmg experlment. S ;.,
: (") Pyrethrum extracts. i R ‘

Three hundred mllllgnm$ ‘of q'tmple are

to volume. with - eth)l 1lcohol The further

" procedure is the same as that followed in the

case of general flowers..

e lV[’ethodrof measuring wave height.

The‘method of -coustruction‘is the ‘samezis' in
the case of allethrinﬂ) As indicated in Flg‘. 11,
a slope Ime is dr'u\n through the center of
oscillations. . A " straight tangent line (AB) is

drawn to the diffusion current part . of the slope
- line, and another strqight line (CD) is 'dnwn'
at the bending at the foot m p'tmllel with the" -
a t:mge\:nt line - (Fl‘) is - :v' " -

line (AB) . Then,
drawn through the pomt of half- wave potentlal

(M), -and - the pomts at. wh1ch this line (FF)

“placed in a 10 cc. volumetr:c flask and is made

crosses’ the alreuly drawn two lines . «(AB and
. . ‘ , . T

- 02v

.~

s

s

. L3 - el
Fig. 11~ Method ¢f measuring \v:ive height.

7
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Buﬂ'er solutlons" used and pPH: values of electrolytlc solutlons .

7o

_+ - pH Value of, electrolytlc :

_' } bisecting linés of the 1ntersectmg angles (AI‘GK
~ 0 and- ADHL) -are. then drawn,
v »"at which those llnes intersect the slope line are - ‘

and the points:

) marked Iand I, respectlvely T he perpendxcular

‘;;ilstance betWeen 1 and I, i ey KL, is the. wave

: helght. SR e s L

" /,A '. . . " L0 ! ) B . . .
e EEO L
= EXPER[MENTAL
R N Apparat.us o LT
T Heyrovsky—Shlkam type polarograph(made
' '\-by Yanagxmoto Selsakusho Co.), was_ employed

- 'lhe sensxtxvlty of galvanometer employed was

in all cases 3. 09)(10’8 Al per mm, - per m.: Ihe

caplllary constants, measured at -1 Ov

“v-,.electrolync solutlon mentmned 1n C of part I -

" were 1s follows S -
m=0,725 mg. /sec., t= 4 ‘)Oscc./drop -
ST ms =102 SRR
lhe potentnl in this report is shown by N—
~-Calomel ‘Electrode ‘Standard. oo
.2, Influence “of pH on. reductxon wave of
pyrethrms T and II. ‘
Buffer solutlons of varlous pH’ as shown in-
'lal)le 5 were used, and the polarogmms of
‘ pyrethrms I and 1I were. taken by the ‘methed

' descrll)ed in C of part. III. The measured values

vt

of pll’s of these - electrolytlc solutlons are shown *

" inthe thlrd and/fouth columns_of I‘able 5, and
the' pohrognms are shown in Fi 1gs

:"

in the

J~8

e S ..~ potentical
REE o .- ‘cm. . 10-8A. , Ve

U 4.2£0.2 2.58 79.72 —1.22 -
10,0402, 2920 0 90.22 ", —1.232
o 14.8£0.2 7 3.21 L. 99.19 - =122
- 20.0£0.2° 0 3.562 . 108.77 —1.2;
24.84:0.2 . 3.81° - 117.73 —1.23
©20.5£0.2 0 4.0 126,38 —1.23

. Buffer solum)n used o | _ solutlon, 25+0.2°C.
‘ Cless1ﬁc1tlon L 2Aocﬂt:1(1)a12°ch V‘.ﬂlﬁe -iPyrethri'ns I. o = ‘Pyrethrms II
SR (i O - L.04- v 149 1.50
© Sorensen’s |- 2,27 +2.00 . 2.56 2.64
IICI-Na- -~ { 2.97 S 2040 3.63 ) 3.66 ..~
" citrate 395 - : B 4 01 - v 499 . 4.98
R | 4.96, 606 5.67 4 5.67°
© KolthofP's (. 6.00 (18°C Yo Ll 593 6T - 6.73 - -
* v KH: POs- © { 7.00 (18°C.) - 6:90 - 7.63 7.64 . .,
_borax . 8.00 (18°C.) - 817 0903 9.02°
: 9.18 (26°C.} © . " .9.22" 10.27 . - —
1 9.86.(26°C.). - 10.04 11.11- : —
S 10.91°(26°C) T 1098 11.28 (26°C.) " -
.. Seremsew’s | 1213 (26°C.). .. 1L99- . - .. 1216 (26°C) - —
. NaOH-borax | -9.24 (18°C.) - 915 T = S 10,40
e S 9,94 (18°CL) 9.89 S LR - 10.97
| 11.08°(18°C. ) .. -10.83 S oINS .
. '12,38 (18°C.) V' -12.08 - 1244 0
‘CD) are - marked G and 1, respectxvely. ’lhe o 3 Eﬁ'ect‘. of temperature on’ reductlon wave

o.f pyrethrms I and 1I, and mixture of
pyrethrms I and Irq@a: 1),

. trans-allethrin.” - :

The polarograms of pyrethrlns I and II,

the mlxture of pyrethrms I and 11 (1 1), and

a-dl- trans allethrm

were taken at

“the comp051t1on of. the electrolytlc solutlon were

kept constant ~'1he half-wwe potentmls and

the wave helghts are shown in ’Iab]es G~J

. Table 6

: ’Wwe hlghts of 14.9x10~ M pyrethrms 1

<. lat dlfferent temperatures L
: Half-w:\ve

lemperature Wave hexght . potential

‘T"\ oG cm. . 10‘81) Sy,

J5.3+£0.27 7 3,92 -~ 12113 —1.24 -

+<9.8£0.2- 419 .- 129.47 . ~1.24
16.0£0.2 1 4,49 ¢ 0 138.74 . =1.24
7 20.7+£0.2 - 4.83 - - ‘14-9.25 ’ -1.24
C28.140.2 - 5,090 Y 152,810 <1.25

: 29'.7:!:0.2‘ ‘ ‘,-‘5-37‘ . 160.95, T =125
RPN RN Tab1e7 L

Wa.ve heights of 11 4% ;O-" M. pyrethrms’ II
P .at. dlﬁ'erent temperatures -

B Temperature = Wave height

\

and w-dl- '

vanous .
, degrees of temperature by the method descrlbcd :
sin Q' of part III, Whlle the concentratlon and“ ‘

Half-wave '



B Y
h .+ Table 8 , v
Wave heights of 12.8§x10-% M. mixture of
‘pyrethrins’ I and II (1:1) 'at different
temperatures '-

~

Half-wave

Temperature.

Wave hcight

A “The wave helghts of pyrethrms I and II
potential . .
oC, em. IO_QA.. - v and the mixture of pyrethrms I and II (1: 1), o ‘
. 3.840.2 “'3.18 T 08.926 f ~1.93 . and a-dl-trans- qllethrlnat.varloue concentratlo‘ns o NN
%2 )ig .2 . 38(1; ' ) _‘{%8,39 v :%g; ; were determined by the method and under the )
99 1:,:0'73 4.97 131,04 5 ._1:53’_ conditions described-in € of part III The
2‘."4:’:0'2 2,‘712 ﬁg% -1.24 results are shown, in Table 10.”

- 30.2£0:2

-y

T CTable 9 _—
" Wave heights of 13.3x10~* M. a-dl-trans-

C =24

-allethrin,at -different temperatures
Half-wave

I8 B-1v S R

-4, Relatlons between the concentratlon and
the Wave height of pyrethrms IandIl,’

and-- mxxture of pyrethrms I and’ II

L (1:1), and e-dl- -trans- allethrm

N

- 5. Change by the lapse of time of reductlon
. 'wave” of ' mixture of - pyrethrms I and
CIX QL.

*The electrolytle squtlon ‘of the mixture of

l‘empereture ) Wave hejght. potential ‘pyrethrins’ I and II (1.1), \\{hose comp951§10n
OC. cm. v 1072A. V. was as indicated in C of part III, was left at-
ggigg _ggé ﬁ;g{; :%gg . 25&:0.42"(_3.‘ for ;'certain:Pcriml.()f"time. 'l“hen '
- 15.34:0.2 4.21L ~130.01 1,96 - the polarograms were taken, and the half-wave
%ggig% - 233 ﬁ; ’}'3 :igg potentials and .the wave hcrghts were mmsured
20.7+0.2 5. 10 .- 157.59 -1-1.97 . The results are sho\vn in-Table 1L,
Talfle 10 -

Wave helghts of pvrethrms I, and II, and mixture of ‘pyrethrins’ I 'md 11 (1 1),
“and e-dl- tr’ms-allethrm at different concentrations

{ Concentmtion

Wwe hexght found

Mixture of a-dl-trans-

Lo ‘Pys.” 1 .‘Pys.f H ‘Pys.” I and II Allethrin

o 10M. . em. 10-3A. . cm. 10-%A. cm. 10-%A. cm.  1078A.
1 0.36 °  1L.12 0.33 ~  10.19 0.35 10.82. 0.35 - 10.82
3 1.05 32.44 -1.00 30.90 C1.04 32.14 L0Y " 33.68

* 6 2.19 67.67 2,00 61.80 2.03 6G4.27 - 2150 G6.43
9 »3.26  100.73 - 3.02. 03.32 3.13 o7.72 3.20 100.73

12 4,34 13411 04,02 124.22 4.16 128.54. 4.31 133. 18

15 - 5.36 165, 62 5.03 155. 42 5.21 160.99 5.34 166. 55

18 . 6,50 200.85° 6.00 .  .185.40 6.25 -193.13 . 6.49 - 200.54

~ 20 ©7.18 22186 ° 6.73 . 207.96 6.96  215.06 7.20 . A222 48
* Pys Pyrethrin‘s. \ : ) T :'\ g v

‘ o Table 11 - ’
—~ \V'lve helghts and lnlf-w'we potentlals of e-dl-trans-allethrin,’ pvrethrms I, ‘pyre- »

thrms

\\

e-dl-trans- Wave height,

Allethrin
(13 3% 10-1AL)

Half-wave
potential,

Wave height,
‘Pyrethrins’ 1 '§ 1116 wove

' o ad "x10—4M ) < potential,
' S Wave helght,
‘Pyrcthrms I

(11.4x 10741, ) Half-wave

potentml

,  Mixture of Wave height,
- ‘pyrethrins’ I
and II (1:1)

: Half- w1v
e 4(1"8)(10"’111)

potcntml,

‘11, and mixture of - ‘pyrethrins’ I and II (1:1),
: - which is left at 2-):!:0 2°C, for a certain period of time.

the selectrolytic solution of.

-~

. Time L - \ .
- 30 min. 1hr 3 hrs, | ) )
cm. . 478 479 478 \
RS 7 RS T A I »
cm. ' 5.10 - 5.08 511 ’
v ! -1 -L25 o -1%
em. a2 a8l e .~
v. —-123 -1 23 -1.23 '
cm, TR N ’4.}4:4 o Cm '
—Lot T -12n oLa
| - -,:  “150



I (1:1) added to the samples. -

Pyrethrum ﬂow ers and extra.cts, from various

. - sources, were analysed The results are: shown
in Fi xgs 1"~15 and Tables 12~14. The reductxon

_ waves of samples No, 1~N o. 4(Pyrethrum ﬂowers

- of 1952 production), and ‘those of samples No. 8;
.. ~No. ‘10 (Pyrethrum extracts) are a two- step - .

L wave, and those of samples No. 5~No. 7 (Pyre-

b oo2w 4

- Fig. L—Polarograms of pyrethrum ﬂowers.
Each polarogram begins at 0. 80 v. .

+

o 0.2v. ., . ﬂ/
R R o

B I et 9

I’1g 13—Polarograms of pyrethrum ﬂowers -

"Each polarogram begms at —0 80v.

| Lo s me s fs—xv
.G Results of determmatlon of total pyre— ;

' '/thrms in pyrethrum flowers and extracts,
and determmatmn values of a-dl-trans--
allethrin or. mixture of: pyrethrms I and -

e I
R l. 1 ”". o il

AU nmliwﬂy | tf RN

- 02v. -

: Fié. l4——'-Polaro§ ms of pyrethrum extracts.
- Each polarograms begins.at —0.80v..

i
P WM e dﬂﬂ"\ |

T

K-
>;

e LA

- Fig. 154—Polarograrns of pyrethrum ex;racts
- (The solvent is removed by. means of high’
_ v_acuum). Each polarugram begins at—O. 8v. ~

'thrum ﬂowers of 1.)03 productxon) are a one-

. ’step wave (the second waves are so obscure ‘that™* -
" it can not be recogmzed as such)
¢ . forms and the half- wave potentlals of the first

The wave-

waves of samples No. 1~No. 4, samples No. §

--e~No. 10 .and samples No. 5~No. 7, agree “well
- \vxth those of ‘the mxxture of pyrethrms Iand

II (1 1). “The wave hexght of thosc substances,
thercforc, can be measured easxly by the method -

mentioned above. Flowers of samples No. 1~’
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“Table 12

Resultq of pnhrm:npluc (lctcrmimtion of total pyrcthnm in pyrcthrum flowers produccd

in June~July, 1952, and aml)tu‘al values of standard matters 'uldc(l to those pyrcthrum

Pyrethrum.
flower

Sami)lc,-
Half-wave
potential,

) Wave hei Eht

found,’

. e-dl~trans-
. allethrin. . |
added to the .
sample.’ -

N

’ Mxxture of ~
.. " ‘pyrethrins’
%1 and 1I
.. added to the
- sample: .

- YError, -

Total pyre-- .- :

thrins value,

E Half-wave .
: potentnl

| Wave helx:ht -

found

VV'we helght.
Lil]Cd s .

R rror,

H'llf-wave
potential, _,

Wavé height,
found, :

Wave helght,
caled.,

flowers :
No. 1 . No. 2
LA B A B
g0 5.0002 49080  5.0003 5.0027
yo —L2  =L2, —L2i -L2%
cm. 2,82 1 2.82 3.00 3.8
o  0.56 | 0.56- 0.7 -0.76.
vo =126 =5 —L26 s —
Cem. 515 = 59T =
cm. .03 . —_ 5.70 —
"%f+&0' — T -
v. . =L25 - ~1.25 —
em. 52T T = 560  —
em. 501 - = 541  —
%  +5.2 — +2.4 -
. Table 13

No. 4

—i;jb.jﬂ.f.j T

No. 3
5.0010". 4.9900
-1.25. . —125.
2.68  2.80
U083 056
S-126 =126
505444
502 440
406
125 =u2.
475 495
_484 601
-3.8 -L2-

- Results of polarographlc determlmtlon of total pyrethrms in pyrcthrum flowers produced
m June~JuIy, 1‘).)3 and analytical values of standard- matters added to those pyrethrum

P};rethrixm
flower -

R4 -

e
e

a-dl-trans- -
allethrin -
added to the
sample

Mixture of
“‘pyrethrins’
-I and i
added to the
sample

e

’< .

. S1mple,

Half-wave
potential,

-} Wave height,.
1 found,

Total pyre-
t_hrins value, )

Half~-wave - -
potential,”

‘) Wave height,”

found. -

| Wave height,’

calced.,
Error,

Ialf-wave
potennal

Wave he!}rht, :

found,

Wave height,
caled.,

Error,

Ag-

V.

cm.

cnm.

L\
R

cm,

. em.

9

,o

ﬂowers
~No. 5
————e
. TA” B
5.0000  5.0072
I R
5.39  5.29 . -
1037 103
-1.26° =126
6.6 ~ 6.68 .
66 665
+0.5 * +0.5
— —1 2
—- G2
— 630
- 403 ¢

“=0.3

No. G )
A . B
" 4.9968  5.0014
—12 - 125 °
S5 40T
L2 o047
C—L26 —1.26
6.50  6.57.

6.52  -6.52.
. 40.8

- -2

— 608
S
— -1.8

~ No. 7" :
A B
5.0038 0000
~1.25 —-1 25 -
480 am
0.5 0.89
—1L9%  —1.26
6.19 6.00
6.00  G.00
C43.2 0
R, R
— 5.90
— 6.00
— . -L7
161



Co- tlnt
" ‘conjugation of pyrethrins was - hydrolysed to

L U maw

L

" with- the reductlon

ﬁi 18 e v R
CTabled o T

- Results of - polarognphlc determmatlon of total pyrethrms m pyrethrum extracts _and

** analytical values of standard’ matters added to those pyrethrum extracts .

v

" No. 4 have’ lower lohl Pyrethrms Values than

- the flowers of slmples No. )~No. 7, the former
" _being approx1mately 60/ of> the latter

lhe

second wwes (—) of the snmples No. 1~l\o. 4, :

pyrethrolone or cmerolone, when the relatlons

~of! 1llethr1n thh allethrolone a, 7’ are taken mto '

con51deratmn. The reductlon potentlals of these

i waves and of - pyrethrms are fa1rly well apart.
to permlt no interference w1th each other. Thus, " :
in thc ﬂowers which have\been stored lonlg after o

productxon, the Total Pyrethrms Value'is ‘'very
low, whlle cont1m1mt1ng substances responsxhle i
for the second wave are many. It is supposed

as, one of these meclnmsms, the’ ester

© form pyrethrolone or cmerolone and chrysanthe- )

mum—monocarhoxyhc acid or —dlcarboxyhc a.Cld.
- With-a v1ew to ascertammg the ex15tence, or

. nonex1stence, vof any substances which mterfere

wave of . pyrethrms

) pyrethrum flowers or extracts, the samples No.1;

N

~No. 10 were added w1th a glven 1mount of

. a@~dl-trans- allethrm or of the mlxture of* pyre- E
thrins’ I and Il (1:1), and were analysed. With

The waves, of samples No. 8 ~No. 10'

‘in_\

.‘, all’of these samples, the added valuc '1greed

with the determmatlon value. It can be s’\fely

szud therefore, that ‘the . reductwn wave of

pyrethrms in pyrethrum flowers or cxtracts is not o

T ‘-L and No.’ 8~No. 10 can be supposed to be of -+, affected by other substances.f.v ‘

Investlgatmn was also m'lde on '1 few of the

condmons ‘of extraction by Soahlets extmctor, :
. which'is one of -the prehmm'try processes to he
“ followed before the: polarogram of pyrcthrum
, With’ the use of. petroleum co

ether (bp 30~50°C ) and with the ¢irculation '+ -

of 15~20 times: an hour, total pyrethrms‘ were~_ -

flowers is taken.

ektracted comp]etely 1n four hours: .- -

those obtalned after the removal Iof solvent

Lerosene ‘at high ' vacuum from the samples
No.' 8~No. 10 (this procedure is’ the same as -

that descrlbed in the Expenmental of P'trt IvV. )
As can; be seen in Flgs. 14 and 15 and Tablc 14

taken. w1thout the removal of solvent, e,\cept
‘that _the resxdual current: of the latter shows'a
slight contusion. .The analyses . of pyrethrum

extracts,‘therefore, can be c1rr1ed out correctly

NoiY No 0

N

~

were ..

no dxfference exists between the reductlon \V'wes e }
of No. 8 ~No. 10’ and those of the same s1mples S

Ul o .Y . No.-8 - No. 9 No. 10, No.8’

' Sample, ' mg. 3052 300.2 308.0° 208.6 32 27 315.6 . 306.-'9 : 304.4 309.0
JE - Half-wave, - ;1.25 v—1 2 <1 2 L85 —1:25 —L2 —12 -1.25 1.2
g potentlal Lol IR R ) CoE b

SUN) W'tvehelght g 4 502 w50
r - o 3 8.8 -7 8., 5.02 3.50
R T com a0k 3.64,.—4 90 488 361 8380 365 W50
PD | Total pyreth- - 41 e e gt o e gie et o
G s rins value, ~Aa” 117 = 11;',11,» 1"9 3_.16'2 1"1‘1'1'.' 1(:)_'6 - 11"8: 104 11.
48 | { Half~wave " - Crope T ylee 108 . — o L
- S iy v. =L L% - 1.26 = -
oy D . o - M e ot - C
B W h ht \ = . = - — - —
T LI R ISE R R
L2k | Wave neidnt o g S 6.00 = hd) =T o= =
,-:'U_*:: o -frealed., - et . T anl .
&8, lh{rror, R A % B N e 2 — e - L=
L= @ [ Half-wave © - . o i o T _qes T — —_ _
g E . N o ) ‘ AR _ L
ERE: ‘f"(’)jl‘;]g PeIBRL em. 555 = 61— nds - = =
= ‘,‘Wave helght s N so T - _ e = — _
‘EEE g* caled. | ' <cm. SR . -7 604 o ‘o..40.. ol .
=928\ Errory ‘ / +2.4 e +1.8' — >+'1.5 — — _ T
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as I(mu: as t‘)c rules- mentioned 'in C of Part III
~‘are observed; and “the (‘omplc prchmlmry
processes are unnccc:nrf ‘
N B

{'point's examined are : (1) the -wave length of -

of ‘pyijethiins’ I and II,

- maximum _ ‘of - ultraviolet absorption,

PART 1v -

SPECTROPHOTOMETRIC DETERMI—
NATION OF TOTAL PYRETHRINS

In this part is given the ‘account of spectro= :
plmtometrlc mvesngatlons made on the five substa-

nces,i. e, , pyrethrms 1, pyrethnns II,the ml.\ture

-and pyreéthrum flawers and "extrhcfs.v 'I"hc,chief

(2) . the

'_'_j'moét suitable wave length for measuring the~
. absorhem’y (optlml demlty) of qolutlons con-

taining p)rethrms, ('S) reht]om het“een the

_ concentration and the ab%orhency, and (4) the

" existence 6f substancés in pyrethrum flowers or

extracts,~ which interfere with “the typxcal .

", ‘absorption of the 1l)ové mcntioncd substances.

\

: trmted
' of

' as

thrins’ I,

" As thc reqult, a new method of spectrophoto-
metnc determxmtmn of ‘total pyrethnm was
dcmeed,m whichea-dl- tr1ns~allethrm was u{lhzed-}
a stmdard cubshnce. .This method gave
exdct value . s0 lonf" Aas plire pyrethrms were
but av. as ;rre'ltly affected by the prcqence
“the

belmr ‘higher- th’m the actml value.

recorded
This,

how‘ever, ‘is a defect ‘common. to '111 qpectropho-

other sub%tanceq \"1lue :

tometrlc methods mcludmz’: the one proposed by .
Shukls et al. ® The spectrophotometrlc methodq
on the \vhole, are’ of small value as the
determxmtlon method for pyrethrum flowers and-
extracts. In order for thlS method to be put to .
pmctlcal uqe, an exceedlngly comple‘( prelimi-
nary process for '.removing 1mpur1t1es would -,
h'we to he developed : .

The ultnvwlet absorption spcctr’l Jt pyre-'
‘pyrethrins’-1I,
‘pyrethrins’ I and ‘II (1:1)' taken with 95 %

ethyi alcohol as the solw cnt are shown in Fig. 16.

and the mixture of

T he wave lcngths of nb<orptxon maximum are:
‘pyrethrins’ I - B e Mp
‘pyrethring’ IT cceevievecceon e 229 My,

the nﬁrixture of ‘pyrethtinsg’ I = .
and IT (1:1) 226 M.
’ «-(Il’-trans'-nllethri?' cheneanied .‘.224 My’

.:.....‘.:...........

3"a;dl-ffans-allgflmriﬁ, :

- like structures,
" absorption
agrees to that -of ‘pyrethrins’ I,

A

lorg 0.5 -

composition
“pyrethrins’ 1. .

wave length of absorption maximum of

18 eIV S

0.7 -
L4 L) i
pys.l o Lea el
0.6t mixture of - - - E
pys. 1 and II |
. |pysilr

€1:1) - .

0.4t = .

FY 7

. Lo {
0.31 Sietean

i 35 220 225 230 ) 23.)

~ Wave length, M,u. SRR Tl

I‘m. 16—Absorption curves for pyrethrlm I
+ and II,. and mixture of . ‘pyrethrins’ I and
II (1:1), and e-dl-trans-allethrin '11coho]1c
solutlon. (‘)XIO"JW., Cell: lem.). .- :

As \yds.péirited oqt in Part I, ‘”’yréfhriﬁc" I
is either (1) pure pyrcthrin’ I, or (b) pure
cmerm I, or (c) the mixture of pure pyrethrm
I.and pure cinerin I. I rom thc facts that &-dl-.
t‘r'nns~:1‘ll_ethrinl and pyrethrin or cinerin have
and that thé l(éngth of

of e-dl-trans-allethrin-

‘wave
maximum

is either of the ahove-mentioned

three "c-:see, it is safely assumed that the wave

, \length of absarption maximum of the mlxﬁkre
of pure pyrethrin I and pure cmerm 1 (1 1),

i. e., py;‘ethrms I,

el
s

‘Pyrethrins’ II,_, as mentioned eariier,

either (a) pure pyrethrin 11, or (b) pure cinerin *

11,
assumed, as ‘in the case of ‘f)yrcthrins‘ I that the
‘pyre-~
thrms II, \Vthh in its compoqmon is either o}

or (c) the mixture of both, It’is safely

the above—mentmned three cases, roughly ag’rees‘

“to that of the mlxture of pure pyrethrm II\'md

which in its .

rou}rhly agrees to that. of :

pure’ cinerin. II (1 1), i. ey pyrethrms II.. \”»

CIE is probably. safe to suppose that the wave

) lcnqth of abqorptlon maximum of the mlxture

©in this light,

of pyrcthrms I and II (1:D roughly asrrees ‘to

that of the total pyrethrms.

- most suitable. wave length for measurmg the

_ absorbency of solutions conta@mg pyrethrms. .
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The éuthors, ,‘
concluded. that 326 Mp. is the -

.
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S ) Relatxons between concentra.txon of pyrethrms’ I and II and mixture.of pyrethrms I_j
'_,:l R L and II (1 1) and w-dl trans-allethrlh, and absorbency (opt1c11 den51ty) '
Y ’ T e o Lo .- o Absorbency N ) N
VUL MRl LTI o R ' Mlxture of -
o .~ .Concentration et ‘ a-dl-trans-
- N ‘ - ‘Pyrethrins’ I Pyrethrms II Pyrethrms : s
L 0-°M. .. Lryretrins®, - ';I»andAII(l:l):  Allethrin
0.5 0,174 0.182 -0.170 0.004°
1.0 0.330 ... - 0.364 0332 0 . 0-185
2.0 0,68 . 0.717 2066817 - 0.365
N N | J1L015 1.076 L0070 o 0.541 :
‘ Wave-length S eyt Cooh T e el ggn s
: measured, M’,U. S ‘_' : 224 O 229 - 2"6' R 2.76_,

D'lta. for the plot of concentmtrons s,

fabsorbency were obtamed hy determmmg‘ the -

The standard theoretlcal equations obt'uned at.

' the max1mum wave length of pyrethrms I :md

KRR ’absorbency at 2"6 Mu of sultable concentrdtlonv II 1re oo

PR ';of mixtiire - of pyrethrms I and 1I (1:1)- or pyrethrms I A3 O 339C (12) A

o . 7a-dl~trans allethrm The- results are as shownj pyrethrms II -A.! 20.337 C-++.-+(13)
“in Tahle la and Fig. 17. The standard theoretical , g where, A-is ‘the al)sorl-)'ency,A and C xs the

- axis. of Loordmates at zero’ pomt, and are “as

.equatxons obtained "from these data’ cross’ the

follows. N A Sl

Mlxture of.. pyrcthrms 1 and II (1 n--

concentratlon shown in the umt of 10“‘ ‘ -

_E gs. 10 and 11 are related : )
Ag ——1.883A2 ()

Theoretlcnlly, the best cahbratlon curve for

L A= 0. 33’ c" (10) determmmg‘ pyrethrum ﬂowers or extracts is
a- dl tr1ns allethrm resies . - that obtamed from “the st:mdard matter, in
A.,_ 0. 179(: ........ . Sl

sl Ty

~‘/‘10g1000’

o 3 1 T2 . 3_ o
PR S Concentr'ltlon, 10-% M.. o
'fog 17——Absorbenc1es at, 226 My, vs.

“concentrations of ‘mixture of ‘pyrethrins’

T and II (1:1), and d-dl—trans-alleth}rin:

e

whxch pure pyrethrm I and II, pure cinerin I

_ and- II are’ contamed 1n equal molar. As the

second best means, however, the authors proposc o

;,' compare the value thus obtamed wrth th1t oh- .. - ’

~the use ‘of Fq. it is neccssary'

that cvery experlmenter, in order to ‘ascertain

10. However, .

" that his procedure is the same as the authors’,
should obtain the equation (11’) of concentration
vs. absorbency of " e-dl- trans~allethr1n and-

tained by the ' authors\(Eq. 11). Should the'

Fq 11’ thus oftained- dlsagree to Fq.' 11, the *_'.‘f
) Tj alternative may be to modlfy and corrcct I;q ’
11’,' usmg the factor ;of Eq.. 14,

i. €y

'md arrrve at- equ‘ttlon of concentratlon s,

ahsorbency of mixture of pyrethrms I and I

l l Apparatus and solvent. N -

““used.
- length settmg usmg ‘the varlous mxlllmxcron

(total pyrethrms) The appox1mate value is

obtamable by this method. oo

EXPERIMENTAL

A Beckman DU quartz spectrophotomctcr was
The mstrument “was checked for the \vave .

lines of the mercury arc. The spectrophotoxnetcr

i

1883
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" was operated in strict accordarice with the

Direction Book. and the: recommend'\tions by
Shukis et al, @ were also conformed to.

- As the solvent, .)0@ cthyl alcohol was used.
%An' arbitrary standard for 952 cthyl alcohol
\\aq taken as- not' less than 50 percent of the
transmittance of distilled water at 226 My

2. Procedure for pyrethrum flowers.

The quantity (5 g.) of the sample contammg, . )

20to 40mg. of total _pPyrethrins was weighed.
It was extracted in a Soxh!ets e_xtractor with
"petroleum ether'(30~50°C ) for five hours. The’

solvent was removed by-immersing the ﬂask in.

a 40°C. water bath and applymg’ a vacuum of
about 3.0mm. Hg. The res:due was dlSSOlved
by . '1ddmg' 9524 - ethyl . alcohgl
translated intoa 10 cc. calibrated volumetric flask,

"It was then

with analytical transfer techni‘qu'e.' It was made
to volume at 20°C. with 932 ethyl alcohol

(stock solution). The solution was allowed to”

-+ stand 2 hours for prec1p1t1tmn of any’ wax and

resinous m1tter. (The' procedure described so
far is ldentlcal with that used in the polarogra-

: ﬂask -and was made to volume at. 20°C,

‘ultravio.let absorption

phi¢ determination of flowers, ) )

‘Orie cc. of the upper clear layer of the solution . -
was pipet'ted into a 10 cc. calibrated volumetric
with

. Da, -ethyl ‘alcohol. This process was repeated
- two more times in order to make the coricentration

of total pyrethrms about’ 2><10'5M

The solution was then. added to a calxbrated
silica. spectrophotometer cell and the absorbency
was determmed at'226 M,u., with the use of 959
thyl alcohol’ as the solvent blank in_ a 51m11ar i

" calibrated silica cell.” The value for’ the blank

was subtracted from - that for the solution.
With this corrccted value for absorberncy, the
yrethmn concentntlon of the solution. was

determined - from the Eq.” 10, and Total

‘Pyrethrinsv Value of ‘t'hc sample was calculated

- out.

The results' obtained by this method on the
samples of pyrethrum flowers from various

. sources are shown in Tables 16 and 17, and the.

spectra  taken on  the

solution of samples are shown in Fig. 18.

:-Table 16 e

. Results of spectrophotometnc determmatmn of ‘totdl pyrethrins in pyrethrum flowers

PR - produced in _Tune~]uly, 1952

« No. 1 No. 2 No. 3 'Nd.. 4

- A B A B
Sample; 8. 5.0002 - 4.9980 5.0003 - 5.0027 - 5.0010 4.9900
Tman Mp 21 B 26. - 22 e e T
Absorbency . : ' IR g - o
- at 220Mpy. , 0.205 - 0.300 0.399 0.397° 0.357 - 0.3456
found ) o o . .
Total Py- - .7 0.60 . ~ 0.62 0.81 0.81 0.73 0.71
rethrins e LT - ’ . i
Value, - o

Table 17

Results of spcctrophotometnc detcrmxmtwn of total pyrethrms m pyrethrum flowers

produced in June-July, 1953

. *  No. 5 No. 6 = .No7 |
o A . B -A B . A . B
Sample, ' 5.0000 / 5.0072  4.0968 . 5.0014. " 5.0058  5.0000
Amaz, Mg, 221 - 222 S 23 2% 2%
arbeney o 0.660 T 0682 - 0.620  0.600 0.512  0.086.
JYotal Lyrethrins o 135 L3l 127 L2, - L0 120
alue, .
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~ of pyrethrum extracts.

»

“the ' total

- influenced

-.0:3

2"0 2)..) - 230
.Wave length M,U.

‘Fig. 18—-Absorptlon curves for the s1mples

. 235

.

A c1reful observatmn of these spectra reveals ;

P o o

-

the 1‘ollo\vmqr : _
" 1) The wave lengths of maximum of ultraviolet
absorption of the samples of these pyrethrum

flowers are 221~226 Ma., and are shorter than

" that of the mixture of pyrethnns’ Iand 11
(1 1) ‘ L ’ E
") Compared. with those of pyrethrms I and
11, ar}d the mixture of pyrethrms Ignd II
(1 1), these spectra show less sharp bendmg -
at the. peak .and are less steeper, especnlly
" where wave length is shorter. ) -
T hese phenomena mean that in add\ltlon to
pyrethrms in -the flowers, other
substances

absorbed

contammatmg the samples are also
-The- methlod

by contaminatlon,

theref ore, 1s gre"ttly

and the values

" determined are’ very likely to be hlgher thzm

~the actual valuds. - /

l dl)le 18

e 18 5€—1V
3, Procedure for pyrethrum extracts :
A quantlty (300 mg. ) of the sample contammg
20 to' 40mg. * of - total’ pyrethrms was weighed _V
“into'a 10 cc. catlibrated volurrletric flask.. It was
. made to volume at 20°C. w1th 0524 ethyl alcoholw' )
.(stocL squtxon).; After a serles of’ processes 1s
descrlbed in'the procedure for ﬂowers, spectrum »
: was taken and the determmatlon was performed.
"l he nbsorptxon spectra of the samples are shown.
-, in.Fig. 19 (No. 8~No. 10). The wave lengths of
E maxunum of ultravxolet absorptlon were 221 M,u. .

in all cases, and were much shorter ‘than that

of the mixture of- pyrethrms I and IT (1:1).

. lhese mdlcate th'\t they were greatly affected

hy contammatxon, wh1ch, in return,- account
for the much. greater 'Iotal l’yrethrms Values -
(as shown in Table 18 ‘the Gth lme) than had

: l)een expected. IR . = ‘

lhen, in accordance w1th the method of Shukxs

Set al. @, - kerosene. so]utmn, the solvcnts, had
0.8 "
R B No.9
’ - ot}
v I, WHoelO . -
5T glg) vews
N No,9* 7
0.5 i
» No0.10° )
0.4 Wowe? B
- " . ) R
215 220 225 230 235,

Wave length M/l. _

. Fi 1g 19—Absorpt10n curves for the samples ;
of pyrethrum extracts. :

. L

L~
i -

Results of spectrophotometnc determmatlon of total pyrethrms in pyrethrum extr'\cts Y

~ R produced i
L .7 Nes.
L T ‘A B
" Sample, - - mg. 301.2 309.2: .
Pz , Mp, 221 221
- It t o - ’ . '
‘/’\"](lsl\ol];}?e,'n'cf}ouand - 0581 0.58 -
N S i
"ll.oltl'ltflz’l’yrethrms‘ % ;o 19‘74 19.4 .

in- Nov. , 1952,

"No.'9 No.l() No.§ No. 0" _No.10’
- 308.0 3_22.4 7306107 73044 . 309.0 .
291 N2 22 - 225 . 226
L0TI0 0085 < 0.467 - 0,580 .0.470
S25T I8 166 Tl . 1660
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been removcd from samples No. 8~Nn 10 by “ With these and @-dl-trans- allethrm as standard
the undermentioned .method, hefore spectrum substanccs, a- polarqgraphlc- det‘ermmlatxon:
was taken, and determination - was performed. method of natwral: p}rethrins “based’ on_.a
The method of removing solvents : Aquantity' completely original idea, was developed. The

_ of the sample c;mhinlng 20to 40 mg. of total pohrograp}nc, the spectrophotometrlc, the Seil’s
pyr«.thrms was wexghed into a flask. - A tubc and the mercury reductionmethods werecompared‘

" was attached to the cold tnp of the Hy-Vac ~ in terms of’ '\ccura('y and’ applicability. Thej
apparatus. The system was- pumped with the conclusive results are showrn in Table 1J ‘Asis’
" Hy~Vac pump urnitil a,pressure of 0.1mm.Hg., ° evxdent_ from‘ the Table, the :\ccumtc deter-- :
was reached- (usually "90~30 ' minutes). Theri = mination of total ‘pyrethrins both in the p}ire i
“the d:ﬂ'usxon pump was turned on, and pumpmg - .. pyrethrins . “and the -commercial products is
continued.® After the syste'm reached a pressures :possxble only by the. polarographic method. By

- of 4.2><10f‘ mm. Hg., one hour was allowed . none of the:four methods, pyrcthrms I and II B
“at 40°C iﬂask heated- in 40°C. water bath) for -~ can be determined separately. iny th_e.approx-

: complete removal of the solvent. The tube was imate value. of pyrethrins I can be determined
dxsconnected and. 10cc. of 952 ethyl alcohol- by the Seil’s method. - . ]
was - 1dded (stock solutxon) The followmg . The conclusion . reached by the authors,
procedure was ‘the same’ as in the procedure therefore, is that, in determining the pyrethrum
" for flowers. " products, the Total Pyrethrins Valte (T, P. V.)
- The absorption spectra obtained were"as shown - is to be sought for by the polarographic
in Fig. 19 (No. 8 ~No. 10’ ), and the wave - method, or, if necessary, after »ﬁrst‘obtaining-
lengths of ultraviolet absorption maximum “’ell‘ * Total Pyrethrins Value by the polarographicmethod,

" agree to that of the mixture of ‘pyrethrins’ 1.  the Pyrethrins I Value (P. I-,Vg h app;'oxinlate,
-and II (1:1). The"types of all)sor'ption,' however, . as it may be, is to be obtained _'byﬁ_thle‘ Seil’s

- are slightly different., The_ determined values . ~ method, further to caluculate out the Fyret-
_are as shown in Table18, in'the Gth line, and - hrins II Value (P. 11 V.)by Sl_lbthtihS' the
are notlceahly lower than the correspondmg' Pyrethrins I Value from Total Pyrétlzrins Value.
values, in No. §~No. 10. R o The' results df the determination” by the four"

coucwsxom ——

flowers or extncts, the same sample hemg

‘Pyrethrms I and 11 had been separated in - .'prepared for each~mse..are shown in T able 20.
pure forms through application ~of column The determmatmn of the pyrethrins T and II°
partition chromatography. ,.'_ ‘ _' - in the samg sample as ahove conducted by the

' Table 19 : SR -

Results of mvestlgatlon on the appllcabxlxty of the four dctermm'\twn mcthods to the
- . pure matters and pyrethrum products -

Pure matter 7. . - _ Pyrethrum flowers
’ = , SRR and extracts
Simple matter *  Mixture of pys.I and II - - .

. Pys. I Pys. 11 Pys.1 Pys.II Totalpys. ~. Pys.I Pys.1I Totalpys. .
Polarographic S s L s AR
method c o X X O _ XV X e
Spectrophoto- i ' o
metric method O o x O x . X
Seil’s.method - O X X o X
Mercury=reduc-. .~ x .>< RV X % ' x Ux )

'txon method

t. O and X respectlvely shuw the possibillity and impossibility. of determination. . -
- Pys: pyrethrins. . - : - '

N
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lhese determmatlons Were performed durmg the perwd Sep 1~15 1JO3

A

l’yrethrms I and 11 Values : Comparative results obtamed on samples of pyrethrum -
3 L : flowers and" extracts*

S T B g 18 e—lv '
Coen S s Table. :
~\'1:0t'alyl Py're't_hr‘m’s» Values : €omparat1ve results obhmed on samples of pyrethrum ﬂowcrs
R L and extracts¥ o
Sl . Total Pyrethrms Values, %f, R
e T Prod- -.Polarogra- ¢ Spectropho-- °, Seil’s Mﬁrcury-\
.. * Sample '~ "Na. . . tced " phic.me-. " - tometric - ... , reduction-
DA T R Hhed " ‘method " - vme‘h“fi method -
' CUAC BT A B
: - N e (0807 050, 0.60° -0.62 T 0.0 {068
B 2 “{‘e’— 4 077 0.76,  0.81 0.81 - — 0.90
SEN-DUNN B B {5‘3’ 053 — 073 S8l 0.9
£8 ¢4 R X L L 0.65 - - 0.71
B2 5 Jume~ 1030 105 L35 L8l L08 . . LIO
=2)-=T 6., July, : { L.02 - - 0.97- 127 1.22 ©.1.02 0 v L8
T 1953 -\ 0.95" 0.89 .04 1.20 1.03 ‘ 1.15 - .
a 8 SRR & N G 0 I QRO T W ARG 1! S £ IS s | [
g A " -15.9 16.2 23.56 e S 189 0 L0 1(_3.8 .
,qg e 110 Nov., 1L 10.6 18.5 —_ C14.9. . 16,3
T8 g 12 CIL8 . - . 16 o — e —
e;_: e 4 - — 194 - — ==
SRS (/g L2 = 15.6 - i =

-

-.‘a ;‘ B S IR Pyrethrms 1 and II Value, "% . S 1
c o 2 G : . . Mercury-reduc- ° The authors'
.‘Sample " No. Ecr:(? S Sé.l; s_tvnetho.d..'_ tion' method\ ) " method

. PR B - L —— ] — v T =
o™ Pys 7 Pys I Pys I PysIl o Py pys.Ii
I june~ ~ (0:30 7030 .0 7 -0.37 . 0.29 ~0.30.  0.26
g - L2 Jule . —_ = -.0.46  0.44 - —
S B 3 '15153’.', £ 10,26 0 0.25 v, 033 0.26 -t 0.260 . 0,27
v "33\ 4T 028 0.370 _ .35 0 0.36 -0.28 " 0.28

CBE 5. June~ 0.53 055 - « 0.68. "0.51 . 0.53 . 0.5
. BE 6 ' TJuly,! .<0.48 084 - U 0.64,  0.54 - 0.48 " 0.52
v 70 - 1953 2\0.46 - 0.57~- . 0.61 0.54: ©.-0.46  0.46

g (8 .61 83 A.,G.v‘/’.,_,-f83 SRR % SR X

B, {9 .oelor71 . 8.8 8.1 " - 8.7 T 9.0

S£€°7{10° Nov., -~59, 9.0 - 6.8 . 8.5 - .59 5.0

BE o) E wm =N oo — = LT

.’E‘s 10° ’L.' : :/ Vo ":’_» - — — N

* These determmatxons Were performed dunug the perlod Sep 1~1.), 1903
N ) .' . . ‘,J - .

authors*, the Seil’s

methods resulted in T able zl From the’ résults -

» - of  the. determmatlon by the autho]s method o

the folIo“ ing pomts are clear

(1) In pyrethrum - ﬂowers, ‘whether new orﬂ

old, pyrethrmsl ‘and II exist . ne:lrly in

equal comp051t10n ratlo.; . . .

(2) Durmg .the perlod of - storage, ‘both
pyrethrins I: and. 11 undergo a markeﬂ
dccompositipn.- "The

. centage in both cases is the same.’

decomposition per-

/- - o
and the’ mercury- reductxon o
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