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INTRODUCTION

Aiming at developing a method of direct quantitative determination of insecti-
cidally active molecules through physico-chemical methods, and the consequent
enhancement of accuracy and efficiency, the authors have long been engaged in the
study on ths possible methods of quantitative determination of all kinds of pyrethroids.
As previously reported, their studies already resulted in the introduction of a new
method of quantitative determination of allethrin® and allethrolone® based ‘on the
polarographic method. The present report concerns the polafographic and spectrophoto-
metric determinations of natural pyrethrins, and the re-investigation of the Seil’s
method and the mercury-reduction method.

A remarkable progress and development® attained in these years in the chemistry
of pyrethrum have revealed that the insecticidally active constituents in the pyrethrum
are pyrethrin I and II and cinerin I and II, which are shown to be the esters of two
cyclic keto-alcohols, pyrethrolone aiid cinerolone, with two acids, chrysanthemum-
monocarboxylic acid and chrysanthemum-dicarboxylic acid monomethyl ester, respec—
tively. The methods of quantitative determination for these active constituents
practised are : the Seil’s®? and the mercury-reduction methods® which are used in
foreign countries, and the modified Seil’s method® which was proposed by the staff
of this laboratory and is now practised in Japan. It is to b2 pointed out that all
these methods were developed at a.time when the active constituents of pyrethrum
were considered to be only pyrethrin I and II, with chrysanthemum-monocarboxylic
acid and chrysanthemum-dicarboxylic acid as standard substances, and without the
use of pure pyrethrins or cinatins, the insecticidally active ester forms. The oversight
of these most important factors in th¢ course of developing these methods has
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resulted in many failures upon thelr practical application. The improvement of the
procedure, and the ove1~a11 1e cxam*nauon of these methods have therefore, been
strongly desired. - )

The existing methods being as.above, ethylene diyamine;\ method based on a new
idea is now being tentatively examined in the United States.* In neither of those
methods, however, the ester form is de stermined :d\irectly, nor without organic-chemical
change, and its principle is not entirely free from criticism.

In addition to such chemical methods as mentioned above, there have been ssveral
physico-chemical methods proposed for this purpose, such as the spectrophotometric
method devised by Gillam and West® and proposed by Beckley® and Shukis, et al.®,
and the polarographic method proposed by Yamada, et al.¢9. These physico-chemical
methods are advantageous over ‘fhe chemwal means in that (1) the ester form is
determined chrectly, (2> the orocess is a snnple and efficient one, and (3) the
1ep10duc;b;.hty is good. The purity of the standard substance used by the proposers
of these methods, however, was that based on the analytical valus of the Seil’s
method or the mercury-reduction method, and this fact justifies the argument that
the drawbacks of the Seil’s ahd the mer cu1 y’»—leductmn methods stﬂl remain unrcmedled
in thcse nweihods B ‘ ’

Wah ‘dﬂe se thmgs and the present stao'e of chexmstzy of pyretnro;ds in cons'de1a—‘
uon tne auu,hors carned out expenmems as descnbed below :

k ’lh\,kactwe components in the first place were sepalaued from pyrethrum exlracts
and pvnﬁ'—‘d by column parhhon chiomato aphlc method. As the result, pyfrethrms
I (/?mm—Z'% my., e\mm—34 250) Whmh Was elthel the mmture of pure pyreLhrm I
and cinerin I or the pure p ﬁcthrm I or the pure cine erin I, and pyrethrms I (Zm
=229 mye, Camae=35 850), which hhewzse ‘was elthei the mixture of pure p Ve ethrin 1
and cinerin H or the pure py1ethr1u Il or Lhe cmerm H were obtamed Theovemcally,
the siandaid substance should compnse pylefhr n I and I and cmewl 1 and I, each
obtamcd in pure foxm As this could not have been done however 1he swmddrd
substances use d by the auth01s were pyrethuns 1 and 1, and a—dl—trans allethrm a‘
crystalline zsomer of allethrin. With these as standard substances, the Sezl s method
and the mercury—wductmn method were examined. It was found that by the Seil’'s
method pyxethrms I could be estimated almost conectly, whereas the value of pyre-'
thuns g estlmaLed Was far from bemg correct By the mercury—reductlon method
even the '1pprommate value of pyrethuns I and I ‘could not .be obtained. If t‘ue
total pyrethrms value is the sum of the values of pyrethrvns I and II these methods
whmh S0 apecncy, are but meanmdess smce none of them is capable of accurately
determmmg py1ethr1ns II though the value of pyrethrins I may be measured with

*A’ccofdingﬁto ‘a private communication (dd. Aug. 11, 53) from Dr. David Kelsey,
Production and Marketing Administration, The United States Department of Agricul-
ture. .
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considerable accuracy. by the Seil’s method.
The authors, on the other hand, used as standard substances . ‘pyrethrins’:I and
I separated in pure forms, and developed two completely original methods of determi-
‘nahon based on the polarograhic and spectrophotometric procedures. . By these me-
thods, *the exact value .of total pyrethrins.’ could be obtained,  although theoretically
the values of pyrethrins I and‘H; could not be obtained separately. - So long as pure
‘pyrethrins’ were used, these two methods proved equally successful.  When pyrethrum
flowers or extracts contaminated with other 'substances were treated, however, the
spectrophotometric: method was  greatly affected by the presence of these other subs-
tances, and the value recorded was higher than the actual value. The polarographic
method; however, proved entirely free ‘from"‘t‘hese inf luences,. and showed .exact values.
The experiment, ~,conduct/(-:("i by the authors’ co-worker Nagasawa, on the knock:

Cddwnéffect on-the housefly of “pyrethring’’ I and II kerosene solution gave a:result
Hgtiifercontrary to the expectation: “Pyrethrins’ II' was much more toxic than I. This

-~ factleads to-the -assertion. that the mere ouantltatwe determmat}on of pyrethrins 1

s without: practical s1gmf1cance A‘c the Dersent ‘stage of pyrethrin usage, the

“detertiination:.of the; Value of total pyreihlms which ~is the insecticidally active

I‘components in. pyrethrum is. enough to meet J1e ‘demands. The authors, therefore,
wish 'i:o recommend a new method of mspec’mng pyrethmm products, the . determma-

BT

tion of iotal pyrethrms by polarographlc method, the results of which should be

“*md:tcaied as “Total. Byrethrins. Value (T. P. V.5’

AT Cirprre Py

R T, PART T
PREPARATION OF STANDARD ‘PYRETHRINS' J AND 1T

Methods of sepé 'atlon of pyrethnns ‘used upto the present have sometimes

:“mvolved alkahne hydr01y51s followed by ceraratmn of the acids and alcohols; the

'nal constltuents have been teformed” by estenf]catlon for the purposes of toxicity
,Thzs pzocedur

‘ ay result

1 ¢in 1somenzatlon of the compounds. It seems
deszrable thexefore to 1nvest1gate «the posszblhty of sepalatmg the pyrethrins from
one anothcr and from 1nact1,ve ma‘ceual in the,pyretnrum extracts by such process

;as, Wou]d be considered to rid isomerization. The' authors have succeeded in separat-
ing pyreLhrms T.and II from each other and from other constituents of pyrethrum

“extracts by.column partition chromatoglaphvc process, as the authors did in purifying

tne 1somexs of allethrm(‘) or the allethrolone.®
It happened to .come to the authors’ attenﬂon that Lord, et al.¢® recently pub-'
1shed a report on the study on the chromatographic separation of the pyrethrins.
They oo havée succeeded in separating the pyrethrins I and II from each other and
from the inactiye constituents of pyrethrum extracts. Theirs is the meihod in Whlch
vthe sepalahon is' attained by passmg pyrethlum extract through alumina ‘or s1hca
“column The method with the use of silica coltunn much resembles that emp}oyed
by the p;esent_agphms The seven methods used by the authors to locate and 1den-
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tlfy the pyrethrins in the courser of separation or after purification, are as follows :
a) Polarographic analysis.

b) Spectrophotometric analysis.

¢) Elementary analysis:

'd) ‘Synthesis of the derivatives of pyrethrms
—e) Seil’'s method.

) Mercury-reduction method.

g) Tests of knock—down effect on adults of the housefly.

The methods used by Lord, et al., on the other hand, iuclude:  (a) the reaction
described by Lappin and Clark (1951) for the determination of carbonyl groups, (b)
the spectrophotometric method, -(c) the ester reaction applied to the pyrethrins by
Lord (1950), (d) the mercury-reduction method, iand (e) tests of sbiological. activity.
Pyrethrins I and II obtained by them and the au{hors are of likek purity, where the
same method of identification is commonly used by both.

EXPERIMENTAL

Preparation of ‘pyrethrins’ I and 11U

‘Commercial pyrethrum extracts were purified by the nitromethane®® and the
liquid partitiont® methods, and was divided into ‘pyrethriﬁs’ I rich fraction, and
‘pyrethrins’ II rich fractior.. Then the separation and purification of these fractions
were undertaken by passing each of them several times through silica colun\mkunder

Table 1. Comparative results of various identifications on ‘pyrethrins’ I and II.

Half~wave g - : Mercury-
Jmax  Samaz pOtential vs. Elementary analysis Seil’s method reduction
N.C.E.,v. < . method
my —
— -~ L% Ho
! for CoyH23035 76.83 8.53 Pys.I Pys.II Pys.1 Pys.Ii
@ (pyrethrin 1)
o= calcd.
2224 34,250 —1.25 for CsoHys03 75.94- 8.86 90.1 8.8 109.4 7.4
0 (cinerin I)
& .
< | 1y b
=/ for CaabegO,; 70.96 7.53
“ (pyrethrin II)
g , caled.
& 229 35,80 —1.23 [ for Ca:H.505 70.00° 7.77 1.1 86.5 12.0 S$6.9
w (cinerin II) o :
H
— R

a After the traces of solvents had been removed by means.of high vdcuum,. the
obtained: ‘pyrethins’ I was. left- ‘standing, - tightly covered, . for about 21 “hours under
atmospheric pressure, before elementary analysis was.undertaken.

b After the traces of solvents had been removed by means of high vacuum, the
obtained “pyrethrins’ II was left standing under. dimished pressure for about 3 hours,
before elementary analysis was undertaken.

¢ Pys. : pyrethrins.
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different conditions, until the various: physical constants and chemical characters no
longer varied.

The characters of ‘pyrethrins™ I.and II thus obtained are as shown in Table. ],
which can serve to testify that : ‘pyrethrins’ I and II thus obtained are pure in that
they are the-esters of cyclic keto-alcoliols components with “chry‘sar‘lthe‘mum—mono-
carboxylic acid or ~dicarboxylic' acid monomethyl ester. However, doubt® remains as
to whether ‘pyrethring’ I is pyrethrin I, or cinerin I, or the mixture of both, and as
to whether ‘pyrethring’ II is pyrethrin II, or cinerin II, or the mixture of those two.
These ‘pyrethrins’ T and II** were used as samples in the experiments detailed in
Parts 11, 171, and IV.

Toxicity of ‘pyrethrinsg’ I and II

The biological assay of such samples as ‘pyrethrins’ I and II, pyrethrum extracts,
from which ‘pyrethrins’ I and II were separated, ‘g-dl-trans-allethrin and technical
allethrin, from which a-dl-trans-allethrin was separated, was performed by the authors’
co-worker Nagasawa™** to examine the relative knock-down effect of these samples
on the common housefly. Its results are shown in Table 2. Remarkable are the two
of the points clarified by this experiment: (1) ‘pyrethrins’ II, is more toxic than
‘pyrethring’ I, and (2) the toxicity of pyrethrum extracts is shown as the sum of the
toxicity of both ‘pyrethring’ I and II. These points are quite contrary to the generally

accepted concept.
Table 2. Relative knock-down effectiveness.

Sample ‘ Relative effectiveness?®
‘Pyrethrins’ I 1. 47
‘Pyrethrins’® II 2.19
Pyrethrum extracts 1.82

(P.L.V., 6.1%, P. 11. V., 5.6%,
T.P.V., 11.7%)

a-dl-trans-Allethrin 1.00
Technical allethrin
(Allethrin, 90.6% ) 1. 46

« Relative  effectiveness of the samples kerosene solution compared with e-dl-trans-
allethrin kerosene solution caluculated from the median knock-down time of adults of the
common housefly, Musca domestica vicina Macq. These solutions were prepared as the
same concentrations by the Total Pyrethrins Value or the Allethrin Value.

» Obtained by the polarographic methods. (19

* TFor organic-chemical clarification. of this point, investigations are now being con-
ducted. The results are to be published later.

#% Thus,the authors’ is different in meaning from the pyrethrins in its generally-
accepted sense. For this reason, pyrethrins, when used in this meaning, is marked with¢ ’.

In this report,for convenience’s. sake,mol of ‘pyrethrins’ I.is decided at the mean value
of mols of pure pyrethrin I and cinerin I, and mol of ‘pyrethrins’ II is the mean value
of those of pyrethrin II and cinerin II i '

###  Details in this connection will be reported by S. Nagasawa on the Botyu-Kagaku.
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The reasons for-this discrepancy: may be as follows: (1) Purity of the samples
used by the authors was much better than that of the samples in common -us2 up
fo the moment. ' (2) As there was no’ possibility of isomerization  in: the processes
of separation and purification; ‘pyrethrins’ I and II could remain in the same -molscular
configuration: as those: contained:in- pyrethrum. (3): As the standerd matter for the
biological  assay ‘such a matter asg-dl-trans-allethrin of “good reproducibility. and
constancy was used and thus the exact relative value:could be-obtained.

PART II x
RE-INVESTIGATION OF SEIL'S AND MERCURY-REDUCTION METHODS

"I this part is given the result of the examination as’ to whether or. not the
Seils’s method® and the mergury—redtlctiéh method® are theoretically correct. ;

(1) In case mono-acid is used: The value obtained by the Seil’s method is 4~
59 lower than the theoretical value, while that obtained by the mercury-reduction
" method well agrees to the theoretical value. . ; .

‘ (2) Di-acid: Both the Seil’s and the mercury-reduction methods give the
values quite similar to the theoretical ones. o

(3) dl-Allethrolone: In both the Seil’s and the mercury-reduction methods, an
acid very simlar in character to mono-acid is produced in the process of determina-
tion, though only a trace in the former and in a small quantity in the latter. Also
in both cases an acid similar in character to di-acid is porduced in great quantities
in the process of determination.

(4) o-dil-trans-Allethrin: With the Seil’s method, the value obtained is about
979 of the theoretical value, and in the process an acid similar in character to di-
acid is produced. With the mercury-reduction method, k“che défex'mined value is about
1025 over the theoretical one, and an acid similar iﬁ character to di-acid is also
produced. ‘ ,

(5) “Pyrethrins’ I: With the Seil’s method, the value of pyrethrins I is 932
of the theoretical value, and an acid similar in character to di-acid is produced. in
the pro&ess. With the mercury—reductioﬂ nie‘thod, the value of pyrethrins I ob'tained
is about 102 over the theoretical value, and yet‘ ankacidsimﬂar in character to di-
acid is produced. : ‘ o

(6) “Pyrethrins’ II: The determined value of pyrethrins 11 is nearly 132 lower
in the Seil’s method than the theoretical value, aﬂd i$ almiost” the same in the
mercury-reduction method with -the theoretical one, though in both cases an acid
similar in character to mono-acid “is produced in the process.

From the result of ths experiment described above, the following conclusion
mayk:be reached. - By the:-Seil’s method an approximate value of pyrethrins I may
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bo obtained, but-no feasible value of -pyrethrins 11 can be obtained. By the mercury-
reduction method, . an approximate value, too inaccurate to be put to use, of pyre-
thrins I may be obtained, while the value of pyrethrins I1 " cannot be obtained. If
the total kpyre'thrinsv.éﬂue is to be obtained as the sum of the values of pyrethrins
I and I, these ;methods, which so specify, are but meaningless, since none of them
is capable of accurately determining pyrethrins 11, though. the value of pyrethrins I
may be measured with considerable accuracy by the Seil’. s method.

_Apparently the cause for such results as above can be sought, among other
things, in the decomposition products of alcohol component; an ester composit, to
which no attention has been paid: so far.

EXPER]MENTAL

« s o
The results obtalnecl on various samples are shown in Table 3.
_ Table 3. Analytical results obtained on various samples by the Seil’s and the

.mercury-reduction methods.

Séil’ s method ‘ Mercury#eduction method

Mono-acid? or Di-acid?¢ or Mono-acid® or Di-acid? or

Sample allethrin® or allethrin II¢ or allethrin? or allethrin I1¢ or

pyrethrins 1°, 9% pyrethrins 7, % pyrethrins I¢, % pyrethrins 17, %

) : L 99.6¢ ( 4, HCI) trace
Mono-acid 96.8% (7 t g {
(b(;fcil%m (7 race 100.22 (2, H.S0y) trace
~116° C. /4dmm. ) : :
Di-acid trace 99.3¢ (2) trace 100. 39% (HCID)
(mp. 164° C.)
Mixture of
mono- and di- 95. Ga . 160. 3¢ 99, 92 (4, HCD) 99. 1e* (HCD)
acid j :
di- Allethrolone trace . 77.6¢ (Zf) 3.18 (2, HCDH 65. 8#%( 2, HCD
(Gmag=_2295 A . Loy P
€rmaz = 11, 049:‘) C
a-dl-trans- = 96. @ (2) 10.0¢ (2) 111.3% (4, HCD 6. 59%(4, HCI)
Allethrin i e - - 106. 40 (2, H.SOy) 10. 184 2,H.S0;)
(mp. 50, 5~51. 0° C Y-
‘Pyrethrm:s, T 90,18 (2) "  8.87(2) 109. 4¢ (2,HCD 7.47%( 2, HCD
‘Pyrethrins’, II 1.1e(2) 86.57 (2) 12.0¢ ( 2,HCD 96.97 (2,HCD

1) Figures tagged a, b, ¢, d, eand fshow the determination value (percentage) as calcu-
lated from the titration ‘number, which is' assumed, respectively, as resulting from the
existence of mono-acid, allethrin, pyrethrins I (mixture of pyrethrin I and cinerin I
(1:1)1, dl—acld allethrin 1I:(the ester of allethrolone with chrysanthemum-dicarboxylic
acid moncmethyl ester), and pyrethl ins II [mixture of pyrethrin II and cinerin II (1:1)].
2) <*HC!” and,.!‘H.S0.”’ mean’ the acidification of the solution by the respective
chemlcals ® g )

3)° * signifies that the 2 cc. of ethyl alcohol ‘was 1ot used in'the case.®

4) Italicized figures show:the number of experiments repeated.
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PART 111

POLAROGRAPHIC DETERMINATION OF TOTAL PYRETHRINS B

In fhis part is given the account of polarographic investigations made on the five
substances, i. e. , ‘pyrethrins’ I, ‘pyrethring’ II, the mixture of ‘pyrethrins’ I and
11, g-dl-trans-allethrin, and pyrethrum flowers and extracts. The chief points exa-
mined are; (1) a suitable composition of electrolytic ‘solution for showing the typical
reducuon wave, (2) half-wave potentials, (3) the effect of pH, temperature, and
time on reductmn wave, (4) relations between the concentration and the wave
height, (5) appropriateness of the system in which the four active constituents
in pyrethrum are shown as a single active component, i. e., as total pyrethrins,
and (6) the existence of substances in pyrefhrum flowers, or extracts which interfere
with the typical reduction wave of the above-mentioned substances. - As the result,
an original method of polarographic determmatlon of total pyrethrins was devised,
in which a~d1 trans-allethrin was utilized as a standard substance. This method -
apparently is far superior in its accuracy and convemence to the Seil’s, the mercury-
reduction or the spectrophotometric method.. '

As shown in Fig. 1, ‘pyrethrins’ I and II, and the mxxture of the two (1:1)
show one-step wave, and the wave form of ‘pyrethrins’ I and that of ¢-dl-trans-.
allethrin are alike. The wave form of ‘pyrethrins’ II is slightly different from
these. The reduction potential of pyrethrlns 11, m1xture of ‘pyrethring’ I and II*
(1:1), ‘pyrethring’ I and g-dl-trans-allethrin slnfts to the negatlve in that order.
The d1fferences, however, are slight. Table -4, showing .the relatlons betyvenf

|
0 2v.

W
=

L | |

Flg 1. Polarograms of standard matters - It é—dktrans—allethin (20x 1010 ), 1
‘pyrethring’ II (20 10~-1A4.), III: mixture of ‘pyrethrins’ I and II (20x10-4A4.), IV:
‘pyrethrins’ I (20x<10-1M.). Each polarogram begins.at —0.80 v.
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the concentration or the reduction temperature and the wave height, and other charac-
ters of thoss 'substances, can serve to- testify that, as long-at least as the polaro-
graphic characters specified therein are concerned; ‘pyrethrins’ 1 and g-dl-trans-

Table 4. Comparative polarographic characters obtained on standard matters.

Half-wave Relatio;ﬁs ‘between Relations between
potential ~  concentration and temperature and
vs. N.C.E.,v. = wave height wave height
Pyrethins’ 1 —1.25 id,=0.359 C+0.003-:(1) 1id; =0.0593 T4 3. 605(14. 2 5 10~AL. )=+ (5)
Pyrethrins’ II —1.23 ids=0.335 C~0.009-(2)  idy=0. 0599 T+2. 322(11. 45 101374 ) (6)
t“g‘rf;glelogndpﬁe —1.24 idy=0.347 C~0.002-+(3) ids=0. 0595 T-+2. 952(12. 8 X 10~M. )--(7)
(1:1) SR

a-dl-trans-Alle~ 3 o7 33, 2.0.860 C—0.001.:-(4) id, =0.C695 T+ 3.287(13. 35 10-4ML. )+ (8)

thrin

allethrin are alike, while ‘pyrethrins’ H is 'slightly different. The characters of the
mixture of ‘pyrethrins’ I and I (1:1) are abbut in the middle bhetween those of its
two constituents, and roughly agree to those of o-dl-trans-allethrin.

As.have already been pointed out in Part I, ‘pyrethrins’ 1 is either (a) pure
pyrethrin I, or (b) pﬁrefcinerin I, or (¢) the mixture of pure pyrethrin I and pure
cinerin I. ‘Pyrethrins’ II is, likewise, either (a) pure pyrethrin II, or (b) pure
cinerin 11, or (c) the mixture of pure pyrethrin II and cinerin II. The above-
mentioned experimental results can, therefore, be classified as below :

(a)-The polarographic characters of either pyrethrin I or cinerin I agree well to
thoss of g~dl-trans-allethrin.
© (b) The polarographic characters of the mixture of pyrethrin I and cinerin 1
agree well to those of g-dl-trans-allethrin. -
() The polarographic characters.of either pyrethrin II or cinerin II are not much
different from, and approximately the same with, those of a~d1~trans~allethrin..
- (d) The polarographic characters. of the mixture of pyrethrin II and cinerin II
are not- much different from, and approximately the same with, thosz of g~dl-
trans-allethrin.
(e) The mixture (1:1) of either pyrethrin I or cinerin I or the mixture of
" pyrethrin I and cinerin I, with either pyrethrin II or cinerin I or the mixture
of pyrethrin II and cinerin II, has a polarographic character resembling that of

o-dl-trans~allethrin.: i

The above-mentioned experimental results (a~e), plus such facts as that
allethrin, pyrethrin and cinerin have like structures, and that ‘step waves’, which
are-supposed to result from the coexistence of pyrethrins and cinerins, are not seen
in the polarograms of var,iéLls pyrethrum. flowers and extracts (as mentioned in
later paragraphs), offer grounds for following: suppositions : ,

(1) The polarographic characters of ‘pyrethrins’ I and those .of the mixture: of
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pyrethrin I and cinerin 1 are alike.

(2) The polarographic characters of : ‘pyrethrins’ II and‘those of the mixture of
pyrethrin I and cinerin II are alike. ; T :
(3) The polarographic characters of the mixturé of ‘pyrethring’ I and II (1:1)

and those of the total pyrethrins in pyrethrum are alike.

The polasographic characters of the ifotal pyrethrins in pysethsum can be
regavded as agrecing fo those of o-dl-trans-allethrin. On the other hand, this
conclusion is also supported by the fact that the polarograms of the all samples of
pyrethrum flowers and extracts, from various sources, which were analysed by‘ the
authors were well resembled to that of a-dl-trans-allethrin.

Theoretically, the most desirable standard substance for determination is the
mixture of pure pyrethrin I and II and cinerin I and II, each contained in equal
molar. However, the practical phase is that the materialization of this procédui'e is
ﬁot only extremely complex and almost impossible, but has little meaning, since
they, if actually isolated, would be in liquid form, and would be so ready to
change. On the other hand, g-di-trans-allethrin, the first pyrethrin homologue to
be obtained as ester and in pure crystalline form, has many advantageous points
for this purpose. It can be easily isolated from cominercial allethrin products. Its
purity can be ascertained simply by testing its melting pbint. It can, furthermore,
be easily re-crystallized, when necessary, to improve puri;cy. Those advantages of
a~dl-trans-allethrin in ubiquity and constancy make it an excellent candidate for
the standard  substance in actual determination processes. Having fortunately
reached the conclusion that the polarographic charachters of the total pyrethrins
and those of g-dl-trans-allethrin are aproximately the same, the ‘authors recommend
for the practical purpose the use of g~dl-trans-allethrin as the standard substance
for the polarographic determination of total pme‘chuns “The method of determina-
tion is as follows :

The line of wave height vs. concentration of g-di~trans-allethrin (Eq. 4) is first
obtained, and from this and the modified equation (Eq. 9, as mentioned in later
paragraphs) the line of wave height vs. concentration of total pyrethrins (Eq. 3) is
" obtained for calculating purposes. Then the molar concentration of total pyrethrins
is obtained by ‘placing measured wave height into the Eq. 3, followed by the
calculation in milligam of total pyrethrins in the electrolytic solution. The total
pyrethrins content will be indicated as “ZTotal Pvyethyins Value (T. P. V.).

Mean molecular weight of pyrethrins I and II, and total pyrethrins used
for ‘analysis: In the Seil’s and the mercury-reduction methods, the calculation
of .milligram concentration from the titration value is based’ on the.molecular
weight of pyrethrin I or II alone, and is done without the consideration of cinerin
I or II. Inasmuch as the insecticidally active constituents in pyrethrum consist of
pyrethrin I and -“II and cinerin 1 and 11, and as these methods aim:at the deter-

(398 )



Determination of Natural Pyrethrins

mination of pyrethrins I or II, both of which are the mixtures of pyrethrin‘si and
cinerins, some attention must of course be paid to the molecular weight of cinerins.
Even in the polarographic and spectrophotometric methods, in which the total
‘pyrethrins values are determined dtrectly, the molecular weight for actual calcula-
tion must be obtained from the molecular Welghts of both py1eth1 ins and cinerins.

It is yet to be known in what proportmn pyrethrm T and II and cinerin I and
II exist in pyrethrum. The authors therefore suggest that they be assumed to
exist in equal proportion, and that the molecular weight of pyrethrins T be decided
at 322, the mean. Weight of pyrethrin I and cinerin I, that of pyrethrins IT at 366,
the mean weight of pyrethrm II and cmenn II, and that of total pyrethrms at 344,
the mean Werght of the four constituents. (The mean moluecular Welghts used in
this paper, of course, are these flgures ) ' '

Method of determmatron

The following is the method of determmatmn for total pyrethuns dev1sed after
the fundamental 1nvest1gatrons

a. Electrolytie cell’

The electrolytic cell is of the same type ‘as used by Nakazima, et al.ab This
cell can easily keep the temperature of electrolytic solution constant.

b. Standard a~d1~trans—allethun and reagents

The reagents must be the ones that have undergone a- blank test and -shown
no reduction Waves It is necessary that this blank test should be done each’ time
before the reagent is used. :

(1) Standard a-di-trans-allethrin @ Tt is obtained in crystalline form by
cooling allethrin mixture and recrystallizing it from petroleum ether until at-last
the melting point becomes constant (50. 5~51.0° C. ).

(2) Ethyl alcohol : Ethyl alcohol of bp. 78> C. from which aldehydes have been
completely removed in the undermentioned way is used. "Conc. sulphuric’ acid and
water are added to alcohol (H. SO4 5 cc., HoO 20 cc., alcohol 1 litre), and distilled.
To the dtstﬂlate, silver nitrate and’ potassrum hydroxrde are -added (AgNOs 10 g ,
KOH 1g., the distillate 1 litreY, and redistilled ‘after several hours’ boiling.

(3) Tetramethylammonium bromide solution = M/5 (CH):NBr is purified by
recrystallization from alcohol, and dissolved.into distilled water. ;

(4) Buffer solution : Strensen’s sodium Cttrate-hydrochlouc acid buffer, solu-
tion of pH about 3.0.

(5) :Hydrogen: Oxygen is completely rernoved beforehand by passmg 1t throu gh
at least five pyrogarol Washmg bottles (10 g. of pyrogazol is dzssolved into 100 cc.
of saturated KOH or NaOH soluuon) ; ; .

(6) Mercury : Mercury used at cathode and anode has been purlfled by
distillation, after being washed with mtue;”aqld solutlon.;

(399 )



Minoru OHNO and Toshihiko OIWA
(7) Petioleum ether : bp. 30~50° C.

c. Procedure
(1) Pyrethrum flowess.

General proceduse : Five grams of crushed samplek (30 mesh per sg. cm.) are
extracted in a Soxhlets extractor with peLroleum ether for five hours. The circula-
tion of petroleum ether solution must be over 15 times an hour. The solvent is
removed under diminshed pressure, in a 40° C. water bath, with the aid of nitrogen
gas. Ethyl alcohol is added to the residual extracts. The solution is placed into a
10 cc. calibrated volumetric flask using analytical transfer technique, and is made
to volume. After standmg two hours, 1 cc. of the upper clear layer of this stock

solution is taken into a test tube carrying a glass stopper, ‘added with 4 cc. of
ethyl alcohol and 1 cc. of M/5 (CH;3),NBr solutmn To this soluhon, 4 cc. of buffer
solution is added and shaken. ' This is poured into an electrolytic cell, which
contains anode mercury, and whose: temperature is kept at 2540.5° C, When the
procedure is over, dissolved oxygen is removed from the solution at 25+0.5°C. by a
stream of hydrogen. Thirty minutes after the buffer solution is added, hydrogen is
cut off, and the polarogram is taken at 25:0.5° C.

The wave height of the polarogram is measured by the construction method
mentioned below. Thex concentration of total pyrethrins is calculated from the line
of wave height wvs. concentration of total pyrethrins (Eq. 3).

Single flower, : - A single flower is cut quantitatively and extracted for 5 hours
by means of Soxhlets extractor with petroleum ether. Then the same procedure
as that of the preceding experiment is followed until the 10 cc. ethyl alcohol stock
solution is prepared. After standing two- hours, b cc. of the upper clear layer of
this stock sulution is taken into a test tube carrying a glass stopper, and added
with 1 cc. of M/5 (CHSLNBrksolution. The following procedure is altogether the
same as that followed in the preceding experiment.

(2) Pyrethrum extracts. : ;

Three hundred milligrams of sample are placed in a 10 cc. volumetric flask and
is made to volume with ethyl alcohol. - The further procedure is the same as that
followed in the case of general flowers.

d. Methed of measuring wave height

The method of construction is the same as in the case of allethrin.® As
indicated in Fig. 2, a slope line is drawn through the center of oscillations. A
stra1gh‘c tangent line (AB) is drawn to the diffusion current part of the slope line,
and another straight line (CD) is drawn at the bendmg at the foot in parallel with
th¢ hne (AB). Then, a tangent line (EF) is drawn through the point of half-wave
potential (M), and the points at which this line (EF) crosses the already drawn
two lines (AB and CD) are marked G and H, respectively. The bisecting lines of
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Fig. 2. Method of measuring wave heiht.

the intersecting angles (LFGA and;4DHE) are then drawn, and the points at
which those lines in\tersect;the slope line' are marked I and ], respectively. The
perpendicular distance between I and J, i. e., KL, is the wave height.

EXPERIMENTAL

1. Apparatus
A Heyrovsky-Shikata type polarograph (made by Yanagimoto Seisakusho Co.) was
employed The sensitivity of galvanometer employed was in all cases 3.09x10-° A.
per mm. per m. The capillary constants, measured at —1.0 v. in the electrolytic
‘Solution mentioned in the method of determination of part IJII were as follows :
~ m=0.725 mg./sec., t=4.20 sec./drop., m*® t1/6=1.025
The potential in this report is shown - by N-Calomel Electrode Standard
2. Preparing Electrolytic Solution i
The composition of the electrolytic solutioﬁ used was the same as in the case
given in the first report®: Ethyl alcohol (509, M/5 (CH:):NBr solution’ (109%
“and buffer solution (409). As shown in Fig. 1, the typical reduction wave of k
pyrethrins can be obtained in this composition of the electrolytic solution.
The use of NaCl or KI as indifferent salts in place of (CH;),NBr, however, is
not desirable, as it makes the diffusion current steeper as shown in Fig. 3. ‘
3. Influence of pH on Reduction Wave and Half-Wave Potential
The polarograms of ‘pyrethring’ I and II were taken, with the aid of various
buffer solutlons, by the method and under the conditions described in the method
of determination of Part IIL. The result is shown in Figs. 4~9. The values of pH
in the figures are of the eléctrolytic’ solution.
The authors, after carefully comparing those polarograms, and in order to
make the wave height measurement as easy, ahd errors as little as ‘possible,
decided that the value of pH of the utilized buffer solution suitable for the analysis
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Fig. 3. Influence of indifferent salt on re-
duction wave of mixture of ‘pyrethrins’ I
and II (L:1):- I (M/5KL), II (M/5 (CHs)s-
NBrj, III (M/5 NaCl). Each polarogram
begins at —0.80 v.
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Fig. 5. Polarograms of 12. 4x10-+M. ‘pyre- . .

thrins’ I reduced at different pH values :-
V' (pH=5.67); VI (pH=6.75), VII (pH=
7.63), VIII (pH=9.03). Each polarogram
begins at —1.00 v.
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Fig. 4. Polarograms of 12.4x10-* M. ‘pyre-
thrins’ I reduced at diffrent pH values :-1
(pH=1.49), II (pH=2.56), III (pH=3.63),
IV (pH=4.29). Each polarogram begins at
—0.80 v. .
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Fig. 6. Polarograms of 12.4:x107M. ‘pyre-
‘thrins’ I reduced at different ptl values :-
IX (pH=10.27), X (pH=11.11), XI (pH=

“+011.28), XII (pH=12.16). Each polarogram

begins at, —1.10 v.
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Fig. 7. Polarograms of 11.4x10-'M. ‘pyre- :Fig. 8. Polarograms of 11.4x10-* M. *‘pyre-
thrins’ II reduced at different pH values :- thrins” II.reduced at different pH values :-
1(pH=1.50), II (pH=2.54), III (pH=3. 66); - V (pH =5.67), VI (pH=6.73), VII (pH=
IV (pH=4.98). Each polarogram begins at 7.64), VIII (pH =9.02). Each polarogram
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Fig. 9. Polarograms of 11.4x10- M. ‘pyre-

thrins’ II reduced at different pH values :-

IX (pH=10.40)," X (pH=10.97), XI (pH=

11.58), XII (pH=12.44). Each polarogram

begins at —1.10 v. .
was about 3.0.

The half-wave potentials of -‘pyrethrins’ I.and II and ¢-dl-trans-allethrin under

the conditions described in the method of determination of Part III are as in
Table 4.

4. Effect of Temperature on Reduction Wave
The polarograms of ‘pyrethrins’ I, 1T, mixture of ‘pyrethrins’ I and II (1:1),
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and ¢-di-trans-allethrin were taken at various degrees of temperature by the method
shown in the method of derermmdtlon of Part 11, while the concentratron and
the composition of the electrolytlc solutlon ‘were | kept . constant As temperarure
mcreased the half- Wave poienual sh1fted shghtly to the negative potentzal ‘The
wave hergh ‘ ncreased lmearly in proportlon to the increase of temperature (See
Fig. 10). Theoretzcal equatlons of the curves are: ‘as in Table 4. In these eauatzons,
id shows the wave helght in cent1meter and T 51gn1f1es ‘the temperatuze degree in
Centigrade. Under these c1rcumstances, therefore the positi “emperature coeff1c1~
ents of ‘the wave helght of, m1xture of pyrethrms I and II (1: 1 vaned between
about 1.89% (at 5°.C.) and about 1. 3/ (at 30° C.)." ‘

i

154.5

123.6

Wave height, cm.
Wave height, 10-3A.

5 100 15 20 25 30
Temperature, °C. ‘
Fig. 10. Wave heights of 18.3x10~¢ M. a-dl-trans-allethrin
and 12.8x10~t M. mixture of ‘pyrethring’ I and II vs.
temperature. (O, indiczites of w-di-trans-allethrin. @,

indicates of mixture of ‘pyrethrins” I and II (L:1).

Consequently, from the analytiical viewpoint, it is, evident that the temperature
should be controlled at least to the range of +0.7° C., or better, in order that,
when the temperature is about 25° C (at which the procedure is comparatively
simple), errors due to the temperature change be’ kept W1th1n +19%.

5. Relations between Concentratlon and Wave Helght

By the method and under the condltlons described in the method of determin-
ation of Part I1I, the relations between the ‘concentration and the wave height of
‘pyrethring’ I, ‘pyrethrins’ 1, m1xture of pyiethrms I and II (1:1), and q-di-trans-
allethrin were studied, and the results obtazned are’ shown in Fig. 11.

) "~ ' 7 <
= TR S - R ey
S e} . R 7o BT -1 =
b RN SR NP

| R
g a4t O 136 B
2 g 0 g

N ; : , A
£ 2} 1618 @
= £

3* 6 9 12 °15 J‘18> ,

o ‘Concentration, 10-4M : b .
Fig. 11. Wave helghts of e-dl-trans-allethrin and mxxture
of ‘pyrethring’ I and II (1:1) ws. concentratlon O .
indicates of a-~dl- trane~a11ethrm a, ‘indicates of rnmture
of ‘pyrethrinst. I and IT.(1: 1Y
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The standard theoretical equations obtained cross the axis of coordinates at
zero point, and are as in Table 4. In the equations, id is the wave height in
centimeter, and C is the concentration. shown in unit of 10-*A4. Therefore, the
wave' hei(fhtk is pf‘opo;r'tional to the concentration, and the calculated and experimen-
tal values are’ almost the same, Wlth possi ible experimental errors in consideration.
Relatlons between Eqs 8 and 4 are : ; )

ldq =0, 904 Sdy eeeeed e iereered et e (9)

Study was madc on’ Whether‘or not the 1educt1on wave, under the coditions
described in the method of detormmatmn of part IH showed any change after
the lapse'of time. Ne1tner the wave form nor the wave heigh‘c showed any change
after 3 hou‘s at 2540, 2 C.

6. Results of de‘terminaﬁbl{_of ‘total pyrethrins in pyrethrum flowers and
extracts, and determination Vvalue:s of g-dl-trans-allethrin or mixture of
‘pyrethrins I and II (1:1) added to the samples
Pyrethrum flowers and e*;tracts, from various sources, were analysed. The
results are shown in- I‘1gs 12 15 and Tables 6~7. The reduction waves of samples
No. 1~No. 4 (Pyrethrum ﬂowers of 1952 productmn), and those of samples No. 8
~No 10 (Py cthrum extracts) are two- step wave, and those of samples No. 5~No.
7 (Pyrethrum flowers of 1953 productlon) are a one-step wave (the second waves
are so obs'“ure that it can not be recogmzed as such) ' The wave forms and the
ha.lf-wave potent1als of the flrst Waves of samplcs No 1~No. 4, samples No.8~

T
I I b /
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>
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|

| - .

. “ha‘*_er__
=
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-
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Fig. 12. Polarograms of pyrethrum fl(g)wgars‘.‘/ ‘ F1g 13. Po‘al ograms of pyrethrum flowers
Eaghfgquaz:qg:am beginﬁs} at —0 8 v. w7 Each polaroglam begins at —0.80 v.
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Fig. 14. Polarograms of pyrethrum extracts. Fig.. 15. - Polarograms of pyrethrum extracts
Each polarogram begins at —0.8) v. (The solvent is removed by means of heigh

vacuum). Each polarogram begins at —0. 80 v.

No. 10, and samples No. 5~No. 7, agree well with those of the mixture of ‘pyre-
thring’ I and II (1:1). The wave height of those substances, therefore, can be
measured easily by the method mentioned above. Flowers of samples No. 1~No. 4
have lower Total Pyrethrins Values than the flowers of samples No. 5~No. 7, the
former being approximately 6095 of the latter. The second waves (-») of the
samples No. 1~No. 4 and No. 8~No. 10 can be supposed to be of pyrethrolone or
cinerolone, when the relations of allethrin with allethrolonet? are taken into consi~
deration. The reduction potentials of these waves and of pyrethrins are fairly well
apart to permit no interfererence with each other. Thus, in the flowers which
have been stored long after production, the Total Pyrethrins Value is very low,
while contaminating substances responsible for the second wave are many. It is
supposed that, as one of these mechanisms, the ester conjugation of pyrethrins
was hydrolysed to form pyrethrolone or cinerolone and chrysanthemum-monocar-
boxylic acid or -dicarboxylic acid.

With a view to ascertaining the existence, or nonexistence, of any substances
which interfere with the reduction wave of pyrethrins in pyrethrum flowers or
extracts, the samples No. 1~No. 10 were added with a given amount of a-dl-trans-
allethrin or of the mixture of ‘pyrethring’ I and II (1:1), and were analysed. With
all of these samples, the added value agreed with the determination value. It can
be safely said, therefore, that the reduction wave of pyrethrins in kpyrethm‘m{
flowers or extracts is not affected by other substances. . o

Investigation was also made on a few of the conditions of extraction by Soxhlets
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extractor, which is one of the preliminary processes to be.followed before the .pola-
rogram of pyrethrum flowers is taken. With the use of petroleum ether (bp. 30 ~
50° C.) and with the circulation of 15~20 times an hour, total pyrethrins were
extracted completely in four hours. k

The waves of ‘samples No. 8 ~No. 10’ were those obtained after the removal
of solvent kerosene at high vacuum from the samples No. 8~No. 10 (this procedure
is the same as that described in the Experimental of Part V). As can be seen in
Figs. 14 and 15 and Table 6, no difference exists between the reduction waves of
No. 8 ~No. 10’ and those of the same samples taken without the removal of
solvent, except that the residual current of the latter shows a slight confusion.
The analyses of pyrethrum extracts, therefore, can be carried out correctly as long
as the rules mentioned in the method of determination of Part IIT are observed,
and the complex preliminary processes are unnecessary.

PART IV
SPECTROPHOTOMETRIC DETERMINATION OF TOTAL PYRETHRINS

In this part is given the account of spectrophotometric investigations made on
the five substances, i. e., ‘pyrethrins’ I, ‘pyrethrins’ II, the mixture of ‘pyrethrins I
and II, e-dl-trans-allethrin, and pyrethrum flowers and extracts. The chief poirits
examined are: (1) the wave length of maximum of ultraviolet absorption, (2) the
most suitable wave length for measuring the absorbency (optical density) of solutions
containing pyrethrins;, (3) relations between the concentration and the absorbency,
and (4) the existence of substances in pyrethrum flowers or extracts, which interfere
with the typical absorption of the above-mentioned substances.

As the result, a new method of spectrophotometric determination of total pyre-
thrins was devised, in which s~dl-trans-allethrin was utilized as a standard substance.
This method gave exact value'so long as pure pyrethrins were treated, but was
greatly affected by the presence of other substances, the value recorded being higher
than the actual value. This, however, is a defect common to all spectrophotometric
methods including the one proposaed by Shukis, et al.®®> The spectrophotometric me-
thods, on the whole, are of small value as the determination method for pyrethrum
flowers and extracts. In order. for this method to be put to practical use, an exceed-
ingly complex preliminary process for removing impurities would be developed.

The ultraviolet absorption spectra of ‘pyrethring'- I, ‘pyrethring’ Il, and the
mixture of ‘pyrethrins’ I and II (1:1) taken with 959 ethyl alcohol as the solvent
are shown in Fig. 16. The wave lengths of abéorption maximum are : ‘

PYTELRIING T «ooeeevrmreoniiiiiiii i 294 mye.
PYTEERTING TT -nvevnrenvrmrrmrennirereeeiisies i s srnrnasnenre s 229 my.
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the mixtare of ‘pyrethring’ I and IL (1:1). -+--et PP TIITRPREY: 226 g

a_dl__.trans_auethrin R A T PR P : 224m‘u_
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F1g 16. Absorptmn culves for rethrms Iand II, and
mixture of ‘pyrethring’ I and IT ":"”1), ‘and pidl trans:
allethrln alcoholic solut}lqn (2><10—5M Cell : 1 cm. )

As was pointed out in Part I, pyrethliins’ JI 1s either (a) pure pyrethrin T, or
(b).pure cinerin I, or (c) the mixture of pure pyrethrm I and pure cinerin I. From
the facts that e-dl-trans-allethrin and pyrethrm or cmerm have like structures, and
that the wave length of absorption max1mum of a»dl—tlans—allethrm -agrees to
that of ‘pyrethring’ I, which in. its composﬁ:lon 1s elther of the above-mentioned
three cases, it is safely assumed ‘that the Wave Iength of absorptlon maximum - of
the mixture of pure pyrethrin I and pure c1neun I (1 1), i e, pyrethrins I, roughly
agrees to' that of ‘pyrethrins’ 1.

“Pyrethring’ I, as mentioned earher, s either (a) pure pyrethrm IT, or (b) pure
cmerln II, or (c¢) the mixture of both. It is safely assumed as in the case of ‘pyre-
thring' I that the wave length of absorptlon maxnnum of pylethrms II, “which in

its .composition is either of the above—mentmned three cases, roughly agrexs to that
of the mixturée of pure pyrethrin Il and pme cmeun ('1“1), 1 e pyrethrms 1L

LI 1s probably safe to suppose that the wave length f absorptlon maximum of
mixture of ‘pyrethrins’ I and 11 (1:1) roughly agrees to 'th; 'of the total pyrethnns .
The authors, in this. hght concluded that- 226 m/,z 1s'the most su;table Wave ]ength ‘
for measurmg the absorbency of solutmns contammg pyrethrms :

Data for the. plot of concentratlon VS absorbency Were obtamed by determlnmg ‘
the absorbency at. 226 my. of su1table concent1at1ons of nimtme of pyrethrms T and‘
II{:1 or a—dl~trans—allethun The results are as shown 1n Fi 1g 17 ) o
The standard theoretical egquations obtamed from these data cross the axis of
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coordmates at zero pomt and are as' follows
Mmture of pyreth*'ns R and B : AI—O 337"
avdl~trans—allethun . - An_O 179 C:

&

1.0}

‘ pywthrlns 1 and II are D o
" <pyrethring’ I -.... A;=0. 339”‘
‘pyrethrins’ II PR RRESRS e Ay =0, 337 C ........................... (13)

where, A is the absorbeilcy, and C is the concentratlon shown in the unit of 10-514.
Egs. 10 and 11 are related : "

A;=1.883 A. ‘ ,

Theoretically, the best cahbratlon curve for detenmnmg pyrethrum flowers or

extracts is that obtalned from the standard matter, in which pure pyrethrin 1 and
II, pure cinerin 1 and H are contamed in equal molar As the second best means,

every e\:perlmenter, in order to ascertaln ‘hat hls;,jprocedure is the same as the

authors’, should obtain the equatlon (11") of concentratmn vs. absorbency of o-dl-
trans-allethrin, and compale the value thus obtamed w1th that obtained by the
authors (Eq. 11). Should the Eq 11’ thus obtamed d1sagree to Eq. 11, the alterna-
5 usmg thn, facto1 of Eq 14 i. e., 1.883

tive may be to modlfy and correct Eq 1

¢ wf

- (409)
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and arrive at equation of concentration vs. absorbency of mixture of ‘pyrethrins’ I
and II (total pyrethrins). The approximate value is obtainable by this method.

EXPERIMENTAL

1. Apparatus and solvent

A Beckman DU quarté spectrophotometer was used. The instrument was checked
for the wave length setting using the various millimicron lines of the mercury arc.

As the solvent, 959 ethyl alcohol was used. An arbitrary standard for 959
athyl alcohol was taken as not less than 50 percent of the transmittance of distilled
water at 226 my.

2. Procedure for pyrethrum flowers o

The quantity (5 g.) of the sample containing 20 to 40 mg. of total pyrethrins
was weighed. It was extracted in a Soxhlets extractor With petroleum ether (30~
50° C.) for five hours. The solvent was removed by immersing the flask in a 40° C.
water bath and applying a vacuum of about 3.0 mm. Hg. The residue was dissolved
by adding 959 ethyl alcohol. It was then translated into.a 10 cc. calibrated volu-
metric flask, with analytical transfer technique. It was made to volume at 20° C.
with 959 ethyl alcohol (stock solution). The solution was allowed to stand 2 hours
for precipitation of any wax and resinous matter. (The procedure described so for
is identical with that used in the polarographic determination of flowers.)

One cc. of the upper clear layer of the solution was pipetted into a 10 cc.
calibrated volumetric flask, and was made to volume at 20° C. with 95 9% ethyl alco-
hol. This process was repeated two more times in order to make the concentration
of total pyrethrins about 2x10-5M.

The solution was then added to a calibrated silica spectrophotometer cell and
the absorbency was determined at 226 my., with the use of 959 ethyl alcohol

0.7} ¥oub

0.6] To.s ‘
| / Non//'\
10g-79 0.5 ‘

0.4

- 0.3] uet /'—\\\

216 220 225 230 235
Wave length, mg. ‘
-~ Fig.18. Absorption curves for the samples of pyrethrum extracts.
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as the solvent blank in a similar calibrated silica cell. The value for the blank was
subtracted frdm thaf. for the solution With this Corréc’ced value for 'absorbenc'y, the
pyrethrm concentration of the solutlon was. determined from the Eq. 10, and Total
Pyrethrms Value of the sample was calculated out.

The results obtamed by this method on the samples of py1e‘chrum flowers from
various sources are shown in Table 6, and the ultraviolet absorption sp’ectrastaken
on the solution of samples are shown in Fig. 18. ‘ o

3. Procedure for pyrethrum extracts:

A quantity (300 mg.) of the sample cbntaining 20 to 40 mg. of total pyre’éhrins
was weighed into a 10 cc. calibrated volumetric flask. It was made to volume at
20° C. with 959 ethyl alcohol (stock solution). After a series of processes as descri-
bed in the procedure for flowers, spectrum was taken and the determination was
performed. The absorption spectra of the samples are shown in Fig. 19 (No. 8~
No. 10). The wave lengths of maximum of ultraviolet absorption were 221 my. in
all cases, and were much shorter than that of the mixture of ‘pyretllrlus’ Iand 11
(1:1). These indicate that they were greatly affected by contamination, which, in
return, account for the much greater Total Pyrethrins Values tnan had been
expected. ‘ '

0.8

Ho,9

0.7
log2 0.6 |
0.5

0.4.1

215 220 225 230 235
Wave length, mg.
Fig.19. Absorption curves for the samples of pyrethrum extracts.

Then, in accordance with the method of Shukis, et al.®®, kerosene sclution, the
solvents, had been removed from samples No. 8~No. 10, before spectrum Was taken,~
and determination was performed. ‘

The method of removing solvents : A quantity of the sample contalnmg 20 to
40 mg. of total pyrethrins was weighed into a flask. A tube was attached - to the
cold trap of the Hy-Vac apparatus The system was pumped W1th the Hy-Vac
pump until a pressure of 0.1 mm. Hg. was reached (usually 20 ~30 ‘minutes). Then
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the diffusion pump was turned on, and pumpmg contmuecl After the system rea-
ched a pressure of 4.2x10-* mm. Hg one hour Was allowed at 40° C: (flask ‘heated
in 40° C. water bath) for complete removal of the solvent The tube was disconnected,
and 10 cc. of 959 ethyl alcohol was added (s‘cock solutron} The follong procedure
was the same as in the procedure for flowers

The absorption spectra obtained were as shown in Flg 19 (No. 8 ~No. 10"),
and the wave lengths of ultraviolet absorption maximum well agree to that of the
mixture of ‘pyrethring’ I and II (1:1). The types :of absorption, however, are slightly
different. The determined values are as shown in Table 6, and are noticeably lower
than the corresponding values in No, 8~Np. 10.

CONCLUSION

‘Pyrethring’ I and II had been separated in pure form through apphcatron of
) column partition chromatography. ;
‘ With these and a~dl-trans-allethrin as standard substances, a po]arographlc
determination method of natural pyrethrins based on a completely original idea, was
developed. The polarographic, the spectrophotometric, the Seil’s and the mercury-
reduction methods were compared in terms of accuracy and applicability. The
conclusive results are shown in Table 5. As is evident from the Table, the accurate
determination of total pyrethrins both in the pure pyrethrins and the commercial
products is possible only by the polarographic method.‘ By none of the four methods,
pyrethrins I and II can be determined separately. Only the approximate value of
pyrethring I can be determined by the Seil’s method.
The conclusion reached by the authors, therefore, is that, in determining the
pyrethrum products, the Total Pyrethrins Value (7. P. V.) is to be sought for by
the polarographic method, or, if necessary, after first obtaining Zotal Pyrethrins

Table 5. Results of investigation on the applicability of the four determination methods

to the pure matters and pyrethrum products

Pure matter Pyrethrum flowers

Simple matter Mixture of pys.I and I and extracts

Pys.I Pys.1I Pys.1 Pys.II Total pys. Pys.1 Pys.II Total pys.
oographic g o x X o) x x O
Spectrophoto- . ~ ‘ S
metric method O © ® X O X‘ “X x
Seil’s method O X O s X . Q % X
Mercury-reduc- % . NG % X T X

tion method -

D O and X respectrvely show the possrbrhty and 1mpos31b111ty of deter:’nmatlon
2) Pys : pyrethrms SRS SR

a2



Determinaticin of Natural Pyr‘ethfi‘ns

Value by the’ polarographm method, the Pyrethrms I Value (P I V) approx1mate
as 1t may be, is to be obtained by the Seil’s method, further to calculaLe out the
wathrms II Value (P.IL. V.) by subtractmg the Pyyethrms I Value from Total
Pysethrins Value. ‘

The results of the determination by the four methods of total pyrethrins in the
pyrethrum flowers or extracts, the same sample being prepared for each case, are
shown in Table 6. The determination of the pyrethrins I and II in the same sample

Table 6. Total Pyrethrins Values : Comparative results obtained on samples of
pyrethrum flowers and extracts®

~ Total Pyretm ins Value. %

“Pro- Polarogra~ - Spectropho— Sell’ Mercury-
Sample  No. duced . phic.me~ ' - tometric reduction
: ; in,’ ; thod Co . method . method method. .
A B A B
/1 June 0.56  0.56 0.60 0.62 0.60 0.66
g 2 Ju§’ ~ 1077 076  0.81 0.81 - 0.90
g 3 1055 0.53° — 0.73  — 0.51 0.59
48 )4 0.56 —_ 0.71 — 0. 65 0.71
HE |5 June~ [ 1.03 1.06 135 131 1.08 1.19
Ay 6 July, { 1.02 0.97 1.27 1.22 1.02 1.18 .
7 1953 0.95 0.89 . 1.04. 1.20 1.03 1.15
g 8 ‘ 1.7 11.7 19.7 . 19.4 14. 4 15.0
S 9 15.9 16.2 23.5 — 15.9 16.8
& % 10 Nov., 11L.1 10.6 18.5 — 14.9 - 18.3
°e . 81 1952 11.8 - 15.6 — — -
B 91 - 16.4 — 194 - - —
Ao 10/ 11.2 — 15.6 g — — —

# These determinations were performed during the period Sep.1~15, 1953.

Table 7. Pyrehrins I and II Values: "Comparative results obtained on samples
of pyrethrum flowers and extracts*

Pyrethrins I and II Value, %

. toooe o Mercury-reduc- The authors’
P : V :
Sample No. . :itige a Seil’s :method ., tion method method
in
. Pys. I Pys II Pys.1 Pys. 1l Pys.I' Pys.II
/ 121  June~ 0.30 0 30 ‘ 8 27 0.29 0.30  0.26
g Tuly : : 0.46° +0.44 — -
£ 3 1952’ 0.26 mO,25‘k . .0.83: 0.26 0.26 - 0.27
28 4 0.28  ,0.37 . 035 0.3 0.28  0.28
2E |5 Jue~ (0.58 0.5 0.6 051 053 0.51
Aosd t 6 July, 0.48  0.54 0.64 0.54 0.48  0.52
7 1953 0.46  0.57 0.61  0.54 0.46  0.46
g 8 6.1 8.3 6.7 8.3 6.1 5.6
2 9 7.1 8.8 8.1 8.7 7.1 9.0
<9 10 - Nov., 5.9 9.0 6.8 8.5 5.9 5.0
o8 8/ 1953 — — — — — —
B 9/ - — - — — e
Moo 10+ - — P — — —

* These determinations were performed during the period Sep. 1~15, 1953.
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as above conducted by the authors’, the Seil’s and the mercury-reduction methods
resulted in Table 7. From the results of the _determination by the authors’ method,
the following points are cleax. z
(1) In pyrethrum flowels whether new or oId pyrethrms I and 11 exist nearly
in equal composition ratio.
- (2) During the period of storage, both pyrethrins I and II undergo a marked
o decomposition. The decompositionkﬁpercentage in both cases is the same.
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guidance and encouragement, and to Mr. T. Shinohara and Mr. Y. Takeshita for their
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Prof. T. Mitsui of Kyoto University for his generous assistance in completing the
elementary analysis, and to Mr. Y. Inouye for his kind advice. :

The cost of this research has been partly defrayed by the Départment of Educa-
tion in the form of Grant in Aid for Fundamental Scientific Research, to which the

anthors’ thanks are due.
REFERENCES

(1) T. Oiwa, Y. Inouye, J. Ueda and M. Ohno: Botyu-Kagaku, 17, 106 (1952).

(2) T. Oiwa, Y. Inouye, J. Ueda and M. Ohno: #bid., 18, 60 (1953).

(8) Y. Imouye : Bull. Inst. Chem. Research, Kyoto Univ., 25, 1 (1951). (A review of studies
reported by F. B. LaForge, et al. or S. H. Harper, et al. in J. A. Chem. Soc. and J.
Org. Chew., or J. Chem. Soc., respectively.) ‘

(4) H. A. Seil: Soap, 23, No. 9, 131 (1947).

(5) Official and Tentative Methods of Analysis of the Assoc of Official Agric. Chem.,
Seventh Edition, 1950, 5.110—5,114;

D. Kelsey: J. Assoc. Official Agric. Chem., 85, No. 2, 368 (1952).

(6) K. Wakazono, K. Hiracka and S. Takei: J. Agric. Chem. Soc. Japan, 18, 766 (1942).

(7) A. E. Gillam and T. F. West: J. Chem. Soc., (1942), 671 ; J. Soc. Chem. Ind., 63,
23 (1944).

(8) V. A. Beckley: Pyrethrum Post, 1, No. 3, 5 (1949) ; 2, No. 1, 23 (1950).

(9) A. J. Shukis, Daniel Cristi and Herman Wachs: Soap, 27, No. 11, 124 (1951).

(10) R. Yamada, T. Sato and J. Iwata: Boifyu-Kagaku, 17, 31 (1952).

(11) M. Nakazima, M. Suzuki, Y. Katumura and T. Ohkubo: Botyu-Kagaku, 11, 3 (1949).

(12) K. A. Lord, J, Ward, J. A. Cornelius and Mary W. Jarvis: J. Sci. Food Agric., 3,
419 (1952). , ;

(13) W. F. Barthel, H. L. Haller and F. B. LaForge: Soap, 20, No. 7, 121 (1944) ; W.F.
Barthel and H. L. Haller: Ind. Eng. Chem. (Anal.), 17, 529 (1945). -

(14) -F. B. LaForge and H. L. Haller: J. A. Chem. Soc., 57, 1893 (1935).

(16) T. Oiwa, T. Shinohara, Y. Takeshita and M. Ohno: Bolyu-Kugaku, 18, 143 (1953).

( 414 )



