BroA f

8mith’s papet I substitution reacted more hardly
in liquid phase than vapour phase.
92) . Quantum yield was shown in Fig. G, in the

g

-

. yisible range, it was 1.2—1.0. .

‘While, in the dark, we had blown chlorine(i00cc/
minu) -into 150 g 0 2 NuOH during to 60 minu.
at 25° we obtained 35 g. BHC by steam distillat-
wn It the NaOH operated chlorine 'lnd chlorine
was decomposited to the atomic chlorine as the
formula (1), obtained 13.8 g. atomic chlorine and

that is, 0,19 mal. étomic chlorine produced 0.12
mol. BHC. ‘

If we assumed to this atomic chlorine produced
by radiation, the quantum yield was 1.3, as same
as the photochemical exiaeriment’s quantum yield.
From this assume, we could supposed that the -
mechanism of chemical synthesis of BHC was same
as the photochemical synthesis, WI1i¢11 was assetted
that the reaction was operated by the atomic
chlorine.

3) polarogrames of products were shown in

PARER

Fig.8. Vissible and ultra~violet ranges ware the
representative types of BHC which had few hepta-
chloroeyclohexane, but the supe -ultra~-violet and
dark ranges were the metamorphosed types which
were supposed to perchlorinated  benzene rich
BHC. - o

If we could assumed that the wave hight shown
gammer BHC. we had result in Fig.7. In the visible
range, the gammercontent was the maximum at
the 4000~5000A.

4) When the reaction time and the strength of
rediation varied, the produced BIHC and the ratio
of addition and substitution chlorine were shown
in Fig. 9—I10.

. The production of BHC and the ratio of adiiion
and substitution chlorine wera increased in pro-
portion to the square rootf of absorbed energy (Fig
§-10), and at the same strength of radiation, the
substitution increased with the time. Those issues
coincided with Smith’s vapour phase expenments
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aldehyde (% methylisoeugenol o Beckmann F{l;
efkH b 0T B Ligroin B PR FIUXASHIKE
L€ mp 86° @ veratralacetone %1§5, Z%
Raney-Ni G CHzCOOC:Hj Pl ekt 5% tmp

dene-acetone

56° o ML R %, CHROH BT, Oxime -

“mp 93°, 3 4-dioxy-henzalacetone (i protocatechu-
aldehyde ¥ acetone X bz, %;k;bw)”ﬁ mp
176°, ZEEoME AT “piperonyliden, acetone Ew
piperonyl acetone ORI (k% methylenedioxy
HOBRE RO T h SN D,

(|)~CI-I2 ‘ " O—CH,
'/\l_c‘) cnaco-< N )\CI)

=0
w Alkali
| . [
CHO' CH=CH -~ co-<
Piperonal
@ 0_(_[)}{2
|

CH,,-co;cm 4 \“-0

Y
Alkali

O—CH,
[
- CHz—CHO ’

alkali “

;o
CH=CH=-CO-CH;
Piperonylidene-acetone

AR JL D WL & LTIk methy-
lenedioxy FiaHiAax b O FDPEHI 2 TR A EHifoie
\HR LR Haller @0 &% ¢ sesamin, isosesamin X
pinoresinol dimethy! ether J; ¥ asarinin, l-sésamin
¥ eudesesamin OBG E %@ﬁil{i;};i— 3 Lﬁﬂll,{\(,,?\, ‘o
1L @ A~T3iuf ketone JEkdiod 0| WAL
R TR BRI R E o R Bl b o
Hid 5 ARSI CR R QMM %o+ & Gl
1 ¢ Bz methylencdioxy 3% Hpo /f(fﬁ_fﬁ:n ketone
WL R L o - .
5, l\Iethylenedloxy Jee o i {iign ketone O

o
ARtk & L Ok methylene (Lo K&
a, A=t carbonyl {LAMIDILIE % Feo

mp 192°, Picrate mp 127°

Plperonyhdene—acetophanone ‘

O—CHZ ‘ =
b |

e r " Oxime mp 58
Y

CH:! ~CHy~CO—CH;
_ Piperonyl acetone

( -0
ll - Piperonylaclorein
4 v

| ‘
CH=CH-CHO mp 84~85°.

Dipyiperonylideneacetone CipH 1405 ¢ Ho \

Holiotro;;in 2 mol, aceton'1 mol@fﬁl}ﬁ}:yﬁ&fi{)?’
NaOH o fsHem & — 1 ?F'NLHY‘E'J’ %, benzene
BHTHELT mp 185° o3 EOHKREE .

Picric acid LR [}\03 mp 152° - OFE T &
Oxlme PED H n’J?‘».LJ.C HCl- hydroxyhmm 7w’ 1

IRt el ITJ,Z) oxime %

S PRI ketone fhG st IIZL / ! ”
b a~(a~hydroxyl-amino ~ ‘
3,4-methylenedioxy-benzylj- e '

5% %, CiHOH

a'*‘piperonylidenc-acetoxf‘me ¥

\11

0-——/\—CH =CH—-CO~CH= (,11~“ )

FX o

-CH CH—C - CHy~

>u{u

n l‘gfilﬁ?éfo mp 1772, CigHgO6Na ; F;i‘.?,}m'j_ N 7-40 2
EBIM N 7382, —RH=RilFn carbonyl {bAMID
B-carbon atom = L earbonyl Jizewﬁﬁgg 2fE
s B bA oxime (% il b 0 & B B

-

De

C‘H (NHOII)— N_o
H N,

NOH __0/

Harrws’;ﬁ‘w kf&kiui a3 /r fiifi kctone I alkall. s
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T S S A

Mz oxyammo e, I TR T oxime % (S QY S T N f;r[}]{]lff Lx Bo {0 T, f"L\OX!me:
WaHeL, P> T 2mol o HCl-hylroxyl {3 oxyamino-oxime fCH % EHEEL foo Wil
amine FflijlII1UL oxyamino-oximerLd% & % Beckmann IE{E RO IS o T F, -
M TH S, %lL;‘u('/}i/}\?mst-iL TeAfii s b ok (3 4-methylencdioxy-benzenel~(3,4-methylened:
Ny AT N B oxime 3 i oxyamino K¢ oxycinnamal)-acetone ;A3 ﬁﬂ{%}ﬁﬂ P 1Foh,

O—CH, 0O~CH, - O—CH, 0—-/ N

zl- l i i l } Hﬂ(’\o n J CHO

AN.0 CHyCHO  #3N-0 CH,-CO-CHy 7 7

| T N r—— \ ‘ allcali ’
N/ ' . ) '

B
__.//

|
CHQO CH=CH~CHO CH =CH- CH=CH- CO ~CH, -

AN . ._/ AN
il /0 (“ CH=CH—CH=CH ~ CO~CHz= CH U /‘_Z>LH“

Piperonylacrolein & acetone . &% 3 25 NaOH ¢ methylenedioxy—b(.nzenc] -[3,4-methylenedioxy-cin.
R ET TR B BB TS & mp namal)-acetone #f8%, CoHZOH, CHCly it
| 89° W EHIRH R B o i 8027, phenylhydrazone TS L mp 195° Ch b, R
. mp 148°, semicarbazone mp 199° Th %, & VI - 8~Piperonyliden~d-campher } 7¥ 3-piperonyl-d-
47> 34~methylenedioxy-cinnamal acetone 1% &~ camphor )
hchotropm 198 & % ARk S X Ehhmic (34

| [ O*KW | )
‘/ \l=o ' Na [I\:«ONn 2 \O‘\/LCHO - \ =0 “
% J . RN "CH“
O .
+  Ha /\f"—’-‘o
- _) t_/‘—cm “_43/

Benzylidencamphor 1=fg LT {260z Haller 255} +432.3° (in toluene) Chhe T L% ables
BEL T\ BT oMoy 15 22l Inv, JUB oil @ Bornylacetate %ML L Tfi% I-borneol b
~Rupe ¥2 3 Haller @Hl}ﬂ%’ﬁﬁ,ﬂl, >3 sodio-cam- 18, 'mp 160°, (a)P=~396° (in toluene), 4 dfk ’
* pher 23 aldehyde &[4l Cannizato [Ejisdetl FRTERL LA, mp 70° @ @ 3-piperonyl- chatx1~»
T, W & aleohol 1272 50%Ch %5 & L sodio-campher = pher %187z, Eﬂ_JD,— —134° (in toluenc) o

4k 2057 < benzaldehyde % fifj) & - 402 95 2- Plpelonyhdene—-l—menthon H

AR LSk, % ;’E#iﬁl&l:ﬁ";f b ﬁzﬂ?{ir;%)-rj 0P\ <CH(CIIS) CHi

Witz Hzc< ’ ]} (,o—CHc(,H(CH, 03/
Toluene 50 cc 1< metalic Na 1.3 g ?\L»m.glféﬂ-y’:_ O—\\/

& 4RI 10 g% toluene 100 co o IRIEE Winif & % SLER RN 1—-menthon-Na 2; hehotmpm 7 ether :

MY, ZRUUHINISKL 35mal o hefotropin & icppy s wpHEITI & L2k iz, AR
TINS5 o BRI AR Ly AREE L Tl Mo Hy'e ethanol wi'e hydroxylamine % 1

- LR % /K38 35 LoC toluene, ffl, borneol % Ftefli, mp 174° @ GRG0

e Cannizarg Bz T T 87 aleahol ¥ i C]SIIJ}O;}N o % @m 3 H5 ‘)-Ea—hydmws"l

BRI R I Lk it CoH,OH s xylamino-piperonyl)- p—»methanon—(d) Gl T,t&/’Jl é

B Fﬁtﬂ, mp 160° o plpelonyhden—campher 0)1’{1‘ 1}07‘\.9 .
Rilice Il 70 2, ﬂ:%ﬂiciff:‘r’:rm}k‘l. elf=
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‘Isti!fstﬂ

Lo
o-/ /\_ CH(NH.OH).HC{ CO- CHLCH (CHa): N onr
| n NCH(CH,)-= cn/
Vg
CH;
o_/ \—-C,H =CH-CO-C-CH,

Piperonyliden-pinakolin’ I-I.,C\ ‘ "
. 0_

'3
CH, CH; +9H \
. 3>co o< iadalN CH/|
CHj . . MCHjy4
o
N
CH,
7/ N/
oHc— %0 L O AN
2\0_l \\

Pinakon @ I} ‘*L.EEI LTk Thiele &9 & o Fy8
) LU S B3 L 72 acetone o 10 254 T
T8 A (B, E/rwh i VI i
“ CaCly R USEHAMII=D 752 7 12 &F Mg
10g 4k benzene 100 cc % ALTHD kiz HeCly
10g % acetone 50g WoifilR Lok 22l . %,
W B EENMLE R B0 TREL, KisdEEn
Jo iUy B acetone 25 g > benzene 25cc I &
Wi 2 VRIS Lol U TR 2T e 5%,
Mg-pin kolate 237 3 A 2oy 70 215 o B DT
R AT TR B o I TS — IR eIk L,
R 28 ce Rin i c M L’Pbﬂﬁ*ﬁl’rﬂﬂﬂ% LR 23
W (B0~60°) HICEBHEET B, T AT ‘Mg-pina-
kolate" (% pinakol & Mg(OH): 4Bt %o WG

ficbenzene 55 ce Rz CEHOIALIERL B0

G L A2 benzene M L% &L 2% acetone il T
LIBC PR i AT B BT 70 co oukE
ML CHHIT 5 2 pinakol WFH LT HRS, * T
BRI benzene GR { PRlkiEE4 5, mp 46°
- ok, it 46 g (I Mg ol LR 4822, 2
pinakolin =313 pinakol-pigakolin B4 331

N\CH;

——C Pinacolin  CHj,

Jo NCH,

" CH,—

B /‘*‘CO‘CHS
CH;

CHy

—~CH =CH~CO~ C—CH;

CN\CH;

WAL C pinakolin %2 U%, WiITHS v H)
&% I L T 6 N-EH,S04 75 g, pinakol23g
AN T 5, WINREIE (3 LR (T8
LRI BA R 10 4500 A & TR G SRR L e
SfsB, ZU3 pinakolin G, JKENIFROIEIC AdL
conc. HyS0Q, Gec & pinakol 25 g %7 r 255 L sliss
WAT5 o W% CaCly T IGMRESML bp 104~
1070 o¥E5 R ROE IR T 5, s 70 %,

iz piperonal 1 #f & pinakolin I#{% I 6. 20 5/
NaOH {5 ke ¢ S CIRUKER & 3 & 5 o i
1 LT EEHTHL 22 Fil ether TS +% & mp
97° DiEtaSIIkhETE A, AL piperonylidenpina~
kolin CyuHIys0 ¢ tert-butyl-{3,{-methylenedioxy-
styryl)-ketone ‘T, ‘

Piper onyhdcn—m‘xlomc acid 7}4'(} piperonylmalo-.
nic acid:

Heliotropin 1mol & malohic acid 2 mol. ks
/%Wzr?"c NHy %13 YIS L CIRMK: amine 7R

“THIE S5 & mp 192° (D;’ﬁ!nﬁ] b Lplpelonyhden—

malomc acid #18 % o [AERC plper!dln ?\_f'ﬁﬁ"”'ﬁﬂ =1
¢ ‘ethylmalonate ¥ heliotropin .#% diethylester

R pinakol (3 HaSO4 #icfk o methylanion . % @ AL T3 mp 62° ©hd,

.__CHg _ | O—CH, “o—cH,
AN ' f N0 s SO0E AN (5

B - ! I3

§ J ' CH,*CHO - \\\/“ | \coon

' L ‘ , | /coon .
CHO CH=CH~CHO 1 \ or  CH=CH=~ CII c or ester

: , ’ NCOOH - -

Ahphatlc amines
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7 A <

FABEIES %
(decomposition point) 142° oot » LT piperonyl
malonic acid 245, AREFHMAE U< 3,4-me-

- thylenedioxy cinnamalonic acid UM o ester #
e

Piperonylidenacetoaldchyde Bjj% piperonylacro-
lein (3 piperinic acid GO D O% ML A5 1
mol & malonic acid 2mol % CH;COOH & MR

Piperonyliden~malonic acid % Y mp

{ $—CHO+CH(C00C; 5)

Ethylbenzalmalonate {328 90 24, /{LJL}\ ¢ bp 140
~142°/4 mm ¢ methylbenzalmalonate (3[R bp
170~171°/10 mm DR Tl 5,

Piperonyliden-bis-acetacetic qlcld ester JeUF o
B

Heliotropin I mol 2 acetacetic acid ester % pi-
peridine SR amine OFETFCHIG S5 &
mp 147° fEE R 0 THD = LC plpcronyliden—

bis~acetacetic acid ester ?gﬁ}%’;o CpHOy TR N
Tj"ﬁ I\fcg;)éo
/O—« /(,H(C,OOC‘-H) C(CF )(OH)>CIL
H,C ” ] NCH(COOCH) CO

:»L.ma» ethanol NCIRE-C IEHR HCE 7 A% 0¥ 5
k #= aloohol Xk LAFOMEE RS 1-
1nethy173—(:3,4—n1eflly1eneaioxyphenyl]-(_:yclohexen
~( 6) —on-{ 5 )-dicarboxylic acid—(2,4)~diethyleste1-
W5, mp 101° OFHCH B, ‘

 CH(COOCsH) —— €O

,O—f/’\ ~—CI-I
NCH(COOC,H,)—C (CIIg)/

|
H C\o'_l ”
N/ ,
oxime mp 201° (nllm;:l: DD CoHuON. =T
D’(ﬁﬂf‘)‘y T B,

piperidine
—

A

15 B

L C I L C IR G S @ Do kG ST ‘L'tf
mp 200° Offfh & L, Diethylester %44 %1z
% piperonylacrolein - & malonic acid diethylester
% acetoanhydride X =k \fﬁﬁv@-L&)VC&%Z}e pi

WL T mp 105° OIRERERLE5 . R

2L T org. syntheses 8D O k o KFloboy
%@%Lﬁ:o

Z S—CH=C(COOCHy): + HO

gz 10 22 KOH » 1-methyl-3-(3,4~-methylenedi-
oxy-phenyli]-cyclohexen—( ()~ on-( 5)-dicarboxylic =
acid-(2,4)-diethylester 2T % & [FRMR R,

by RIS EHBL KFRO 1-methyl-3-(3,4-methyle~

nedioxy-phenyll-cyclohexen-(B-on~(3); CuHyO,
#f %o Ligroin 7h THERL mp 84~SD° bp 233
~234°/14 mm ‘7)mﬁ\’§_’1’rﬁo T

iIgC/ J i

HygiroxylamianCl—salt SRR & CuH08N -
o oxime ¥, M SHPHE L mp (decomposition
point) 136° ‘G55, 7 oxime {% alcohol,benzene
T, ether 1R, gasolin 1T /RECH B

el A¥fiigAn ketone & '

Acetone % Ba(OH): ‘¢ Soxlet filj|H2%% FH L
o R el ff\o( A& ¥ diacetomaleohol &1 K
LT mesityloxide = 1, ;% heliotropin LimeE
Lot b o, 3k furfural » dcetone HHESEL
BC furfuridenaceton % acetone %HRE L
Wil OB LA ketone [34THL D a8
Fit ketone "ChHaHHD B i O SR Na- -malonic
ester, Na-acetoacetic ester O7HM: methylene ZRic
B4 B0 I8 2 Michael & 0% maleic an-

. /CH: c(c,ug)\

——IIL,
\CHg-—CO/

AN /CII(COOCng) C(=N. OH)\ hydride adittion }=fk% dien AHH, Grignard B
HZC/O ‘! \CH(COOC',Hr)—-—C (CHB)/CH LOBER S TR L, NERFER Th 52K ED
g Ak GNP L&n_ﬂj L7L~_\4‘
Neetodoo : '
/zmze— Ne g2l H,0 L
—, pC-C=C-ona O >c:_cz<1,_.01—1 R \c «J,H -0
88 /cocu3 I /COCH; | _cocHy | _/COCH,
(654 H CH
\COOEt COORt . NCOOEt NCOOEt
NﬂOCan Cﬂ’L_iIH‘ AHE T Clmscn il *W}LL Bk 5. Ko HEN &;“fb

14




Bk R

O~/ N—CH=CH-CO~ CH;

25 me
e

#o 15 g

Hyc( O—(/ \—CH — CH,—CO-CH
\O——\ /ﬁ —————————————— — 2C< I ” : !
X /COOFt O J /COOEt
Na—CH\ Ay I‘I\
COOE¢ COOEt
O—r? —»CH CH,~CO

\O—-
,EtOOC CH-CO~CH,

— B — \—CH—CH,—CO—¢ >
/ ——CH:CH—CO-—({ >\ —— B r u g <=
Hy0 N — /COOEt 0l ,COOE: A
o« Na- CH( N/ cu. yield 90 2%
COOEt COOETt
ITTa
CH;-CO-CH~ COOEt ‘ ( “—cn CHn-—CO—/\ /\
_/COCH:.
\ccort

6. Piperonylic acid FEotito ester FHE{A

g i1 Chrysanthemum fonocarboxylic acid
% piperonyl alcohol “C ester {LL+-% D Stau~
dinger JZ(¥ Ruzicka {&HEL TEo W) 4wl

T2 AR L 7o RS Synerholm ($kEo N1
d-trans acid chloride % @& 1.2% piperonyl alco-
hol ‘¢ ester 4l L pyrethrum synergist & L€ L
IR S TR0 ‘

RO HBYRFR LT B2 08 KBS AT D IRk o
- O—-CH; (?— 'CIH2
e

cocl : \\l/ : N/
' CH,OH T CHy
CH - CH, 2

cH, LCH; — ~

UNeScr-ca=¢d — 4
CHy “N\CH, I ‘

*”Jﬁci%ﬁﬂ pyrethrins & ik HIFUUARS 2 A T%
D CAYEIA T & B KEL o= o OTiIA#E L b
%, Hll% Synerholm D¢ pyrethrin OI5H ¥
2. 58 f . Staudinger, Ruzi ka R % U.S: pat. ol

{ pyrethrin @ ketoalcohol 3% piperonylalechol

B L fx pyrethrin {CHIGIRS = EX 5 BWa cbh

%o HiBIto b o SR oBR B Rt T

TR DREDOZECELC AR B FTO 0 ‘
(1) ﬁ%)l?éﬂl x Lf(i:fﬁé b methylenedloxyé?x#

CcH
8>c CH-C=CH~CH;
CI,

CH,
1,1,3:4—tet:a't'nethylbutadiene

éH .
CH
5>cl~wcn CH= c<
CIIS . CI’IQ

CHa

Z OBBIRT-E X chrysanthemum mono-or~di=
carboxylic acid AbOFRIC{HN L 72 b DR UE. -
(2) HBEIrheEA
L0 &Ko keto-alcohol FEMIE E XD DT
keto-alcohol FEo> terpene X H OME SR ThH S
(1) =B L TR Standinger, Ruzicka o 5
Bk b dnzo'lcetlc dcid ethylester % B ®L 3.
: trlmethylene ring e {p 6@%:‘.:}(0) Tf‘L,;‘leKA’“«WIJ&‘m

\‘fr&ZDo
CH;—-CH=CH - CII CII CH;;

l,%dimethylbut diene

%12 piperonyl aleohol: -



N
CH, ~ CH=CH—CH =C - CH, ‘

CHj
1,1,4-trimethylbutadiene

éI—Is CH;

2,3~dimethylbutadiene

CH;~C=CH~C=CH,
CH, éHR
1,1,3~trimethylbutadiene

% Diazoacetic acid ester RAUFIUVARE LTIE"

e, §-dimethyl-4 y,0~hexenonic acid

a~isopropyl-0-methyl-4 y, #~hexenoic acid

a-allyl-8-methyl-4 y, 8-hexenoic acid

ZEED b OYGGA ¥ IS HHi%h T b chrysan-
themum monocarboxylic acid Vo kb L BRI 7 B
RS EA T B, 130 isoprene TR myrcene %

¥ 15 %

I'IL.C=CH—(IL‘==CH9
CH;

isoprene

/ CH;
H,C=CH-C.CH,.CH,CH= C

] NCH,
CH,
Myreene
CH—CH CH.
CH;—C/ Se=cd
3 \ / ~N
CH—CH, CH,;
Terpinolene

HC  CH,~CH= c<
J cH,
T
COOH
(HBC) QCI‘I CI‘IQ*’*CI‘I = C (cI‘Is) 2
N4 ’
CH
o
COOH

CH2~—CH —c P

HyC=CH~CH,
. § \C H,

S
CII-I
COOH

HET 5 AREUR terpene (LAMIY I SBFIL

HFEYT5 OLIEHOH TR 2H L %o X terpene
ik :

cI:H,, Hgg CH; C,H3 H CLI-L, |
c\ ‘ C]H HC——C===CH an—tJI:—c CH: HC—CoC =0 \I
/ S . |4
, I—IQTJ CH, /c\ I—I.,C—IC ~CHj| - CH; o CH, + ~CH, / !
: X 3 .
HC  CH o HC CH, HyC— C—CH HEC—JZ——- 2/ H,C— C——CHs /|-—-
N Nes 0 H | \cns H
C < HC  CHy ,
’ o ch
. (';HS
AB-Carene Thujane a~Pinene _Camphene C"tmphor Cineol

R PR ORRBEADER SIS Db b 2B OB LS
1”{’@?2@ keto-alcohol #5420 ester {[:l}b)@ﬁﬁ'jj@l[,
BRI A 2 LT, -

U2 ooy ‘fciytolfﬁﬁuﬁib)ﬁ 5 031‘%}*& Ik
BT 2RENRE 20 TH 525, 2B Ll Stau-
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o BEKR HBLE DT,

dinger, Ruzicka- ﬁx&ZL@fﬁm OH gp_;a; 1 JELL_E%‘?‘
Jii 43 keto-alcohol Fk i
cinerolone E¥H T5DCHIUFC 0)«%1&;4#&
BRI & H @ﬁ?k/“ﬁiﬂﬂ%o



B B %4 16 48

| CHCO\ |

L I
™ | oxydation 100¢” | cmco” /oc/ N I —CO0,
} ‘O ——— 00 IO [ O\ IO ——
\/ ‘ H C\'/ | OC\I/ l heating
o . N ' | -
s AN : AN
Cineol ' ' Cineolic acid ' Cineolic anhydride
- CH » ’
"N =CH~CH, ~CH,—CO—CH, ,
cH” (CnII;O)oCO CHa_
‘ ———— ey /C:CH-CHE-CHZ-CO-CHQ-COONa
or CH2\>C“ , ) CH, +CH;-CO-CHO |
CH;, , . or C\C—
' e or f-Methylheptenone C/
(I,H3 ‘ (T‘I—Is
CO ‘ : C
PHS s CHy 2% NaOH VAR CH;
i——s HO—-C-—H CH«;—-CH::-—CH C\ e ey HO C-H C— CHp~CHs= C\ :
’ CH5 ~H«_O I CH‘] '
CH,—CO . ; : | 1 o
‘ _cf _¢o Y
or- C<C ) » ‘ HQC‘ CO or ;C\C
- keto-aleohol radicals
of pyrethrins -
Cineolic acid D& ' ' (b OB ER IR L T 5T Th D2k
flicineol 2 AN~FICHEMEIL O DIZWRCHIM S 3 KMnOy 72k, FERKROML,
25 eucalyptus oil 89 % F\ oo BRILEIEICEIL
Sample (Eucalyptus oil) KMnO; : HO Reaction time | Cineolic acid yield .
®(g) purity by o-cresol (2) (ce) ®
15  method 80 2 80 1200 7 - 60 40
15, 80 80 1200 8 6.7 445
10, 90 2 | 5d 800 6 56 | 80
10, 00 a5 56 goo | .65 | - 42 49
Cineolic acid anhydride @ ' Citral %:% e~methylheptenone ©AE .
Cineolic acid 83 g PyE/KELEE 340 = 5 Wl Citral % Verley 7 k% g 1L C 10 % NaOH &

P BERE 2RI BRR R O SRR ML cineolic - HIEALC i T w~methy1heptenon‘e» T,
acid anhydride 75 g 5, mp 77°, llfc%:}_lg DD semicarbazon mp 187° ‘G55,

6.2 22, 28 e~ % f-methylheptenone 9s 8 keto-alco- -
. Methylheptenone @ # : hol FeXAEL+ D% La Forge 09, fhiff: o» é'f;;(l)

. Cineolic_acid anhydude Thg & sand ba’ch/_l: el }j{fkf_&;}uifgh :
ﬁ%l)ﬁl‘rb UL B L bp 171~178° DI Plperonyhc acid ester & ]_,'C k,‘?‘g@m%zg)@‘zl&
#i%, Methylheptenone % 46.5 g {8, J&%};mn,m' Bl
B 982, '

wr
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() »MCI 1;
\ -—O cannizzaro [
J° =
KoH
CI—IO
Heliotropin

Heliotropin @ Cannizzaro SO M—lizkEn

Piperonyl alcohol

O—-CH, 0-—CH,
AN_d N4
T - ()

\ ve
C]HEOH - COOH

Piperonic acid

"mip §7° ; Phenylurethan mp 101~103°

l {"G‘g;) %o

Condition of Cannjzzaro Reactions for Piperonal

Piperonal | o reaction Piperonylic o Piperonyl ™
(Heliotropin) 60 22 KOH time acid yield alcohol yield
o (@ 50 @ | gpho) 114 1029 92 908
30 30 20 16.9 1018 143 94.1
100 100 2 50.1 1069 455 80.7
Piperonylic acid J1* piperonyl ester o ester {l; ) ' :
45 piperonylic acid % SOCly ¢ aci B 0—?\—CH,-0-CO—#™
piperonylic acid #% "SOCly ‘% acid chlori- H;;C/ ‘ “ \CH
2
de 2%, WHE O 22, 2% 162g H b pyridin ;/‘ﬁ. \‘O——\) L
ek ' piperony! alcohol 13.0g » Kis X% & mp ‘
97~98° DILEEHIEI & 1LCKFMEED piperonyl. A 8652,
alcohol piperonylic acid ester %78%, R L C R b A2 2 TR L 7
0—¢# \—COOH SOCI 0—7co.cl ' —
HEC<0 1 —— e | | "+ mo. CH;——/ > SN
N/ : 0N/ T
20 g 2g
SO— N -coocH—~ S
me || e
O/ A
23.4 g (vield 87 %) mp 62°
) | sod e : O~cu,
<M\\_——COOH I TS coti+HOCH—~C S0/
A )
We ' 70 ¢g

/O

- | e, -
] <m>\—coocm-<m>\—o / :
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The Nippon Koryo Yakuhin Research Labora-
tory, Kobe, to which the auther belongs, has been
engaging in the study of chemical ‘structure and
insecticidal action of terpene and related compo-
unds for about ‘teén years.. Especially on their in-
secticidal effect .upon mosquitoes we have the
study by K. Ono and Mochida (The Report to,
the Association of Caimphor Technicians, 10, 83

(1943)) etc., the results of which we . showed in
diagram in the vernacular part of this report.
Further later, the insecticidal action of criude cam—'
phor  oil components‘ and its "application . for
insecticides was studied by M. Ono et al (Scien-
tific Insect Control, 13,1 (1949) and many others).

- Among thie components of camphor- oil safrol
and its derivatives wefe found to be quite effect-
ive as a mosquito repellent and they were used as
raw ma‘erial for anti~-mosquito liquids or substitute ’
mosquito coils during: the war. -

Meanwhile we. found later that being mixed
with pyrethrin, the active principle of pyrethrum,
these _anti-mosguito - reagents containing _safrol
(contains some terpineol)as a main, pbrinciple show~
almast no difference in their effe;::‘t;iveness
even when pyrethrin was added ina dentair; lesser
degree and we foind for the first’ time that safrol
acts effectively as synergist for pyrethrin.

The-above mosquito repellent. liquid is made
from ‘the high‘boiling part of brown camphox oil 7

-and contains safrol, terpmeol and terpene among
- which we found only safrol to be effective. These

facts, ‘we thought, show:that independent. of its
own knockdow.y percent and mortality percent, it ‘

‘is its bearing on,the active principle ‘of pyrethrum
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that matters and we performed the following study.

Firstly we took up piperine CyHNOs as a
natural product having methylene-dioxy, radical.
When added to pyrethrin this essence of pepper
shows apparently synergistic action aad it is the
-game with the case of synthetic materials from
piperonal. - A case of the study in Japén of syn—
ergistic action \with pyrethrin is found in Matsu-
bara’s study (Scientific Insect Control- 15, 21—23.
(1950)) on hinokinin, egonol, ego seed oil and
other natural products having methylendioxy ra-
dical but there is no systematic study of safrol
derivatives. Therefore we began to study syste-
‘matically the synergistic effect of such 60 odd
derivatives as described in the vernacular report
made from safrol, isosafrol, dihydrosafrol and pi-
peronal. :

For the sake of more correctness in an insecti~
cidal test we used the degree of insecticidal effe~
ctiveness and the method of its indication establi-
shed by Osawa and Nagasawa on the basis of
Bliss’ statistical theory for the indication of the
relationship betwaen synergistic action and chemical
structure and the strength of “synergistic action.
The author performed the synthesis of various
synergist reagents in The Nippon Koryo Yakuhin
Research Laboratory under the directign of Dr.
Toshiyuki Majima and the late Dr. Kashichi Ono
and Nakayama performed. insecticidal tests in
Takei Laboratory, Institute for Chemical Research,
Kyoto Univ. as reported in ’ghe second report and
as for the application some agricultural insecticides
companies ‘are @erforming field test.

Further we synthesized methylheptenon from
tineol that is a component of crude camphor oil
and this methylheptenon gave f-keto-acid deri-
vatives by Wallingford’s method ‘through the Teac~
tion . with (CuH;0),CO. With this derivative we
condensed CH;-CO:CHO to synthesize a keto-
alcohol radical of the-activé priciple of pyrethrum:
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'This synthesized product and piperonyl alcohg|
was esterized with chrysanthemum-monocarboxylie
acid obtained from natural pyrethrin by hirdrolysis
The re-
lationship of these esters and their derivatives,

and with the synthesized equivalent.

especially allyl homologe, with the above pyrethsin
synergists is also the present subject of our stud‘y.

As for the relatidn between chemical structure
and synergistic action, the existence of methylen-
dioxy radical seems to be sine qua non but there
are materials having two methylgndioky radicals
but neverthless being not so effective like pybe.
ronyl alcohol and ester of piperonylic acid. On

the other hand there are materials which have no

methylendioxy radical but"neverthless have some
. synergistic - effect, that is, the materials having

conjugated a-f-unsaturated-ketone radical like va-
nilliden-acetone, which is an intermediate in the
process of synthesis of zingeron, essence of ginger,
vanilliden-acetophenone, or cinnamyliden—acetoph; ,
enone, etc: Thus in the first report the synthesized
substances are mainly methylendioxy derivatives
having unsaturated ketone and others in side chain,
derivatives of piperony! alcohol ester and pipero-
nylic acid ester but in the following report we
shall present the study of various derivitives of
safrol, isosafrol and dihydrosafrol.

To facilitate the test of pyiethrin reagents, the
synthesis of synergist in liquid form or soluble in
kerosene or gasoline is under way. . We made
public the synthesis of these newly synthesized
materials but our laboratory has been engaging in
the study of safrol derivatives for twenty years as

- a part of the study. of utilization camphor oil com-

ponent. Therefore among the derivatives of
safrol, isosafrol, dihydrosafrol, piperonal, eugenol,
isocugenol, vanillin, isc—Vanillin and veratturm al-
dehyde, the simple ones were looked upon to be
already known synthetically and only the report

of insecticidal test was presented.
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