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It was_a questlon for number of years

‘that what substances in the smoke of - pyr- -
S ethrum ﬂowers(Chrvsan!hemum cmerarzaefo- o
~'lzum) has, the msect1c1dal power.- BT

‘For the substances dlscovered in the smo-

ke of pyrethrum ﬂowers, we can ‘find many o

. “reports” from R. Yamamoto 1, 8. Takei, K. .
Wakasono et al?), ‘and M. NagaSe %, Nagase "
found several substance.» in smoke of the flo-
wer bes:des pyrethrin whtch have 1nsect1c1da1

"~ power. He concluded that the toxrcrty of the =

:smoke owes to the combmed ‘actions$ of all -
: these materials. In the- course \of prevxous o

study, he obtamed also a new compound*

© by dry dxstrllatxon of Py\'ethrum ﬂowers or .,

ltS extrac
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toxxcxty on, mosqulto, 1t beCame an mtere-

sting problem to conﬁrm its structure and :

mamfest the mechamsm of its formatxon.

-After studymg its properties, Nagase and
present writer - ssggezred a chemxcal struc-.

ture ‘wh' ch has a lactone and a cyclopropane

i

' _rmg o, oo \

Is it logical to estab\ish this' imaginary.

. From what subsfance in‘pyte-

thrum flower’ th\s compound was denVed ?
S Is there some element which has an insec-

ttxcldal . power,. i the 'substances resemblmg

\

lactone "Pyrocm

"*Hereafter the wnter wxshe, to name thls '

N
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o As thrs substance had a conslderably hlghv' o

.to” “this structure 2 -From these vxewpomts Ny
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the wnter has made thxs present study

I- Preparatmn of Pyrocm by Dry l
Drstxlla.tlon of Pyrethrum’ Flowers or-
-~“Extract of the Flower. . | SV
Thc wnter has repeated Nagases experx-
ments and obtamed Pyrocm which has borlmg

" pomt of ca. 110°/10 mm, ‘ca. 127°/15 mm, ca. .

130°/16mm, and meltmg pomt of 83. 5°~84 5° :
The condensed pyrethrum extract(Pyrmh- i,

©rin content 409 ) or commercxal pyrethrum B
o extract (Pyrethrm COntent 15 94)or the pow-.

k y- _:a ﬁ\¥ ﬁs 15 g;,g R — \"

der of ,dry pyrethrum ﬂowe'rs was dry- :

i dxstxlled Af];er sapomﬁed ‘with’ alkalx, )the:
dlstnllate was steamed and removed from the

neutral part then acldxﬁed thh sulphunc

acid and subJected again_ to steam dxstxl-“'
, 'latxon. To the dxstxllate was added sodmm, ‘

‘chloride and it was extracted w:th ether.

" . The ether extract ‘was’ washed with’ sodium "

carbonate solutxon several tlmes and was;‘.

“removed from ac:ds F rom the ether solutlon,

",ether was - dxstllled off and the remammg\
" oil was distilled. ‘under reduCed pressure

:.PYI'Oan “thus obtamed as a colourless oxl
' crystalhzed in; a .short txme as hexagonal _
"plates. It was recrystallxzed from petroleum.‘

"ether or hgrom in columner crystals which

melts at 83. 5°~84 5° havmg a rotatory power

)y

.has a molecular formula C.oH,,-,Oz and glves

with potass:um permanganate :

" From.these expenmental ev:dences, fol-.

= - 75.50 (in ether) “This substance; 4

lowing structural formulae may be proposed :

for’ Pyroq'm as ShOWn in. the prevxous artxclel)‘ g

’ CH—CO .
MR CH . C

N

'.was repeated ten - tlmes

" trans-caronic acxd » and aceton on oxxdxzmg o Pyrocm which smells hke cmnamon

Expenmental K

_ 1) Pyrocxn from condensed pyrethrum ex- -

tract. (Pyrethrm conten\t 40 94 5)% .

10g of condensed pyrethrum extract was o

¢ .‘dlstllled in 50 cc ﬂask on a sand. bath under
- -slightly reduced pressure

The drstxllatlon

. ted to a steam-drstnllatron untxl the dlstlllate O

shows no longer. acxdxty Sodxum chloride

| was added ito the ,acxdlc dlstlllate and it
‘was extracted thh ether in an extractor for'
24 hrs.

'I‘he dxstlllates
were collected and’ sapomﬁed by boxlmg
"thh 100 cc of 1094 methanohc potash on
a water bath “The reactlon produc. was;-'
’treated with steam,
- neutral substances were removed after addmg

The ether extract ‘was ‘washed with

mcthanol and volatile . -
50 cc- of 30/ sulphurxc ac1d it was subJec- SR

each 10cc of 10/ sodlum catbonate solutxonv L

:v'four txmes then thh water ‘three times. It.

After removal of ether, the

' remammg 011 was dxstxlled under reduced E

pressure. The mam part dlstllled at 105°

115°/10 mm On leavmg it stand in a re-
-frxgerator over night, ‘the crystal—colour-"
: ,ll'less hexagonal plates—was separated
It was recrystalhzed from petroleum ether _
o or l:grom in crystals whxch amounted to lg, _
) "'havmg -melted at 83. 5°~84 5%, It is called v

Anale1s* Lo s T _;-év '

_ Sample mg CO, mg Hzo mg Ke: % H%
. 2,509 - 6,965 2_115 71 36 961
C“)H]soz T ) 71 42 9 02‘

L 2) Pyrocm from commerc1a1 pyrethrum

extract(Pyrethrm content 15 /)

/
e * The geometnc structure of oxldatlon pro-
duct of some compound does not always show -

- the’ geometnc structure of’ the starting sub-' '

© was drxed on anhydrous sodlum sulphatc E
‘ '"-'and ﬁltered, : ‘

. stance, for example, furfural is. oxidized to . ~ -

" fumarie’ -acid.or malexc acid - according to-

conditions.- '{Milas : 'J. Am.'Chem. Soc. 49,
- 2005 (1927)] Yataro Obata: J - Agr Chem Socr
‘Japan, 16,188 (1940) ‘

- cf L .



. 400cc of 1093

T

'. 50 g of commercxal pyrethrum cxtract was

1 . -distilled from 100 cc flask-by a direct heating. . ‘.

FRLTEE .@k.vmﬁ.fp%mm

"It was repeated six times and the distillates ;

It was saponified with’
methanohc potash by bo:lmg

- were collected.

for 3 hrs... The reactlon product was treated
_ 83 same as in1) and 2g of - Pyrocm —-bp
125 ~130°/15 mm, mp 83. 5°~84 50-
" obtained. —— N
3) Pyrocm from dry pyrethrum flower,
100g of : dry powder of pyrethrum ﬂowers
(Pyrethrm content 0.9 ¢, )was dry—drstxlled

.was

' from a Pyrex ﬂask on a sand ‘bath. ‘This’ B

was repeated twenty times. "The collected
. detxllate was saponified with 1000 cc of . 1095
: methanohc potash by borlmg for .‘!! hrs. and

.-fsubjected to the simildr. processes as stated ;
- inithe former cases, 0.5 g of Pyrocm —bp

; ;':125°~135°/16 mm, mp 83 5°~84 50 — was

t o T
- -

btamed Sl S L
o 11 Preparatlons of trans-1 I-Dlmethylj
. A-z—dusopropyl-hydroxymethyl—cyclo o
propane carboxylic acid (3) and is-, .-
—Dxmethyl-z- (I~isopro pyl-Z-meth yl-
"~hydroxy )—propyl—cyclopropane ca- -
rboxylic acid (3) lactone, K
At first the wntemthought that Pyrocm :
" should have a five-membered lactone ring,
owing to the ordmary ru]e that a ﬁVe-mem-

' lSered lactone rmg is more stable than that'_‘_»

of sxx—membered U f.‘ PR .
‘CH, CH co Lo
L ch
e CH/ CH<

: stance from chrysanthemum—monocarboxyhc SN

acxd by thef followmg scheme. '

3 : . N .‘ R .l
'\CHMB"*"
CHJ\ CH—-COOH i CHJ\ CH—COOCH; CH/ U
\c —C c/ - \CH—C o
CH/ | H—CH= em, CH/ .‘ H \CH,,“‘ .
' I (trans) R ' A S R
. CH . CH— C(OH) (CH< H) CH CH— C(OH) (CH H’) el
3 3 s —p
\ o Cen Q, \ / \CH, CHSOH
3 ot - )
1/ \CH~CH c\ / \CH—COOH D
: 3 CHg S S
: j = IIIj ‘ - IV Sl
: o . . & . CHy
cH cH 0(01) (CH/ ) e CH A G
3 - = 3 " .
\ / \CH3 _Iic.)i \ /I | -v\C‘H/CHS O
/ \CH—COOCH3 - CH,/ \cu-coon CHs
: ):V' ‘ Vi {
. Hy CH,co\
CH, ,CH_ co CH/ - cw, CH-—CHOH—CH/
3\ T \CH, CHs 3\ / \CH, CH-,CO/
)_——’ :
/ \CH COOH ScHy \CH—COOH heating in -
Y : sealed tube ~ =
o VII, 1' ' _ . : VIII (tram) T
o CH3\ /CH —~CH— CH< : * {rans—caronic acld and tran.r—homocaromc :
'\O CH! . . -acid are converted to ms—anhydndes by the
C / \CH— co/ ) - same condmon, the wnter therefore expected
: v ‘. . : T thxs reactron in thrs case. s
il IX (cs) . : : , /

CH3 R
He, therefore, trxed to syhthesxze thrs sub- R



. \\. .

= VI dxd not proceeJ as the wrxter “has exoe L

- .cted the’ yxeld of’ V/was so small and it was

In thls scheme however, the reacflon Vto

) converted itself: to ‘the- original 1V by the ’

Y alcohol'c potash treatment He, therfore, was
oblxgcd to glVe up thrs attemnt To get VII
fthe followmg pI‘OCe.sSeo should ‘e adOpLed

Sy

« CH,\ /CH COOH o 'soci .

e CH"/'J,'\CH e

: by the ordmary method 3.’

""waﬁ%axxaat

e e .-

‘boxyhc acxd can be converted into® Pyrocm"‘ '
“.by heatmg at 400° in'a Vacuum sealed tube
. -{V.‘HBy the same" treatment IV was . converted
into a lactone, of whxch the - siructure, as’. -

descrrbed later, 1s not X but czs—l 1- dxmethyl- :

CHS\ S CQ
| Yo

y 7

| , \CH3
i CH
CH/ LN
\CH,

: ,2-(1 1sopropy1 2-methy1—2’ hydroxy)-pro- ‘ ‘
o pyl cyclonropane carboxylrc acxd (3). lactone
(XD
o ‘method as descrlbed in the next artxcle

It ‘was also obtamed by another -

Experlmental

- 1) tmm_chrysanthemum-monocarboxyhc L
T acid (I) |

This was prepared from’ pyrethrum extract s
Colourless‘ vis- "

" cous oil, bo 145°~14G°/13 mm.

' _") Methyl tram—chrysanthemum monocar-.

OBy o
/ \CH CH c< > R
. . o \' “ o . R :
C H - 001 3\
. H3\ /C C cn /CHZrJ
EN CH,, USSR
/ \CH CH c/ AR
o T CHg BRI
' CH—CO CH/
.,CHs\ \/ i \CH,- o -
- /. \ ' CH EES
'CHJ CH CH c{ 3
\CH3 N
k - JCHy
CH - S LT
c 3\ /CH co- CH\CH’ Y

B,/ \CH COOH " L
BERTEN 4 | S
In order to know the structure of Pyrocm,
“the writer now, tried to obtaln czs—l 1- Dl-

methyl ‘7ldusooropyl hydroxymethyl cyclo-

. /10mm
3

.propane, carboxylic acxd (3)]actone(X/) from

V. For thls purpose, lV was 0
‘. ‘v : N ' C '
CH3\ /CH—- (CH< 3)
. —. No CHz
_ ,1V - C: / ,
Y \CH co o ,

: - treated w1th three volumes of acetic- anhy-
: drxde in a sealed tube at 230° for six hours,
 but no notlceable change has been: occured
the startmg materxal was recovered ‘In thel
: / meantlme, it was found as descrrbed in the

1ater article that chrysanthemum monocar- ‘

- . N . . ™ . ,
. .« -

S ether

boxylate Iy :
"~ This was obtamed from (I) and dlazome- .
thane m ether solutlon It ‘boils at 86° _8"° ‘
trans-1, 1—D1methy1 2- dusopropyl hydr-.f,
. oxymethy1—3—1sobuten-(1) yl cyc‘opropane B
camy T L

5g of the above ester was added drop by
,'.--._drop under strrrmg and coolmg m an ice
. . -salt bath into the Grlgnard's reagen1 wh'ch
" - has been prenared from 1.3g of 1sopropy1_'
. bromide and 25g. of magnesxum in dry |

 After; leavmg the: reactlon mlxture

over mght, it was decompo:ed with' ‘ice N
‘ and dil.
",'_'_ether ;

sulphunc acid: and extracted thhi'
The ether extract was

wrth water, dried . on’ anhydrous °od1um .
. sulnhal.e and then ether was removed The"j

Y ‘ s
» remammg 011 wasrdrstllled under a reduced S

pressure The des:red compound bp 114~' :

washed ‘



Vo

ok B

. 1'1(‘3°/9.mm) was obtained as a colourless
" viscous oil which amounted to 4.5 g. '

Analysrs —_— S ,
Sample mg 'CO,mg- H;0 mg C H %

L3560 10499 . 4.038 80 191260

CeHyO . /" - +80.67 1261

4) trans-1,1- Dxmethyl—z—dusopropyl hydr-
. oxymethyl cyclopropane carboxylxc acrd "

—(8).(AV)

- passed through it for 3 hrs. After. thrs treat-.

'\ ment the solvent was removed under re-’
To

-‘_the remammg syrup' some ice was added

- duced pre,sure at room temperatux’e.

and left over night. .
- was then bo;led for 3 hrs. on a water bath.
~’On addition of 10 cc of 10 94 caustic potash
.solutron, it was' extracted ‘with ether to re<
. move the neutral part. "The-residual dlkali
solution was ac’ drﬁed with drl sulphuric acid
-and exwacted with ether again. 'The ether

The reaction mlxture :

extract ‘was washed with water for three -

times and. dried on anhydr?us sodium sul:
_phate.
vresxdual 011 wis drstxlled under reduced
pressure The desxred acrd was drstllled at
) 155°~160°/o mm. It was a very viscous oil.
j whlch crystalhzed in a refrlgerator. ‘After -
o recrystallxzmg from petroleum e*her it melts
: 'af 9£°~9 ' )

. Analysrs —_ :

Sample mg. . CO) mg | H»O mg C "H9
4610 7 11535 . 4406 68 24‘ 10.62 -
C.;HAO, o ' .-68.42° 10.52"

o) Heat treatment of trans—l 1 dlmethyl— '
2—dusopronylhydroxymethyl-cyclonrooane
‘carboxylic acxd (3) with acetrc anhydride. .
g, of (V) was heated with 3g of acetic

: anhydride in a sealed tube at 230° for 6 hrs

‘

After coolmg, the  content. was dvstxlled ’ .

under/ reduced pressure Acetrc anhydrrde

was rccovered and then the mam drstlllate

boxlrng at 155 ~160°/omm was collected

v/

‘The solvent was removed and the

"1t crystallized, mcltmg at, 94°~95°. It was
v (IV) itself. . ' : : \
6 rzs—J,l Drmethyl-

ﬁ's 15 o o o !
t
'—iSopropyl ’;me
thyl -2 hydroxy) propylcyclopropane car-.
boxylxc acxd (3) lactone (V)
2g of the abova acrd(IV)was plnc;cd in
\
a glass tube and it was evacuated to 7mm
~Hg, then sealed under. thrs pressure. The

\

©  sealed tube was heated up to 400° for 30 mi-
2g of the alcohol (III) was drssolved m .

- 40ccof. chloroform and. ozonized air was -

nutes in an electric furnace and then left
stand to cool. The content was coloured very

B shghtly‘ and some ‘water was observed on.
" the inside wall of the tube

On opening, -
it was noticed that reducéd pressure was’

“kept, showmg that . any'decomposition d'd |

not take place besides dehydration. The'
content was dissolved in cther and the ether.
solutron was ‘'washed wrth 10 24 sodrum cars :
bonate/ solution, then with water. -After

‘removal of the sdvent the remaining oil -
- was boiled with 10cc of 109 methanohc'

potash for 2 hrs. Afier this procedure some”

water was addéd and methanol was femoved

- under reduced presure ‘on a water bath.

The water solutlon extracted with ether and

‘acidified and extracted wrth ether agam The "

ether solutlon was washed with water, drled_

. on anhydrous sodium sulphate, then distil-
.-';,led The desired lactone was obtained as-

colourless oil, borhng at 76°/13 mm, n11§~

‘ [,/14668 du,_o94 yreld 0Tm .-

) Analys:s _— : : .
\' - Sample mg CO, mg H O mg C2%. H%
- 29575, < 8.0789 / 28336 74. 49 “10.72
C.,H 20, ’ 4. "8 10. 47

This is an’ isomer of the lactonc which
will be described in the next article. _
III Preparation of cis-1,1-Dimethyl-- .
2-:1iisopropy1hydroxymethyl-c};clopro-
. pane carboxylic acid (3) lactone, )
In ordec to ascertam whether the lactone
descrlbed in the previous artrcle has a five-

K /
membered lactone ring or a srx—membercd

c:s-l 1- dlmethyl- -dusopropylhydroxymethyl-

o

3]
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cyclopropanecarboxylrc acld(3)lactone (IX)» ‘ '

It was obtamed from
caronic . anhydrxde, upon whxch :sopropyl-

'
was- synthesxzed

'magnesxumxodxde was' reacted

CH,\ /CH co\ (CHs)ZCHM g

VIII

CH,\ /CH c\c\) _
/0 . cHy
u \CH = (CH< '

. \3“

e o

"The prepared lactone was'colourless' rhorn- L
bic plate . whtch, melts at 469~47° (from, L
" petroleum ether) The bmlmg pomt was 145°.

~147°/30 mm.- it is easxly soluble in chlo-

roform  and . difficult soluble in, petroleum Co
cther and llgrpm It has the charactenstrcsv,
" of lactone and a. sweet fragrance and has.
. some mscctxczdal power ‘ T
- It'is obvious from the synthesxs that thls“:“‘ -
lactonc has a ﬁVe—membered lactone rxnglﬁ)

.The lactone’ described. in the prewous'A

artxcle must havea’ sxx-membered rmg, bei ng

. quite’ dlﬂ'erent in propertres from: thls lac~

tone PR /- ) ,..'>:! R

article by heatmg at 400° ln vacuo

CH3\ /(l"H,',‘,CO . //\
C G o P
A LR CH, .
cy” Ncu-cCcud T
Y e Scm,
- . B CI—I3 ;
‘ .. o CHy o
< HC—CO. .
CH ! / . ‘J-\‘ ¢
3 C ‘ ‘| ; / O 0

CH )z f

.""'

AL ) b cee
Experunental R

"The startmg maternal .caronic acld may
be prepared by several methods“s) 'I‘he
\wrxter used the modxﬁed methods of Koetz7)

They were as follows: —— .
1) Ethyl: 1sopropy11denmalonate (I) 0

75 g of acetone, 160 g of ethyl malonate,
120g of aceétic anhydrrde and 10g of zmc
chloride (freshly fused) were placed in - an

‘? autoclave and heated at: 100° for 14 hours

After coolmg the reactron mxxture was po~ !
ured rnto water and oxly layer was separated
Thrs was ‘washed . with' saturated sodlum
carbonate solutron untrl it showed no more
: acxdxty, then it was washed W1th water and
" dried on calclum chlorrde After ﬁltratron, B
the oil Was\ dxstllled ‘At ﬁrst small quantrty
“of, ethyl acetate was obtalned Then it was.
dxstrlled under reduced pressure

a) - ~: 100°/25mm e

b) 1000~ /120°/25mm 558 .
©e) ' 120° ~ 150°/25 mm 65 g
d) 1500 /25mm ' ,_..‘

The greater part of(b)was recowred ethyl
malonate, (c) was the mtxture of ethyl

,-: malonate and et.hyl 1sopropyhdenmalonate
It is" noteworthy that thls lactone .was |
converted into the lactone m ‘the? prevrous

The greater part of (c) was the latter. By

pylrdenmalonate is obtalnable which boxls at
/138°~141°/20 mm But the rednstrllatxon was'

e 'unnecessary in order to prepare next ethyl

1sopropy11dendrmalonate The drstlllates (®
- and (c) was used under that condmon The

yreld of the above condensatron does not ‘

‘ ', change in- the scale ot‘ 640~g of ethyl ma-

" lonate.

2) Ethyl 1sopropy11dendlmalonate (lI)'lnA .
“The solutxon of 8 g of metallic sodium i m

700c of methanol was placed in an autoclave,

and to it the drstxllate (b) (55 2)in above

mentroned ‘was added thh stirring and then

the dlstlllate(c) was added in the same way

N\

RN
/

)

’ ‘ and Perkin 8. The processes were somewhat«/\ .
round about and the yxelds were not good

/ \CH—CO/ ‘ .g ' —

redrstrllatlon of this part, pure ethyl 1sopro- S



waﬂeemn fﬁfﬁfm

; eAfter thrs, the mlxture was heated at 90°

o 100° for 48 hours o . , .
ater was added and the'

After coolmg,
mlxture was ﬁ]tered usmg Buchner funnel onE

'whrch chatcoal is spread Then’ ﬁltrate was
“.extracted - wrth benzene The benzene ex-).
" tralt was washed with waiér and dried on
calcium chlorlde From thxs benzene solution, .
. the solvent was removed and the remalnmg S
- oil was dlstnlled under reduced pressure.’
, After unchanged ethyl xrlalonate and ethyl:

PR

- CHs | ' (CHy: c0),o _CH’\ o NaCH(COOC»Hg).- ,
o CO+CH (cooczH,), \ C= C(cooczm) , :
" C.HJ/ KR co "CHSK' /_" ;_-
CH,> CH(COOC,H5), - ‘ Br, i '-CH,\ /CBr(COOCZH,,)z ,
-+ CHy \CH(C0002H5)= iy - CH/ \CH(COOC,H,,), R
ww~mmﬁmwx¢7 R R
o l o S R - o lll .KOH""or. NaOH - ..
‘ CHJ\C/ H COOH ST T
L~ eHY \CHz COOH 5 Lo
l S *."CHs\ e (coon), "‘, ik
‘_CHJ\ CH.—CO\O R Hy \c (COOH);‘
cH, 4 \CH,—co/ : : .
o V l PCL; or soc1, next Brs e 'heat’ o L
h ~«f_“;cH3> CHBr—COCl o S
) . \ B ; . ' “ . - \
cH- COCI L vcns\ /CH= coon«,._; SO
. l CHsOH R CHy \CH COOH SRR S
e CHJ\ /CHBr COOCH’: v Jreds
C.cHY \CHz—-COOCHg~ L ERTTRIETY (N B
B K s JcH'coCi-T, g
cn’g\ CH COOH L (CHCO)O0 T 'cr_+\1,>C /(I)H co\o“"
/ \CH COOH T CH \CH—Co/
" VII ‘ N trans _ .’ o ‘, l"'-‘_ﬂ',,‘ ‘ VIII .Ac.is" N

o was dxstllled at 190°~195°/1" mm. Yleld 18g
'3) Ethyl bromo1sopropylldend|malonate -

unn e ,
20 c¢' of carbon tetrachlorldc was . added‘

to 50 g of ethyl 1sopropylxdcndlmalonate, ;
and - to this mixture 8 cc, of bromine was : .
added drop by drop with strrrmg and. cool- .
ing with ice and salt After the addxtxon was ..
":completed the mlxture was left over mght .

: \_: If the colour of bromme does not dlscharge,f' g

zsopropyhdenmalonate were recovored at

130°/12 mm, the. thermometer rose (up sudd- v
’enly and the ethyl 1sopropy11dend|malonate

o

“\

S Y

“‘the. _mixture’ was warmed on ‘a: water bath’
“until_the decolourrzatxon is completed After’

-‘_coolmg, the mixture ‘was poured into the
witer . and‘,heavy ‘olly layer 1s'separated K



‘and the benzene extracts ‘were. combmed to

the orly layer. The\ benzene-carbontetrachlo“ :
o ride solutton was washed wrth 10/ sodium:
e carbonate solutton, then with' water After the

solutton was drted on calcrum chlortde, the -

_ s01Vents were removed and the remammg orl

Was dtsttlled The substance borlmg at 145° —'" o

~180°/2mm was. 37g. The remamder was
. consxderably large quanttty ‘of - carbomzed

mass As Koetz reported the halogemzatton (

L seems to be: not- completed and moreover

dehalogemzatxon took place in some portxon
durtng dtsttllatron‘ However, if this distillat= .

B ton was carrxed -out, the" crystalltzatton of
caromc acid. was very easy But-in. order
Lto obtam caromc acrd this - drsttllatton was

unnccessary After removmg the solvents -

:

under reduced pressure, the remammg oxl
- was reacted wrth methanolxc soda or potash
The yteld of caromc acrd seems to be better

b
- lin- thts case e

4) cts-Caromc acld (1V)7)

Foo

37g of ethyl bromorsopropyhdendlmalo-" j

' nate was added drop by drop from the top

: 'of reﬂux condenser to . the warm solutron/

of 40g of, caustxc soda or. potash in 150 co:
. of- methanol and kept borlmg gently After
the completxon of addrtron, borltng was con-
tmued for 10 hours on a water bath Then

water was added and the methanol Was
The re-_;
- mammg mlxture was extracted wrth benzene -

remoVed Lmder reduced pre3sure

nd the. neutral materxals were remOVed
After “this,", the solutxon was aCldlﬁed wn
/ hydrochlonc acid.and- extracted thh e*her
Jin an extractton apoaratus. From the ether
extract the: solvent was removed and the

remamtng syrup was added to’ three volumes :
oE chloroform and was olaced m a refrlger-

atorr Crystal cts~caromc ac;d was Separated .

andzrecrystalhzed from water The meltmg
pomb was. 17 1°~172° Ity meltmg pomt was
not depressed b. ’admlxt' g wrth ett-caromc

"‘a' aet s& r-s *15%

The water Iayer was extracted wrth benzene, '

. mtxture was warmed on

80cc ‘of

acxd from chrysanthemum-monocarboxyltc E
: -»acrd Yteld Gg o '

40 g of ethyl 1sopropyltdendxmalonate was "

borled thh 40 g *of oO/ sulphunc acrd for

R ether and from the ether extract solvent was" e
removed The rematnmg otl was sapomﬁed' -
“with 70 g of 30 / caustxc soda solution

I oily layer is -

on boxltng for four’ hour k
remammg, thrs wrll be removed by ether
extractton "The water solutton was aerdrﬁed{
wrth hydrochlorrc actd ‘and extracted wrth"‘-
ether in an extractron apparatus . :

From the ether extract the Solvent .was

removed and to. the remammg syrup was |
anhydrtde and boiled -

‘. 'added 40cc of/ acetr'_
for 8 hours The greater part of atetrc acxd_

and acetrc anhydrrde was removed under .

5 ordmary preasure The rematnlng part was

drsttlled under reduced pre_ssure Drsttllate
from 160° to 180°/30 mm (the greater part-
164°~166°)was crystalltzed soon after distil-
latton Thrs Was drted on unglaZed porCe-
lam plate, mp 140° Yteld 16 g

6) Methyl-a—brom— B,B dtmethy]glutaratc'_ , ‘
(VI) - : ce

“Tor 133 of the above\anhydrtde 253 of«_"

phosphorous pentachlortde was. added and. _

. the: mxxture was warmed under reﬂux con- -
denSer on a water bath unttl thé phosph-i
orous pentachlorrde dtsSolVed complefe]y' !
(thxs chlormatxon was also carrted otit: w:th

thronyl chlorlde) Then the- mlxture was . o B
Kcooled thh tce-salt and 55cc'of Brbmme '

water bath unttl

'the colour of bromme completely discharged. a
»"After it .céol” down, thé tiktiiré was poured Y
mto 100 cc- of co[)led anhydrous methanol R o
drop by drop and thrs was left stand oVerQ N

ntght The reactton mtXture was poured mto

""ater and the:héavy oil” was Se-'_‘,;- v
L AR .



.

content was distilled.. The dastxllate at 143° -
. /‘>0 mm soon crystalllzed It was recrystal-

s

. .fznarated the. upper laycr'was extracted ith -

‘ t,'ether four times and: the ether extracts were
“¢ombined: to‘the oily ]ayer :The combiried
- ~solution ‘was " washcd ‘with"10:94 -sodium

carbonate-solutxon. then with- water..  The

- ether. solutxon was dried on calcxum chloride. -

J R Little oil was separatéd “when the sodxum
.:j-..carbonate washmg was acrdxﬁed wrth hydro- .
,,chlorrc acld From the.ether SOluthI‘l, the ' ;.
.msolvent was:: removed and the remammg 011

was’ dlstxlled
collected at 180°~185°/40 mm By- redxstxl—
latlon, 1t boxls at 172°/20 mm and welghed
19g '

OR dl-trans-Caromc acid (VII)

E ‘ 20g of. methyl— —brom-ﬁ,ﬁ-d methylglu-
‘ tarate was added drop: by drop to the warm '

¥
i solutron of-20 g of. caustrc soda or potash
Jin; 60 6c. of ;methanol .and the mxxture\ was

‘ /,boxled for 10, hours ona water hath Then

watér was added 'and -the: methanol ~was
:acxd andtreated once’ with active -carbon.

extractxon apparatus

- tract; ‘the SOlVent was removed Remammg
syrup crystalhzed in a: short txme, ‘three
v e volumes of chloroform was added ‘to. it and

"';S‘:,- the - mlxture was placed in an nce' box

The crystal was - collected and wahsed wrth

e chlorform oIt was rccrystalhzed from water,

© yieldi 6 g, mp "10° The test of the meltmg
.“1p01nt‘,;adm1xmg thh authentxc substance, :
| ‘proved.to be trans—caromc acid. o
L 8) Caromc anhydrxde (VI

Frve grams of‘ trans—caromc acrd was

. heated wrth 15 cc of acetxc anhydrnde at
At'ter -

2°0° in a sealed. tube lor six hours
coolmg. the - tube: was unsealed and the

. lrzed from dry ether. Colourless ctystal mp
_ _56?-wa,8“9b‘tamed. Yield 8.5g. It comcxde(l_
“with next _(}a!‘.onic anhydride fromrcir;car\onic

" : LI o I S

N /

The desired -material . «was

P'v'was gently boiled for two: hours
. After. thxs, 1t was extracted wrth ether.in an R

From the ether ex-

'.boxlmg for four hours

E wrth Water three tnmes

s

vmﬁemh.m'--

Y

‘, acxd by the test RURIE SR

.Five .grams of" cu-caromc “acid - was
treatcd with 15 c¢ “of acetyl chloride until
‘the evolution -of: hydrogen ‘chlotide ‘ceased.

“Then the solution was distilled unde: reduced
'pressure Caronic anhydrxde ‘was collected
.at 123°~126°/8 mm.
:'from dry: e*her, mp: 56°, yxeld 3 Gg

- It-was recrystalllzed

-

v Analysrs. _ Lo N
Sample mg- CO, mg " H,Omg C 5 HOo
~3.761 . j © 8,120 ;. 24105, 59.61 -6. 34
CH303 ! P 59.74 576

\9) dl—czs—l 1- Dxmethyl-"-dusopropyl—hydrr
', oxymethyl—cyclopropane carboxyllc acld N

(3)lactone SRR o el

'69¢g of catonic. anhydrxde whxch was - dns--
> :solved in .20 cc. of dry- benzene, ‘was, added ;
-with stirring and cooling.into the: ergnard s
:"Vreagent whrch was. prepared from 20g of
k '.1sooropy1 1odxde, 2.7:g of magneslum andj,

: ‘40 cc of drye :her by. the: ordmary method . .
removed It was acxdlﬁed wrth hydrochlorxc S 4

When :addition .was completed, the mixture:

;_, sulphurlc acid was added until precxpxtate -

dlssolves The mlxture was, extracted thh

8 ,efher and the ether extract ‘was washed wrth s

. ‘Water.. F rom the ether solutxon, the ether > was®,

: removed The remaxmng orl was sanomﬁed '
- with 2ag of 25 / caustrc soda solution’ by

33¢ te of water was

"added and the neutral oxl was removed by *
.. ether, extractxon. The watér solutioni- was
* - acidified thh hydrochlorrc acld and extrac-

ted wnth _ether ~once. The ether extrac*

- was washed wnth wate-' and drled on the

anhydrous sodxum sulphate From the ether .

solutron, the solvent was remdved and the -

: remaxnmg oxI ‘was dxstrllcd under teduced -
'pressure The dxstlllate at’ 140°~100° /30mm B
- "was collécted It was dxssolved in-ethet and

the ether solutron was Washed wrth 595 so-
dlum carbonate solutlon three ‘times and -
The cther solutton

Lo \ L
\ '.-9'

1

--After -
coolmgI it -was poured in to ice, and dil:



&b‘ﬂlﬁ

was drxed on anhydrous sodlum sulohate

LN

After ﬁltratxon, ether was’ removad and re~
The
distillate at 140°~150°/30mm ‘was collected.' .
It crystallxzed slowly. "It was cooled in a_ L

malnmg oil . was _distilled once more

’rcfr:gcrator and: the. crystals were separated quantlty of sulnhurxc act d or 1odme, heatmg

‘It was recrystalhzed from™ petroleumethe._.

rhomb c plate, mn 46°~47° Ayxeld 4 5g'

Analysxs ——

“Samnlemg COzmg H20mg C_'V%‘"H%'_‘ .
.73.62 10.68 .

-8.860

1042
CISH22OI -

- 3. 685
' 74 22 10 48

dnsonronylhydroxy-methylcyclopropane
carboxyhc acid (3)lactone lf,—';, BRI

2g.of crystallme lactone (IXﬁ was- heated
. up'to 400° in a Vacuum (Smm Hg) sealed
. tube in 30 mmutes,.then hea tmg was stopped
After: coohng the tube .'was opened It was
kept- vicuum' and the content ‘was almostl
colourless.

‘nate solution’ three txmes then- w1th ‘water, .
"The ether solutlon was “dried on- anhydrous

,sodxum sulphate then dxstllled As the o |
dxstxllate, ‘the followmg two fractlons wer’e S

.. obtained (1) bp’ 74°~78°/13 mm (83°/25mm)
‘ca. 0.5g (u) bp 140°~150°/30 mm (135°
'145°/25 mm) ca.. 1 2%g. Fractlon (1) has the
same elementary composmon and mdex of

refractlon n 11)2 —-1 4670 as the lactone descrr- w

bedi m thc prevxous artlcle Thus, it 1s obv:ous
that thc ﬁve-membered lactone converted
*into the snx-membered lactone by the’ heat

gt 46°~47°, 1e. the unchanged lactone (IX)

lV Preparatzon of I’yrocln

In the beglnnmg of these synthetxc stud;es,

thc oxxdatlon,’the wrxter consxdered that

L Pyrocm has been denved from chrysanthe- -

LI

10

C 10) The heat treatment of czs-l l—dxmethyl- :

The content was dxslsolVed “4n
ethcr and’ washed thh 10/sod1um carbo- L

g v‘

s it.was. already descrxbed from the fact that ‘

achx]eved ‘at last

: be dlscussed in, the ‘later artlcle. :

e acxd.

“u’ilotk

mu‘m-monocarboxyhc acxd Many trxals have

vacid:, F or examnles. boxlmg it thh sulphur:c, ;

hydrochlonc or hydrobromxc acxd of dlﬁ'er-

: been made in vain to prepare it. from the K

ent concentratxons. sttxllatzon with a: .small ; St

,“*'1t m a sealed tube etc Sl
“The crystal. was coloutless. hexagonal or V.

A method of heatmg 1t .in a. tube sealed

' f‘,under reduced pressure: was contrxved, by

santhemum-monocarboxylxc acxd has been

Uiaa it

CH3\ /CH— COOH

/ \CH~CH c'/
\CH,

heatmg in vacuo

-

R S

S wh'ch the nreparatxon of Pyrocm from chry- y

— Pyrocml o

.Chrysanthemum-monocarboxylxc ac1d has L

already been Synthesrzed by Staudmger and
‘f Ruzxcka 9, as follows e S

S »\,.

CH, CH; .

CH cH, ~.CH, CH, |
\/ - SN\
e
N
CH.
foT
"i*COH*'-_‘ R oI
: 7\ LN A\
. /CH3 CH'; , CHS CH3 CH3 CH3

..'

x «CH/ \CH-CH»—C

Therefore it can’ be saxd that the total

synthesxs of Pyrocm has been completed
The fractxon (u) crystallrzed and melted o

About the lactone rxng of Pyrocm, lt wxll
Expenmental N )

1) tram—Chrysanthemum—monocarboxyllc

Thrs ls nreoared as-in artxcle II

q

2) Pjrroéin‘ e T e et

‘./:1\\

-

- 5g of chrysanthemum-monocarboxyhc acxd -
“was, placed m a-glass tube and thlS was )

Lo



. \’_'»."rfmﬁr‘éﬁslaaeﬁ", l

. evacuated to' the pressure of Smm—Hg, and'. - : V Preparatmn of dl-Pyrocm R o ,;“
the tube was scalcd *Then this was’ heated A In .the:. prevxous artxcle, the .. writer has
up to 400° in an electric’ furnace for .thirty  described: the preparatxon of Pyrocin.. The
mmutes, then ‘the clectric current was off, ' compound was obtained from optical active (-
After cooling in room temperature thc tube chrysnnthcmum-monocarboxyhc ‘acid and
was ‘opened. - The content was kept" in the -~ had also’an OPthal activity (aJ3} = -75 50 i m
evacuated condltlon and wis scarecely co- o ether ‘Tt was obtamed by. heatmg ‘the actxve

; chrysanthemum-monocarboxyho ac1d at 400°‘ P

_ lourcd Thts shows that the decarboxyla 1on :
: has nét” been occurred The content was’ S a ‘vacuum' sealed tube. In the same way
- sapomﬁed thh 50cc of 10 methanolrc Codl- Pyrocm should be obtamed from syn--

potash by borlmg on-a water bath for three o thetrc chrysanthemum-monocarboxyhc acxd o
"hours.. Then itater was’ added, and  from . whxc is. a mixture of dl-trans and dl- ,
“this solutxon, methanol was removed ‘The ~ czs-chrysanthemum-monocarboxyhc aCIdS.
wiater’ solutxon Was wished with- ether - m . CH3\ /CH—COOH RS

“.order. to Temove - some . neutral materlals '< ; SIRRE AU heat

whrch mlght be produced The water so- y CHS/ \CH—CH=C/ 1—-——» Pyrocln ..

/| . lutlon wids then’ acndlfied wnth hydrochlorrc o , - B CHJ \f‘.v ‘ S
" acid and left for.a short time. This acidic - °= = S actnve S . —== active-
‘solution was ‘extracted with ether and the .- , R} R j. ——dl
ether extract was washed with 10 9 sodium dl Pyrqcm thus. obtained was® optrcally in- ‘
carbonate solutxon four times and then w1th v actxve and colourless crystal Wthh melted -
water three times. The ether solution was - ‘at 59°560°, it melted: at 620~64o admxxmg
completely separated from washing. After : wrth ca. equal quantlty of actxve Pyrocm
removal of the solvent from the ether extract, o whxch melts at.83°~84. 50 w4
.the remaining oil was soon crystallxzed The . Thestarting d1- chrysanthemum-monocar- a
' mrxture was placed in an ice box ovormght E boxyllc acids were obtamed by thee method
The crystal was separated and washed thh : By of Staudmger, Ruzxcka et al 2)% e
small quantrty of - petroleum ether. . The Experlmental, .
ﬁltrate and washing- were’ combmed and’ 1) d1 Chrysanthemum—monocarboxy]1c o
from this, the petroleum ether was removed, . acxds 2 P L o
the remammg oil was once dlstxlled over, and . 10 g, of 1 1, 4—tetramethy1butad1ene and
< again this dlstxllate was placed in a refrige- 5g of ethyl dxazoacctatc were’ *héated in an-
- rator. The second crop was obtained. Tt was .~ autoclave at 80°2100°" for 24 hrs. and then
also recrystalhzedfrom ether The combmed 120°~100° for 24 hrs - . .
crystal - Wexghed 2 5g, ‘mp 83°~84.5°. T The.reaction product’ was dlstnlled and the
: The test of its meltmg pomt admlxmg‘wlth fraction of 95 ~110°/11 mm ‘was collected ,f .
authentxc Pyrocxn obtavned from pyrethrum It amounted to ca. "’g It. was sapomﬁed v
'extract did’ hot cause ‘the depressxon of the wrth 10/ alcohohc potash bo:lmg on a i} -i‘” i
meltmg pomt SN ot : water bath for Lhrs. Then water was added it e
b ",‘ L Alcohol ‘was’ dlstxlled off , A
Analysxs. — : - i
Sample mg COz mg HzO mg C/ H/b :The Water solutlon was treated thh ether K
" 3700 . ', .9_72.5 3230 71 68 983 .f't The: 1mproved ‘method’ has been reportgd E }‘ .
.CI'J;'I;IBQI St : _;v 71 43 9.52 - _‘by Campbell -and Harper [J Chem..Soc. 283 :
: - AN T 'l e -/ _— (1940)‘ Chemrcal_ Abstract 39' '4319: »(194_0):.1

-\/' ' v - 1



a7
- pater, several txmes and ether was removed

S oE actxve Dyrocm (mp 83 5°~84 5°

"m order to remove neutral substances. The

’ under reduced pressure

: under reduce,d pressure. ,The fra ction b
P Tt e L A S S e Ll

_i . unted ca Opg It was left for a long txme
) m room temperature
R collected
'-'.v netroleum ether The yxe]d of the substance,

Samnlem

s remammg water solutlon was; acxdlﬁed thh

d11 sulp}murxc acxd and it was extracted w1th
ether. - The ethef extract was washed w;th

from the so,lutxon Remammg oxl was dlstJled

It wexghed ca 0 8g

s ;Analys. : : *
Sample mg COZ mg H20 mg C [
3.890 7 - 10. 205° /3 410 a1’ 55 J 74
c,..H,,,o2 ' 27, 43 : 9.52

2) dl = Pyrocm

,v..

O 5g of dl—chrysanthemum-monocarboxy— .

lxc acxds was heated in:a giass tube seaked
under the pressure of Smm—Hg up to. 4QO°

in 30 mmutes then the heatmg was, ceased

After coolmg, _the content was dlSSOlVed in

:' ether and the ether solutlon.Was washed
L thh 10/ sodlum lcarbonate solutlon seVeral

tlmCS, then wrth waser Ether was dxstxll d_
qff from the solut:op The remammg 0

» for 4 hrs Water was added to the reactxon x
L mlxture Alcohol was removed from it /The - . .\

water solutlon was’ extracted thh ether and :
‘neutral substapces were removed The re-
'mammg water solutxon was . acxdlﬁed thh

N dil. sulphunc acxd and 1t wa:

ether several txmes
washed thh water Ether was remOVed from

o the solutlon and remaxnmg 011 was dlStllled

at 140°~150°/20 mm was collected It

They were recrystalllzed from

: g meltmg at 59°~60° w s ca. 50 mg lt melted

.\, ;

Analysxs I

» ple n COzmg HoOmg C/ H/
R I ) 1470 2310
CiH ;0. > O

The substance ;‘

The\_et et 'extract was :

+ .

; Staudmger and Ruz cka has alreadx preoared

The crystals Werei

-v":and it was conﬁrmed by analys;s

v

" boxyl;c acui ) lactone (Pyrocm #)

there ds., Pyrocvn that s, denved from chry- ‘

',A;santhemum—monocarboxyllc acxd.‘there must .

: ,be formed) n. the same way a lactone~ rom -

_;;’Il‘he._wri'ter.

/1, 1- dlmethyl—z-prppenCI )oyl cyclopropane

posxtnon of tmns-chry;santhemum-dxca rbox.yhc
acldlo) Af . this. ,yleld \;s true, in the. same .

manner as chrysantbemum-mqnoqarboxyllc
acxd th's must rearrapge 0.2 cz:-lactone (11,
by heat ing: Therefore,chrysanthem};mnd car=i

boxylxc acxd yvas h,eated ,m a)vacuum sealed
tube at; 400° Asiit.was e,xuected, the desxred

' ‘;lactone ,has been .obtamed though its ,amo-

unt ,was ‘tqo small

CH COOH

It was an 011 bmlmg at 116°~g.19°/17,mm

".Tthe above lactone, an acxd boxlmg at 130°

»«135°/12mm was also formed o
L .4’_undoubtedly 1, 1 dlmethy1—2-propeny1 cye- RN

'I?hxs was

. -'v,loprooane carboxyllc ac1d(3) II, whxch has -

fhyuroxypropyl—cyclopropane—car- S -

Besndes s

EATE

S e I
[ A [

’

If, .in »the smoke of r;pyrethrum ﬂower, S



.

" ‘

“ ..

S : ) .

wmﬁ

‘The above lactone. howe\rer, ‘has not Bccn o

separated frof thé'smoke of pyrethrim flow-
Ceds, Tt 'duc3 perhaps ‘to Feasons that (a)xt 1sv

PO

‘of - Pyrocm and (c) 1t yrelds in very Small
‘quantxty etc ) :

“ The structur’e of Pyrocm Bmay Be shown o
'by Tormaly III Whi’ch will “be dlscussed m ,
the next artrcle ey :

: ‘Expenmental ~

1) Cﬁrysanthemum-dxcarboxyhc acxd (I)
Thxs is obfamed o ‘concentrated - pyre- R
'_‘. thrum extract by 'the ‘6tdinary. method 11’ R

Co‘lour]ess crysta'l mp 164‘5 R T
2y Py‘r‘ocmg R ARE R A T
-10'% of the ahove acxd Was placed in a
glass “thbe whtch Was then evacuated to s
ﬁressure of Bmm—Hg and ‘Sealed: Thrs was

“gléetric ﬁirnace had k’ept at this temperature

" for.15 mmute,, then left té- hdtaral coohng

Afte’r reachmg to - foom temperature the

" tube was opened and posmve pressure was

notlced L ﬂl :

and. carbomzed and a small E]_uxntlty of

. removc heutral substan‘ces

water was obserVed on the msrde wall of

that decarboxylatlon and dehydratlon ‘has’

o '..\

beeh taken place ‘ g
The .content Was taken” out and Ghide it
Was dxsttlled oveér. The ‘dlstrllate ‘was Ta.
Ci2g Thls was sapomﬁed with 10¢c of 109’
methanalic pdtash hy borimg fot 3 hvs.. Then
water s added to.it: From the ixture’ »;
methanol Wa‘s removecf comoletely and’ the
 solution was wéshed with ether i i ‘order. o
Then the Yoluz -
‘tionn' was acmdlﬁed ’wrth hydrochIOrrc acrd
and left for a short titne. The'mlxtdre Was.

- extracted with ether and tHe ‘Bthér extract

N

. t:mes

was Washed thh iO/ sodiitm t:arbonate'
solutxon five lnmes, then with water tBrcc
Thc t:t!rer ‘solution was dried on

“y

* on the anhydrous sodium - sulphate.
heated)up 't6 400° abdut 30 minttes: i an

ﬂi‘ll‘ N

anhydrous sodlum sulphate, After remoVal-v

" vof the solvent, the orl was dlstlllcd After”

twice dlstxllatxons tHé lactone iwas. collécted

' ‘asa fractnon boxlmg at 117°~119°/17 mm, It
. was a colourless oil which has a. fragrance;
resembhng to “that of Pyrocin.

Analysxs'

Sample mg. CO,; mg - HZO 'n"xg C/ H2
"4.880 . » 112,9 3.650 7054 9.33
CQHqu ‘ 7013 9.15

/'3) 1, 1-D1methy1—..-propeny1 cyclopropane-

carboxyhc ac1d (3) D -
109’ sodxumcarbonate washmgs'm ex—

' »'_penmentz) were comblned It was washed
. .'_"thh ‘ether, then acxdrﬁed thh hydrochlorxc
. acid"and extracted thh ether
" extract was washed thh water _and’ dried:

_The ether

the ether solution the SOIVent was removed
the ‘remaining oil Was dlstllled * 1,1-Di- .

‘ methy]p—“’-propenylcyclopronane ‘carboxylic -
*acid (3) was " ‘6btained” é% a. faint yello‘msh
‘ ‘oil boxlmg at 130°~135°/12 mm, yxeld 0. ag

: - VII Structure. of Pyrocm
" The cqntent was consxderably coIoured '

'As. described in the preceedmg artlcles, .
it is ‘obvious that Pyrocm has one of the

. 'two followmg formulae,‘
the tube From‘ these facts it was known o

P
a

CH3\ /CH co -

-~ '/0
/ \CH-CH CH<

L '_ _ CH,
r RIS
\ /CH co\ :

. I o /‘/'CHj
e \CH CH,—X ~Nel
S NCH,

g o

To decxde the structure dlrectly, the wnter )

trled to synthesxze I in the followmg scheme o

iy cHs\ /CH—-CO\ i

-

CH-,OH

__.,

/ \CH co/
I

From -
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;“~. . L . CH\‘
/ \' —"*-*
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o .by heat treatment.

.“ Y Sy

SRR w Y e 5 s's Lo T

R

.,‘\,shows that the compound Wthh has a cy-:.‘ ‘
o clopropane rmg in the o posmon to carboxyl ol
’ .ahda double bond Whlch may, be resulted by R

dehydratlon) conjugated o the cyclopropane o
L rmg, rearranges to a srx-membered lactone

herefore Pyrqcm also o

C may haVe a. sxx—membered lactone structure .
'-5 'Moreover, by oxxdatlon of ‘Pyrocin 8, thh o
,".:'hydrogene perox1de a ketonxc. acid czs—l 1-‘
SRS d1methy1—2-—0'-ketopropylqcyclopropane-car-
‘boxylxc acld 12) has been obtamed "On thc DI
e contrary, no compound beSIdes recovered .
N Pyrocm has been’ obtamed from Pyrocm by -
:oxxdxzmg thh the’ same reagent Thxs shows

: that Pyrocm has tertlary alcohol group and'
. Pyrocin ﬁhas secondary one, that is to- say, o

. L . \CH3 . |
' . . ‘ IX (I) S

' The proccsses up to VII were successful but.
hydrogcnatxon vII to VIII dld not proceed‘,

smoothly The writer could not obtain. VIII,'_ o

vor IX i a pure state.

obhged to-confirm ‘the structure of Pyrocln"

by an mdlrect method

I‘xrst, as descrxbed in artrcle II lactone\>'
whxch is obtained from trans-1, 1 dlmethyl—‘_ T
2-)dusopropyl hydroxymethyl—cyclopropane-g.il .
carboxyhc ac1d(5) by thermal rearrangement N
" is not the same as czs-l 1-d1methyl-2 dusopro-;; :
. pylhydroxymethyl- cyclopropane—carboxyllc :
acxd(S)lactone whxch has a’ ﬁVe-membered 1'
" lactone rmg, the forier consequently should L

have a suc—membered lactone rmg Thxs

§te

-

Therefore he was

‘actxon of methyl magnesxumxodlde

e ijrocxn should have the structure II

“Inc addmon, on’ treatmg sodnum salt of -

» Pyrocxn thh Nesslers reagent, coloured

precxpltate was: not obtamd It shows that‘A

.. the alcohol group of Pyrocm is tertlary one.
A d101 (X) was’ denved from Pyrocin by. the ‘

b 5
]

, CH;'
CHg\ / H~—C(OH)\ it
3

SoHy
/ \CH—CHZ—C(OH)\ ’

! S [N

The diol gave no coloured precxpltate as S

in the case . of sodxum salt of Pyrocxn on‘
treatment wrth Nessler s reagent,’ Then the .
dxol was shaken ‘with’ chromxc anhydrrde xn‘~_

glacxal acetxc ac1d~ or carbontetrachlonde,
/., but. it, Was not oxndnzed These facts show
y that each of the two alcohol group is tertlary S

on Thus 1t has been conﬁrmed that

Pyrocxn has a srx-membered lactone rmg,

, that is'to say, its structure is 1 1- dlmethyl 2

'(at—hydroxy-af-methyl)-prppylcyclopmpane_g R
-carboxylic. acid(3). lactone an.. By analogy,' g

.it is almost doubtless, Pyrocm 8 has also a -

s1x-membered lactonermg and 1ts structure .
:,'.xs shown as’ XI

It is understood to be‘_ :




L

AV

-

" with . ice.

A
convertnble into- a ketomc acnd (XII) by

oxtdatlon o

«CH,\ /CH co\

_\; '—;—-D

/ \CH—CHO_\CH— CH,
X1

CH3\ /CH—— COOH

/ \CH—CHg—CO CH,
S ‘xn

Expenmental " ;

S~ 1) Caromc anhydrlde r) -

Thls was prepared by the method descrx- y

bed m the prevrous artlcle B

B 2) dl-methyl hydrogencaronate (IV)

. To 104g- ‘of . caromc anhydr:de ¢! mol)

2 4g. of methanol (Lmol)was added and the D

mlxture was. warmed on a water bath for
2hrs. The reaction . mlxture was chllled
Methylhydrogen caronate was

crystallxzed It was separated and was recry—

- stallized from petroleum ether, mp 76

>

yxeld 7g R

Analysxs e
Samplemg CO,mg H;Omg C/ H?’

1760 - - ° .. 3.612 .- 1.150, 5597 7.3l .
iC‘.leO‘ oo v e

yl cyclopropane-carboxylate (VD
30cc of petroleum ether was added to 40g

‘of the above halfester ‘and to the mrxture

40g of thxonyl chlorxde was added under

" cooling’ by ice. "This was left for 30° minutes:
and then warmed‘ on a water bath- for 30
When the evolution of hydrogen-

minutes,

' chloride ceased the solvent and excess’ of

thronyl chlonde was removed under, reduced
prcssurc The remalmng “oil wenghed 47

As ‘described in another paper, it was mamly
composed of v and \'& transformed a part:.

into. its’ tram—xsomer by a’ distillation. The*

‘. oil, gherefore, was used _wrthout‘ldxstxllatxon ‘ ,

o

. - :
» P

L ‘ £

’ T

i ether

55,80 . 7.03

ether

%31552

for the further reactlon.

coolmg with- salt was " added the Blaise’s
reagent Whlch had been prepared from 70g

. of - 1sopropy1 1odrde, 21g of .zinc and 35cc
After leavmg for 3

of petro’eum ether *

_ hrs. the reactxon mxxture was decomposed

with ice and then neutrallzed wnth ‘dil.”

‘ sulphurxc acid. - ThIS was extracted ‘with

‘with 10 / sodrum carbonate solution which

- contaxns a small amount of sodium sulphxte

then washed with sodlum carbonate solutlon
-twice and then -with water. After the Ether

solution_was dned onJ anhydrous * sodxum .

sulphate, the ether was removed and’ the

remammg oil ‘was dlst:’lled The ketomc“ ‘
acnd ester ‘was collected as an oil; boxhng at -

115°~120°/10 mm, It weighed 21 g. But this

~ was not pure enough due to contam-natmg_
- a 'small quantxty of sulphur- compound; The A

pure ester was prepared by esterlﬁcatlon of

the free acid thh dlazomethane It borled :

at 110°/8mm ]
Analysrs T L
Sample mg COa mg HZO mg C/ Ho,
85927 . 8769 2896 6656 91",_
c,lmso3 SR . 66.66" 9.09

3) dl-methyl—czs—ll dlmethyl- -1sobuty SR 4) c:s—ll D1methy1—2—1sopropyl-oxomethyl-

cyclonropane carboxyhc acrd(3)(VII)

-9 g of the above ketomc ester was s’anom-

ﬁed with' "0 ce ‘of 2095
" boiling oﬁ a,wnter bath for 3 hrs. .» water was

methanohc soda by

added . to the reaction mixture and methanol
was -distilled off completely. The water

" solution was concentrated to 30 ce it was
once filtered and acidified with conc.. hy- -

drochlonc ac1d

crystalhzed ina short tl.me The,crystal was -
separated and recrystalllzed from petroleum R
It wexghed 5g, mn 88° ' ‘A L G

o Thls is thq general method of Blalse to obtam
ketonesl3) S B

..‘,/ . N - * _-4-_ ,
‘ R e 1D

An oil, separated whlch”'

To 47 g of thls
‘ crude estef acxd chloride, under stirring’ and

The ether extract was washed twice. - g

Y



Analysrs. R TR
Sample mg C02 mg HZO mg C/ IJ{'%:"' :
3.530 - 8410 ' 2815 16498 8'92 _‘
OwHwO, S 65 16 875 . )

j-' 5) czs—l 1- Dlmethy1—2-rsopropylhydroxy- o

methylcyclonropane carboxyhc acxd 3)- L

lactone*'3' B A N T

The wrxter trred in vam to reduce ca;bonyl R

to hydroxymethyl in VI and VII by several 5
Le.n g catalytrc reductlons ‘of the_
.'-_oxl Wthh amounted to'ca. 03g Thrs sub-

methods

free' acxd in - ace’nc actd and. the dalt’in al-_j
, cohol or.in- water, usmg nlatmous oxide’ or-,‘,..fg
‘,"vrese'mbhng to that of czs 11 dlmethy1-2 :
-dusopropyl hydroxymethyl cyclopropane- -
carboxyhc acxd (3) lactone

palladlous oxtde and reductron of the ester' B

by alumxmum 1sonronylate, etc.

“‘Only by using sodium amalgam, the res.
~ duction- ‘was carrizd through. ‘But the: yreldé R stand for a-long- ttme no crystalhzatlon was
of lactone was veryl small: and the: greateryl;.“_'
) " part of reductron products seemed ‘to.be a“; U

.ketomc acrd whlch has no. more cyclopro~,. -

pane ring.

3g of - the above ketomc ac1d (VH) were:'k K
neutrahzed wrth sodnum carbonate solutron,":; :
. and\the wate. salutxon was made 'to'100 cc,,:' oy

'.40 ce "of 50 methanol was . added to 1t

"and it was strrred with 36g of 5 % sodrum ‘
The qulcksrlver _

‘ amalgam at 10° for 4 hrs
was, ﬁltered off From the ﬁltrate methanol
'.\_was removed completely on ‘a water bath

and’ the solutlon was actdlﬁed thh hydro- j
0 boxyhc acrd(3)lactone, although th\s lactone

chlorrc acxd It was extracted wrth ether,
_.the cther solutlon was washed wrth each
5cc of 7.5

four’ txmcs and then thh water three trmes

"vThc. cther solution of lactone part was B

prcscrvcd The sodium carbonate washmg
was actdtﬁed Wlth hydrochlorxc acld and a:

o5’ sodxum carbonate solutron

. jjr o hane

- main fraction drstllled at 130°~145° (tempe- ‘

‘small amount of crystal of the: ketomc acid

iwas put m Unchanged ketomc acxd crystal-
:hzed soon It was separated whrch amount-

fmg to 4g, when 1t was wet The recovered

“~

.,pfketomc acrd was neutrahzed and reduccd
":’wrth 22 g of 4
o ether solutlon of lactone part was obtamed
The. recovered ketonlc acrd (ca 3g wet) was

sodlum amalgam, and the

, ',to room temperature A drop of ferrlc chlorr-

T

. agaxn reduCed ‘with: 2og of 4

“aball)

" was not completely pure

% ]5 ﬂ - i‘_,

sodlum

"'amalgam, and the ether solutxon of lactone
-\part was also obtamed Tlus was combmed
‘warth prevmus two ether solutlons, and wa-
shed thh each 5cc of - 30/ sodlum carbo-
} ,nate solutlon ﬁve txmes an.d then with water
" thrée tlmes From thts, ether was evaporated -

and’ the remalnmg “oil" was dxstllled The

rature “of oil bath)/7 mm It was colourless :

‘stance has characterlstrc sweet fragrance

observed’ and seedmg wrth crystal of’ dl—
Pyrocm did” not mduce any crystalllzatlon

But 1t was too little. quantxty to be
: punﬁed further by dxstnllatlon ST N
Analysxs RN S S
Samnle mg co2 mg- HOmg‘ c s H%
4 010 - 10,1257 3.530" - . 68. 86 9. 8a
74200 10650+ ©3.810 +:69.20.10.15-
CwH so ' o B S WL 9.52

o '{It was soluble in caustle alkah solutlon and
msoluble in’ alkah earbonate solutxon, it xs ,' :

therefore almost. same as cis- 1 1- dlmethyl—

-1soprooylhydroxymethyl-cyelopropane ‘car-

G) Oxtdatxon ofr Pyrocm ﬁ wrth hydrogen V R

,‘; neroxxde : : o
.-250 mg of Pyrocm [3 was sapomﬁed w1th

equxvalent molecule of caustrc soda 'm 1 cc .
-v‘_’of water by warmmg ona water”bath After
= the oxl layer has’ dlsaoneared it was cooled

.de solutxon was added to the solutxon, thcn

" 8.5cc of3 hydrogen peroxxde was added

}I by stlrrmg The mtxture was left stand over.
nxght Thls was ac1drﬁed thh hydrochloric .
Bt :acxd and extracted wrth ether

The ether

" extract was. washed wrth each 2cc of 10

“Even belngleft L

M T



sodium carbonate solution four times. From

‘the; ether solution, "after :evaporating . the

solvent, 150 mg of Pyrocin- g -was recovered,
_*"'The' ‘sodiuni' ‘ carbonate /washings  wére
combined, and after washed ‘with. ether, it
was acidified with- hydrochlorlc acid- and
extracted with ether. The ether extract was'

_-washed Wlth water three t:mes J‘he ether -

2

=

w16

The reaction mixture was left stand at.room ~

* .temperature over night, thep decomposed

" . was. sanomﬁed with 4 cc of 1025

solutlon was separated from water thh '

cautxon; the ether was then evanorated 50

. mg of oil was remamed The 011 was -dissol- -

.‘ved in 2cc’ of methanol_ and to' it 50 mg of -
' - ‘sémicarbazide hydrochloride and 50 mg of | g

sodxum acetate was added The mrxture was

boxled for one hour on a water bath After

thls 1 cc of water was added The solutlon
-was then left in.an jce-box. It crystalllzed

in: a few days The crystal’ was separated

" and washed ‘with water, yield 5mg. It was '

recrystalhzed from 809 methanol 3mg of

: comoound —mp 175° (with. decomposmon)

" —'was obtamed This h consxdered to be '
semxcarbazone of cis-1, - dxmethyl-‘?—( -0~

' ketonropyl)-cyclopropane carboxylxc ac:d(3)

(XH) i
Ana1y51s':~.;t_" g . B
‘ 'Samptemg"‘ N,'ec”, "r “Pmm’ N9
1.068 0 159 9 769 s 117. 92
CxcHnost ‘ IR '\‘18 50

peroxlde Ly S Lot )

Wlth 0.5g of Pyrocm, expenment waS/
carrred on as same as above mentloned No
- oxidation product was obtained. - Pyrocmv
. was recovered almost completely

8) 1.1- dlmethyl 2(2' hydroxy) 1sopropy1—‘ .
3-(2"-methyl- 2”—hydroxy)~propylcyclonro- B

. pane(X) | T A -

‘500 mg of Pyrocm was dxsso]ved m 2cc,
L of dry ether to’ thlS was added the Gngnard's‘» L '.

reagent whxch has been prepared from 2 58
of mcthyl 1odxde. 05g of magneslum and‘
b¢e of dry ether under strrrmg and ‘cooling.

Ry
/ '

'. .' . /

e pressure

with' ice and dil: sulnhuric"acid' The de-

. comnosed mixture was extracted w1th cther.
Thc ether extract was washed w.th water. -

The cther was rcmovcd from “the ‘ether B

‘solutxon Viscous oil was remamcd “This oil o

methanolrc

ffpotash by boxlmg .on a water bath for 3 hrs..
-Water was added and methanol was' removed .
comoletely on’ a’ water bath under reduced

“The rmxtu‘te was then extracted’

“with ethe{r and the ether extract Was washed

thh water three txmes "The ether layer was

separated comnletciy from water. " After

E ,v."'comnlete rémoval of ‘the SOIVent from the' i
ether so]utlon “under reduced pressure, ‘the

remammg oil was drxed in vacuum desxccator
on nhosnhorous pentoxrde for 4 days‘

5

Analysns ——‘_ ‘ IR o
Sample mg COZ mg HZO mg C / H 9/_;
: 3764 9 969 4. 170 72 23 '12.30

ClemOz ©.72.00 12.00

, 9) Reactxon of the above dxol and chromrc’ '

anhydmde R x . !

0 lg of the above dlol was dlssolved in 2cc

. of acetic acrd or. carbon tetrachlonde and

to it was added’O 05g of chromxc anhydrlde

i "The mnkture was shaken throughly and was-

7) Oxtdatlon of Pyroqm thh hydrogen i

<

left stand at rooin. temperature Any change'
3'd1d not observed ‘

10) Reactxon o§ the diol and Nesslers re-
)
agent o )

1 cc of Ncsslcr s reagent was added to
0.1g of the dtol and the mixture was. heatcd

. for 10 minutes. Any coloured precnprtate was

'.not obtamed e e e

f’.\ 11) Reactxon of sodrum salt of Pyrocm and

e Nessler s reagent e Ly

Icc of Nessler’s reagent was added to 0 .1 g ‘
of: sodtum salt of Pyrocm in' 0.5 cc ‘of water
and the mlxture was heated for- 10 minutes.
“ Any ¢alotired preclpxtate was not obtamed
AN .
7

N . X "y
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’

oxymethyl-—cyclopropane carboxyhc :
... acid:(3). lactone, ' .

edmg artlcles, two: Pyrocms and 1 l-dxmethyl
-2- dl1sopropylhydroxymcthyl-cyclonropane«
carboxyhc acxd(3ﬂactone were tested for therr

insecticidal powers on fly (musca domestwa)
- by a. fum‘gatxon method

Control mater:als Were DDT benzoph. '
“enone and Pyrethrm Pyre,thrm Whlch could

not be obtavned as pure state, was~tested m : 'j of lactones and Pyrethrm the effect appear:

1 0/ netroleum ether solution. ‘The eﬂ'ect of

thc solvent—petroleum ether——was shown

neglrg:bly small by another test

The apparatus of. the fly- krller and the

method for test was as follows.

1) Apparatus o - R

It 1s consxst of a glass’ vessel (A)(content
8. 411tre), a rubber plate (B) whxch has a hole
in the center and a table (C) whxch has also
a-hole. thh the same dlameter as above and

VI H‘S"(‘thIdal Power of Pyrocin '
and 1,1-Dimethyl-2-diisopropylhydr- .

)

a metallic dlsh Wthh s frtted to the holes

as showu in the dxagram.

") Fly (Musca domesma) ERIR RN ,
It is breeded one. Breedmg temperature R

-

‘was 30°° and humrdlty 70 % _
.3) "The method of test: o o T

A

At fxrst,lthe flies: from ten to thlrty m ,; Sy

number, Were drrven in, the glass vessel and
the dish, on whrch was placed the Welghed
material for. test, was: set mto ‘the holes
The dxsh was heated - thh a alcohol lamp

N R

r

e
y

B R

A
[N

and let. the sample evaporate: After the eva:

: poratlon was comp‘eted (wrthln one m'nute) ;

‘;l~-'

Among the lactones descrlbed in, the prece- :

L

6
el

-

2

the glass vessel ‘was slxded aside with : the.
" rubber plate and the holes" “were closed. The _
number\ of flxes Wthh fell . and lald down )

on the back we.e calculated The measure-
me,nt of time was taken at the begmmng of
the heating.. "~ o TL

“/The: results ofl test are. shown in graphs
III IIIandIV ST '- -

"~ From' the begxnmng of the’ fumlgatxon, K
the state ‘of flies were observed. In. the cases

ced at_first as af_paralys,ls, _of ‘{nndvlegs and -

Al

. ",:-;} Fxg- LT
Test temperature 938" Humxdlty. ‘6.) -
lees days after mcubatron :
Fallmg ’ . oot

L% .

" 100 ‘ .

60} - :' f .\ { -

140 // :

- '.,O ,// H W
; ) 5-‘ _\10 15. ,20‘, 25‘\30 o M.Jnures

1 DDT. 5mg. I 1/ Pyrethrm extract 10 mg.

III Benzophenone 5mg. : IV Pyrocm 10 mg
e Flg. 11 .
Test temperature 23° Humtdlty 6.) /
Fhes 7days after mcubatxon :

-.\ l'allmg A

LA
100 o

o

0 20 30 40 50 00 70 Mmulc: . e

;- I Benzophenone Hmg. . II Pyrocm omg

’ III 1, l—Dxmethyl-'-"-dnsopropylhydroxy-
b methylcyclopmpane—carboxyhc acid -’

‘lactone  (D.M.C.AL:)). 5mg. - -
‘vv"_mf,, . ;,,.'" : : .'



’.

1 [ 4
B, m ﬁ 15 a,t,. , S
_ . Flg‘;g IIIH‘ i . the paralysxs reached to the rest legs, then
h 9
Fli:: 't%m‘?:;:t:;:c; :ncubatllo‘:‘ A 0') ‘ to: the whole body In the cases of DDT
Frlng. - and benzophenone, the agony of whole body
e ; soon came about , K '
: From the. above tests, xt 1s obvxous that
‘ ' Pyrocm has a con31derab1y strong xnsectlcx-'
dal power on flies.” As it has. been shown ‘
that the tests of flxes are parallel wrth those :
iR ; : - of. mosqultoes 13) Pyrocm must have also a'
5 10 15 20 "15 30 '%5 40 45" 00 Minutes i L
\ : powerful tox1c1ty on mosqultoes Actually,,
1 Benzophenone 4mg II DD.T: dmg. B >
. III 12 Pyrethrin extract 02ndg. . . the previous sxmple test on mosqulto has
. IV 12 Pyrethrin extract 003mg N oy shown this fact o, .
. VDMCAL. 20mg. -, R Consequently, Pyrocin must have been
.VIDMCAL 10mg.. . ) S
o . v T L taken a prominent part of the . msectlcxdal A
‘ - Figs IV T ‘power of the smoke of mosqmto conls L
’ ;est .tel.f(;llzier?:uf:t: 2?0 bl::lizlidity: 65% s CONCLUSION -
N }es"_ g ays atter incubation - - Lo As descnbed in the preceeding artxc!es,
© Fallin AT ' S
T - Pyrocm has been synthesxzed and conflrmed
: ~ A}
! L xts structure From the fact that Pyroc-n
‘n’ -‘'was nreoared from chrysanthemum monocar-
s boxylic acld 'The wnter has all reason to
) beheve that Pyrocm from dry dxstxllatxon :
—— m' Fa "0 R T products of pyrethrum flowers . has been Ty
. ; L ) T . ’
e ‘T Pyrocin 10 mg. . IL. Benzophenone omg o derrved from Pyrethrm L
" 111 Pyrocin 5,‘,“';. : . ‘ The mechamsm of ltS formatxon W111
S . HoOC Sm .
€O H L ’\ /
L s e AR CH—c<
Voo / . CH. . . heat SR CHj -
) ’ / \bH=C/ ? ' ' S l - ]
H- 0w, : _ .
_ ‘ ( H COOH
, Pyrethrm 1 : ' NS
L ' . CH, = -, C
‘CH3 \CH-—CO] e N/ .
N / 3 - \
|, \ . heat /C\ | ’
(-—-—w!
/ \CH CH,_\C< 3 CH, AN CH
: CH . ‘ o/
! - . Ho CH:-.C\ E
'Pyrocin : e o - .. CH;
~ ‘ e CHy ,
! é N A | Lot N -
. ‘ - . C . R '._’ ~
) ) ) S o P e N
Voo e DT AN Ty BREA
i . R;= —CH ‘C—-C5H7 B
/ CH~CO | - :
s o 19



: Bom w {*
N probab‘y be as follows, Pyrethrm-I are sa-f:."
L pomfxed by a small quantrty ofwater at h gh T

o temoerature mto chrysanthemum monocar-

.': : boxylxc acrd and Pyrethrolone The former',;

' xs xsomerxzed into. czr—form and thrs then:'.,"__. ”aomectatxon to- Dr Ryozo Goto for. hrs ad-

a converted mto the lactone

Pyrocm has a cons1derably strong msec-ﬁ

- of carbon, hydrogen ‘and oxygen It 1s exn- ’
ected to be Iess norsonous 1o human body S

/ “If 1t 1s“-‘

L ~manifested to be true, 1t can be used as

than other synthenc 1nsectrcxdes

‘ 1nsect1c1de in the future, though its’ prepa-‘

.ratlon is ot sxmnle and rather expensrve_ -

v

at present

" SUMMARY
1) From dry drstx]latron nroduct of ny-

,rethrum flowers or. pyrethrum extract a
new comnound (Pyrocm) mp 83 5°~84 5°

sy

was obtamed

"’) Pyrocm has been synthesxzed and con~

, fxrmed to' be’ 1, 1 dlmethyl 9—c. hydroxy a'

',‘ -methylpronyl-cyclonrooane carboxylrc acrd ,

,,’

iR

e ‘l(3)lactone L S

‘2) Concermng to- the above preoaratron,

" 'some _other compounds resemblmg to Py-“,"

rocin in- structure were synthesrzed

.. 4) The, tests of - xnsectrcrdal power of Py- ;

rocm and other synthesrzed materlals were L

carrxed out:.

manifested that Pytoc-n has a consgderably 5

strong toxxclty Tt e

. N ] :
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