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Résumé

1.0A prehmmary study controllmg weeds on’

paddy field by mean: o of 2,4, 5T was made, This
c.emical, which was produced by the mattets other
than} isomer contained in' the insecticide BHC,
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25
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was composed in the Laboratory. of - Agricltural
Chemicals; Kyoto University. -

2. In the plot in which B0gr. of 2,4,5-T were
applied per tan(Y90m?) after cultivating and -weeding
instrumentally tivice, about the same weed cont—
rolling effect was observed compared with the
ordinary . plot that was cultivated and  weeded
twice irstrumentally and moreover weeded twice -
by hand. ]apaneée barnyard millet(Panicum Crus-

- galli L, var. submuticum - Mey.); however, survives

in plots treated with 2, 4, 5=T as well as in those
treatd by 2,4-D.

8. Applying (‘)Ogr of 2,4,5-T per t'm, ohemu,al
hardly observed the g1owth bemg=

injury’ is

. normal

4. The yields of plots txeatt,d w1th 2,4,6-T
are less than those of the ordinary plot. _weeded
by the manger. cited above, but not less than
those .of plots t1eated with 2,.4:D.
© 5. As in the case treati g. with 2.4-—D it is
xequested to cultivate and. weed with instrument
prlor to dpplying 2,4,6-T.. . T

6. -The. growth and yleId in’ tre;tted plots Hnd'

the optunurn guantity of chcmxcals to:he apphed :

to the ﬂeld must’ be studzed furthei in connectxon ‘
with the techmques of glowmg tice! pmnm

.
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- Isomers cand

.their Related Compounds
Ohenuoals by ‘the Polarographic Method V.) Minoru. Nagazina,

IT. (Studies "on . the. Agricultural .

’I‘atuo axtvm) and

Yasuyuki Kazumura (Laboratory of Agricultural Chemicals, Kyoto Umvmswy) Recexved.
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Résumé
On- the pre ious p’tper,“) we: studied on. t'e

. “Physical Organic Chemi~

alkalme dehydmchlormatmn by the polarographic, -

method and isolated the - and o—-pentachloxo—k
cyclohexene by the ‘elimination of one mol of
hydrogen chloride from ¥~ and §~BHC. Moreover,
the hetachlorocyclohexene could be isolated from

the w—heptachlorocyclohexana On this paper; we
studled on the: alkaline dehydxochlounatmn of
. ‘the BHC isomers and their related compoundsin
motre detaxl and could determine | the- struictures
of these compounds, and found that there existed
the regularmes between' the structures.and the
; 1eductlon, or'the dehydlochlormatlon

The reaetlons of 8-BHC series.

: \«’:\ hen the #-Penta was chlorinated 1n~the car-

bon té’tmthoride under ‘the sun light, the small
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amount of a-Hepta and the large amount of
y~Hepta were obt’uned and ~when the time of
reaction was prolonged, the y—IIeptq, p’—p Octa
The a-Hepta was
easily chlorinated to he 3-p-Octa and the y-He-
pta was_ chlorinated to . the o-Octa:i By these

and 0-Octa were obtained.

experiments, we could find that the small amount
of e@-Hepta and the large amount of y~Hepta
were produced by the chlorination of 8-Penta,
and the a~Hepta was - mainly changed to the
B-p-Octa and y~Hepta was changed to the o Octa
by the further chlorination. '

On the previous paper,we isolated the a-Hexa
from' the dehydrochlorina ion of the aa-I’-Iepta.\i
By the chlorination of w-Hexa, the 0-Octa was.
obtained in good yields. The o0~Octa was also
obtained by the. chlorination of o-dichloroben-~
zene and in‘oreyover, o-Octa and. f3-p-Octa were
obtained by the chlorination of 3-BHC. By these
‘experiments,the structures of o- and /3—p Octa were
shown by the fo:.mula of (II) and (III) respec-
tively.- Consequently, the structure ‘of a-Hexa

ﬁm_st be (VII) and the stracture of a-Hepta

C(VD), if it was assumed that the penta- and

hexaChlorocyclohexene had a nearly planar

structure. The structure of §-Penta must be (V),

- because the m~IIepta was produced by the addi-

tion. of two. chlorine atoms to the double bond of
d-Penta. When the -«Penta (V) was chlorinated;
two 1somers of Hepta must be produced that is,
the: one was produced by the 1dcl1t1 n of chlorme
atoms like Clye and Clap, and the other, like Cly,

“and Cln,, (see Fxg 1) As above mentloned the a-

and y-Hepta were obtained by the chlorina-

tion of 3-penta and the . structuxe of a-Hepta
was (VI) and so, the structure of }—He pta musj;
be (VII) t was reasonable that the 0~Octa (II)
and [3«p-0c.ta (111) were produced by the hlori-
natlon of *'—Hepta (VII) and the @-Hepta (VI)
8-BHC . could be considered to
be that the ‘hydrogen chlorlde ‘was bonded to
the double bond of §~Penta (V) The hydlogeu‘
o_f hydrogen = chloride  was  bonded to -Cj
but “there were two casés for the - posmon of
chlorine bonded to.Cy, su-h as Cly, and Cliy In the-
case of the former, the ‘structure- of BTBHC be-
came to be the same structure of the 3-BHC and
505 the structure of 6-BHC must be (IV) i the

The structure of




later cdse. Thus, the reaction‘ of 3-BHC and its
related . compounds ~were s’ .own reasornably by
the equation of (B) in Fig. 2.

, Discussion.
alkaline dehydrochlorlmtlon"

The

= jmportant reaction of organic chennstry and. many

investigators hme studicd’ on this. sub_]uct. For
example, Hickel*studied on  the dehydrochlori—_
related
compounds, and 1eported that by ﬂne trans eli-

nation - of 1~menthyl chloride ‘and .

anination - of ~ hydrogen
chl.ride,
but the dj-menthene -was not

chlotide of l-menthyl
only the 4ymenthene was produced
Cristol reported

*that among the BHC xsomexs, only the ;7‘—1;011101
 was stable but the other isomers were unstable

in the alkalme medium, because the B-isomer had

not the hydlorren atoms  trans to adgqcent chlo—-

" rine atoms but the othe1 isomers ‘must have at

least one pair of hydrogen atoms adjacent and
trans to chlorine’ étol‘ns. O‘n‘ the both of these
papers, it was reported that.the trans elimination
was more easily occured than the cis eIimiﬂaﬁqn

4t “the dehydrochlorination, but there ‘was no-

experimental evidence of the trans elimination.

‘When: . we examined the above reactions of -

0-BHC - series 'shown in Fig. 2 from the stand—-

point of the trans ellmmatmn, we' could find the '

mtmestmg and important facts, that is, whm the.

‘5~Penta and - a~Hexa . were produced by the

dehydrochlormatmn of  d-BHC and (u~Hept'\,
the Chp of Cy and the hydmgen of C, trans
to (—.[11;

were eliminated " in the. both ‘cases,

: C‘onsequently, the trans ehmmatmn was proved

clearly’ by the reagtwns of 0-BHC series.. As

later mentioned, the trans elimination -was _also.

oceured in thé redctions of y-BHC series

“There ~were many theories on the 'mechanism

“of ‘the trans elimination. On the basis: of the:

regularities between the structures and the dehyd-
tochlorination - ‘which. were veported ~later, ~we
discussed the mechanisin: as follows; the chemical®

. dtiving force of the alkaline' dehydrochlorin'tﬂozi
wis assumed to be the nucleus-seeking tendency -
“of the OH", that s, thé rate of the dahydxochlo— .
yunauon mamly depended ‘on‘the famhty of the'
appro'xch of the OH to the catbosi. For emmple,

in'the case of . 6~BHC, the dmg,ctmn of ‘the

approac%x of the OH to the carbon was lmuted

was the .

" OH"

-the addmon of chlorme atoms to t‘he double
‘bond of, cyclohexene  ring was mnmly the: trans
,add1t10n but it ‘must be “take cote that‘t :

“(eis addxtlon) was obmmed under the strong

because the w~-BHC: was the racemic compound

‘the dxpolem«)ment of s-BHC was zero and’ was '

the dchydrochlouuatwn “of 7~BHC, the two

FoACR B L0

to the perpendicular of the Cycldhe};i\nef ring,
because there exsisted the’ electrostatic repulsion
between the OH™ and the negative end of the
dipole of the carbon-chlorine bond if the O e
approached from the: side on thiych the chlorine

was bonded. The elimination of the chlorine
atom Dby the OH" was the nucleophilic displace~

miént reaction with' the Walden inversion. “Cvo‘nsewf
qiently, among the'six chlorine atoms of 3-BHC,

only the Clyp was eliminated ‘and the OH™ app;
roached to the Cy from ‘the opposite side. of Clyp

It ‘was not clear- whether the profon elimination

of Cy was occured at the bigining of the reaction

or the elimination of Cly, was occured by the

attack of the OH to Cj following the Walden
inversion of Cjy Perhaps, these reactions w‘eré_
occméd at the same time but we attached great
1mportance to 1he nucleophilic propurty of. the
in the latter case. :

" Tt was imoprtant that the large amounts of -
Hepta and the 0-Octa were obtained, when ‘the/
8-Penta and . a-Hexa were ‘chlorinétéfi that: i‘s’,

case’ of 6-Panta, the  small ‘amount of w-Hapta

condition. "This problem wculd be agam discussed

at- the 7’—3HC series, g
The reactions of y-BHC senes.

'Ihe structures of the 3-BHC and its related

compaunds were detexmmed by ihe above expe~

riments. The structute of a—BHC would be (XI),

and * was chlorinated. ‘to- the 6-Octa (1), The
structure of the" a—BHC would b (X), becauSG

chiotinated to the /3~p—0cta (III) ‘

The stracture of y~BHC would be: (X{) ‘or
(XI’), because ‘tV'ei y-Penta ‘was obtained from
the dehydrochlormatlon ‘of ‘/—BHC‘ dzpolemoment i

-and the y«BHL was not the’ 1acennc compound :

but . in:this consxdex atmn, the ~“inversion’ of
cyc,lohexane ring was assurned to be' posqlble

By the chlonmuon of “—Penta, producad from

Kinds: of mew -isomers uf Hepta were obtam"d

Vthat is, under ‘the; mxld mndltxon, oniy the vxscous A
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oil (bp 154-156°/ Smm) was obtained but under
the strong condition, the crystal, melted at 139~

140° was obtained with the above oil: It was di~

fficult to crystalize the oil but by the partition
chromatography, we sucéeeded to crystalize the
oil and the melting point of the crystal was 56-
50°. The analytical values of the chlorine of the
‘both ciystals - were identical with the theoretical
value of CgH;Cly. The crystal (mp 139-147°) was
“called 8—11eptachon‘ocyclohc;mle (8-Hepta) and
th: one (mp H5-56°) e-heptachlorocyclohexane
(e-Hepta). The chlorine atoms were considered
to be added to the double bond of

_the samé manner as §-Penta and so, - e-Hepta,

y-Penta in

obtained under the mild condition, was produced

by the trans addition of . chlorine atoms and -

d-Hepta was produced . by the cis addition. In

this cgs~, it was possible, unlike ' the ~-Pent'\

to increase the yield of 6-Hepta(cis addition) by :

the suitable  experimental condition ‘and so, it

was very ‘important that the chlorine addition to
the ‘doublz bond of cyclohexens was affected -

remarksbly by the molgeular structure and the
experimental condition. ‘
" When the ' structure of 7-BHC was (XI) or

(XI"), the above reactions .could be shown by
the aquation (Clox(D}in Fig.4 and the structures of

y-Penta, 8-Hepta and s~Hepta were respectively
(XTI, (XIIY and. (XIV),-or (XII%), (XIII') and
(XIV’). It was considered to produce (XIT") and
(XII"). from’ the dehydrochlorinaton of '(XI') but
(XII”) was‘unre.agonable for the. y-Hepta must
" be produced by the chlorination of (XII).

: ]f the dipblémoment of 6-Hepta was calculated
roughly, . the ~ dipolemoment of (XIII) musf be
~about two times gi-éatcr than (X 1) which was
_medrly the same as_a~. and y~Hepla (1]9D and
1:35 D) 'The experimental value of the dipolemo-
ment of B-Hept,\ was ‘)"OD avhich: was- idéntical
. wi‘th the _thedreticai value of (XIII"),‘ Consequently,
the . étructure of . B—I*Iepta was (XIITY and - the
structures  of s-Hepta, )‘-Penta and yuBHC were.

L ‘respectxvely (XIV), (XII) and (I\I)

"The 6—~Hepta, hke the . a-Hepta,
unstable in the alkahne -medium: 'md by the

ehydwchlounatxon of *0~ Hepta, the ‘new isomer
of hexachloro,cyclohgxene(C‘,HJCIU),meI,teJ at 1326
~127°, was obtained,
: 108 ;
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. When this compound was melted with - the

- found that there existed the 1ewula11t1es bctween

- that the’ compound had. the. more : positive ‘hall
"' wave’ potential; the ‘easier that compo’und was
was o yery -

This new isomer was-called

A-hexachlofocyclohexéne (A-Ilexa).  When this
substance was reduced by PtOy, just 7 mols of
hydrogen were “absorbed and when the filtraté-

was titlated with .n/20 N'\OI—I Just 6 mals of
NaOH were consumed.
ColCly" -+ 7 Hy —— CiHyy + 6 HCl
When the. /-Hexa, in the carbon tetrachloride
saturated with chlorine, - was. placed undef, the
sun lighty the crystal, melted at 103-101°, was |

obtained. The .analytical value of the chlorine of |

this crystal was  identical . with the - theoreticak
value of CgH,Cl; and this substance, like a-and

3-Hexa, was reduced by PtOQ, 1ccordmgly to the
following equation; i

CeHLCly + 7 II_; — C(,I’Im +. 6 IICI

A-Hexa, the depression of melting point was
recognized and so, this compoﬁnd was seemid to |
be the new isomer ‘of Hexa, produced - by the
transition of the double bond ‘of - ﬂ—Hex'l This
new isomer was called - y~Hexa. The structure ofi
fA-Hexa, ploduced by the dehydrochlormatlon of !

§-Hepta, would be (XV) ro (XVI) in Fig.'5.
and if the y-Hexa was produced by the transition
of the dolible bond of f-Hexa, the structurc of
y=Hexa ‘would be, also, (XV) or (XVI). We will
determine this structme n ‘rhe next report. (cf,

15, 114) ) : R .
Thus, the réaction of y-BHC series ware ocous

red in the same manner as c?,—BH(, s{;rxes,and;g
the polarograms of these co‘mpou'nds‘ were showni’i
o each’
other. When we considered the relations be weer |
the: ‘str uctutes ‘

in Fig."6. "They ware  very resemble

of these compounds . .and. h¢
reduction or  the dehydmchlolmatmn, it was
them.

. The regulaumea between the structure
and the reduction.”

i BHC“ and its related compounds could be clasql
fied by the: half wave potentlal to four roups
shown in Table 1. It was  possible’ to consider

reduced "I‘he' ‘cdmpou'nds belong to the: first
group were not electro-reduclble at Oy~ 2,00
When these  non electroqeducxble ,compounds
were r»ed‘uc,.ad; ,chemically,  the reduction . curve
shown in.Fig.7 was obtained, (The détail



these . experiments  will be reported in ' the
always the same as the . electro—-l"(:duction, but
the experimental facts  that ‘t‘he y—'and e-Hepta
were reduced by the PtO, catalyzer but the
e~ and (?—MHepta were not, suggested that the
chemical reduction was closely -connected with
‘,,the electro-reduction s;hown in t‘hé polarograms.
We tried to arrange these. compounds in due
to-their reduclblhtles in Table 1. In t}us discu~

A

: ssion, we ncglected the chlorine atoms bonded
to Cy, Cyy Cp; and discusséd only on the chlorine
“atoms bonded to C, and Cg neighbouring of Cy,

because the half wave potential was mot changed,

even if the -chlorine atoms of Cy Cq4 Cs5 were .

gee or epp like y~Hepta or e~Hepta,v but the

symmetmc'ﬂ ‘structure. The 1egular1t1es between

“the structure and the rediction were as follows;

(1) The redycible c()mpouﬁds had at least one

polar chlorine atom. . For  example, the
' f~-BHC of which all of the chlorine atoms were
was not reduced. but-the ¢-BHC of

which' one of the chorine atom was - polar, was

equatrial,

slightly reduced.

(2)-If the position of the chiorine atom bonded

to the neighbouring carbon atom was changed

to the polar from the equatrial, the réduction of

the compound became to be easy. For exam-~

ple, the reduction of a-BILC was easier than the.
'3~ BHC and also, the reduction of »~BHC was
eaéiér than the @-BHC,. '

(3) If two chlorine atoms were honded to same

became to be easy. For example, the reduction
. of w-Hepta was easier than the y-BHC. (The
- half - wive potential of the former: was more

positive than the later) ,

The experimental facts that the “above regula-
rities were. existed, suggested . that the Mhloune
atom (Cl,p) was-attacked at-the begining of the

ntc—det rmining step

: It was ‘seemed to be due to the double bond
of cyclohexene ring that the penta- and " hexa-

“chlorocyclohekenes were easily reduced:

other paper.). The chemical' reduction was: not ~

ﬂ—p—Octa was only an exceptional case .for its

. became ‘to ‘be: 'easy.

carbon ‘atorn,; the reduction of the compound

anducan and the rate of this reaction was the‘

g R Om R B 16

The regularities between the structure
and the dehydrochlorination.

As above wientioned; the dehydrochlorination
of BHC and its related compeounds ‘was proved.
to be;the trans elinmination but .the stabilities of
these compmmds were. different in the alkaline
medium  and - the p'xrhal dehydrochlormatlon
product Was obtained from ‘the ‘one gompound
but not obtained from the other. We tried ‘to
arrange these compounds in dué to the stabilities
in the alkaline medium in Table I The regnlari-
ties between the structure and the dehydrochlo-
rination were as follows;

(I) For the dehydrochlorin’atiun,“ there must
exist the hydrogen atom {irans to the adjacent

chlorine atom.
- (I I the posmon of the chloune atom bon~

ded to the neighbouring ‘carbon atom was chan-

ged to the polar from-the equatrial, the dehy-

drochlorination became to-be difficult, . 'This was

" the reverse relation to the above reduction and

as above mentioned, it was seemed that the Clyp
of the adjacent carbon atom.(C,) prevented. the
OH"to'vapproach to thé(car‘bon atom (Cyp)-

(L) If: two: chloririe” atoms ‘were ‘bonded: to *

~the same. carban étom, the dchydroch,lbrihati&m‘

This. 'was Bacause thé Cly

became to be michile: by the repulsion of Cly,
The: partial dehydrochlounatmn product was
produccd only in - the ~case that- it ‘was
more -stable than the original - compound in
the alkaline medium. Among the BHC'isomcis, o
the pént%hloroéﬁrclbhexené was . produced .from
the y-and §-BHC and not from the 'a-and 5-BHC
If the Penta were producecl from all'of the BHC
isomiers, . the structures  of them would - be
shown in Fig.7. The: stablhtxes of BH(.. isomers
were ﬁ ey a8 ins the alkahne medxum
and 80, it was cmisxdered that - ‘the partialv
dehydrochlorinatioxx products: " -were .. not
produced fro‘mjthe. a~. a.d" e-BHC, because the

"Penta from e-and. 'e-BHC were unétable in the

alkaline medxum, that s, the structures . thap the
three chlorme atoms existed. in Lhe same’side of
the cyclohexene rmg wers unst'lble in the alkaline

,medmm It was due to the’ samé: reason that the . .0

hexachlomcyclohexenes were produced from the
a~ and “§=Hepta but ‘not ffom the. y-Hepta. . -
B TR S
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