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INTECRPUCTINE

The coinound Hexechlorocyclohexang was flrst rienared
by Faruday, per Daasch (1) in 1825, 1In 1837 lUeunler, ver
Stade (2) showed the exiat nce of two 1scmers of thls cone
nound, tha alpha znd beta iecmcrs. In 19i2 Van der ilnden,
per baasch (1) showed the oxistunce of two wdditional 1go-
mord, the gumua and delta 1scmers, Kiusr, Luvall and
alquist (3) in 1947 found another isomer, the epsllon 1lsoe
mer, wiilch until now iz the final lsomer to bie dlscovered,.
In t:i8 vaper oniy the &£lnhu, cunra snd deita lsomers were
studled,

smart, per Kauer, DuVail znd alquist (3) in 2943 1so-
l=ted the guiema isomor «nd found it to be more toxie to
weaviis than was any other sutstunce, The insecticldul
action of haxachlorocyclohexane, benzene hexzchicride, or
666 18 due to tho gomnu isomer, wh ch represcnts 10-123% cf
the crude muterial, .ccording to Slade (2) ieus than one
part of thoe gamasa isomer will kiil gruin wecvils us effect-
ively us fiftecen rarts of D De Tep when alxed with tue
¢ruine One theory of the lusccticldal mechonlsm 13 that toe
structure of gam-z 1lvomer 1o similizr to inositoi, and nty
be absorbcd from outside of the lnsect, dlstirliuted throu ne-
out 8¢: @ nortion of the or;onism to tre cells, where a vital
reccticn 13 bklocked, and th crgonliswm dics,

Hexuchloreceyclehexano 15 pronarcd by p.eslng ciilorine
£18 throurh benzene 1. iurinrted ty vltruevicict 11 nts (5).

The structurs of oniy tine beti 1s.vsr nald been deter. lned,
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but the isomoars cre nronebly similer in structure to
of hex:ihydroxyeyeclohexans (inositol) (3).

The nurvcese of trhis work 13 to stuldy itne «daormtiocn
1sotherms of trs alrvha, gamma, and dertis loomers of hexue
chlorocyclohiexsne, with the view of checkin, :nd extending
Cilbert's (4) work, und exsamining tho izotherws ot hi;ler
cancentratlons.‘ A180, 8cm8 work was done on the chrono=
togruéhlc separution of mixtures <¢f tre isomers ucing
Suuor's (5) method. The last nart of this werk is cune
cerned with evidence cf thé instotility of the gamma 1so-
mer, 4and A dlscusslion of the possiblilty of conversion

frem tils Ysomer to tho alnha and delta forrs,
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PHRUSIDLRE

The methad used for cullecting udsorntion deva fol-
lows? 4 saturctad solutinn of euch of tre ~ure lsomera
in haxine wis made wi'h oan excass of the lsonmer »nrescnt,
susnended in a constant teunmerature buth “cr 24 nours, th:n
decanted off., The saturatsd ssluti.n tnus ontalned was
diluted with thrao miillliters of hoxane to 500 mllliliters
of aolutlion to nrevent uny scild from senaratlng out dua to
evanorztion of the hexane,

A vieighed amount of &lumina was placed in a wel hed
crrax aapcule, tien 5 to 7 wiiliiiters of tne nrepured sole
ution wus nlaced into this ampoule and 1t was sealaed cy «n
oxy.en torch und welghed to cdetermine the wel:ht of soiu=
tione At tho same time a nortlion o“ this soiutiovn was
riaced in a welghed 10 mi. sra uated flask, wel.hed, und
anilyzed on the inf.ared spectro-hotometcre (This wua a
eontrel samnle, from wiilch the correct ct:ncentration of
Bamrle p_aced in the ampoule wis detarzined.) Ths amnoule
w8 thon pluaeed in an under witer stirrer unéd revelvad for
72 hcurs in a constaat tomneraturs tath at 24,9°C, The
amnoule was then broken o»en, and the supernatent solution
fiitered thriuch 'oe 1 ashiless flilter nanser into u weli;ned
10 mle graduated Ti=sk, stopvered «nd lmredlately wel 'lLed
to nrevent any loss due to evinoritisn, The u.lvent wes
then evarorited, tte resldue wis taken un in 10 mie 0f
carbton disulfide, und anaiyzed by the teckwnun IR=2 Infrured

Snmactronnotometor, Uy €290 rins ‘he anownt of 1aomer after

olla






edsoroticn and before tdsorntlon, the smount v¢dsoribed could
bas datermined.

The matiod of anulyzln. thic sonvnied wid that doveloned
by Daasch (1), wnd nubeeguentiy uced bty Swur (5)e The
nnthemitical onerati-ns vsad to derive thiz sdgorntlon duta
vere ti.0s3s used by Cllbert (4).

To cbtain adsorption data by using & chrousto;ranhie
cclumn, thz “cllowlns metnod was usodl The chiromitographlo
cclumn was nrenared by first placing o plug of cotton in
the constiricted end of an 8" x " tuba, slumin: was placed

in ti:is colunn, 8 l1ittle at » timc, und taured down with a

" Ry
2

¢lass rod, until an alumina column O x wa3d obtalned,
To ~rovide a c.nitiat fiow fron the tudbe, a vacuum wAs
gnnlied 4t tho lower end by means of a wator asniratore The
column was wot by a solutiocn of one nurt hoexsne and on? nart
carbcn disulfidsa, thon the soluticn of 1scimsr mixture diee
8oived in tho solvent was noured througrhe To remova tia
la8t trices of 1somor froi the colunn more suivent was
roured throuzhe a1l 1ijuld eoxing frin the couiunmn (excert
tlie Tirst wzsh solvent) w:c col.ected in 29 m.. grzducted
luasko, ova-orauted, wnd the residue tuten un 1in carbdon
disulflle und analyzed by the Jucknan IR=2,

Two chromatograntic anaiyses viere wade with the gaon

isomecr alone, und the data are jiven on pagd 1l.
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sdsormtion dcdtn tiblas

The following data are rscorded, woorei

W «- grons of 1ssser in eoivizet with m groas
of aiumina,

J = gremp of 1souwor left in suiuvtiszcn at tho
equilibrium point,

X - grams of 1scmer udsorbed Ly m grams of
sd3norbant,

m - prams of a.uminae

mn/w . griawes of siumlna psr gran of iscmer,

'conc. e equiiibrium concaentruticn in grass of
isomer per grim cf Bulvant,

x/m - gnount of 1acuner vdacrbad rer gren of
adacrbent,

Whille nlotting tha adsorrtlicn lsotherms for tho came-
plea, 4t was ovserved that s~me of tho rolnts on the curves
were nornereproduclble, The grams of a umina por gram of
isonmer for these gfamnleg, 1.6e, B/W, 8hovod trat these
pointa reoresent a lower un’ unpor limit of alumina cone
centrstion. o m/w viiucs for gimma are glven becsuse all
the gamma pcinte 211 «lon. ths 1dal curve, The non-raenro-
duciblie sumnles have an usterlak to the risht of the m/w

voiues,
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Ta3iw 1
adsorption Duta_of the
w y X m

Lrams grama or-.:s Frang
0.LTOO0 0.07CO 0.,0000 0.C0.5
0.0920 0,0933 <0,0013 0.,0i32
0.C880 0,CO97T =0,0097 0.0267
C.0904 0,010 0.0004 00,0533
0.,:0481 0,108 «=0,0027 0.0729
0.1014 0.,0674 0.0040 0,044
0.,007- 0,089n 0.0030 0.,1153
0.0 23 0.054T 0.0099 0.C3728
C.C8B1l2 0.,0725 0.,0087 0.1585
CCTO4 00,0534 0.,C120 0,1353
0,052 00,0030 O 0222 0.29C5H
0,0571 0,054, 0.,0425 « 2081
0.C5%1 0Q,C392 Qe01Li5 Co25H71
00820 0.,0528 00,0252 0.2268
0535 060423 OeC412 Q0%
0.0‘-;\77 \00372 0.0}OS O- r)l’
00,0873 040409 00,0404 0,529
00,0841 0,0204 0.0537 0..985
00913 00,0194 00719 07287
00,0970 0.08%5 0.0050 0©.115%3
00,0750 0,0234 0,051 0,741
0,0743 0.,0240 0L,0470 C.2027
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Cpon ST
C.CUCO0 0L.0105

«0,C650 0.0i45
0, 372 0.,0:145
Ce022H QL2
“0 00370 O.Cl}-’-}
Ce0.705  (,C128
Co0ATD Q0L3T
CsC 2N 00,0121
Q,1C3E0  C,L.,CU8H
0.0549 0.6:18
Q0700 0eCilo
041070 00085
CeCT720 0,007
0.CT05 0.CO3L
0,085 C.CUT4
0.0779 0,.,C058
CeCTHY 0Q0CT.
00(17'.)9 0.0055
0.09512 0.,0040
0.0,0 0,0131
0,057 00,0049
0.,0410 00,0048
C.054%9 0,002
0.C3¢1L C.00_.83
0.C25% 04,0008
0.0347 0.0000
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sdsorntion Data of the Gurma Isomer

0.,1131
Q0577
Q.C412
C.C4H78
Cel237
0s:12.5
0e1552
Qe ! wdb
0eil .5
C .CBQ"
Ceil2h
O. 034}4
0.C743
C.0Z211
O.C1 31
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X
YT T8
0. 06h3
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ooaT
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0eGAST
Ooo E ;“3
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0.00%3
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() (\/\ ’7
0 ('\‘\()z
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Q0455
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'3‘,’21
0.C8TY
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m
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O.C‘?""‘l
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0.2379
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Qe Y]
0.,Ca1
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Ce244
0.,02.23
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C.C245

CeCRLO

G229

0.C235

GeCe22

C.Ci '.}5

0.C100

O.(JU Jj‘

C OC 5‘20

Cl.ClH5

Q.0L2.

0.CCl2

OoCul0
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Fig. 1 Adsorption isotherm of pure alpha
isomer of hexachlorocyclohexine
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Fig. 2 Adsorption 1sotherm of pure delta
isomer of hexachlorocyclohexane
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x/m - g. adsorbed/g. adsorbent

0.005 0.010 0.015 0.020 0.025
Equilibrium conc. - g. isomer/g. solvent

Flg. 3 Adsorption isotherm of pure gamma
isomer of hexachlorocyclohexane



separation curves of 1somers

In order to verify JSour's (5) work with regnrd to
crder of elution of isumers in a mixture, o few mixtures
wore senarasted chromitogranhlenllye The resulta follow,
and verlfy his order of eiutlivn, 1.6., alnha firat, gamua
next, «ond delta romalning on the coiumn, lata 18 wlso re-
cordsd for chromateprashle analysls of tho inruma luiomer
a.one, Table 4,

Fijura 41

Isonmer SNl e miuted wiuted

e puUre mixed
— e o T e
&lphie 22 175 20T 5
deltu 229 0.0 Ce0
gEnma 341 45,0 272.5

Flzure 53

aloha 29745 Ts5 255%.0
delta 220.4 0.0 0.0
Famniia l'u ‘)., 0.0 }_"'O.C
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milligrans
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4 6 8 10
No. of 25 ml. fractions containing

hexachlorocyclohexane

Fig. 4 (1) Alpha Isomer (2) Gamma Isomer
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milligreams

[ )

20

a2

3 5 K
No. of 25 ml. fractions containing
hexachlorocyclohexane

Fig. 5 (1) Alpha Isomer (2) Gemma Isomer
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Tar A

Caoromutorrenhie analysia of the g.oma isomer

of haxuchlorocyclohexine,

I
Fracticun grouvsg of growg of graing of
—em alnha _ceab, e
vontrol 0.0 C.0 Uel330
1 C.0 Ce0 0. 0550
2 C.0 Ce0 Ce3775
} 0.0 0.0 O. 33)\.1
4 0.C 0,0 Ooeilbtil
5 0.0 0.0 0el1400
5] 0.0 0.0 0.117%
7 C.0 0.0 QeCuTHO
8 0.0 0.0 Cl.C4450
9 0.0 C.0 0.C30
10 0.0 C.0 0.0225
11 0.0 C.0 0.0175
12 0,0 C.0 0.01%0
13 0.C 0.0 0,0100
14 C.0 0.0 0.0
15 0.0 C.0 CeC
15 Q.0 C.0 C.0
1"3005
kri\in&l B&mﬂle..'... 100158
I
1 0.0 G.C 0.0025
2 0.0 Ce0 CeCLTH
3 0.0 Ce0 0.Cl150
4 0.0 0.0 062050
5 C.0 C.O 0e1d475
6 C.O 0.0 OQLFIK'\)
T 0.0 0.0 Cell2H
8 CeO Ce0 VeC..TH
9 0.0 0.0 0.0400
i0 C.0 0«0 CaC250
11 0.0 0.0 CLZ50
12 0.0 0.0 QOO
13 0.0 0.0 O.ble
14 C.0 Ce0 0,005
15 C.0 C.0 «TCTH
15 C.0 Ca0 0. CLTH
17 OOO Ca0 Liellie :2 )

(ri in'l 80 M .Ceveeee Qa9






Grmmn_conversiosn toble

The e-n*rol simnlesa of gumma 1somer si:cwed L00%2 gamn,
49 41d the chrom:atoziarhie anglyses of poooma lsomor slone,
vhereas the equlilibrium sauxunles showsd the foilowing

enalyses!

TLLE 5
Samole alnna ison~:p delta isomar garmia isomer
_ wt o 5 AT i wte &

1l 0.0.4 9e¢5 0.023 i5e¢5 Uesril 750
2 0,503 244 0.L00 C.C 06123  ¢Ted
3 O.OOI‘ ‘ 3.5 0.000 0.0 00115 _9).5
S 0,007 53 C.013 9.9 Oelll 84,8
) 0,002 - 2,9 0.001 " 1.3 0.C73 05.1
7 0,003 4,1 0.014 1849 0.05T TT.0
) C.000 Ce0 0.Cl2 2063 0.C27 93¢ )
9 0.000 C.0 0,011 2245 0,033 TTe5
11 0.0C03 5¢3 C.010 9.0 0,C33 Ehed
12 C.025 15.1 C.C48 28,9 0053 5340
13 C.C28 T60 0,017 14,9 0,059 73.1
14 0,00, 5.T C.015 14,2 0,035 8041
15 0.009 Cel C.023 23,2 CeChHT STeT
17 G000 0.0 OeilT 2240 Seli24 TT 4
18 0,001 2.0 0.007 1443 0.C41 52,7
i9 0.4CC Tl 0.0L1 4,7 0.Cil  5H1,C
20 GeCQ1 Del C.00 375 0,0C9 5562
21 C.CCR 1443 0.C0% 57.1 C,0C2 it PRS)
22 0.002 TeT 0.Cl1l0 33.5 O.Ci4 53,8
23 C.CLO Ce0 0.00C7 2042 0,017 T0.3



PISCUSSINN

Ture 1a:mer adsorntiicn

Tne adsorptisn curvas, Floures 1, 2 and 3 verlfy
Cilibsrt's (%) wuik up to his concentration lixits. 1lhe
curvss represantcd hore hava hizhoer x/m vi.uos nresunsbly
bec unz o® a Ll her euilibriwa tempernture for Hillbert's
wor¥e Usln» smn ler awounia o€ alurxine, theriby lacrsasing
the concentration - lausnar in 3clution, Lt wia no:gille
to 2ncw 2o bive adsoepllon in aa 3338, Thias phancnenon
18 descrized Ly Tewls and I7ilres (7) whr atsata that 1f the
solvant 12 more hil:shly adaorbad than the sclule, nae,:tlve
adocrpiticn 1s ohazrvad although true adaecsption mey ostlll
be ccneldersbic, Tor Glluie concentratlions, Treundilcn'as
eyuisticn i3 almesy exzet, but as the concentritlien ine
creaser, tie adccrntisn teannss Levy than that Indlecutod,

Covmma 1aomoepe eonyeraian

It snould b2 noted that the adscrniion Yav herm "o
tha garra looner ie conslderably hishes tireg 1t should be
szecording to chromatograntiec results, Thio umny ba sonlalne
ad Ly roroaberias that Desidas adnormtlion ¢f the gamad 1i0e
mer Lhore s8eam3 ¢ bs consicderstle ¢ nvorsicsn of this loo-
wer into the wioha and delts Lscmars, Iatie 5. slihioush
thare arnpears to b: no ru.e ¢ to he &rcunt ©f dlnha and
dalte locmers forned fron the giond iscwer 1ln connectlon
with th: emount of edsoriant oo concenbratl.n «f soiuwtion,
1t cun deflulite.y be siuted that the cunverslon 10 afflected

by time «nd contzet of alundna, one of the c.rntrcl samnlea






showed sirna of ¢ nverclon nor did zuy scmnics of Tamng
{somsr Ga.on- on a cihronitegrantidc coluan (o&a7e 11l)e .owe
ever, uftor alleowin. tie szu~lenr Lo reic: e ul leriunm in
cuntact with a:iurlnz the lurpe amounta of converslon nsted
occurrede.

Thls insta’ ility muiy be the ocutcume ¢f ssveral of the
pronartics of the gumr+a isomar, .8 nolnted out by Jaur (5)
structures o7 srenteost symmetry tend to have 7z eater houts
of varorizutlon, indleatine (re=ter interncliculur attr ce
tion. Therefora, the iscmor with the greatest symnetlry
would tend to te a@aorbad th: moate Hcth tiue alohe ind goum.s
1somere &re adsurovsd the :oast, und 8o hava kecn tentatively
assi,naed the 1,2,4 or 1,3 fcrme of structure (5). Tne
recordsd melting rolnt cf ths gun-a 1sorer, 112-112.803.
wilch 19 tus lowest of the isomers, indiciates iess mo.ecu=-
lapr attructlon than the other 1lazmera,

1.ind, !obbs and Gross (&), f und ths electric ronments

€ 4he 1nomaers An benzons to bes

eirha f:somer 2e12=2,30D
gemma lsomerp 2.23=2,9.D
delta 4soner 2.22«2,20.D

Beta Yrd, as exnectod bocoruse of Lta symmetry, 0 monm=nt,
(It has been found ty other investl;ators (3) that delta
may have a mement of 0.) Tnils data indlestea that gamna
has this nil hest clecirlie mom:nt, iudlieciting ths lenst

syrmetric:l structure,



le

2,

3e

SUMaRY

Thie order cf dsorntion Ly setivited uiuvminag cf hixue
chlorcecyeclchsxana isomerg 1s delta the moet etrongiy
adsorbed, gzmi3 ths next stronipcst, and al:zhe tos lewut
etrongly sdsorbed, |

AY ths hijhsxr eoncentrati-na of iacw:r rexr gruim cf
sulvent nesntive adscrmticn necurz,

The gswua isomor while in e ntnet with a'urina An a
aslutlcn of haxina 13 unstihle and “orms the sishua

end dalty locuers,
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ATGTRACT OF TISIS

ATSCTITICT ISCTITIOUS GF TUS ALPA, CAITY D DILIA
SOMS OF YIXACTILCHCCYSLON VAT, AT TNSTATILITY OF

T GANTA ISCiTR
by Paul F. 3ief-lc, 1251

The compound hamachlerocycloremane was first rrepared by
Faraday In 1325, ant o to thi3 dote, five definite ifzoneric foris
tav: bern lgol=te?, of vilsh nne, the —amra 1comer, vaz found to
ba torlie to insects.

Tha marnose ~f this Iavestimtion has barn to ectadlish
= gorntion iscotheras of thres iscnars of hexabhloronreloherane
or ~2tatna, to confir certaln chromatnsrohic ndsorption sthiies,
ard 4o mreamnt eviderece for instability of the mura i%dnor vhen

in eontiet with tie sdasrient alimiing

na.
To obtain the adsor-tion isoti~rns, 2tont five rmilliliters
a sli Nitly Ailutnd raxine golution of the isoser wos Tlacad in
a wel hegdTarex anponle contalnins a tmeovraanount of alunina, The
ampoule was sealed, and the evact amount of solution was obtained
Yy wveirhins,  Sirmiltaneously, a portion of this solution was added
to n weished flasl, and its wei Mt deternined. This was 8 control
anmpla, from vhich tha coneentestisn befors equilibriun was detor-
nined. Ths anmnov g nlacad uandar vwate» at 24,9 °C.. revolved for
seventy-two hours. then bro'-en cen and the sclution filtered arnd
weirhed, The solvent in the eqnilibriri ni-ture, as well as in the
control sanlae, wag then evanorated, tha res’dre ta™rn un 1in cardbon
disu’fide, nnd annlyzed in the Zeelmun IR-2 Shectrophotomater. 3y
cortririne the anount of isormer bnfore and aftrr adsorption, the
amount adsorbed was drtermined. To obtzin the isotherms, the anount

of isoner adsorbed ver sram of adsortent was plotted a~ainst the
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eqnilitriuvm conerntration,

" Yo errfirn revorted erdors of ile ‘eoers on aluwninn, a

.
6" x . % atlwmina Alrortaserorte eclin vne need, A waepm wng a7 ted

>
t
o

he lever end of the column to pronw'de a constiant flow. This
colwin v wet by a solution of ore wrt hexane and ons ~art cardbon
A4sulfide, tran tYe fsonsr sol-tir was roured throueh, followed by
sneeestive ancunts of snlvent to remove traces of 1soner§ frorn the
ecoluin, Twenty-five mi1lliliter fractions wvere ccllectrd, the solvent
wag evarorntel, and thn residue woe tazen up in cnrton disvlfidse and
aralozed 1In the Saclan IR-2. Te data shows the order of adserption
to te delta the o=t etirorgly adsordeld, arma the rert strongsrst, acd
alria the kemtisti~on~ly adsorded.

“irile constractint the adsorrtlon isothrrzs of the ganra isoner,
analysié ol tre emilidrivm solutiona indicated np-reeciohle amounts
of alnin and delta isoers prosent, althourh none was found in the
enitrol enrles bofore esuilidriw:, nor wns any found alter elution
of ure ama isoner froa a chromatogratiiie colum. Althowsh no
aprarent rule as to e ansurt of alyha anl delta isoners formed
from the pamaa dsorer wag forr’, it ean Toe stated thatl tle conversion
te gffectel by tirme 2and contact 'A%h alunina,

i'eTinite str-ctres of these isomers have not been deterrined,
Tut data on melting points, order of elution, and electric momente

indicate that the snmina isoner has less nolecular attraction, and

is the least gymretricid of ary of the Ymown isomers.
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