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Thin reseanrel was undspinken as theo leglienld
Ly of plant

materialy in w seareh for new aourees of inssotieides.

soguenoe in an skosinatlien of a large me

It was only naturel that the reesnt develaemwnt of & Jroup
of plant lhsceticides,of whleh fva%maml is robably the
most Lsportant, &hould serve as a1 sl osuins fo Durther
studies of this nabure, Yhe ssare: for new Insseiloides i
also inaspired by a Gonmand for g eapsr aml wors effoative
szenbts wiih whdel o sesbet peals woloh arve SLIfilouls o
gonbrol wiil mown materiale,. The danger of toxle spray

regiduss on food materials 1s well zﬁaﬂmxxg&ﬁﬁmﬁ, and nere

stringent Cood-law pastrictions agaliost the resenes of
arpenic, .ond, and flourdine resldues on Sl and vegebablos
have grento:dl a devand for new inseoilieides whiiah aro Do

Lttenbion was fMMyed 4directsd bo Shie graton hean

fnbarious

ag o possibls souree of ingeolleldsl ~aterinl by Dreke and
iples® (1632) and Sples® (1933). In the examination of she
toxleity vo joldfish of acotone extracis of over one hundred
reputedly poisonous plante, these asuthors found that fram
the crofton
the ollord.

bean te be considavably wore boxie than any of
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Unpabilahed wory by Dovidson® at al, of the U, . Posd

sl Ly Deparbuent deared U acobtons exlivant of ayoton
Bhidliws o be gulite effsetive »an uged 48 & spray satsriasld
apgeingt o varialy ol lassela,

A gampmanloatisn fros Dy, Jung of e Duvean of
Entomsiosy of Going, whlel agosspeniaed e first saopds of
eraton beans sbtudied, stated bhst a "ercton suulsion” nade
fron the oroeby: boan wag wsed as an ivgeobtislde In Chilsne
& ethar o De. Jung roequesting sors inforambion regarding
s "oroton emilmlon” Lms, hossver, roualned unanawered up
o the prosent flas, aon further feots rogerding dhie
gropreailion and $68 uses 1o leoking.

T texie, veslieant sl purgesive propevtiss of
e oll esbisised fron he eroten besn have Dewa 19
rocognised and ascordin

Z to the bthepls of H. Deemtara® {10052)

1ts pharsmioolalesd bibliasgesphy dateos Lol o the aixtosnih

paatury. 2robably the firet abtenpt to lsclat the veslcand

arinsiplie of eroton oll »na dus Lo m&%%&g}gm? {1088y wis
elalaed 20 Bave ablained a realinous maberdal laving s Tomia
af O1gligaRg, (o miltipls thereol) whleh Lo oalled crobonol
ardl o widel he strlibuted the vesieant sebion of tho oll.
Sehdippets work Dowover was nob vepdfisd by laler worierd.
Bundwd:d® (1078) end lster Mobert? (1097) ww
Hwﬁﬂ%&&?ﬁﬁm{ 1020} outalined oo seldle subrhance salled
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grotoneliels acid from the sloohold soluble part of eroton
oll by sapocifieation wibth BalOn 33' Those woriters conaidered
this sabosbunes to bo tho vesleant and toxie rinciple of
orobon oll.

511kt (1869) faciated a texic albuaineld
ed wit: riein and ebdeh
12 1008) subsequently stowsd to be & new naterial

fron ercoton sseds shileh he conlound

o whiieh Le guve the name eprotine. Crotine as Deon studled
mere Pecendtly by Karrart® and oowsaricers (1940).

oo orobonnlele seld of Hobert amd dracheydt was
Formndd by Tunaban and zw‘* {1808) to s o aixbure of oily
inantive asalds amd & rosioous pmlerizl vw.leh sgeordling to
thers possessed oxiracrdionyg

veaicant proporties. Twy
groposed the name orobon resin for th:%s new smbalange 4o

whieh theoy asaigned the foremida ﬁﬁ“ﬁ%ﬁg}‘ Their ormion
rosin was obtained by treatemt of thwmt portion of ooban

sil which 1z solubls in aleonol with: aruecas Losd oaxide and

sguent separation from the resultling lead asils of the
movtral resinous malerial. “he wesleant properties of the
resin vere show: o be Jost by ssponifisetion, and 3t was
dononstrated that ihe cospoud was nod & Jldyoaride,.

;:' i% ¥ atgar 4

8(1915) has iselased Lfrea the :wthyl alsebel
seluble {raction of eroten oll a pwabrsl cedin whieh amombed
to 2% {on tie basis of optical ackivity a i.eoretionl yisld
of 100 was onlenlated by Doelm} of the crule oll, lils

re wai gomplilosbted and invelved tho use of lipolysis
for tre saponificailion of the Lats,

and e rerwersl of the
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fatiy solds Tormed by woans of lresizsont witl baalusa

ydroxide in aloohollce media, Shilas progess alweys invelived

a8 purtisl destroetion of the resin whiieh is gultes sonsitive
to alkaline hydrelysing sgenis. Pinally o produst funsuvliuble
1w potroleuws ¢thor was obbtained wder ess Puarther paprllied
by menng of sxfraeiilon wiih Coils solvent. Dowvhn's realin bad
& mwilesuiar weliht snd pseoenbags eompoaliio: whilch wore
satlafied Ly the foromls Ugpllpalog 4% was ssponifliable
{dostroyed toxic soilon), unseinrabed, non-scldie, and

possvsned no Pres Dndroxyi oroups. Lils the rasin of
oided o
serios of (ably solds upon hydrelysias. Doelws slso pade &

Punetan and Doole 1% wes not a giyesrids and it

study of 1ts phyalelogleanl acitlong at & sonceniraiion of
11109 218 resin killed frog iapvae in Crom three o Domy
v se

logently Boelwa and Mlaschentragerd® ¢t al (1050},
rosornising that the reaaln of Doolwa was a4 jwoduat alreudy
el An
fsolabing fros arobon il by o purely physical means, whioeh

alitered by the proecesses of its extractlon, lave sudooed

they 41 net diselose, s yelilor houwylilike malerial (Girftiger
Haturatoff) witen ey scansidered %0 bBe the oo buxle Drineiple.
mis subastanee ageording So tham forme aboat 35 of the ofl and
by cantrollsd hvdrolysis {(method not deserided) tiwse subkbors
elals o bave fsolated & ovyasalline, nonwtaxio sopound called
shiorbel, Phorboel upos asetylistion sas statoed Lo asquire the



s Ag POUTTLLE 4Eun R Gews sun

Lyretsucues seeoosy ¥ L0 DOUTESOD UGG §uY DOEV UTELD o puw

GOTASOTANEATT BTHY UL DUEIIUOU Heeq £ LISl uoLOID Ul *Te 3¢
BOTINISUY JO na0s PO N Jo 1R ATTe0isomdg

*LSIOBANg Y, BT JO = anoas JO progd v

TeDRAGUSUDEVT,] DUB SKIS0F ESAELE ZT*0 03 90°0 ftuo

gna TI0 B whad med Lo pouLmNae uInGs Lejolds Jo pretd eup
SURUeI NS udeeny £ geresdtal woyibuagRe Japeun Jo sdenyw
AUSARZITE SUT JO SOUSTUISIS UL PEAOITe] eawl Leus Hiv umog
@in 6 TIC PUD USTA S008I0 TMTgANas UG L0040 UTUIRIoe 20
gusen Testeid v pEOTHAGD BAYD BJDGITE OBy POy ey Ul |

suoyrse 2ellxvr

ez % 0% PR 1I0 wojewn ul AgTjuwnd trmem oy
DG UTEGE GATLSE ATHRBINKE UE JO eULDBOLS Ul Ue0Ug GAWI

Aoy PR oOURSEQHG PROSURTOULON.WOU W 64 03 17 PRASTINq (B001)

m%wﬁ%ﬁ@m pun gelupur ‘selmiaReun  Jrosesnnwy, o Fuppaelied
JOTRIUOUDE T PUR BB JO SEERTD &y 83T

*TOGACIE JO VATIRATIOD

tEow uw py evdyontad SIXog ®un swix Yesaogesoun fpopnTouso

Awryy  supses pezlroapiumt oim 26 sepasdoad TeRIloreowogend

w £ -



o {5 e

IZ. . SOURCHE 0F CRODOM BiANG

Urobton S1iglluwm {?A@m&l} s o specles of the arobon
senus which belongs o the Supghorblogeas farndly of plants.

The seed or bean 13 the frult of 2 tropleal shid whieh s
o In She wild atate as welld as oulllvated theoudwout
Modustan and saw of the rast Indisn sl PRdlipnine Ialmuls,
I% hes also besn Introduced into Jopan syl othery eountries,

Oroton Doans are used as fish poleon by the nalives
in some sounbprles. No published seocounts of 1¢s use in this
sonnestion wers encombtered by e sithor, bubk e foellowing
guotation taken fram a gouwamicabtlon frem Hr. X, 0. Heiber$,
Hiibule, Uoutl indanao, Shilippine Lalands deserilwea 1% use
for thils puspose; © the natives uss [he soatbored seeds bobweon
srops o X111 flan by sounding the sosds and 5 xing the arusbed
seods with Booe vegstable subshanse, afbor whieh the ilngredionts
sye theown into the ses or strosm. The flsh tarn '"Helly upt
in u fow gpeaomds alter sating 1%,

Tre sespie of oroton boans (I.0.830) used by iiégpiﬂﬁé
ordinary toaielity So goldfish of
its aceltone extrect was firat observed, was sent W iho
inesotieide Divislon bWy Dp, G, P, Jung. A0%ar 1t had been
dealded o continue the atudy of this subebanse 1% was of

{indl, in «hdeh the exbtra

gourss nosessary to obialn a larger supply of the eroton soods
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ongulirdies to fuporters of orude drugs in this sownlry
howaver aoon showed 1t %0 e impossible o oblain hew lere,
ag the demmnd in the Unifted States preoviously had been solely
for eroton oil for madiol el purposes. This was sbiained as

ganl Peom Torsisn sowrase and not exfrasted or pressed fron

the eseada in this counlyy.

In August {1332) a cablegraen was dlspashed Lo Dr,.

fang roquesting his teo send, 1f possible, a laprge supply of
seads, Thiz lugulry was reway

dad in Cotober of the same
yaar by the receipt of a ahipment of 458 catties {(thw catby
is n ohinose snd oriental neasure of walight, Li Lfe eguivalent
e oo and one-tird pounds avolrdupoie) of unahelled sroten

beane, contalned In one prolago. Jeveral othoy souroos Jor

the mupply of groton besans were inally lscaled and lulormatiom
gonseyning onok ot 4o ives In Table L. The I.0. dHo.
{Insectinide Division mesher) is given as a eonvenienb mrens

of $dentilioasion. I fueliwr Infloraetian i desired §0 mmy
e obtalned Lrom the Inzesbielde Division of the Barosu of

Chemintery and solls, “aghlngbon, e Cey Iy referewe So bhab
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TABIE T

Concerning $hipmenis of Croton Doans
fron Various Journes

Souree Deseription I.0.000,. W » * _—

Dpre e Vo Jdung, 850 Q3 - 5
Hanling, € zim soods

fr, G. P, Jung,
Hanksow, China " 1973

Jehimmel & (o, 4XG.w

{les, H1lUits bed sholled * o |

”@i;ﬁsig( thru Fritzsche seods 1581 1.88 G GO 20
Prose, Ha¥.)

inendjl Virgl & Co., . | . .,
é? ﬁﬁ# el R%*ﬁmﬁ&, EW ﬁlw &‘% W
Indla,

O 54 GO7

Hepry ©. Helbeort ‘ .
#41buk, Philippine " 1530 1,00 - 8
Islenda.

'g % g&p ﬁﬂ Zing gﬂa ‘»,!
26 - iikim «%«tg Hedw oll - & o 50 hd B




Probably the resson for the compumatively low
cont {betwesn B and 9 cenis per pows ;
portation) of the seads obiained from Dpr. Jung was the
faat that they werw purolased fres vardous desliers in
Chilna whio evidently had 1ittie or no demand for them.

iheose secda also were 10t of zelect qualily, meny of the
beuns were ashriveled and dried., Ho doub% good quality
soads could be obtalned (100R), in large

gonaiderably less tha: ons dollay pey pound,

quenbtities, fov




The erofon rezin voed In Dhiz Loveatiooadion was
abtained Ly & process aszeniialily the see as hal
smployed by Chopballes el al., with, Lowever, curisin
castitieationsg whilah in the wpiterts aninlon oite e

mroneda uore adeniableo e s somewlat lerper sgale poomluind,

These suthora have followed the officleney of Sthair
axbrooiion provssses by csrefully conduebsd Sasbing expordownis.
Thay heave sleo shown that there 1s 1104ke lilellihwod theb

any alteration in the owmsposition of iﬁgﬁ Paain s osomirred

during {te exteeetion and purdificaliongsince all of ihe
ateps invelived are in the =mein purely physioal 1n nalure.

Cheolk experi-ante oo those slaps where ehange Y ocoopoaltion

coneelivably could have taben plapse owed that oo sush
slitoration had osourred,

In the iasulstion of & substancs obLiained a3 is
arabon resin, by extraciion and evaporabtion proovsses whope
the final produst Lz adaiivtedly non-homogeneous, 1t is

imporitent that the mothald of preporaiion De aloarly oautilned,

a8 the fioel corpositlon must neocssarily be depspdent upon
tism progess of prepevablon. The following dessription of
the methed uweed in iselating srolen resin is given Lhersfore
in considsrasble detsall,

The unghelled seods were firgd esvelully growmul.
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Cherbualies et al. have s own fthat the oubtsr gellis do
not esonlain any of the vesieant prlxiple, nevertheloss
1% in advantagesus Lo make the satraotion on the growexd
unaielled sesds as e shoelle tend to abeowd mich of the
01l preagnt In tiw bean., This fores o somowhmt ranuler
mass wixich allows nore Inti=asbte contash with the exbtraciing
i1iguid. The shwlled Lesns wvhen ol fora s heavy stioky
mres which S very 4ifflienlt to handle and v leh 48 not adb
nll wsuitable for efflielent exntrastion, Yien d-aling 2180
the latber 1% 4o @il to sdx shout an egual volume of mare
from former osateragilions wii: the mahelled beonna at the
time of grinding, thilis not only faciliitales wrinding and
subsequent handling of the material byt slaeo forms 8 e
resdily exiraotnabis ness,.

he axtractisus sare nade in a lepgewsapacity Joxi:lat
designed by Dra. H. L. Draket’, ho detatls of thils aypcratus
ave shown In Pige 3 and since 4t is alroaldy deserdibed in e
iiverature it wlil oot be discussed Purther here. A phobogeaph
al the apparatus in opsreation is shaen 1n Plate 1.

Pive kiles of the oround unabhwliled beang sore estrastad

wit methyl aleohol fur 24 hours, 40 the end of this sine
She solutian of We exitract wag withdraws Jros the boller, &
fregh portion of melhyl aleoiol was osdded and the extrusoeilon
sontinged Doar 34 hours sorg. Thw iliguors oblained Ln thlis
manney froo S0 kiles of aroton bBeans were conbined in five

mallion slaas boitles. The bottles condain

1 the orisioal
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axtraat woere cooled over night in fow or Ly allosing o

gumin culside A0 the tegerature were low sovugh, The
sontentes of Uhe Dotiliss separated inte Hws layers, the

tion was elphoned off and plesod
directly in the solvent recovery spparadus {piate 2) for
the rouoval of e methrl alachnl undey disgdinished prrosinure.
To the lowsr layer (oconlaining oli, prociplitsbed
erotonaaidetd s b0, ) was added 2 Liters of pebrolewa abthep
{50~70") snd the mixture was agltabsd
of the odli. his solatidn was next IFilseraed tUorougd

lavrge felded filter, The work wus planned 3o thls prodess
aouid e corpleted over nlight se (e Pilter drained alowly.

uppar, a slsar bBrown sola

%o ssouve solution

“he reain retained by

the preniplluate can Lo regovered by
wasiving e selld on the filber with wethyl sluoshol, or ab

2 laber tioe shen e orotonoside is porified, The £ilteate
separated ints bwo layers, the wohper conteliniiyy peotroleues
sthny snd orobon oll, snd She lower e methyi alocholie
anlation of ronin, obo. The lower lsgyer wad slphoed off
gt sdded Lo the mothri sleohol solubion siready o the
solvent recovery etill, the petroleun ether iayor was

[ 4
axbtracted wigl: five

300 Bece portions of B0 meth
 woern alasc coniined «@ilth tho
solutions in the solvent regavery ostill. Alter the roonovsl

Theee wnetiyl aloohol washings

of he aothyd aloohol and weabtar frea $hose conbined solaiionms

1 liver of pure mothyl alechol wss added So the uwuy broun




m
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residue, whileo atill warm, and the mixtuwre was refluxed
and shaken wntil no more of this mattor seamad %o dissolve.
Upon sooling m@_%&mw dark gy mmtter separated. Yhe
solution was mm from this precipitate whioch was than
poiled up with GO0 0.0. of 80X methyl alocheld from which
moat of 1t again separated on COoling. This sesond extract
was flitered and the filtrate woas conbined wiith the perecesding
aethiyl alcohol extrsgt. The insoluble aslidic solid materisl
was discardoed, 100 ¢.0. of distilled water was now added Lo
the methyl sloochol salution to give it & oconoentration of
904, To this solutlon, eantained in & large separatory
funnel, was added 1200 0.0, of potrodews ether {50-7¢) and
the mixture was shalken well., This treatment usuwally ocaused
procliplitation of more of the scidio pewy sollid whiah
ranted the ready separation of the petroleun ether and
wethyl alicohol layersa., The liguld eonsegquentiy was decanted
from this 20lid and shan ontlirely free from 1t the two layors
separated rupidly. The presipitsted s0lid was washed with 908
methyl aleohwl to reomove any resin retained by i, 7The
patroloum ather layor was sxtrasted with six 250 o.0. portione
of 90Z moethyl 'az.wwz, and then the eombined methy} aleohal
solutions wore sutragted with threo 400 o.c. portions of
petroleun other. “he scoablined potiwloun eother 9x18racts ware
in turn now extrested thiwe iimes with 1H0 e.0s portiona of
904 methyl aloochol. This involved prosess sarved to rnnove
rather of fedtively wmoat of the glyceridea and free aclds and
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yiclded Cinelly a resin having the phyuical charesteriotios
¢ deseribed by Cherbulies o8 al. Conseqguently,
L purifying prooess sonetines used by thesm, in csoses
where theae L:purities were not fully removed, was rondered

All of the mwthyl slooholls extracts, obiained as nst
dosaribed, were combined and the methyl alechol renoved under
dizintshed pressure, ‘hile the resulting squeous suspenasjon
of resin, together with certain acidic lapwrition, was 55111l
warn, 500 C.0. of other was added (denspite some volatilizmation)
and the mixture was ahaken and refluxed for sone tizwm %0 desure
aoluation of the resin. In cuses Y.ore the ajusons mmmm
was allowed to cool before the ethor wae added a stlcky nasas
was obiained ehich was 4ifficult to disinlegrate in order to
dissolve the resin therefrom, The flask was then cooled and
enough vold water was added to ive mobility fo the nmixture.
The contents of the flashk was then powred into s suizable
separatory fumnel, 3500 0.0, nore oLier was sdded and the
whole shaken for 15 minutes and then sliowed to atand over
night to meparate. Any solid matter whiloh separated was removed,
washed with ether, and the washings were combined with the

main ether 2olution. The agueous layer was washed wiih seven

500 g.0. portions of ethor, TFhis large guantity of ether was
enployed bocause & large veluwse of solution was desirable fop
the next mbep of the process, The ethor extracts ware codbined,
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washed with water ami I{liteved.
It is Loportant that ell saspodnkded solld parblinles
stabiiise the emalsion whleh readlly forams in waahing the
other solution of the reain Ath the agueous allmil used
in thwe next step of the process. This 1o wulealrable bLeasuse
of the sensitiviiy of the reain o slkaling Wdeolytlo ngunbs.
Floelly the sleur ebher solubion (4 o 4.8 iiters)
wished it 200 cegs porbions of U8 U potassiws hiydroiide
untili no more scidie matler was rasoved

4 &t thie poelnt ss tholr Srenente Lends !

Tids polint wag
indlented gualitstively by thy laak of coleration of the
alkaline layer, and souldd be verdfied by itas fallure to give
& preaciyxitete upon acidiflcation. Ususlly about fiftesn
Baslhings were ne :

soasary for the cwplete rewval of Lhese

aoidio Laparities. In washlng the ethwr solution of he reeln

with the dilate alisline sodution viporous shakling should e

svolded to uprevent the erualsion forsation already nentioned.
aline solubion shaould instesd e pgoure

eaxreally down
the #ide of the separailowry funosl witoh 35 then egiSated by &
gentle rotatory wmobion. The smell asouwnt of eemalsion wiiloh
forvmd eund 3%we st the Junoture of She Uwo layera, Goapite
these g@w@exmﬁimﬁ, w08 resoved aud placed in & sasller Dunnel.
17 separabtion Aid not Flusily ovowr the wmlsion was Drolen
bresiddfring with dijuts Ipdsechlorio seld, Yhen free (rom
parities the ether solulion was Mnelly washed with




wabor L0 redve all Srages of allaeli. I0 was hen drded

over ndohb @l wdpdeous sodius sullate. Ve soluilion woas

£iitared sxl Lha é%ﬁ@f wnd revwrved Dy svaporation oo wthe

stoan Doth. Constant ablireing daring the evaperailon was

ndeessary Lo aeevent bHuppdnyg or foasning Jdue o suporelwaiiing.
Finally all babl the lest raco of elhar was ceroved

by piagling the beoalor gontaloing the rgaln on a Losbted coppoy

bloak in a degiecaboy ond allernately eveouatingg i sl tbing

sire. Yield 100 jpis. (0.507),

In the nanooey Just deseribed e total «f L3100 kiloa
«

{255 1b8. ) of eroton bBeans wore eutragbed s OO0 gua. of
rosin wae obtained therefion.

ALY of thwe saspleg of resin wvere dissolved in ethor,
shoroudly stirred btogether wrd Shen the eblwr wro ovaporabed
a8 balordg. Wolas gave a pooduet of aniforn eomposiiion o all
af the oxperi-wnise deseribod later (unless othorwise atabed].
T resin vas sBored Ln the bBobboo of u desiooabtor oul of
gonboed with the aly and away Oroa thw 110h%. Por rawwral of
whe resic froen the dasiogstor L0 was foud oonveniont o Liret
waia 40 on (e sbtean bath afber vhden he send-findd aaberial

ooaiedl caslily Lo reaweved will 8 tallespooti.



IVe  PIEOI0AL AND CIBOIXCAL, CUANACTILITICS

GCroten reuin 18 an orange«yollow or ilght rown
transpurent resinouns materisl. AL ordinary torperaturos
¢ iz Pfaivly basd and Writtle Bout 28 e teumperature is
rafised it gradoelly softons ond Looonmes gulte fludd st
S50-710%, 1% bug a sharp penebrating odor, pertisularly
noss end upper purt of the Gwoat, this burning sensablan

when warmed, whilah al%er sorme tine causes Durnin

persistes for a eonsidorable length of $lae. The resin is
selvenbte with the excepidlian of potralews ethoy in whish,

wlagelble i all proportions with all of the coson oy

or, it 1s quite sppreciably solubles, 1% is rectioaldly
insoluble 1o waler,

The vesin showed nuo tendenoy to aryataliize eiihey
by cooling or mmmg the solvent teo slowly ewvaporate {yom

ite solintions. Urystalliization i3 no doubt peevented by
the faod that the resln fe an 1ntisate sixbture of ssvoeral
structurelly sisilar chenlcal indlviduals,.

In the presaration of saqples of zZhe realn or any of
1ta deorivatives for annlysis 1% was of course gulte Lapoertant
that all of the solwent shoudd be reuoved sinos Uwese moPples
ware prepared Ly evaporstion of and ot eryvetalllisatioan freos

e solvent, Defore il wwmiyess thw suoples vhwrolore were
froed from final traces of solwend by heabling in a platimm
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bout 41 an abderialdsn drier 3 a tewporastwe of Iraa
100-130%, Alv wes slvernately evecusSed frou and adeltbed
intn the dvwing chuesber until some tisne alter no moare

ubbiss fovemd in the vesln when e posxure was reduoed,
To vast the efflclonoy of thile method of solvent

rasoval, the fellowing saperivent wes perfovamoed, About

e

crnens of resin ses dissolved fn 130 ¢t of puve
ehilorofors sl the solvent was then recoved Ly deiillation
an 8 abeos Lathe. The ohlorolom was distilled belore use

in sxder te insure removal of any nonevalaille halogen
gonbaining reafduss,. The saople of resin was thaen poured
Ints the platinme boat and placed in 1w shderbaliden driew
wnloh wes beabted to 110° by bolling tolusne. ALy was Lhen
alloernately evacuabed froa and adaltted inde she drying
ehanbare for two houra. AL the and of Hils $ime halopgen
oould Just bavrely be delested Ln the sealn Dy means of Lie
Pollatatn tosd. Pinally shen ne sove babblos gould b
raleed (a8 828 ma. press=ure) in the rosin no apreoliable
HBellistain tesd ocouid ba oluialned, TUAs aslhod thopelore wag
followed for the resgvsl of solvent belore all of the snulyases

of non-grrstalline sepoamds reporded fn this theala.
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snalyals of tho originel »asing

swple (mg) Mo (mg) cog (mg) A n
i S« 637 2. 854 Q. 2089 85.89

2. S« 67 2,878 D118 B.04
Eﬁﬁﬁ
B.006

Analyses of Cherbulieos et al.

The melegalar wolght of orobon resin was doterained
by %&ﬁ\ﬁ&ﬁﬁlﬁﬁﬁ;(%’ﬁwﬁﬁfxﬁa%%ﬁ% of the Dasrger waihod. Thw
ropin desed for this deterainaiion wes Sulen from the savple
ussd for the toxielty tests, iie preperaition is deseribed
in G60e VII (3)e ‘fhe following analysias of thils saaple
ahows that 1te oouponition was slodliar o Ltho smin eupply
of veain.

anaiysing

T (mp) Oog (mg) #0 ZC
2,780 3,924
2.030 DL

e
D

%2 1 thw dabts obfained iu tha nolscoulae
Lght delterminatlionet

UeB431 gwe roaln was dissolved in 4 c.c. of 001y
Docause af iie red color ascbensons {iasebasn) was used in
thwe presaration of the standuerd selutisng. The Losporature
of thw eaplllary tubes wes udlusted te within 21.5% for the

Indtial sl fdvel reading of o ooular mlorvousber,
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T results oLialined in the first debsrpination

are snown i Table II,

TABLE IX,
Date Obtained in Piret Debtoraiantion of TOw
Helecular velght of Croton Hesin

i’ﬁwmﬁ‘ i
&@&ﬁﬁﬁw. miiﬁx of agwmmr

0.10 478
CelR2 5,09
Dedd He1%
G160 T30
.18 $.209
V.30 B4

Horaality of resin solubtion w 0,13
hvre Hole Whe wm GRS,
T renge of the stundad solutiona wns then Durtlwy
itmited and the results obisined ave anown In Table IXI,
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TABLY TIX.
Date dbtalined in Jweoryl Dwieraination of the
Holesular Welpht of Uroton Hesin

Cone . aﬁ' Agobensens Initial mwﬁ&:@; Pioal e
mﬁs«@ﬁm. m&&&y @.ﬁ* ol oroabor g;gr ﬂ

Q12 D08 6.79

Dadd 4ad8 4.91 *
014 4.58 LW -
0a 10 6.00 4.34 -

Hearselity of posin solublion wm 0,136
A¥s HOde Vle w GO0

Average Mol. Vi. obtalned

By Cherballes of al. = 052

o e

T elowse agreagsasnt of the values obiained for e
2a0 molecular welght and the swresntage coposiiion shows

the sl-dlariiy in comosition of e regin uwsed In this
inveastisatlon and that lsolsted by Cherbulies ot al. It is
interesting o note thab Boehm's wesin, alibough alrosdy

alsered by the sxtractlaon rocess, slsd gave valaes vary olose

e Leose reported hopo.
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) ?fiﬂ?‘% ﬁafﬁ} {}ff fgﬁ

Croton resin iz ean uwnsaturaled subosbanes a8 previous

woriers Lave aliown. Itsg fodins nusber vardies consideradly
For different saplen, for Domlza's vreain 1% wea T, vhile

forr the resin fnvestigated by Cherbulies #% al. 1% wes

.4, Thetd, snd T4l voupeotively for Lhres Jdiiferent ssaplos,

The sverags Yalae Qe the loddine wmwaber of the rosin used
in this investigetion was 50.1 {Tarmas®v),
Liodine nuvber of ariginal resiny
40,30 0.0. oF 0,310 1T Bapiyls soln.

25400 ceca Ly soln. =
Sample {pun ) &;ﬁq% B#0In. g.ﬁwﬂﬁilf . “gﬁg}

47 o 57 SRe b
&5.60 53,9

L
2. 0.5037

It 35 of conalderalis interest to podnt oub that Famd
and Roth® nave ardrogenated oroton oll and labter loeclibe
realn using & oolloldal pullsdfun gebalyst. Thaey fmnd the
irritablng properties of the oill to be proportisnal ©o Hhe
iodine musber, Lhsas proporties disaproared shon e latzeor
foell o gora. The Lodine maber o8 Soelnts seain Jell fros
T Lo 1.5 upon Ldrogenabion and the resuiling oeoduoct was

no longer boexie to froge noe rabbits.



It was found that enly pardial sabturetl.ax: {(os
shown Ly the fall of ths lodine number) of tho rosin could
ba broucht sboal by swons of eabalytie hydeoasenation,
Neduetion using platinws black®™ as catulyes und O&Y
ethyl aloohbol as wolvent wasn trled in o pwalinlnary

ing wes soconpdlehied with whe oddans

ke

superloent. o
mashdne and & prossare of aboat G0 1ba. Doy ag. L. and
7 venperature of 45007 wan used. Hy Gde treatment the
tedine mraber (CGatbormenn and  Leland®) was lowered to
-

Todine rmuber of lydrogenated resing
5000 GeBe Ig Fplly woln. 7 41.00 Gude D.0LE0 U Hagials

domple {Q?mta ﬁ.@.xﬁ GO . ﬁ-ﬁg@nm‘a@ i gﬁﬁ@:
ﬁ&ﬁ?ﬁg% GOL. '
is L2012 15400 99,45 30,9

Other sabalysts wore Lhan tvled 1o an effordt o opues

fusther lowerir

2 of the lodine nuaber, Cabalytle redusiion
walng calioldal salliadium 24 was next atienpted. The patalyat

was pregared in the fellowing wenuers 16 e.c. of 19 »&ig
aolution, O 0.0. of &l ges avable solutlon, and safficlent
wabtwr {(so thet whoen the methyl aledholic solution of resin
wos added about a DOF agueous solvent would meulllwere
mixned togetber and the Pdilyg was redusod by shaking with
hydrogen an the odans aeahilne. <oen Lhe redustion of e

gabalyet wues ooplebed 10,0 gse. of rosin dn 100 geg. af
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metdnd aloolol waes added, The solulisn wads shsdten abt roon
bompurature and ab a pressues of aboml 40 1bs. por Byunee

Lsalh Do abuoul bwenly almatos. Lt e end of this Slow
whe oatelyst had precipitabed, avidently esaguletion was
dus 4o the spesifle nulure of the resin solutla.
The precipitated pelledius was Wwerelore filtered
aff and 3 gase of nlekel catalyst (ianey®d

the solution.,. 4 grossuve of H0-00 lbs. por oqguerye Laeh and
& tesperatura of 40-50'

wag sapioged. Thw solution wwe
shaken en the Hdeas msaiine for abt lesat e day and thew
e gutedyet was filtsred eff. WTils Yresbuent eas repoaied

Churer Sloes using e Lresh portion of nlokel veelh thwe 4%

Lhe end of this proseduwre w rosln wis rocoveresd and de

was foind o have an avers e value of 57.0.
Ioding musber (Hummiz) of resin hyvirogonabted with
nlekal catulyat.
RUa00 040¢ I 50INe - 404,30 0.8s of Q0310 H TN

Supnpie Lomse)  0.0.0dp soin Bete WeliO W Lo Mo
(S *»Dedsy ™ ”g"'wﬁﬁf&;&, 2@ ™

Le Q. B0 Bhe 0
e D 4400 25.00

Thida swae sanple of portlally satveraled rosin
{Lp H0.87.5) wos then sublesied to Duwrther Ky drogenation
using piablman bisek Pay sebalyes. Uthrl aleshwi {(9867) was
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Gise of PGl was used.

he solation and gatalyst were abaken oy five hours on

exployed ag the aolvent and 0.49

the adsss seabfine tnder o prsseurae of Sh-00 1bs. per
square ineh sod a terperature of 40.58%. The outulyut wes
then fiitared off and the lodine wader wes foud Lo be
practically the sww as Delore $he troabaonb.

Toddne mumbey ((howe) of resin hydvogenabted with
slatimes bioolks

B0.00 Gata K& #0i0y o Gl Gee Bedd0 B ﬁ%ﬁgixg%

Sample (gma.) oc.e.lg i!i’;’*'?v 9.110 B Iglio.

e

e sartiaslly hydeogenated rosln stlll retolined
ive vesicant asbion ond aluwo @t lgast ost of 1ies toxieisy

o goldiieh, as will Do ahwen labar. In apoear

ydrsgesatod produgt was albte i fferent from that o Ghe

i

griginal resin, Ib was no longer treangperent tual poasesss

Slumxy e

Luriidity and wie sise saspwint bhardey

sharbing materini.

whwen breated with brosine in slseolel asotlic aold

polabion eroton resln edded beoulne readily. Subadlfution

alse ceouresd as wne aown by Ue govoluilan of hydrobiraeede

aoid,



red for toxiclity and

vasigant atudlies Ly the Lollowing two melhodes

1, 4about i gme of resin was disasolved in 10 a.c. of
o0ldd glaciasl acedle sold. To the cold solution bromine was
added drop by drop until an axeess was pressnt, The sclution
wag then allowed to gstand for one lmlf hour, I$ was then pouwred
slowly Luto a sold dilute NalllO, selution. The btrodde preoipitnbe
ad in wiite floos, which were filtored off, then stirred wp again
with fresh Halidldy solution and finally washed with water on the
filter until the washings were neutral. The progipitate was thoen
pressed on a4 porous plate sand dyded in e vasuum deglooabor over
Palge The dried material was amorphous and possessed & iight
yellow or opange soloration,

SB.97

Be 3 D06 S6.14
Cherbullies et al. 33.1

438

Carbon and Iydrogen Analysiss

Sample (mg.) Hy0(mg.) COglmg.) g n s C
%. 4,187 2.008 G.804 5e60 4. 86

Be 5,087 1.800 6. 000 555 45.850
The author wishes Lo express is appreciatian e iy,
Se 44 Uhrader of thw University of daryland for thwe nlere bronine
Gaterminations.

pifferances 1n the mebthod of preparatica of the Lwo swples
of brom reain ppobably asscount for the rather wide varlstion in
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3 content of the breidde of Cherbulies ot al. and the
e reported in thils thesia. “horeas Choerbtmilex added bromis

in 2% glacial acetiec aold solutlion until 4% was no longer Sne
stantaneously disgolored by the resin solution, the roxide whose
preparation has Jjust baoen desepibed waus sllowed to atund in
glasial soetic acid solution with an exoess of bromine for ome
half hour. One would naturally expact a hiigher brosine content in
the latter oaag.

2. Another 1 gm. sample of resin was dissolved in glaoiel
aspatio asilid with gentle warming to haston solution., “he solation
was then cooled and trented exmotly as in the preceding
dore substitution ssemed to take plage, und the produo
conalderably darker in sppecrance

The firet sample of broam resin thus prepared atill
possessed a alight veslosnt action (the second sanple was not
tosted), They both posscased some toxinity So zoldfish altl
0 & greatly lessoned extent than the original resin. oGanple
#3 was found to bLe alightly more toxile than iR,

Cherbuliss ot al,, however, reported thelr bLroa resin
to be completely insipid. Froa thia fast, together with the
interenting findings of Pasl and loth on the hyd
of both groton oill and Boehm's »esin, 1t would seen that the
toxicity was dapendont wpen the presence of some unsaturated
fanction azxisting within the moleonule, Jata will bo prescnted
in the seotion on the toxielty to goldfish studieas showlng
that sush does not represent the trus aituation,




Uroton resin emitalns free Ignireyd |

was ahwen by active hydrogen deterainationsg and by L0s

: agents. Uoolwm

an hodroxyl groups, siile

therbulies ot al. raporbed e presanes of oA hydy

an the baale of Whe ssponiligetlon mesbers belere and siter

agebyliation, %ids value is seobally a0t & Wrue ludicailon

af the acbual sumbor of Tree hpdeoryl groass Presens as
the Srestsent used by then probably did Mol cormpletely
ugeatylate the resin. This pontention wiil be proved by

the superizental data presented in this sseilon.

Aglde from the deaslre o prepare novw deprlvaiives of

seyles by weana of ether formmsion ihat uore Leactable

ots would be obtained unom sapomifieantion. Yhe resin
was foumd S0 bave an averags riginal methoxyl content of
L%

5 CH,0

1. TH R0
De 52« 80

1o13
1.85
119




- G .

Clark's®% pmodifieation of the Vieboolk and
Sohwappuach mwihod was used foy all of the e thougyl
deteruinations reporbad

Thg firet sbtienpt o meihyylate the resin fnvoived
the use of dlase wothane® Lut was without SuSCUSS.

Hethylation to the subend of .54 {oorresponding be

soraccyl) wae obbatined uwsing the swthoed of Sawordh and

the lalser Metilled from the solubion o insure dwHOBS.

& Dae 6F acidefree {ﬁgigig‘%&g andl L0 mae of sadyrdrous

HgliOy were then added and ihe systesm weas cloged with &
calelus ohiloride Lube. e wixbwe wes refluxed for 78
eaping fnasured Shoprough mixing.
e RelOy wia Cthen Ziltered off, other was added and the
selution wis washed with Allute smaonia So

Tupsre 1o sush o swwrmer that I»

amove the exouos

(Clig)gitge 1t wan then washed wiih water witil neutral and
finally was drled over anlurdrous Haghlg. The sather and

hengene were svaporalte i fop

G oand the sasple WAS e
anwiysie by the uweusl solvent reasval prosedure, he product
was ot discolored by thla trostwnt, Using xylene as a
solwvent, howsaver, sonsiderable hylvsiyeis of the reain coourred
when brected in this u

was shows by Sthe characioriatie deep dlacolovabtion of Ll

acner. The extent of this hydrolyelas

praodegt and the forumation of soeldie deooposliiicn prothints.
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sxyl detersinatlionss

swaple (mg) g.as 0.0108 B £ Ggo
lagigly soin.

ia 18496 12445 P
28 » Mi&ﬁ *ﬁim 1@ 2 *%

e gentleat and probubky the wet effiolent moong

of smihylating the resin wes by the use o Mumilels
reagents®®, Vollowlig fe a deseripbion of Whis meihod:

10 jyane of resin wos drisd Dy solution in bensene sl

sabweguent resoval of the solvent Ly dlatilinilon. 53 Cete
of pure dey Cligl and 7 . of dry Agal were Shen added,
o sreten was slosed wilth a osloivs ehiloride Sube and
refluned for RBLI hours,
the flagk ao that wigorous bollilng and eonsequent good

3 wos usedl o head

agitation of the ﬁ.@gﬁﬁ SogurPel, AL Lhw end of Wiz Slse
refluning was stopped and § 0.0 of the CHad solution wos
withdrawn in ordor to obtaln o saspls for snesliysiz., T ds
pointion was bolled up with soslont L0 renove all lrades
af Cllgl, filserad Suowg
offs Xt wan then redlssolved in sostone, allowed
to atand ovar night, (Centeifuging cen bDe used In nlace of

pd puper, and the solvend

evaporated

e B soluatfos Lo atmnd ovsr oight 4o order Lo srenove

Mg wilch cmmwt be renoded by fllbeablon) snd
agein filicered tivrouyg
avaporatsd and the swmaople dried g umual. Yhe ssaple had

a hasdoped pasers. e solvent was

ko

sage wethoxyl content of 10,875,
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dothoxyl determinelionss

SRR ﬁ“&g Jj f«; ﬁ;ﬁﬁﬁ

10.41
10.81

l. .90
2, 18,464

The Glal was then (Latilied froa the ressindes
aff the seihyiated product, and e enteor foromd Dy the
reagtios wes reovoved Dy Hstillation froa 148 bennens
selution. 50 ce0. of pure dry Cligl end 7 ges. freah
Agpl was added and e resin refluxed as belore for 20
hours,. Mnaily o saaple weaa prepsred for snalyeis in &

mnrirage alnilar Yo that jJust dessrilwd. It had an overa;e
methoxyl eontent of 11l.74.

swaple (pg) 8.8, 0,086 1 % oy

11.48
11,85

l. 20.19
Re .40

This wpesilonably reprogonts the raxlawm sowrmt of
aptlyyintion artainable by thia methaold loammo: ag & seple
of metiyiated resin having & wethoxyl esontent of 10,68 wae
reflued wilih metlyl lodide and silver oxlde sas just
denoribed fopr 2548 hows, 3 the ond of €his parlod the

methaxyl sontend had risen only Lo 11.55.
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Hathexyl determinaiionsy

swyple (mg)  e.e. 0.0201 1 # cltg0
g@%&ﬁﬁs ng ‘
1. 15,75 14.80 11.5%

2o 12.74 id.086 Li.86

Un the bDasis of 400 Cfor she solegular weishd of the
Wi oan averase original methoxyl content of 1.5,
P eontent of G487 and 311.067 would correspond to

ong and bwe hodvexyls seapmeiively. Tie average walup Jop
the mothoxyl contend of the cesplobely rmeilyyieted yosin
was 1l.7%, Wiis fa in exsellent agreesent with the walue

caloviated Qor teo hydyroxyls. 26 1s lovoresidng bo cote

hat by troablng the rezin in 4ilabe vy bonpenes solutlon
w18h an oxsess of ﬁﬁﬁz arud »ggﬂ and reflouing for 92 houwrs

g reain with g nethoxyl content af G.4 0 was sbhtalnod.

Hathoxyl daterainationss

BColte af O, DEO0
Hagligdy soin.
8.80 649

Be Te48 4e DB Goitd

sl
ey

% g0

Therizs are Sue Lo M. S, 4, Shrader Qo thds swthoxyl
daterminatlon.

Tids result togetter with the Faet that Ly setiyrilatlon
with aworth snd Lepworth's seobt od & resin sonteining G.85

methoxyl waes ohtalned, nales 1t sewes quite planslbie fhat o
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of the fyee hydroxyls lo sore scidie than the olbhwy,

Yre omuplebely weihylated roslin posasessed no
voeslount seiion and wes nowboxde Lo goldfish. In view of
thae rdidoess of Lhe reaazotion weed In 1ts propupudion 10 ia
exoesdingly probeble that the Yoxleity %o goldiiah and Uw
vosioant action of eessbon resln are nors Intinabely
gonnecbed with the presense of 1%a free hydroxyd groups han
with the wnsabtwreated funetlion. Thwe swiliylated resin in
appesranos gave no evidenosofl having sulfored olthwer
hydeolyais oy exidation Ly e ailver oxide. iIndeed

oxidetion would be gore likely 1o the broginasion of the

peain wxl yat e yeom produst 23111 possossed both vealeunt
aption and toxieity to goldfish, slithoush o a mech losser
degree than the original roein,.

Whae veain was woeltylated by neana of tbw Swo nellbods
the desoripbion of shiiech follows

1.2 gmm. of resin was dlasolved in 85 g.0. of asoetis
wrlypdeide, 2 gas. of anbydeous sodiog spotate was added and
the solntion was refluxed for ono hwur. Thw ogoeus uosilia
ardyodride was then resowed by distdillation on the slewn bDoailh
wndier dilainished pregsare. e regidus wap dissolived in
athar and the solution waa Ciwn waahad w1th waler unitil nwulrod.
e solatlon was deded over anhydrous lagliOy, filtered, the

ethay evapsrated, and (he residaee deled in the ueaal SEINOC
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The materdsl wes sooowhmt derler Ln appearance thas the
starting product. 10 was 88ill vesleant and toxie teo
goldflah altbough %0 a lesesr satent than the urlpginal

reain., The average wniue of L1ts seponifleantion nusbe

saponifieation rambers

%&J@}ﬁ,@i Pl N } Celo Je fwﬁlﬁ? Cald «Oeildss & LiiDe e
alo.n0 soln. WY soine.

51480 BUG.S
50,2 360.9

The saponifioation values were all determined by

reflaming the zample for 40 mirmabtes with an erxeess of

snicoiiolle WOR, Phenolphithalelin was used ag the indicsbur
and the titration of the wmeed alhall was swmde in a velww
of about (00 Ges. Thie lerge wmisewm wae negessary in sader
To d@stlngaish the sndpoeint, as the saponifieation products
af the resin snd its Jdorlvativos possessed Hhw amiod dark
diseolorailion,

Re 4 ymas of realn waog disasolved in 10 c.o. of dry,
pare, ryridine, the sslution wse conlad and 10 c.8, of
diasilied seetis anhydrdde was allowed So fow 1o alowly.
The solubion wage allowved ©o shand at rooy Leopevabure Jop
S35 boars and was then posred alowly 1nto oold dleblioed waler.

It wue sl .owe’ $o staryd Lo oombtaet w18 he saber o one hall

nowr in ordey o losuve hodrelysis of Ww ouoess oeelio
srhpdeide, The amsoug suapensinn wns en oxbraobed with gty
and e etlhwer polalion was wazrsed wiityn d8iube 0L solution sed

than with water wnbil nsubral. It was drled over anlyydroun



ﬁﬁﬂwff}@, the ether wes evaporabed, and Zhe resio dried as

+ 1%as aversge ssponifieation vaine wasm 334,

Sapoenifiestlon mambeors

‘v AU I @a@i@nw 3 Wiige il
m.. f:}%@ f@m. L solne

. G 4040 e 00 27,70 SaLaG
< 1N Qe TOUS 3. 00 18.10 G3l.d

Saeaple {i2a8.)

Cherbulies o8 al. obialned an assetylated modusht by
this sass nebbod which hmd s sspodification musbey of H43.
They found Whis produst o be saboub ten tlmes more astive
(dwiernived by tasbting) than the resic agetylabted by

refluxing with agetle @ﬁm&y de, and they coneludad therelars
what neatling bad destroved some of the Soxie praperties of
the resin., “This sonolinsion Lo nob suprorbed Ly the daba
propenbed 4n the geaiion devobed o tho asbudy of the toxleily
af these derivatives to goldfiah, 1t g Leawe that the roaln
spetyiatad in the sold is sore toxie o goldfisdh {cong. = 8
me/l), bubt it also has a lover saponifiention musboer and

Ppe than the reain aoetylated

benge wore fres bhydeaxyl o
withh heate The &fference in the survival tlues of goldlish
8 75 preelsion for tho method, yet Whia may not be signiflieunt
slthouggh U doss suppert the thwory thet the Sorioiby of the
DL

ovodused by the two saaples 4o 341, Oeredop

resin lw olosely related o the prosenwe of ite free hydr
f snaple of dfsethyl resin (1L.7% Clgh) was alaee



f-%-

asebtyiated by neans of acetlie anhiniride snd pyridine as
bhas been desoribed, It avernge saponifigahion vaiue was
183,
Hapmilioation nashers:
Banple {me.) C.B.0.289 ¥ Geta D848 1 Slre iida
aleJ00 soln. L B0ife
da De3435 P00 H3e40 I74.9
Be G S840 A3, 05 S .40

The averuge saponifieation muysber of the unageSylabed
diznethyl realn was found to be 181,

Saponificstion mumhepral

Sauple{pnse ) ©0.0.0.80806 CeGeDeidB Sige lioe
ala.A08 soin. 0L solin.

: 2000 2300 L7568
24 Q.3368 S0.00 85.80 105.9

The averasge saponilfioaiion meavay of the oeriginel
unneetyisted resin wae found to be 8464.
saponiliontion Duwihersl

Samsple (98] C.e.0.880 B O eGatbedddid I SHDe Tie
ale, SO aeln. 1K1 soln.

40.00 S1. 10 2585
40,00 36,50 -

The informtion obialined LY (lese aceltyistion mdl

1 A Table IV.

ethristlion experisenta 1s shown ¢ souleassd Lo
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wae used Lo cnliouniabe e resslis obindred:

¢ Yo is the volwaws of

£ ey = 220044947
# {ﬁ} b2 %, f
wothane liverated (standar

of the sanple.

& couiitlonsl, O 42 hw welghl

reat oare was uaed 1o Lnswre dremens of the saaglios
malysed. Por the urpose ol deying sboub two grans of oash
aample was dlasolved In 150 o.0e of puare aloroelorm. e
golvent waas then Halilisd of £ ad the last Lrooos wore
rocoved by beating to 110% in the abderbaldes Lo ths wsual
manner. Finslly the mesin wag allowed Lo remain for ab
lesalt ane bouwr at o pressure of aboub 20 . aid & Gesperabure
ar 1307 1n the prosence of anhydrous seloiuws ohlorice.

Following is the data oLiained by Weses deltersinsitlons:

Ordpinal vesing

Blank o Q.84 2,0+ 8% atandard aondisionn {ocorrected

for V. of pyridine)

Seuuple

Py Vglee) £ soviven  lo, of OH
b4 e gt er

da QOB T8 5,856 D448 el
Be GL.O1I3 TR 209 H470 e Mo g &el

Mmethyl resin (11.37 Clyn)
1. Q0440 T 200 L T¥ < Gl .9
2 T BOO 4448 0.20 1.7

# gonsidering $he aol.whk, U000, 1 setive I cormveponds
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The isok of bomopenoeliby of orobon resin wan
itged by Ubherbuliss o% al. ! indesd one weuld

soareely axpect To obtaln a pure subsloosges by the method

waed In its isolatlen, %Whe experivent to Lo desaribed
was underbiien wiih e hope that a resslution of the
somponents of the resia aisght be offeeted by wideh finally
pac Lo Crystalling.
The experizent wes based on the laok of wiseibility of

Shw puare tonle prinoinle oculd bHo Loubs

goobton Peslin in petroleun ether and Shw fact Gwub pebrolows
ether is veory all;itly seluble in ¢

G5 mathyl aloohold.
500 am. of orobon resin waw digaslived fn G000 Ge.o.
af 907 agueous wtiyl alachol (& ailght ficcsulent preaiplliate

4id uot disselve) and the soiubion wee plaged

in tiw body of
2 Liguid emtractor. RSO 0.0, of petrolowa ether {GG-T0%),
whioh had proviously been disillled, was then plages in e
botler of the extrsebor ol @ rosin solabion cxtrasted
for the poriods of time recorded
of saeh poriod the guentity of resin oxtisated by Lb

i bhe Lables A5 the onyd

pebrolams waan datorulined by evaparabtion of hw solvent el
subsegquent welghing. mfficient fresh 2OF methyl aloobold

el altay eash poriosd oo mmintaein 4 volww o S Gl
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Tor uip resin solublon. Jmnples of thds naterial wore
wrepared for the analyses and foxieldy Leess in the usual
IRAVEVIONT .

The resalts of his sxperlment ame recoprded in

Table Ve

Tabte Y.
Hesults of the Sxtenotim of o 900 squeocus oty

Aldouhalic Jolution of Urobton Hesln with Pobrolowa Dtharp

Hours G i of
Mf& mc ﬁw‘%ﬂ
-

28,0 7.0 €.10 0.15 09,81 ©0.00 @7
11.7 852 B.98 0.85 O 50.96 25
20

1.8 i2.0 g:%g i3 .61
* $ 3

i.,8 RO.8 Heldld B.18 (0.88 48.05 i,
gt m ‘jﬂ' . %?? ;

Led 3.0 B,08 0.3 00T 0,00 40
Gedd U 76

a9 i9.1 BT Dell GULIV 4,08 45
9,27 G670

J De8 21.0 Hedl .20 G018 Oh.41 PRy 2

AEEEEE:

le swerage analysis of the opiginal vresing & i &Ws Uy G.40,.

2. rlginal vesin at conn. = 5 mg/ Lter. 29 win.

Ton a3 g0 of wesln whieh reusioed in e aethyl aloshol did
not offeot the fish in six boura.

Althmagh She appearance of Shw frootlons olmmoodd
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markedly frem pals yellow Lo drep brown in eolor und

fraa soft and stioky fto hard sl britsie in sonaletency
from fivet Lo lest respectively, nobthing eryatailine was
obtained fres eny of theme Iz is interesting o note thab
817 of the resin was extracted in the firat 40 hours and
that the toxle materlial vongenitrated in this portim. The

sreent of carbon and hydregen in the Craotlions variled oo
60.90 to 08.41 and 9.15 to 8,420 respectivelys almost 1% in
thw oase of Lydeopon

and about 3.8 1n viat of oarben, Wille
this experimeant was & fallure in that o srystalline subatances
wore obtsined, 1t wss of waluwe in tha¥ it showsd olearly thab

£ ¢

he resin L8 e intioade mizture of substancoes whose solublililivy

ration 4in petrodeus ether and nebhiyl slechol are very asioliar,
It also sghowed that the boxie fragtion of the resin iz the

more readily ostractable frow 1te 9O7 methyl slooiolie solution
wiih petrolows ethep,
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and were placed in elther J=iliter wideemouth candy javs
or in ld3eifiter Lotbery Jurs £illed wiil waber baken frows
the sguaris to avold sudden tespersthars chayma, One

ditey of watey was allowsd Doy sach Tlesh. Yhe jars wore

plosed in the counstant temperalurs babl, in wiieh the

tormpmrature was nalnlained st o f 32 and aliowed to Qe

gradually te that Leuperature over alyg

Goradorlf nhes ahown 4T aguatene at & sonsenbrailon
of 111000 has no appseent offest on goeldfish. Conseguently
Lhw macples of resin weres sdded So Lhe test jave in seobuw
golution In sueh guantity that 1%s goncentrasion ot no Lime
azxeeodad hils wive. ISy wvigorous sbtirring at Lo tlue of
reipitated
boie substonges ooildd be obialned. The death polint was
Ak

tha additler of the szawple geod diapsralon of whe o

deterniaed by nobing a8 near as pogssible whoy alil o
novenents hed geased.

The oumber of fiah uwased for the datersineilios of
the sverage swwival tlme varied, 4% ke
whopre the Siflerenseos 1in suvival tine dus o variasiisnas in

ot eancentretioane,

Individual reslistance of the fish wore masll, four flah were
weually vesd for ssoh polni. O9n Shat pordion of She cuwwe,

where sorvlival tiuoe was iogresasing rapidly with samlil deeroases

to nininise Lhe affent of A forences in 1adividual reaglatanes,

neentratism, o lavger mmboar of flah were used in oinder

A% the lover conwenirations fewer fiszh were again reguired
singe 2 cooparatively large Aiffersnse &n muvivel iow would
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sarpespond o o momil poroent deviation from thw swan.

Crude orobon il was obialined

in the following
sanors 51 gas. of the pround beaus (.0, 8509) wvae
extracted in a Soxhlet with petroleun otber (wax. B.?, G8°)
for about @ howrs. The petroleusn ether was thon evaporated
fron the extract and the oil was dried at 108”7 to constant
walgnt, Tleld 1Z.9 gms. (D85.3%). 4 Puether exbrachion
with tho same solvent for about § howrs removed only
e of 0il. The saponificatlon mudber for erobton oll is
ding %o ihe U, . Pharaccoopoeia IX, p. S0B.
The valus for the saponificetion mysber of the erobton oll

igolated as Just dosoriled was hovever 205.8,
Saponification number:

éw%ﬁﬁ&ﬁ {:}%ﬁti Delln f&-W B &aﬁy @g% B a:?ﬁ@}‘z%%g
alo. HalH aolite 1 s0lne

de BB.00 98,00 260.8

The btexieity to goldfish of this orwde eroton oll
wag deoberalned fn o oamner sinilar to et Just desoriled,
The rescits of thls sbudy sre shown in Table VIe Thoese
rozaibe are aown graphileally In Plge. 2, whomre average
gupvival tine s pdotited ag ordlinates and ocospentrailion as

abaolanad,



liinutes

GO,

oGU
()
40
300
2! %\\
100 - 1 2@ - =
—
Q) & ON

0
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Milligrams per liter

Fig. 2. = Cirve showing toxlcity of Croton 0il to Goldfish.
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DADLE VI.

Taxlolty ef Croton 911 to Coldfiah at 27° & a0

Conge | Hg/1itey | %%«a! Lish

wﬁm@agg!

.76
2.00
Q.80

ﬁ&#g@%%g@%

350 (1440

)
G.10 > *?@:3 {1440
)

e
W %%

%

In e determination of ths average survival tlinve
no vwaluss were digscorded and 1% was assumed that tho nusbey
of {ish resoved befors doath had opourred would balanse Ww
muaber resoved after death,




SHTE pmm. of the ground oroton beans (I.0.830)
ware extracted by shaiting with petrolewa ether {50-70°)
fu Lhe coldd. This proocoss was reposied Chese imes and
the petrolewn ather was Lhen reosowved from thoe oodbined
sxiresies by svaporation on the stes: bBubthe The Lfinul Lraces
of solvent was renoved LY beating in u lerge claldsen Tisel
on the steanm Lath under rodueesd prossure whille o slow
owrrent of alryr was draen Shrough the oil. Tiedds T2 s
{23.45).

100 ase Of this oll was ghaben 1o Uhe oold with

150 pl.o. of sleotinl (951), the aleorolic layer was ulthe
oo and the oll wes e grbreeted with o Durther 100
GeCe portion of aleohoi. Yhis oodbired aloohislic entracis
wore Piltored, centrifuced to rovove susponded particles
of oil, and fisally the sloohinl waaz evapornded off., Yieids
B3 gae. (317).

Thwr boxlielity to goldfish of fhis aledhal soluble
pordion of oeroton oll wese esrrled ot o the wmasl DanDer.
The resclis of this atady are sown in Vable Viie Mige &
atws & cuoupearileon of the swwival Sins - songoenitrailon
gurves o this nalterial and of potensne, the values for Uw

inb gy wore dodorained by Geradorpd 0(@3*



Minutes

viele;
o
N
200
100
Q &
= ).
° 0 0.9 1.0
0 OOl 002 003 004 005 006 007 '8 . *

Milligrams per liter.

Fig. 3 - Curves showing toxicity of alcohol soluble fraction of grgtogngil
and Rotenone, A Alcohol soluble fraction of Croton 0il, oten .
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TADLE VII.

Toxtelty of alsohol Joluble Portion of Craten
011 te Goidafish at 27° }.459

Congentration Ho, Tish Avarage survival
ug/1ttoer used / tast time in ninutes

&

B ¢ & O

3
.18
0. 860
0.80
0.10
0. 078
0. 080
0.020
0.010

EgIeEees BB

4 doad <700 R dead 1440
> 1440

& 6 0 ¢ & 4 0 2 & & b O @

L% 1s interesting %o sobte In ¥ige § that the Swo
curves are of %w same goneral abhape and are aloond SupeP-
imposablie.



boxiollty teets deseribed lwre vore wde
prior Go the eaftresilon of the lerge supply of resin
LOY0 use ) previously deseribed in Jeg. L13, sonsequently
u dilfTerernd smaple was uged for then. Thds smole was
sbtained, in a prelivineary experiment, Ifron the petrolews
ether sxtracbed sare {1.D. 830) and froy e of the evobon
oil obtalned therefresz by following essentially he
progedure of Chorbulies s¢ al.

000 mp.e of thile pwye was shaken with LM

J Calle
o atand
B2 hours wit W:is soldvent and Jiltered warn. 4 Creah
portion of methrdl aloohol was then

of 90 agsecus wihyl aleviol, 1t was allowsd

p and the extraction
repeatiods “he nmethyl aleohol was rewved fron the exblined
oxtreote by distiilation wder dininfished pressura. 200 oa.
of ercton oll sus Shen asdded

o the water-oll residus and

the Swo layvers were soperatod by sontrifusing. The ol was

axtreeted with ol

Thease oxbtracis were conbined and the meihyl slovhml resoved

as beforg. The reasldue waa Gy iy sutraghed »4%h

petraoleun ethar to free e produet fve: glyeerides, fros

poids and othey ﬁ:amx%ma, ST epusons ouspenslion,
sontalning the resin together with certain Loparltios, wes

then extreoted thorseshly with etiher, he othoer solublon,



wan waehed with three portlons of 0.8 0 BE0Y, then with
walalr 0 pemove all traces of allvall mudl finally wes
dried over anlydeous U 80g. “han the ether wes ovaporaied
Fen g

the orads produst was dismlved in 83 aqueocus wmethwl aleobol,

« 9 gruade resin wap oblainsd, For further pawlifisation

whiieh was then xtracled tiires tismes with sobrolars othar.
e eoubined petrolews sthar oxlraots were then uxlradbted

&

with 300 squecus mathyl slcobold and this exbruct was

combined with the O0F methyl amlosholie resdn solution. This
a@i%z‘&;%em was filtered, the motlyl alechol evaporated and the
sguecas suspsnsion, «iloh resuited, was aextrasted vith five
portiong of ether, The other solutlon was led as Just
dosoribed, the last treoes of selvent was Moally resoved
in o veowes. Tleldr O.81 mu,

The texielty to oldfish of nil of the By-produots
fn e gbeps rendred o obiein the 1.8 . of omude reslin
was delermined. Iy his wmsans e efficieney of ithwe oxbraction
progesses wae found o Be very good.

In appesrance this swuple of rosin was slllar o
thet desordbed by Uherbuliex e ai. Its analvels{mixed
howsver with snother smwiple obialned in he sase samner) checkod
that given Yr Cherbulies ot al, mwl alae ithat of the lurge
sarpie of resln shose lsoletion hws slready boon desgribed,
thus denonsbraiing the sivdliexrisy in corposliiion of Shwe buwo

susples.
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Snalyalar
sople(mg) L0 (mg) Cog (mg)
1. o 40 B0 S.914
S S GOR B 9GO D271
Uherbulies ot als

The temiclty Lo goldfiel of thiis purified roasin
was Setormine ar proviously deaserlbed, The

romidts of “in atudy wee shoen In Yable VIIX.

TABLE VIIX.
Toxtoity of Croton llesin to OJoldfish at @7° 2.3%.

—ﬁ?a awi‘iﬂ%l

bma Yige Ho.Lish used
per iiter mer teat

%e17
450
S.70
208
i.89
1.08
C.52
0ud2
060 igw

1 dend 1440.0 desd BAG
1440
1640

& 8 P b

»
288 38BXEE

S

et & 9 6

° 5
o8
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Theae date are siown graphioally &n Pig. 4 wore
supewival tloe le plodtted as ordinales ami concentration ns
shsolasas. 4 sisdlar eurve o owin: Liw toxiclity of
rotonons 43 also included., The daita for this curve wgie
baken Troa the wopric of %firm%ﬂewff?o%“; in the same Dl pwe
is plotted also e veloelty of futelildy curve in whleh he
reoliproeals of the suevival tims (smlitiplled Y 100 to avold
doglmalis) fa plotyed ws ordinates agalinst consaniration As
abacisons.

Powora ® has found that the supvival tlue euwrve L
logeritivaie In funatlon. lHowever, Lthe =aiddles portlion of
the curve {(wvhere veloelty of fatalliiy ingressos mont rapdddy
wid inereasse in eoncentration} apgroashss an ogallalecsl hyperbols,
Gonsequoently the socvrssponding poriice of thwe valooliy of
Tabtality ourve, whieh fa drawn wl¥h the recliproealis on
grdinaten, spproaches o stralght lilow. Yhis stralght line,
ealleod The heorebtleonl veliooity of fatality surve, when
srolanged auts the x-axlis at a polnt dealpwated Ly Jowera
as the Teoretioal mhirsaboeld of toxlelity “e%.

On the basls of thege conslderations Jowers sug oasted
the following formals for use In deberalindng eepurative
tomielities, T (toxlelity) =|/gan & vhore "a" ls the walue
Loy the threahold of toxleliy

che ancle Sovued by

b theoretiosl veloolty of fatalily curve and the J-uxlis,
TUalng tils formula Seraderld obialined a value af

T w4 for obonone abt 399% s calouloved valuss of “ o= 008

and 0,16, for shenol and potassius oyanide respeotively Irou
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duta glven by Posers, and thwrafope gooeluded that
rotenone was more tomie Lo joldfiash than potnssiun

gyanide and the Latier was 200 €ines wore toxie than

mm&»
Chse velaes are not enticvely conpurable slinge s Ltenporaiue
o ,
of 27° was uned Ly Guredorll sl 21,8 by Powsra.

F%

Fo the wloalty of fatallity oawrve for avobon
resin the following valuwes are obtalineds
o w0004
@ = @iﬁ
bany & m G.31

uﬂ%ﬁw@ w Bl

Time agoording to this metiod of evaparievn croton rosin is

78 tines more Yoxlie than roteonaws,

sersdoresd X4) nag pointed cut that this rethod of
sospurison of the toxleities of various aubstarwes iz not
all that could be desired sinee the eflent of the thresholid
slged wiille the thivrd Zuaber, the

sonoentration a8 expressed by e orisonial

valus "a® was overesnphn

toxielly ot high

wayntote, was nol considered ot all. Thus by the use of Uids
forrmile he found the wilue of he threshold of toxiclity "a"

for rotenone hydrochloride o be .00 mg./l. snd that thls
subsianog appears o be thaereflore, aboul Len Lisss nore texie

te ooldfitsh than rolononn,

Yable IX siows a euwparison of the toxieitlesn of



w 505 -

rotenong, rotenone hiadroahleoride and crobon resin ab
gorrgeponding emoentratios. Dy Lnsosedlion of the dula
4% worsdd seosz obwilous thet the Loperfeoctiona of the
methiod, d4s pointed oul Ly Gersdorff, sro even nore @x
and steiki

%’*ﬂ&“ﬁm
g in the cousparisen of the Soxisities of aroton

resin, rotencne, and rotonone hiydroehloride fop «:id the

valuen of T are 3l.3, ¢ and 40{about) respeetively.

TADRLE IX.

i of the Toxlelvy of Urobon Aosin,
Hotenons, snd Hotenone lydroeshleride o doldfish ab 27%.

Cangentratbion
Bge/ 1iber

THotonone REeshiorids

i d

Qe 10

D.050
0. 020
0«05
0.010

xiolby to goldflalk of uhe derivaiives of ocrobon
rosin, whosse preparasis has beon desoribed Ln Sso. ¥, has
beon deborwined, Wie usmanl proeadurs wos fol. gwed mul Doy

the sale o gorparlson all of the Losts wopre mmds gt &



- B e

aosaentration of Swo olllisorens per iter, This iw g

rabther Kigh concentration at 10 a lowey ono had Doen
ased the survivael tise for aome of thoese derivatives would
have bwmon ingonvenlendly dghe Tha average swwival tines
wore obialned by the use of four fMlg poy Lesi.

The resulby of thwee tesla sre tabualsitoed 1o Yable X.

TalE Ko
T Toxielty of Cortaln Dorivatives of Urobton

iesin to Joldfish at 27° I 0.8°

Avarase averag AN LRID AVe chaevivad
B Clig lmpe Yioe Todine Ho. tiue in ndn.
(¢ f£ish)

Urizinal iealin 1.2 244 631 a0

sopenated ¥ - - SP.8 18
Agetyiated (1) -
apebyinted () -

Dimetlyle .
soatyiated - 153 - ) 1740

Dimethyl 7 1ie7 ABL - ) A740
Liyom "{a) - - - o
Bwom *{4) - - - 71

b
ib L d

&Q y; %* ?f&@gi
<]
"
L ib &

" L2
¥

BN

) 8
2
s
4



Hydroegenatlion seess to have had oo offeot on the
survival tlme of the ddfish «hile scetylatlon sl
broaination degreased the btonicity o a conplderable axitenb.
figures in the tsble besause of the cwparatively high
songantrations -a@layaﬁ.

The diowthydl resln had 1UG0le offeat on the fish
in 1740 minates. Althoush all of the fiah wwere alive and
in no apparent distross, at the end of this porlod n slight
LI

This table aliows in atrilking fesiion She fnportant
ralation of the fveo hydremyl groups
taxiefty to jpoldfish.

inltude of this deoreass 12 not so sppayent froa the

ireitation vas notiesd on the Lils ol aome of

af geroton realn ta 3is




n%*

. congh R NS T D RN wPE e
e PR 5;{,{, J&;” AL 5y

Pron an inseelleldsl viewpoint evolon resin hus &
porious Olssdvantegy $n fte rubelsclient propertics. Thisg
propurty of the oll bme beoen long rocognised sl use of 1%
Bug been made 1n sertain cedieal aoplisations. o

mpasare af he vesiomnt astlon of eroten resin

gquantitative
was recorded by sither lUoelm or Cherbullesz of al., the iabtier
mithors neted however Lhat Lramloaiin: rendored btho reain
easpleotoly imsipld, a8 Lo Doon perevicusly montioned Pand
aned i :}%3“3 goow ad that hydreogenation ol erobon oll causoed

the Lodine mamber o fall e soroe and the vesioant jwopertlies
slmiltansously bo disspiesr. (ydrogenstion of teeitnm's resin
eausaed e fodine nudber Lo fall Troa W7 o .0 and the
product thereupon loat its toxielity to Tpogs and rabiits.

e vegleunt tests horein desoribed weres ail carcried

anets 1 Bhe foldlowlng unidfopm mppminery O dropa oo a 0iHeble
{ealibrated 70 drops / c.0.) contalning the Suat solullon
wore nlaced on the akin and alicowed Lo sproad over an avroen
of fros one half to one amaare Lloch. ash drop was sldlowed
o dpry bafore the following one wae appiled, aloohol op
sgotone was used s the aslvent Lfor hw applicaiisn of tiw
rosin. “he treatod aree was Lelt exposed Lo the aly withoub
wasning Lo fron B o 1U howse when sboesevaiions wore oude

o deterwing U roesulis of the teste In ouwses of pualiive
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resction a redowas and swolien feeling resuibed in frem

8 to 10 hours prabably resching z sadimen

wlthin 3 hwura,
The appearsive of the burne was reod and slizhtly swollen
with numerons @il LYilsters or pustules., The redress and
paastulation asused by aiiH buras gsswslly disaprsared
within a few days bul sovwiboes peraeliasted soveral weolis

in nore gevere onsel, &8 Was olLasarved in sanme minoy

asoldonts incurred durding the oocuras of the axtyraciiom of
tihwy vosin.
Yhe resulidts of e vosisent teste ave ohouws In

Table XX,

PR

o
e

iLEL KX,
Veagicant Teste on Uroton llesin and Cortain of
Ive Lerivatives
TCaliBeal | DOge g SOLVONE  [Ge OF

tast soln. por ag.ine used indivie leoult
uale

rlgdnal Hesin 133000 Ue O alaghol A

motorate

Jrlcinal Hosin

R “ 1 propounse

23 3

Bydragenated® ¥ 11100 Dud " 1
(95 EERE 43000 ) ° 13100 Deth nsetone 2 o ban
spobtylated 9 13100 s u 8 prosounoed
an
2

Trom llosin & Do " wvery nilight
T

is spprozimate area ,
%o Zodine pasbor m 0.2 (Uattorang & leland®o)
Ve umu. ¥ @b Prop. L

4 " "3 * 1




- GO -

she preprration of these dorivatives hwms boeen
desorited in sectien V,

The disetiiyl resin is he only derdvative whileh
had ne veagleant aotlon, altbouyd the bDroagdoation produst
thab
verosdnation sonplately destroyed the vosicant asgtlon bub

possesasd very Lltale. 4 previcis test ad Indisated

# repebition of the lLests on two fodividuasis both jave
alight positive resuits. flste 3 1z a photograph of the
burn producsed by the ordiginal resin. The burn nearer the
wriot was peodused by 0.4 mog. #w:lle the one nearor the
cad by 0,04 . of resin.

Thess dalte sappory the cormwluasions drawen fpos he
By of the toxiallty to geldliseh of these deorivativos of

albow wan :;%

the rosing that ia, the sotlen of erobon resin, bolh
vosioant sl toxle, is aere intinately connaebed wiith the
Xyl oroups than with the

unsatarated funcbtlions, Here agein the positive rosalt

presenoe of ita fros hyds

obitalned Wit the sesfyiladed roglin ean be ascrlied to lack

af corgplete mmaling of thwoe hydrozylis by this reastion.
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48ide foon Ve work of Dr. Pe e Coupbell and
Hire We He Gullivan of the Division of Inseot Toxicology
and Physiology, Takooaa Park, dargland, on mosqulte larvae,
no toxielty studlies have beon oade on insests asing pare
aroton rasin. Hessrs. Davidaon, DB11ilnge and @ eynoide
of the Food and Drug ddministeation ab Bileer dpring,
Haryland, however have oade gulte extonsive ingeotioldal

teato using the cottone oxiraois of curtaln of ihe more

srasieing plant msterdais {(orabton tigliua 4s imeluded) os
deternined by Drake and Uples¥*? tn tueir study of the
toxioiby to goldfiah of theuse sxiraocta, ipsoe forbids the
prosentation of the detalls of e teabs made by Jevidaon
&% fls in thnis thesis bud s gondensed suwamsady of thelr
roaiite has beon preépared from Nr, Davidaon's report.
Thase dobta ave tabulsted in Table HIX.
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solution bhowewver hai 1ittle effect o wnaly ugs. S the
baals of 1F oroton vosin is the seeds from whieh this
extract wag prepared, a 55 dilubtleon would repvosent a
consentration of 1130000 of the pure esin L0 the wmaeay
mirture. This does not, however, prealude the poseibiliity

of obhesy ingg

fenteg o alse oxerting e insectieidal
peblan alon: with thaet of the resin. A loportent lesbhe
in tha use oFf thw aovbone axtrsot Proun ersion igiltas is

thwr lach of any reportad plent injury due Lo its npplisation.

Dre Fo L Cagpbell ot ale have sbhwiliod thy of oot

of ovolon resin Upon woegulbo larves in the following omnnes:

50 seeygite isrvase wore add d %0 100 .o, af walsr sontainiog

the roaln suspansion whdeh hafdl been previsusly dlspesrasd in

the weter by the addition of 1t%s sestone solutlon. The
sppoararwe of (he resuléing solultian waa noled asnd obasrvie
tiang wore made st intervals Lo reoord the mavber of Laavee
Eliled. The resulis of this stbudy are glven in Yables JI0X
gl X3V,



Dl HLIZ.

Tomielity of Uroeten Teuln o Sosgulio Larves

at 20.8° 2 0.1

Appearanoe of

ﬂ&m@%a@aﬁim salutlion

15100,000 5 be 3 484
13200,000 falnt olowd 11 50 G
L1400, 000 elioar solution 10 20 42

 soobone abheck In duplieater none down in 45 haura.

TAlRld AIV.

Tonielty of Groftom Hesin Lo Josqulte Larvae

alt %Q&Q : f}.ﬁ.

Conpentration Selution
| ' B Loy, CAApe 6F
120,000 reain on bottom 597 44 6O
alomady, saall particles
af &‘f‘m}&iﬁ on bobtam 26 35 50
eivsudiest of sories, |
2o particles visible U3 53 ¥
130, 000 idsht eloud il 20 i
1r160,000 Puint olouwd G ii 54
13050,000 Glanr solution K 14 48
&3%%%@,%@ Clear solution (2 S0

# Loegbors ohwoelktd e dovn 0 49 hiourde
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Toe roesults of theso Lesis oan bDast Do dlaocussed by
quating froes Dr. Cagibelilts cesorts "Uroton resin affoote
the lorvse in the swse way s Ly wcobtone extvaeat of e

plant, The sellion seons o De aven slowsr Shan st of

rotenone, Vhe larvse remelin suspended freoa the suriage Top
lomg periods of ine snd are net oneliy diasturbed., “here ia
s ourious tendensy Lfor the laprvae Lo apparently sloink in
By o Chwy Deoding

ol the Hoasd and Lhoorax. Dul these stowendiren lorwas 1ive foap

Jongth. This spoenruned nay e Gue v

many hoewrs and arve gaite nedive whon prodded. o oonasldoralie
ramber of larved shion dpiven below he surlspe are falrly
active bubt do not seon o ba sbie @uite Lo rewcon the s foaoe
of the Llguld again®,

At A310,000, 120,000, 31:140,000 there im olwiously
o oeulanioni offeel of the stieky realn. Uproups of O o &
lurvas Degose abiaolssd Lo esah obber and etrgyds violenily
elow the sirfase Lo ot gway from o stloky substanee. 1%
might e aseumed That THis weehanical a0tivn plays » pard even
a% Lowe

¢ oongenterabions where sush setism is not apparvent’.
"in sonelusion, 1t appesrs that grovan resin s very
affantive ngsinst =ooguite Larvae over o iony gerlod of
exposure”
The suthor sliahes o expreas s hia Lne, Lo Ure
Campboil end dessres. Davidson, Salivan, B11lings and foynolda,

his epyresiniion Tor Ueilr offortes in owrrylng vab e
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entbanolosionl Seata Just desoeribed,

In sonelusion 4t appeare Lhwt eroton resin holds
sonaidarable srovise as e inescciieldal onlerial.
Proliminery sxpori-wonts heve absown 1t o possess appreplisble
toxiolty Lo » varlety of insoota, und 1% seous 9 huawe o
injuricus effpet upos plant foliage. he asuthor feels that
the serious disadvantage Ho ity aee sa a: insceSieidal
mateorinl {its powerful vestoant action) evan probably be
obviated by 1%s application as 8 duat. This dust sould e
propared by 1is depouitlion upon sone inert clsy swiesdinl sush
a8 keolln o other sultable sudbstangs. For iis cavserolal
appilection 1t would nol e netoasery to earyy oub the
involved progesass required to obitain the "pure” resin, but
rather e aleonolie eutrasot of the bean coald be used as 2L
pontaing all of the resin and only ¢ soall Mreostion of thwe
inert olli, Ohosdd the vesln Tall o find any pragtiosl
apnlisations as an inseetidieal agent its sxacesdingly powerdul
toxle netion still offers an fnvibting Mleld Lfor a tworetiond
study of the 18%tle lnows relatlonabip of Soxlelity and elwetieal
vonstitulion.
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Ko TID SAPONIFICATION PREODUSTY OF CHOIN U

metan and Soole obeerved that bolling helr veain
with potaseivn hydroxide solution decospawed 1t, desabtroylng
ita vesieant proportiss and yleiding severnl acids, sone of
evidense polnted %o ¢ lmetone or anbrdride sirusiuro.

Boelss stated that by allowing hde resin to atand i3
howrs with 308 a usous potassius hy

wiioh were volatile. <hmwy, howaver, olained

soide u daric b,
oxpleiely water selubls groduet wvas obialneds Fhen uhls
salubion was 20idifled a brown resineus rmss separatod,
whopeby an intense odor of falty asoids was olsorwed with the
odor of iscbulyrie meld predmmlnebings A yield of 381 of thie
aoid aizbare was reserded by him. o also osbserved beslidos
the faity seldm an av

arphwus asild, reasinous material whidah
e pailed resin elochol. This zubstanse was noietoxie and
irsoluble in sotroleuws obthar though partially solubls In

ot watoy, It was sluall soluble sod an wsorphois benpoyd
dorivative was obialined fros 6. Yhe sguedcus solablon gave a
pd-visleot eslior with Peryie ¢hloride solution. Formie and
aootlio solds werve idantified ngusliitatiwvely D hw anponiiie
eatlon predunts by Hoelea, Mo aleo isslaied Lachulyric amad
tinite nmofdas snd sugpgesited She robable pwescnse of oihop
nigher fatiy sclds. Pron his observabtlons Doelm concluded

Lt orebton resis ls not hosogsneous albl g probably a
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sixzbare of diffesrent asters of the so-oslled resin sleehml
ani ettty nolds, Thoese esiers ars nobt soasarable woesune
of thslr sinmiisr solubliiity properties.

Uherbalies of ale 484 not study the seponifieation

products of thelr resin slthowh they probally worw nware
of lta rmbarve,
in %hle researel: the supenification produsts of
aroton rosin have bDeon stuelled s ail of the petSroliows
siher soluble Patty aclds have besn Ldentifiod. Upon
trsatoent of the yesin wiith slhkallne hydrvolysing agoents
the ¢hwracseristic dari brown colovation of its solution
wag obporvel, hiis coloration seened Lo e Just s intense
whether Mw seponificaiion was garoled ¢at 4n an inerd
almoaphere or in the presgnos of L(he oxygen of the alr.
Poliowing le & descrintion of a Sypleal saponiiication
swrorinent togethar «Lih $he yield of products obhiainod
thopafromt 3.4 oas. of ereton ~ealn was refluxed Copr one and
me=neil hours o1 the atean ball with 1380 Gete of 1.6 &

aloalwiie LG in an atowsphere of nitrogen gus. The alashol

wog Lhon resoved undoy dnlnished preasuwre in o onrront of
ailrogen. “hw dari eoldored regldue wan disselved in U000 .0
of distilled water {all dissolived) snd the alkaline solutfon
wan exXtraobed wlth buwo D0 s.0. portlons of etlwy (1) Whis
sthay solutlsn was drled over anhydrous HagsDg. lwn dry i

une filtersd and thw elhey eveporabtoed. Tield G.8 e
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The agueous nltalinme sclution was then rmds awoid to
gongo wLth 4lluse ﬂaﬁﬁ,‘ whereupdn n ilsyer of dary DPatiyesold-
3 oty
added awl the mixbure thorouwghly sxtrasied in a

smalilng saterial nspurated. 100 c.o. of petrole

soparatory fuwwl. & lurge lump of dark brow: sateorlel

rosained {nsoluble i» sither Uhe polroleuwn silier oy a ueous

lanyern., “his mbstentoe was separated swohanlonldly end washoad

severul times with potrolews ather and Linelly «ith water.

It was then dissolved in methyl alechel, the solustion deled
anhyirous Nagdis, Filtered, mnd the aleshol wap

svaporatod o amwtant welight on the stess bath in a earrent
of nitrogen. The produet when cold was & herd pittle dorie
trown smorphous maas (IV}). Yield 11.6 gam.

Whe ssldifled aguoo

with petraiewsn obtber and all of the petroleun ebtbhar solutionae

a8 salubion wae LhnrN

shly extraotod

ne obiasined were combined with Sthe washings of the resin sieaboeld
srl The saln petroleun ether solution of ettty agida, These
gombined seiutions were washad onoe with: water, filserod al
driad over onlyydrons ﬁw%. The solablion was Shen Diliered
axud Che soivent evaporated on a sboms bath andsy redaged
yregsire in o ouwrrsnt of nitvogen wntil a4 drop of fatty-aoide
salliing waterisl 4distilled over. The produet was o Lroun
digouid {(IXX1). Tleld: D6 gms.

The slear, solden yallow, widified, sgquoous solution
gave & beoautiful purple or dGesp redeviolet solopr with Felly



w TE -

solation. “his eoldar was very porsistant. Yhe solutlon
was sade 301ghtly allmiine to 1itmms el the waler rovoved

by distillation under redused preasure Iin a current of

nibtrogen. 4s the solulion becwne wmore sonconbrabed a lituile
dark ey sottey sopurated on the sides of e Lflask, 'W.is
wan rosoved bwice duarlng the course of thoe evaporailicn. Uiw
gelden yolldow residus conailsted of the wabter soluble
saponifieation productes together «lth the iInorganico salis
produce:l by the neubrallization of the Ldil, Yo racwve Lhese
aalts the resldae was refluxed with sbrolute aleshol, aoeled
and fiitered, Thw insoiunble ingorpanis residue wean washed with
tun 20 ge.t. poriiomoe of absolubte alechnl. Finally the slouhol
wns romoved fros she conblaed solubions by distiiloblon on ihe

atenn bLath wnder reduged pressoe in a guwrsent of niirogon.

wn sworphous residus (IV) so obisined was readily
soluble 10 the aleuhol and wabter bul lnsolubls in ether. It

wad ot poasible to extrash @iis mmiterial from ite acldified

sguecus solubtion by moang of ether. The proeuduares Just
desoribed wae resorted to twonuse 11 was fouand that eveporallion

af the solution even wheon neulral of just aecld o Ll caused

sonalderable darkening and the pesuliing product would
longer give the color test «ith Lerric chloride, Tle
durzening and evident desoxposition coouwrpred when X1 waa
used Lo aeldify the solullion end was Lharefore not due Lo the

sharring setion of the HalOa,
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The results of his sepoifiontion aroe sizan: 40
‘uble AV, The nebeisasssigned Lo eweol Jrsctlon will be
used as 8 weang of designetion in fubtwe reforencs Lo the
caryeapondling poduet,

TabLE XNV,
Date Congerning the Sapenifiesntion Frodusts
of Uroton Hesin

I am E¢¢ ffiﬂm 5'; w ilmm
Gl o Produet

Lihey extrast of
aikaline solution % 0.6 Ael

Pet, othaer insoluble .

Pats othweyr asvluble _; ‘
aplds nT tald

a8
Urser soluble maiteris) v i%y’?% peit]

# Tield by difforence

Yroduct FI ceve a megetive Jdsberaanm Duabmy g
coloy test for aterols. iw residue (IV) lot Ly the
gvaporation of the water gave a nogabive tost fop @3@?@@@@3«%
se shoen by ite Fallure o yield serolein shen heabted with
HIRE0.



Be Leadeialbe thor woaratian
and Uolid {scturabted) Fabivy

There are several methods avallablie for the seporation
of the iiquid {unsaturated) from the solid{satwrated) lavty
acids in & sixbtare contalnlyng bobth. ALl of tnese wwilis are
howevey subjeot Lo sertain listtations widieh, espeslislly in
papes whaere the lower rwubers of the saturated sorise are
presont, deorease Uhe guntitative value of the resulls
obiained by thelr use, Thw leadesalt-ether moihod is one
af the oldeat expleoyed for this purpose, It La based on
the Tach That the lead salts of Lhe saturated fetby aclds
are inscluble in ether wiile those of the ligquid fatiy aclds
areo soluble, Howover, tho solublliity of the lead selbs of
the ssbuarated series inereusses as e hydrossrbon residue
dearsaess, amnd algo Ltue propenos of the wnsalurated ioad
salt 1o solatlon tends to inorease tho sclubiliiy of sven
the hisher smpabers of the sstarated series, It sbould slao
e borne in mind that ondy the Lliguid wosatwrated faliy solds
#ield ebher solubleo lesd salls.

The procedure desorlibed by Jmmi%aﬁaﬁ? wne used Lo
abtein the resuites shiown 1n Table MVI, Sinee ithds procedure
ia lencthy and is doeseribed fn greub deiall Ly Juloson 10

doss nobt waryant repotition hare.
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He  Identification of

{a) Oxidation of the Fatty Aoid :#Hxture (XI1),

Jridation with c0ld alkaline poSassivn peromnganeie
by e metiod of Lapworth and Hobtram®® was used to stiow
Lhe srpsence of olefe and linolle selds. Pollowlng fz2 a
deseristion of the meotihiod useds 8.1 gae. of the febdy
apid nixture (IIX) was assolved in 500 g.e. of waboy
eontalning B gos. of Aadil, The eolution so obtalned was

then poured into a babiery jar coniaining 4 liters of ice

water, YW solution was ept cold Lo an lee bath and
ptirved vigorously with s meshanical stirrer whille 400 Q.0
of & oold 1P Hinldg solution was added, The ntirring was
gontinwed for § ninmbtes afbter the addition of the K&ﬁiﬁ&
soiutlion, The iilguid was then degolorized and the axides
of manganese were dlesolved wilth 30p, afber wihleh 150 c.0.
of coneentrated Gl was added. Yhlle 88111 vold {to koep
the low meltingg saturated ascids solid) ths whilte Floceuient
pregipitate wvas filitered wililh suetion tirouph a lasge
Buchneyr fwmel, 2441 pes, of orude s0lid was obtalned. Yhie
erude product was then szxtragted with about 100100 c.0. of
patrolew athar Lo ranove the sabuabed aclds and any

wnoxldlized msaturated aelda, 0,78 s, of whiite a0ild

material rewmived insoluble whlle 1.7 g8, wan recovered
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sneiyeis
sample (mg) Hy0(mg) cogleg) #1  @¢
2. Selb4 G302 B DRS 11.808 4B.BO
2 G504 4. 079 G770 11,68 Ga.85
Calo, for Gyplle.O4 1l.44 G8.20

5 great mmbay of isomwrie dihydvroxysiearde
agids are possible wmul they Lave been reported with =eliing
polnts ranglog fron as 1low as 00, 8° to es nich as 141-48%,
in exesllont discussion of thess aolds 1s siven by lewkowltsah
and Judging solely fros a neliing peint basis the asid just
degoribed might ocorrespond to o of the folliowing.
Yoooeriohten snd tonlor®? seported n Al dyogyastoario osold,
which selted at 128°%, obialned from petrossiinic seid whille
W%Wﬂ rogorted amother obtalined by the poroanganate
axidation of 2«3 oleie anld whieh ervetallised fra ethyl
sgetate in slonder noedles and swlted as 126°. ommdS
reaolved the supposedly pure dily drexyatesrice asoid (.7,
86-68%) sbiained Ly the setlon of congentrated sulfuric
aeid on wielnovlele into several isomeridos ome of wihieh
also melbted at &%aa

The sther Lnsoluble reogldue was reorystellised frox
water and dried in = vacuwm dessicator. It softensd at
148% and welted slear at 1835«6%, “he swuwe progaations
vogarding the drying and dotermination of the melbing points

ware ohaerved in (ho sase of this acid aw were onplored with
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Analysis:

Sample (mg) Ha0 (ag)  coplmg) £ W % ¢

b Sed7TH Sa2lS VT i 10405 G805
Ze G4 B8 S.068 8.8008 16,56 31 .80
tialo. for ﬁlﬁwﬁﬁ 10.48 G2,.08

softening at 150«7% and melting at 187=-0° ens
very eharassapistic of thls asid, sven extraciion «ith
henzens a8 recsomsmended by (ollett followed By olvsynate
reorystaliization from water and aloolinl faiisd to causs
any chanze in thle oharacteristlio softonl g polnt or any
slevabtion in Ly fins: meliting peint of the sutivie asold,

The absenes of unseturaded acids semtaining tluwee
ar uore doubls bonds in the fatby acid mixture {(IIX) wan
showm by applleation of the brosination test®®, Following
is a deseription of thip test: 1 gm. of the fabiy aold
eizbare {(IIXl) waz disasolved in 40 6.0 of sther gontalining
2 seo. of placisl sootlic aseld, To the solutio, sooled to
9.5“’ roaine was then added drop by drop until the red

aslor porasisted. The solubtion was kept in iloe Tor tinee

hours and at the end of iat tine no prooipitste had forned
Thds indicabted that neo gelide gapuble of ylelding hexa o

rronfdes wore sresent,
Hed ms. of unsaturated fatiy aclids, oLtained Ly
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the losd-assliwother ssparation, was dlessolved in 80 0.0

of etter oomteining 4 g.0. of glacial agetic meld, The
solution was eocoled to O=87 and broaine wne edded deap by
droep wntll cthe persanent red oolor indicated the presence

of an exgess of this resgent. The solutlon was sliowed %o
atand for three hours at this téesperabure (no precipitate
formwd) onud was then waahed with dilute HaliBoy solution to
rencove the exsess Lromine. It was then washed with saturated
Halll solution wntil neutral bo 1itome, Yhen water wag used
for washing this solutlion stables ermleions tended Lo oy

ah ol pravenbed the soparation of the ftwo layers, The elhar
solution of Lrosides was dried over anhydrous Hegldd,, filtered
and the sthoer was Finally svapovrataed. The residus was diaasolved
in 20 8,8, of potrolews ebther and filiered o renove a saall
guantity of insoluble tarry =wmierial, '‘he solution was then
epnoentrated o aboul 10 a.¢. and allowed W ¢ool. Ve
srystalline telrebroaids sepaveied alewly due o the presence
af w elele ditronide and sume eaturated faity asclida.

Finally Lhe orode Lromm Selrabrendde was Diitered off. It
103,

and the solubtlion was refluxed with bone blagk, fllitered

wage thon dissolived In 50 .0, of petreleuws ehwy {50«

#ille b and then eawoentrated Lo sboul 1D c.0e fdeauntiivl
winl%e orryaials Tovmed upon cooling wnieh wore Mlltered off and
drded in 2 vaswws deselontoer, leliing potnt 114-114.8%. Two

Furtier recryastallisations from e same solvent failled o



ralse the =elbing point sirioh was Linally determined as
115,.8»116.8%, The pebtroleum etier soluitlons were flbered

theaigh heeedened papers Lefore sach erystallization in

ordser Lo make sertaln the reéenovsl of all sharceoal.

aralyeies
Seaple (mg) aghrlng) % g
1. G 70 7.613 38, 36

semple (mg)  Hgo (mg)  Coglmg) %8 H¢
le 2.082 l.482 : be 59 3G.34
2. 54870 14749 4,004 5435 36,30
Galo. for Cygllyplghr, Be38 33400

Tharks are due to Hr,. B., P, Jasobaen of ihe
University of darvliand for this odero wonlne doetersination
mexl €o M, 3, 4, HGlwader, also of the Unilversity, for the
uiero combusitions,
Mterature values for the rwlting point of the
tetrabromide of iinolic seid of 114-115%,114°%, and 115-114°
are given by Hasura, Lewkowlitssh®d and Parnsteiner reapectively.
From .04 s, of the unsebaeated fathy acids, as
3. of orule
troainated produet was obiained frou whileh 1.385 gus. of crude

1

soparated by the lead-saliesthor uethol, 4406 g

1linolie tetrabromide separated upon oryatellizetion from
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patrolous sliher. Hatihea and Boltee s roporied the
formation of a so-oalled liguid tetralwomide uliloh 18
solnble in peirolouwn ethere They sucoesded In oryvetaliising
this substaneoe by evaporation of the petroleus ether and
solution of the residue in methyl aleohol froa whioh they
sbtained the tetrabromide as sllky soales melting ab 58-~68°.
Subseguent recrysiallizations felled Lo mise the neliting
point above ea%m‘ﬂ

Yo asgertaln Lherefore the presenas or abaonoes of
thia seeond linolic tetrabrondde the residue oblained by
evaporation of the petroleun other {(after the rewoval of
the insoluble tetrabronide) was disselved in methyl aloohol
and allowed o stand for 2.0 days in the lee box. Ho
fuethay arystels sepearated from the solutlon during this
poariad,

Abtomybs were mads Lo preoguare stearollce seid fran
tiw petrolews ather a20luble oleis dlbromide by hHisating AL
#L bt nleolinllie potascina Kydeazxida uwnder proasiars ut these

gexgpecinents were ot axeosasihal.

Jatiafacbtory sepsration of o mixture cuntalining
agaversl falty acides oan only be sooonpilished by aeans of

fractional Matilliation of etlther Lthe aoide shensolves op



thelir saters, Por Shig purpgoese distiliation of the
methyl or sthyl saters 1s wmash o Ve preferred o tThal
of the ©ec aclde. Nobt only do the mwiiyl esters boll
@ lower toupeprstures than the oovrespondlng solds, but in
moet eausea there is a grester difference In che Lolling
paints ol the fndividosls of the serican. There is also less
terndary for decorposition In e frectionaiion of the sslers
due not only to Lhelr inherently more stable nature, tut of
gourse alno Lo the lower dlsiiliatien tespesaltures whileh rwmy
e omploveds Unfovbunately the boiliag polnts of the salors
af the unsabtureted aclda, oleie, iinolie, linolenis,
togethwy wilh inat of sbeario acid lle se close togotbher
vt soperaiion of tWhem by Ghie awans $8 imposaitle. The
proegence o olele and linolie acids, however, has Loen ahown
by ehwslond means, therelove 16 was snly rweoesssary, in this
euse, bto effect » separation of those estors bDolling bolow
200 ag 15 ma., and Lo show the presoncs or absenoe of
stoarie aold in the wundistilled residue,.

A preliminary experinent on the Mstillabtion of e
methiyl estors obilained froa the fabiy aetd mixture (111}
showed the sresence of fraations bofillng all the way fras
7% at 760 mm. to 2269 at 1D mn. Consequently quite a

aeaplex mixbure of saburaied eolds was aniicipateod,
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My Wy U Hose of the Undversity of Maryland. The asuthoy
wliahes to express his appreciation to iir, lose Dor its use
and also for the tlme gpent wnsparingly by hism in preoparetlon
forr the actusl ddetilietion, |
Fallowing 19 the deata regamiing the diatiliation:
Volune of »otlhyl o0lors .. .eoresevvece wd Gale
Gime of distilling flasl sscvsvsvnros LD Qoo
Prosunrd ab start of distlliation..es 1.1 e
Pregsaure ad and of distiliatioNesceos 13,8 mm,
Time required for distillaltion.,cese & 108,
Bion 0f cOlwms UBOE s.ursvacrsrcvcces O wm (0.}

Uata cwneerning thw collestion of the fracslons
together wiih dietillistion tenmperaltuwroes, as delorsined by
weang of a triple Junciion cop
the top of the column, sre given in Table XVII,




TABLE XVIX

pata Coneerning Pistillation of lethyli Yelters

Toatad ©OL w0 T e ,
Praotion Ho. of dlsiilliate of colwm Curipera bup

Je2 o S5 ke
0.6 SeUB 34.7
1 1.0 5403 34,7
1.8 S 95 b L P

1.5 il -
Cut I “Te7 Vel G50
,, 1.9 Gal 39.8
T Le E'W TR D
28 ‘ T

2.9 35 A I
Out 8 g,% i%iéa
. K, 3 7,,»@
doi “3,@?3‘?:;{3
5e8 104.0
5.8 105, G

iz Be2
7o
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Six dlatinet fracetions were o talned wad the
soparalions wers very asharp tinougi the firet three,
whiile 1n the last thrse the breaks slthowh very proncunced
ware Aot 89 sharp. The rate of distillation at no tine
axoesdsd C.l e,8. por minute and of pourse was sush alower
than Lhis in Sw outs bDetween fractiona. Ths airin heater
in the oolimm was bturned on after the third fracilon wad
esollestad in opdeyr to prevent floodlog of ithe column and thw
nesesaldy of superhesting the distillivg pot. “he Conpelaw
ures rogovrded bt the ton of the colum arve Iin sone Qasea s
sach e3 20° lower than the literature values for the
sorresponding esters a% 17 . pressure, Tids Lia no doubi
due Lo the slow rate of Meitilliabtlion and to varistions in
the mathods of determinetion of boilin: nointes eaploywd by
different experimenis.

The resulis of ihe dlstilliaticn are shown in
condsnsed form In Tabla EVIIX and are shown praphiecalily in
Flge B, where tempoeratures are plotied as ordlrmibes agalnet

8.0, 2latillate 88 shoclisans.,
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TADLE XVIIX

Pate Congernlng Diatillation of the Meklyld
Bators

Fragtion No,

The depsity and refractive index were taken on
sach fregtion fioludlng the 0.0 g.0. of saterial salled
"Cut 5", This "Cut 8" was found te Ls

6 puprer sasple of
mothyl palaitate than fracileon VI whileh had conalderable
yallow color and was evidently econtaalnated with esiers
of ihe Nisher bollling unsaturated mclda, These Jdads are
babuiated in Table AIXK.




Standardization of pyonoswters
wte 0f pyonometer + Eiggm {upper nark) 20908 s

Yie of pyononwber

Hhe of pyenoseler + Hg,,)m {lower maprk) 2.5214 "

Table Showeing Deneliy and Refrsotive Index
of Fractlonated Heltdtyl Laters

Fragtion Ho. meter Ful meter wupty -
Giage tiras o 4

I
zx®

1.5840 0.8046

iz
v

“Cut &"

vE

1.8540
1.0549
313049
3. 5548

1.8049

% Iyenssstey filied to lowver mark.




b)) doleculer elsh

Holeoulor wolpht deterainations were »mdn o
eagh fraction by means of the miero methad of é:}zm»@gufs‘@,
Tuis oethod eouslats of ssponiflestion of 10 to 8D myz. of
sasple Wy means of 0,2 ¥ sediun nepropylate in nepsopyl
aleochol and then tiltretlion of the excess base by means of
0,06 ¥ suliurisc seid using pbenelphtialein as indiostor.
Ginee no ne-propyl aloohol wae availlable sodiuvm lssbulylate

in isobutyl sloshol was gubetitubted as the suponilying
apent and 28 to mize Ssmples were ased for ough
dstermination,

Fraetion X1 Bethyl $igiste

Using the mlers method, Juet deseribed, for Shw
deteramtion of the moleowlar welpht of this fraotion
yuilues of 141.,7 and 155,99 were obialned, (hese walues
are Talrly close o that peguired for sethyl onproate
{130) and the petoluidide obiasined fronm 1t moited wiithin
1;%’3 of that reported for csprole seids, In addition Lo

thie essbustlion of the p-toluldes geve a valus for csrbon
whigh eheoked the theory for thw taluidide of caprole

acid but the oydrogen wes 1% too low., It was fowndd,

however, hat the sorbustlon values clweched those reogulred
for the toluldibof tiglie aold, the aelting point of whileh

18 net glven in the lLitersture,
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I view of these facts 1% was thoupht advisable
o ssponifly the yeweining portlon of Fraction I seul
attompt to lsolate ths free acid prodused, wilaeh i
tigllio scld could be resdily shavacterised by $%s weliing
point and analysis.

0., 3429 gms,. of Frapgtion I was reflumed for one
Bt with 30.0 gete of 0,830 N alechslig HOH, B7.0 0.0,
of 0,848 I N1 was required to tlbtrale the axosss slinll
uwaing shonolsh:thalain as indieator. Pros theose datn &

malesulsr weliznt of 118,9 1a oblainssd for this substan

3.
Tiwe molenular weipght saleulsted for wetkyl hWigiante is 134,
The mapomificatlion selatlon wes asldifisd Lo ooy
pod the sloohol was then distiiled off under redused
praggars, Tha resalining sgueous solullon wae then Shoreughly
axntrasnted with ether, The othsr soluitlion was dried over
snhydroug ﬁag;?:;% 4 flitered and the ether evsporabed, The
residue erystallised readily., It was reoryetellised from
petrolews ethwr tat the produst, howsver, was colored
alightly yollow widl selied ab ﬁ*@w@in. it was pariified by
subliation ab a gresvure of aboub 20 sm. and o e Peratine
of 90, The subiloed product was ehiibte and beautifully
erystalline, 1t wlted st 647 {ordinary thernemier). Upon
resublination the produet melied at 63, 6%, The meltdy; point
of Binlic aeid ls given as 04.0 by ;:iaw%ﬂ {oe Lellsbein
Spd Hde L BL3).




analysis:
sample (mg.) 1,0 (mg.) O (mg.) %1 H0
1. 34778 2,608 B.267 .00  50.76

Cale. for Cgiiglp B.00 50,00
In the follawing molecular wolght deterainations

W Nab0g was used in all of the titrations. The
ammples were reflumed with the sodiws lsobutylate fur one

G G604

half hour in esch scase snd 3 drops of 17 aloolinlie
vhenodpnthalein soelution was used as the indieatoar. The
standapdization of the sodium laobulylate soelution waa
enrpisd out in & moanner exastly sismilar to the aotual
saponifieations, and lta coneentration was checked by
froguent regbandardisations.,

Fragtlion IIs Helhyl eaprylate
5400 6.0, alkall — 6,08 o.0. C.08804 H sold,

sample (mg) G0, alkalld  a.c.201d reqd. Hol.'b.
for exooss foud

5. 00 Se 81 185.9
5000 2.9 1568

nlo. for @gﬁx@% 138
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Prostion I1I: Hethyl capronte

Gl Outta allnll -  0.83 cete 0.006604

# acid,

Somple (mxe) B.0ealknll Ceteield roqgd, ol ite

for sacens found
1. 45,89 5400 G406 186.3
2 45.49 5400 3417 186.1

Fraotion IV: Heothyl laurete
1000 cete &&m}l-_ﬁ_— 11,11 c.0. 0.00B04 B ﬂgii‘v{}ﬁ

Sameaple (mge) cec.aliall Setentid reqgld, iol. G
for oxoess Poruxd

1. 47,40 20,00 775 20641
2o 38,78 10,00 8.680 214.7

500 040, nilall = G085 0.0, 0.,068048 H %ﬁiaﬁ

1. 47,98 5. 00 B 37 210.2
Cale. for Uyafiagln 214

Praction Vi Rethyl ayristate
10,00 cets nllall = 1l.1) .t 00080

L W %a&@‘ﬁ

{nge) 040, allall S.c.00id reqd. 0L o it

for exovsn fou il
1. 44,30 10,00 LT X 204.4
Be 43 .66 10,00 Beda 29,7

Cale. for Gygliuado 242



"out 5% lethyl pals
5e00 alkall 1L Ga03 0ece 0.00004 U lyid,

Swmaple (mpge ) Gele 8llall c.0.4048 roqgd, Hold. Ve
for axoons Loundd

1. 40.40 mw# 00 $480 BTBS
Unlg. for © w@ﬁﬁ&@& 20

The preaspration of o sultable derivative of the
acid sorresponding to each fraction mdght have entailed
sone 41ffioulty (particulsrly in the eanse of Vracstion o,
II whore only Ce0 0.0e of esber wae avallable) but for the
expellont awiliod recently published by hoelsch and
Tenenbaun®, This method invelves the fornation of the
‘petolutdide of an acld directly from the corsespomding
methyl or ethyl ester in yields reporied as igh as 089,
Tho petoluldide is soluble in ether whille the Ly-mwrodusts
of the rensifon are scluble in water {or dilute 'L}, This
therofore yieldes a product already in s high state of purity.

The progedure used in the preparpation of oaol
depivative was the same, a%&#&gﬁww% 1% will be desoribod
in detall only in thwe case of Praction I,

1
Dt gme of dry Hg was covered with absolute other und
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about 3 gns, of pure dry ethyl bromide was added. 7The
roagtion was started with a orystal of lodine. “hen ithe
formmtion of the ethyl nagnesing bromide was coaplete
2468 gns. of petoluldine was siowly added, To this
mizture was then added 0.7 g, of Fraction I 4in absolute
ather, After the mlxturwe had been relluxed for five
minutes 1t was cooled and scldified with dllute NCl. %he
aeid solution was extraoted with sther and the ether layer
was tho:n washed with dilute HCL solution and finelly with
water, “he solution was dried over anhkydrous la,log,
filternd, and the ether svapovated, Yield .13 g, of
besutiful nosdle erystals, Uoftensd 60-70%, molted 70+70.89,
68% agueous methyl aleohol was used For resryatellisze
ing this substanece and some Alfflonlty was ensomiered in
this gaze in the removal of & irecw of yelliow-browm Lopuriiy.
Zher the solution was ecooled in loe~llll the pe-toluidide
srystalliized in elustevrs of noedles or roneitea. The
product was flltered off and dried in the asbderhnlden at
61°. It melted at 70+71,.8% 4 third recrystallisation from
667 methyl alcohol followed by drying for 4-8 houras at ¢1°
in thes Abderhalden ylelded a produst which again melted at
70-71,.8%, The meliting point of this dorivative is not reported
in the 11terabare.




Analysies
seaple (mge)  Mgd (mge) ﬁﬁgiﬁﬁ»} 248 4¢
1. $.485 2.618 9,716 800 TG,
8. 4.482 3.288 12,518 D13  T6.16
Cals. for Cjgily g0l 7.94 76,19

Fraotion Il
Yaterials uased)
Ol smm, asbery
0.20 ° Mg
D138 ' ethyl bromide
1.28 " petoluldine

after reorystalligation of the arude produ
805 sloohol 0,32 gme. of meterial was obtalned. hwn dried
at 61° in the vecuws ibderhalden it melted at G7-88%. &
furthor reurystallisation from agueous aloohol and subsequent
drying gave a product which melted at 68° -~ 08.8%, It wee
then reorystallized from aquoous methyl aloohol and dried
a8 usual, MNelting point 7.5 - 68.8%. lobertsond}d peported
the melting point of the p~toluldide of eapryllie ascid us 709,
ansiysias
saaphe (mge) Hpolmge) GOglmge) 5 H to
1 4,518 4,024 12,751 .98 T4.806
Calo. for Gyglgwio 9.04 77.19



Pragtion II1.
Haterials uasdl
1.0 gm. watar
D828 gme Hg
D Re3D gm. sthyl Lromids
231 ;. pwtolulidine

After roarystallization of the erude produst from
80% alochol C.U2 gaa. of material was obiained whioh when
dried at ¢1% 1n the vsouum sbderhalden reltad st T876.6°.
& Purdber roorystalliization in the smses smnner ave a product
whioh molted at T7-78%. It was finally roerystaliised from
pure =withyl sloohol and dpled az usual, Helbing oodnt
TG 5° = 789, iobertson reported the wmelting point of the
petoluidids of capric ascid as 78°.

Anmiyaliss
saeple (mged H,0 {mge} COplmg.) $ 8B  HC
i 5.879 5,680 11.009 10,683 78.08
Cala. Cypll 0 10.48 78,10

Fragtion IV,
lgserials used:
o8 gma. eater
Ol gm. Mg
) 2,00 gm. ethyl brouide
2.8 gae petoluldine
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after reeryetualliization of tha orade prodund

805 slochol 1.0 gm. of neterial was obtained which when
dried at 1% in the veouua ‘bderhalden welted at BR.5 =
83°%, 4 further recryetallization in the some EABAY LAV
83.,8%. I% was finally
reorystallised from pure methyl alcohol and dried as usual.
Helting point O2.85 - 83,8°. lichertson reported the melting
point of the petoluldide of isuric aoid as g7°,

a produet whiileh melted at 83

Analyaisg
iwaple (mg.)  Hgo (mg.) CoOplmg.) % H 40
1. 3,659 S. 8570 10,811 10,92 79.00
¢ala, for GygileyOl 20.80 76.81

frastion V.,
Haterials used:
1.0 gm, astor
Q3D . Ug
D 1,79 gma syl bromide
1.8 gm. petolnlidine

After reerystallization of the srude produst Lrom
8¢ siloohol 1.07 gms. of uateriasl was obtained whiich shen
dried at S1% in the vaouwuanm Abderhalden melted at 09-00°,

A further reorysdtalliiszation in the same nanner bubt with
subsequent drying at 78° gave a produst which still melted
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8t 09007, It was finally recrystalliized from pure
methyl aleohol snd dried at 78%. Helbing point 8u-D0.8%,
fobertaon reported the melbting point of the peisiuldide
of myristic acid as 939,

nslysiat
susple (mge) B0 (mg.) Coglmg) A2 %0
e e B26 Je826 114096 11.19 79.10
GCale. Tor GgyHe 08 11,18 79.48

“out &
Hatorials useds
)8 gna. ester.{all of out 5 + sew of Fravition VI)
" g
) 1.64 ¥ ethyl brodde
1,81 " petoluldine

After rasrystalilination of Uhe erude produet from
805 aloohol Q.54 gus. of materisl was obiailned w:ioh vhen
dried at 612 in the veeuum Abderhalden melbed at 89-00°,
It was then recrystallised several times from 001 slgohol
and drled at 78° after onch. The malting points were as
follows: D4-95.2%) 96-95.9%; 956-05,9° respectively. It
was finelly reerystallissd froa pure methyl aleochol and
dried an usual, leiting point @ﬁmﬁﬁﬂ. ltobertaan reporied
the weliing point of the peboiuidide of palmitic acld as 08°,
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Anaiysias

le (mu.) Fyolme.) oglmg) %8 g0
la $.104 4228 12280 13,30 P45
Culos for ﬁﬁaﬁggﬂﬁ 11.38 19,08

The suxple of eator represenbed by “"Cut 5" was
evidently contaninated with ofther esb%srs as no lsss than
five recryztallizations wvere requlired o reagn consbant
meliting point,

4 smearch of the lliterature reveslsd wide diserepancies
in the values of e =melitlng polints rocorded for the
pwtoluidides of the variocus salds, Conparlison was made

se reported by J. lobertaondd frwmsemch as his

detersinations were made on conpounds of tesbed ity

using a standardiszed thermosoler, is melting poing

de tarainations were 3ade by the cupililary tube sobhod using
2 saator oll bath,.

In the work just desefibed sanh derivative waa
rearystaliised to gomatant melting poini. he malting
polnts wore deltermined by the usual eapillary iubw method
using however an alr bDalh hented by wens of gonoanbrated
sulfurie sold, 4n Aneschatz 0,8° thwrsoseter witeh had

been oullbreteod by the U, . Buresu of Jtanderds was used
throughout, The purlty of eac! durivative was shown by
analysis, It is to be observed that the =eliling poelints

af the peioluidides reported Uy Loberdson are in overy onse
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& 1ittle
in view of thwe consldevatlions just mentiocnad this
varistion ¢as probably only be dus o differences in

gher than those obtained in this researeh,.

the teehnigue snployed in the two aases, This sonolunion
1a DTuriber supported by the fact that the melting polints
roported haresin sre comsistently lower than thomse of
fiobeprteon,

Table XX shows in condensed form the refractive
index, denalty, molecular welght and thoe melting point
af the earresponding toluldide of each frascsfon. ‘heve
is algo inoladed for the salte of comparison Hobertso
valua for the melting point of the pstoluidides of the
corresponding acida,

1 ¥
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TaBlE XX,
Table Lhwowing Jenmity, [efrective Index, Holsoular
“elght and Melting Point of the petoluldide of Iractionated
Hethyl Sstare

Praotion WO
HO. %

Bol.ite Hol.it. Hel.of tolnddiéde
£ound onls, oebolul-  1itereturesd

116,9 114
155,8 180
185.1 186
215.2 214  82.5-05.27 o
836.7 242 G029 aa®
Q70,3 270 95-06" 96°

X 144563
Iz 1.4253
Iz 1.4269
w 144358
v 1.4387
“Cut 8% 1.4518
vI

Tre experiments on the fatty mold mixture (IIX) Juat
dgperibed have not provided for the deteotlion and isolsiion
af etearde or any of the ofhwer Ligher twolesular wisght
acbarated fatty seclds, Therefors, to asssriain the sesence
or absenos of these subsitances the following exparinont was
porforned. 23 ec. of nothyl esters, abiained by esierificatlion
of some of the fatiy acld mixture (III) with CH.I and Agyo,
were subjocted %o dlatiliallon at 15 :am. Dressure in the
rodvelinisk soluwm. Thw {irat 14.7 oc.0. was dletilled over
and the high bolling residue {ehioh aheuld sonitain the methyl
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asters of oleio, linollo snd any of the saturuted series
above palimitie) was saponifled with aleoholis HOH, A
leadepalbtesther separation was ™aun on the regulting
potassiisn salts. (he ether solutlon of lead soap was
sooled for three hours In an 10 bath and then filtered.
Only o small gueantity of 4onsoluble lead sosp was thereby
obtained froo which 0.8 go. of free acld was isolated.
itde free soid was prastieslly oonpletely soluble in
methyl aleohol and since the higher seturabted fatty acide
are insolubls in this solvent their absenwe in the mixtwre
is Indlcated,

I4ttia Information was gelned regarding the un~
trastable nmaterial (IX) ealled resin alcohiol by Boelu.

Ites properiies sees to Lo sisllar to those aftiributed %o
it Ly him.

The resin elcohol (IXI) iz a dark browmn anorphous
material, insoluble in potrolouwn sthor, sther, benzene and
wanter, Wt readily soluble in sothyl and othyl aleohol.
Ita ailute aloohellie soluilon pives a reddish color with
Polly solution. It 1is asoluble in aguesous slikall and upon
bolling with acetio anhydride

(+ a truce of Hyiog) en
amorghous neuirel ether soluble derivative is formed. It
also reacts vigorcously with CHzl and Aga0 in acotone solutlion.
Paprt of the product formed by this resction is sn ether
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solubls 1iguid possessing « highly charscteriastio
pleasant odor. A oonalderablo guantity of a iipght

gellow ether insoluble solld muterial is also formed.
This substance is soluble in sootono mi only silightly
soluble in mothyl sloechol. %hese facts indieabte that the
roain aloohol is & pelyhydroxy substance at least sone

of the hydroxyls of whileh are phenolie or enolio in

charsoler.

The resin alocshoel redugea porsanganate solution
and omidation by boiling with 455 DOy ylelded some
erystalline material which though not positively identified,

was probably exalis acid,

The fsolation of ithis material iss Desn desoribed
undey the saponification of oroton wesin Ues. i, Part 1.
3 Li:zht Lbrown powder uwhioch

rgadily tahes wup water feoas the satovapheors %o Deoomag pasty

S dry A0 42 an amorpho

in conaisteney. It 4is ascliuble in weter, mothiyl wul ethyl
aloeotsl but 1s insoluble in the obthor cowon ovyenis solventa,.
Following &s a tabulaiion of some of the propertics
of this switerdal:
i. Its agqueous solution gives a beaniiful purple
or redeviclet color with Fellge This oolor 1w vory
persistent.
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2+ In dlute maonia solution 1t gives no
preoipitate with {ﬁﬁg)g%ﬁﬁg, hense 1t $s probably nobt
& gluooaside uwhieh had not been hydrolysed by the alocsholie
0,

3. lromine pregiplitates 1t from 1% agquesus
solution yielding an ether soluble amorphous subabanos

de It yields wn awwrphous sselyl derivative
with aceiyl chlorddae,

Se Its olear a-usous solution when Just seid Lo

ittomis possessos n greenish-vellow flouresence. hen

just sllkaline to litmae 1t has an orange-groen Slourosense
Ge It plives a negative test for resoreinol with
Powmale acia®®,
7. Upon Lgndtion 1% barns like & supgar yeb when
ared with & knoun sarbolpdrate 1% 4z doubtful Af 1t

gives » positive Wolisch Teatd®

8. Heduges Fehling's solution readily.

P. Ite squeous solutlion glves no reoipitate with
santurated pleric ascld solutiohb.

10, It 18 interesting to note that upon saponification
of the dimethyl resin, the aoidifisd agueous solution {after
the resoval of the fetly selds and thoe reasin aleoholl no

longer glives W oharesterlstie purple color with elil.

anh &8 an aleoholle solution
of the opiginal resin 1tself gives ao ¢ olor with Felly.

“his s a posulisr fact fnas
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Conasguently 1%t would bo expected that the O group
reaponaible for thias ¢olor tesdt would be encrated from
the mouin upon 1ts saponification and esould not e mauiied
by methylation of the original subastancge., It 18 posaible
that methylation of other hydroxyls In ths seme molecule
has rendered the produot water insoluble and the material
may have been resoved along wlth the fatty aslds or resin

sloohol,.

In sonclusion 1t may be stated that $:ils material
is probably s polyhydroxy enolie substanoce,
it may also possess carboxylils funeitions. Uince 4% ia

amorphous and there i3 no guarantee of its howosenolity

it i3 poasible that the PeCl, color test 1s due %o a smualld
quantity of some Fforelgn subastunce and not to thw najor
portion of the material,




The apparatus enpleyed for phyalsal mwasuresants
pi: was all astandsrdized before use
{exception refractoneter). The welghta were copared

by the =wethod of ¥, W, Riohards™ and although the 10 mge
welght used for comparison =iz not standardised, its
agouracy to within ressonable limits !ad bees previously
teasted soores of times by 1%s use 4in niero chenl onl work
o conpoundda of nown composition.

Helting polnts were Laken by the eapiliary tube
method using an alyr bath heated by means of comgontrated
sulfurie aold. The thermmietoers used for the nelting
points were of the inschutz 0,39 type. Uhey vere

ardized by the Us G, Juresu of Utandards and the
melting pointa were talkten with the reroury throad enclosed
in the heated ailr bath or protruding so little that sten
gorrections were mgligible,

in this resear

In addition to the ordinary oalibration of apparatus
the validity of all determinations was further oheocked by
the use of eodnpown

ls of mown composiilion and purlity.

Doetrm conoluded fron his work thal orobton resin 1s
an intimete nmixture of esters formed fron e resin alochol
arnd fabtty acide, probably iiglie acid predominaeting. le
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noticed that eroton oil freed frou resin ne longer
pontaloed tiglio acid. His resin lost 1be toxieity

$o frogs and rabblites upon hydrogenation in whioh tthe
fodine mmber fell from 77 to 12,08, Doshm mand
Plasghentrager alsim to have isolated fros eroton ol

the pure toxie prineiple whion they suggeated was possibly
a: ester formed from the erystalline phorbol and $iglie
sold,. They were sble to obitain this orystalline none
toxis phorbol by the controlled hydrolysis of thelir veain,
shioh ascopding €9 then regeined 1ts toxiaelty upon
asetylistion,

It i3 apparent fros the layge mumber of fabtiy acldcs
fsolated froa eroton resin and the faotl that 1%s souposite
nolecular wolight le endy

GO0 that all of ithess weldas sonldd
not be ccubined with s single polyhydroxy copomd, Froo
the faots pregented in this theesis one ls foreed to conslude,
as 431d Doelm, that eroton resin is an intiazate :sixture of
sstors forsed by the esterification of probably both the
re6in alochol and the water z0luble saponifiocstion produsts

with fatty soida, OfF those asida caprle scours in the
largeat proportion, while tiglie is found in relatively
mwaaller gquantity.

From the data presented it s spparent Chat the
toxielity of erobton resin la not dependent solely on the
presence of unsaturated funotlions as Soelm's data would




- 111 -

indigate, neither is it a matter of sinple esterification
af an hydroxy compound as Dosim and Plaschenirager have
recantly suggested, bBut rather 1t 18 aore intinately
ralated to the presencse of the two free
Thus, hydvoger
1tk Loxi

ation of the resin did not soem to dlmini

olty and veslioant action at all, and even thw
brominated produot posssssed sone toxicity and vesioant
agition though te & greally lessened oxtant. However,
simple =asking of the two hydraxyle by the pentle renotion
of dry eiliver oxide and methyl fodide gave s produst shich
posassaed no toxie effsct on pldftah in 1740 minutes ab

a acmoentration of two niliigreme per iiter and whioh was
completely vithout vesloant sotion,

Beosuse of the $mportant relatianship of thwse OH
groups Lo the toxlisity of the reain an exeellent reans i
afforded for the isvlation of the individl conpound, oy

nds in the coplex reain aixture, wiich s rosponsibie
for the ressrikable action of oroton resin. The osriginal
roain is practically frae frowm metho

%yl content, henoe these
OF groups osn bDe methylated, the roduet saponlii

ant gonstitaent of the resin aould theredby Le deteoted
by 1is methoxyl content, In this seaer 11 gouldd be
desternmined whether the resin alooctiol or the water soluble

sagonifiontion produsts were the aloohollie part of the toxie
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»aain estor,

Certain sonsiderstions have arisen sinoce the
writing of the main body of the thesis whish have
omnused the suthor o guestion the findings of the
rasults should be aspaplisd ss sabjieet to verifieation,




i. uamples of ¢roton beans froa fouwr difforent
sourses have been obisived. 4 yield of 0,84 resin has
been obtasined from ono sawple of unshellied Leons and
O3 and 0,97 frow shelled beans from two different
B8y

2. The melhod of Cherbuliez et al.for the
isslation of eroton realn has boen modifisd., The
afficieney of the method has been foliowed by mwans of
detarmination of the toxilolty %o golidfish of the Lye-produois
of the esxbtraction procesnea.

Se Fragtieally all of thes results of Cherbulies
et al ha ve besn confirmed,

4« ‘ihe resin has bean hydrogerwted, brominated,
methylated and seetyiated, The toxlolty to poldfish and
the veslesnt aciion of thwse dervivatives hwa besn sballed.

5, Uroton resin with s mothoxyl contents of 11.95
has been found L0 be non~toxie to oldfish and to possess

ng veslozant action.
G, Uroton resin hasz been dhown te possess
aporoxinately four free hydroxyl roups. {(Jee ve. ©I.)
Ys The nome
8. In the extraciion of a B0Y agueocus wmethyl alouholie

honogenedty of oroton reain has beon ghowme.

solutlion of reain with peirelsua ether tiwme toxie principle
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congentrates in the polroleun sther suitraet.

P9 Complete cwrves showing the toxieity %o
goldfish of ovoton oll, the aloehol soluble portion of
eroton oll and eroton resin have besn detormined,

10, Ysting the forpuls of Povers 1% has been shown
that aroton resin is 7.8 tises more tonie to goldfish than
rotoenons,

lie. 4Am L1%%le as G myg. of aroton reain per
sgquare inch of skin causes definite vesloant aotion.

i2e Prelininary stwiies of the Loxiaity of the
asgaetone exiracts of eroionm bDoansg to u varielty of insesvis
has been made Ly Davidason e, al. Usaling ¢ gpeay solution
ealouiated to sontsin 1:10,000 parts of resin mortalilileas
of 100%, 1004 and 927 weore obtained agalinst sphis gossypil,
Hweue porsiocas and white fly reapoctively.

15, Tho soxieity of eroton reain Lo gwsguito larvae
nas been studled by Cemdell ot al.

14, Tiglii, ocaprylie, caprles, laurie, rgrlstie,
palmnitic, olele and linolis aclds have beon isolated Lron
the saponifieantion produsta of the resin,.

18« Jeaoe inforomtion has boon obiained ro;arding
the natare of he ota of aeroton
rasin,

other saponificabion produ
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d-Ribose from the Croton Bean

By Joseph R. Spies with Nathan L. Drake
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57, 774 (1933).]

d-Ribose from the Croton Bean

By JoserH R. SPIES WITH NATHAN L. DRAKE

Cherbuliez and Bernhard! have recently iso-
lated from the croton bean, Croton tiglium (L), a
new glycoside, which they identified as 2-hydroxy-
6-amino-purine-d-riboside, and which they pro-
posed to call a ‘‘crotonoside.”” They did not,
however, succeed in crystallizing the sugar residue
obtained by hydrolysis.

The accumulation of a quantity of this material
has afforded us an opportunity to examine it.
We have succeeded in crystallizing the sugar
residue and have conclusively established its
identity as d-ribose, thus confirming the findings
of these workers.

Experimental

Isolation of the Crotonoside.—The glycoside was ex-
tracted from the ground unshelled beans with imethanol
and isolated as described by Cherbuliez and Bernhard.?
From 125 kg. of beans was obtained 345.0 g. of crude prod-
uct which contained about 259, of pure crotonoside
(0.079%,). When recrystallized to constant melting point
and dried in the Abderhalden at 110°, it decomposed at
245-247°. (All melting points were taken with standard-
ized Anschiitz thermometers.)

Anal. Caled. for CgH;30:Ns: C, 42.37; H, 4.59;
N, 24.73. Found: C, 42.01; H, 4.47; N, 24.56.2

Crystallization of dJd-Ribose.—The crotonoside was
hydrolyzed and the ribose isolated as described by Cher-
buliez and Bernhard.? The sirup obtained was dried in a
vacuum over phosphorus pentoxide, and when nucleated
with an authentic specimmen of d-ribose it slowly crystal-
lized.? Recrystallization three times from absolute
ethanol and once from dry isopropanol gave a product
that melted constantly at 83-87° with previous softening
at 80°. The melt, however, was cloudy; [«]?*2%p —17.5°
(¢ = 5.00 g./100 ml.); (Levene and Jacobs, 85°, [«]?D

(1) Cherbuliez and Bernhard, Helv. Chim. Acta, 18, 464 (1932).

(2) The authors are indebted to Mr. HI. M. Duvall of the Univer-
sity of Maryland for the micro Kjeldahl determination.

(3) The writers are indebted to Mr. F. P. Phelps, of the Bureau
of Standards of the U. S. Dept. of Comimerce, for this material.



—19.2°)* (Phelps, Isbell and Pigman, 87°, [a]lp —23.7°.)8

Tetraacetate.—-The tctraacetate (tetraacetylribose) was
prepared as described by T.evene and Tipson,® who give
110° as the melting point and [«[?D —52.0° and [«]%*D
—54.3° in chloroform. The present writers’ product was

recrystallized to constant melting point from ethanol; m. p.
108-109°; in chloroform [« 2D —54.1° (¢, 6.52 g./100 ml.).

Anal. Caled. for Ci3H130¢: C, 49.06; H, 5.66. Tound:
C, 49.33; H, 5.88.

Phenylosazone.— The phenylosazone was recrystallized
to constant melting point from 409, ethanol; m. p. 165-
165.5° (Levene and LaForge, 166°).7

p-Bromophenylhydrazone.—The p-bromophenylhydra-
zone was prepared as described by Cherbuliez and Bern-
hard.! Itwasrecrystallized toconstant melting point from
an absolute ethanol-ether solution; m. p. 164° (Ekenstein
and Blanksma,8 164°) (Levene and Jacobs,® 170°).

(4) Levene and Jacobs, Ber., 42, 2469, 2474 (1909).

{5) Phelps, Isbell and Pigman, THIS JOURNAL, 56, 747 (1934).
(6) Levene and Tipson, J. Biol. Chem., 92, 109 (1931).

(7) Levene and LaForge, ibid., 20, 429 (1915).

(8) Ekenstein and Blanksma, Chem., Weekblad, 10, 664 (1913).
(9) Levene and Jacobs, Ber., 42, 2703 (1909).
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Croton Resin. 1.

Toxicity Studies Using Goldfish’

By JosepH R. SPIES

The oil of the croton bean? has been the subject
of numerous investigations during the last century.
Its purgative action as well as its vesicant and toxic
properties were noted by earlier investigators, and
various attempts have been made to isolate the
active principle. Recently Cherbuliez? and his
co-workers have isolated an extremely active, non-
homogeneous, resin from both the oil and beans
which is undoubtedly respousible for their vesicant
and toxic properties.*

(1) From a thesis submitted by Joseph R. Spies to the Graduate
School of the University of Maryland in partial fulfilment of the re-
quirements for the degree of Doctor of Philosophy.

(2) Croton tiglium (Linné) is a species of the Croton genus of the
Euphorbiaceae family. The seed or bean is sometimes used as a fish
poison. :

(3) Cherbuliez, Ehninger and Bernhard, Helo. Chim. Acta, 15,
658 (1932).

(4) Boehm and Flaschentriger, Arch. Path. Pharmakol., 187,
115 (1930), claim to have isolated the pure toxic principle from croton
oil by purely physical means which they did not describe.

In a search for new natural insecticides, in
which a number of plant materials were examined,?
it became apparent that the croton bean® con-
tains a substance which surpasses rotenone in its
toxicity to goldfish. The process of Cherbuliez
was modified to obtain the resin for this study,
and it was shown by tests on goldfish that no ap-
preciable quantity of toxic material was lost in
the process.

In the hope that some resolution of components

(5) (a) Drake and Spies, J. Econ. Entomol., 256, 129 (1932); (b)
Spies, ibid., 26, 285 (1933).

(6) Dr. G. P. Jung of the Bureau of Entomology of China kindly
furnished the major supply of beans for this study. According to
Jung a ‘““croton emulsion”’ made from the beans is used as an insecti-
cide in China; other sources from which the beans were obtained:
(a) Schimmel & Co., A. G., Miltitz bei Leipzig (through Fritzsche
Bros., N. Y.), shelled beans, yield of resin 0.6%; (b) Anandji Virgi
& Co., Box 153, Bombay, India, shelled beans, yield of resin 0.94%;
(c) H. C. Neibert, Milbuk, P. I. Cf. Jung, Lingnan Sci., J., [3] 13,
557 (1934).
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leading to crystalline material might be effected,
a solution of 50 g. of resin in 300 ml. of 909
methanol was extracted continuously with re-
distilled petroleum ether (b. p. 55-70°). The
color of successive fractions deepened materially;
the first extracted material was light yellow and
the resin soft and sticky, that obtained toward
the end of the experiment was brown and yielded
a hard and brittle resin. About 819, of the resin,
in which portion the more toxic substances were
concentrated, was extracted during the first
forty-eight hours. The carbon and hydrogen
content of the fractions decreased from 69.9 to
66.49, and 9.2 to 8.2%, from first to last, re-
spectively, showing that a constituent which
contains more oxygen than the most toxic sub-
stances concentrated in the methanol. The ex-
traction was continued for one hundred and sixty-
eight hours and the residue which remained in the
methanol was not toxic to goldfish. No crystal-
line products were obtained from any extract.

600
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400
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1

Minutes.

|
200
\

100

0

0 2 4 6 8 10 12 14 16
Milligrams per liter.

Fig. 1.—Curve showing toxicity of croton oil to gold-
fish.

The method of Gersdorff’” wusing goldfishd
(Carasstus auratus) was employed to study the
relative toxicity of croton oil, the alcohol-soluble
portion of the oil, and croton resin, which con-
stitute, respectively, about 25, 8 and 0.5%, of the
unshelled croton bean. The results obtained are
illustrated graphically in Figs. 1, 2 and 3, where
average survival time is plotted as ordinates
against concentration as abscissas. The survival
time—concentration curve for rotenone published
by Gersdorff” has been included in Figs. 2 and 3
for the sake of comparison. Since the tests were

(7) Gersdorff, THis JoURNAL, §2, 3440 (1930).

(8) The average weight of each fish was about 2 g. Four fish were
used to determine the average survival times on the straight portions
of the curves while eight to ten fish were used on the curved portions.
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not made on the same lot of fish, exact comparison
is not possible, but it is evident that croton resin
is appreciably more toxic than rotenone.

400
300
g 200
=
100
==
0
0 0.2 0.4 0.6 0.8 1.0

Milligrams per liter.
Fig. 2.—Curves showing toxicity of alcohol—soluble
fraction of croton oil and rotenone: A\, alcohol solu-
ble fraction of croton oil; O, rotenone.

Experimental

Isolation of Croton Resin.—The extraction with metha-
nol of the ground unshelled beans was carried out on 5-kg.
lots in a large capacity Soxhlet.® The resin was isolated
from the extract by a modification of the process of Cher-
buliez.? The details of this procedure can be obtained
from the author’s dissertation. The resin was stored in a
desiccator out of contact with air and protected from light.

700
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o

Fig. 3.—Curves showing toxicity of croton resin and
rotenone: [, croton resin; ©, rotenone.

For removal of solvent from the resin before analysis or
toxicity studies, the following procedure was adopted.
The sample was placed in a platinum boat in an Abder-
halden drier heated by boiling toluene. Air was alter-
nately removed and admitted until no more bubbles formed
in the resin when the pressure was reduced (water pump).
To test the efficiency of this method the following experi-
ment was performed. About 2 g. of resin was dissolved in
150 ml. of pure distilled chloroform and most of the sol-
vent was removed on the steam-bath. The sample was

(9) Drake and Spies, Ind. Eng. Chem., Anal. Ed., 5, 284 (1933).
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then treated as just described. After two hours halogen
could just barely be detected in the sample and finally
when no more bubbles could be raised in the resin no ap-
preciable Beilstein test could be obtained.

The physical characteristics of the resin are similar to
those described by Cherbuliez. It showed no tendency to
crystallize. The resin is very sparingly soluble in water,
slightly soluble in petroleum ether and miscible in all pro-
portions with alcohol, benzene, ethyl acetate and chloro-
form. It contains no nitrogen. Amnael. Found: C, 68.6,
68.3; H, 8.69, 8.84; mol. wt., 600;!° Hanus iodine no. 52.5,
53.6; OCH,;, 1.13, 1.23, 1.19;1* sap. no. 254.5, 233.2.

Preparation of Croton Qil.—Fifty-one grams of ground
croton beans was extracted in a Soxhlet with petroleum
ether (max. b. p. 85°) for about nine hours. The petro-
leum ether was evaporated from the extract and the oil
dried to constant weight at 105°; yield 12.9 g. (25.3%).
A further extraction with the same solvent for about six
hours removed only 0.07 g. of 0il of sap. no. 265.8.

(10) (a) Rast, Ber., 64, 1979 (1921); (b) Spies, Ta1s JourNaL, 56,
250 (1933).

(11) Clark, J. Assoc. Off. Agr. Chem., 15, 136 (1932),

JosepH R. SPIES

Vol. 57

Preparation of Alcohol-Soluble Portion of Croton Oil, -
One hundred grams of croton oil (obtained by petroleum
ether extraction) was shaken in the cold with 150 ml. of
alcohol (959%,). The alcoholic layer was withdrawn and
the oil was then extracted with a further 100-ml. portion.
The combined alcoholic extracts were filtered, centrifuged
to remove suspended particles of oil and finally the alcohol
was evaporated; yield 31 g. (319).

Summary

1. Croton resin has been separated into frac-
tions which have different compositions and
possess different toxicities to goldfish.

2. Complete survival time-concentration
curves, using goldfish as the test organism, have
been determined for croton oil, the alcohol-
soluble portion of croton oil and croton resin.

3. Croton resin has been shown to be more
toxic to goldfish than rotenone.

CoLLEGE PARK, MbD. ReceIvep OCTOBER 26, 1934
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Croton Resin.

II. The Toxic and Vesicant Action of Certain of its Derivatives?

By JosepH R. SpIES

The work of previous investigators has indi-
cated that the croton bean contains a physio-
logically active principle which owes its toxic
and vesicant properties to a condition of un-
saturation. A more extensive study, using gold-
fish as the test organism, has demonstrated, how-
ever, that the physiological action of the active
constituent is more intimately related to the
presence of free hydroxyl groups.

Croton oil was first hydrogenated by Paal and
Roth,? who used a palladium catalyst and found
the irritating property of the oil to be proportional
to the iodine number. This property disap-
peared entire y when saturation was complete.
These authors also hydrogenated Boehm’s?® resin,
causing a drop in its iodine number from 77 to
12.5. The product was no longer toxic to frogs
or rabbits. Catalytic hydrogenation of our
croton resin,? with both nickel and platinum,

(1} From a thesis submitted by Joseph R. Spies to the Graduate
School of the University of Maryland in partial fulfiiment of the re-
quirements for the degree of Doctor of Philosophy.

(2) Paal and Roth, Ber., 42, 1544 (1909).

(3) Boehm, Arch. Paih. Pharmakol., 79, 138 (1915), This resin
was obtained by a process which altered its nature. Despite this
fact its composition, physical characteristics and toxic action are
similar to the resin used in this study. At a concentration of 1:108
Boehm’s material killed tadpoles in three to four hours.

(4) Isolated as described in the first article of this series.
JournaL, 67, 180 (1935),

Tais

caused a reduction of the iodine number from 53
to 38 but no apparent decrease in toxic or vesicant
action at the concentration used for the tests.
The product, a harder resin, had lost its trans-
parency and assumed a turbid or milky ap-
pearance.

Cherbuliez et al.5 brominated the resin and
found the product to be without physiological
activity, as shown by tasting. Bromination of
our resin produced a marked decrease in toxic
and vesicant properties but did not destroy
them completely.

The important relation of the free hydroxyl
groups to the physiological activity of croton
resin was not observed by earlier investigators.
Boehm?® reported the absence of free hydroxyl
groups in his resin, while Cherbuliez et al.’
found that their resin contained approximately
3.49%, hydroxyl on the basis of the saponification
number before and after acetylation. The latter
authors noted a decrease in activity of the acety-
lated product but did not attribute this to esteri-
fication of the hydroxyl groups. Acectylation of
our resin, which, however, resulted in only
partial esterification of the hydroxyl groups shown

(5) Cherbuliez, Ebninger and Bernhard, Helv. Chim. Acta, 15, 658
(1932).
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to be present by methylation by Purdie's re-
agents, produced some decrease in physiological
action. Complete methylation to the extent of
11.79, methoxyl, however, yielded a resin which
is without either toxic or vesicant action. The
average methoxyl content of the original resin
is 1.29,. Detailed results of these studies are
collected in Tables I and II.

TABLE 1

Tae Toxicity or CiErRTAIN DERIVATIVES OF CROTON
REsIN To GOLDFISH

Temperature 27 = 0.3°; concn. 2.0 mg./liter®

OCHs, Sap. Iodine Survival
Substance Y% no. no. time, min.b
Original resin 1.2 244 53.1 20
Hydrogenated resin . 39.2 18
Acetylated resin (1) 358 .. 35
Acetylated resin (2) .. 336 .. 30
Methylated resin 11.7 181 f no deaths
Methylated acety- ‘1'
lated resin 3) .. 183 { in 1740¢
Bromo resin (1) .. RN .. 62
Bromo resin (2) .. N .. 71

* This relatively high concentration was used to reduce
the survival times to convenient limits. ° Average of four
fishes. See this series, article I, loc. cit. © A few fishes
showed slight irritation of the gills. ¢ These numbers re-
fer to the number of the preparation in the experimental
section.

TaBLE II
VESICANT AcTION OF CROTON RESIN AND CERTAIN OF ITS
DERIVATIVES
Conen. Mg./
of sq.in. Sol- Indi-
test of vent viduals

Substance soln. skin® wused tested Results
Original resin 1:1000 0.04 Alcohol 1 Moderate burn
Original resin 1:100 .4 Alcohol 1 Seriousburn
Hydrogenated resin b 1:100 .4 Alcohol 1 Seriousburn
Methylated resin 1:100 .4 Acetone 2 Noburn
Acetylated resin (1)¢ 1:100 .4 Acetone 2  Moderate burn
Bromo resin (1) 1:100 .4 Acetone 2 Very slight burn

¢ Approximate, ° Iodine number 39.2. ¢ These num-
bers refer to the number of the preparation in the experi-
mental section.

Croton resin forms no water-soluble salt when
its ethereal solution is agitated with cold dilute
aqueous potassium hydroxide and its alcoholic
solution gives no color with ferric chloride. It is
probable nevertheless that the free hydroxyl
groups are phenolic or enolic in nature but are
masked by substituents which repress their
normal reactions. This conclusion is based on the
fact that the average saponification number of the
methylated resin is 181, while that of the original
resin is 244, indicating that part of the alkali was
neutralized by the free hydroxyls after saponifica-
tion. The saponification number would other-
wise be lowered only in the ratio of the molecular
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weights of the original and methylated resin, <. e.,
in the ratio 600: 628.

Experimental

Hydrogenation.—In a preliminary experiment 16.4 g.
of resin was dissolved in 200 ml. of alcohol and the solution
was shaken for five hours with hydrogen and 0.2 g. plati-
num oxide® at 50-60 1bs. per sq. in. This process was re-
peated twice using fresh portions of catalyst at 45-55°
for one and three hours, respectively. The hydrogenated
product, which was still toxic? and vesicant, was harder
than the starting resin and possessed a turbid or milky
appearance, iodine number 39.2.8

To 18.5 g. of resin in 110 ml. of 909, methanol, 3 g. of
nickel catalyst (Raney)® was added. This solution was
shaken for twenty-four hours with hydrogen at 50-60
Ib. per sq. in. at 40-50° and the process was repeated
three times with fresh portions of nickel. The resin was
recovered and dried as usual, iodine no. (Hanus) 38.8,
36.2. In an attempt to lower further the iodine number
this sample was subjected to further hydrogenation in
alcoholic solution to which 0.5 g of platinum oxide was
added. The solution was shaken for five hours with hy-
drogen at 55-60 1b. at 48-58°. The product, however,
showed no decrease in iodine number.

Bromination. 1.—To 1 g. of resin dissolved in 15 ml.
of cold glacial acetic acid bromine was added drop by drop
until an excess was present. Libcration of hydrobromic
acid showed that some substitution occurred. After
half an hour the solution was poured into dilute sodium
bisulfite. The bromide, which precipitated in white
flocs, was filtered off and again stirred up with fresh bi-
sulfite solution, filtered, and washed with water on the
filter until the washings were neutral. The precipitate
was pressed on a porous plate and dried in a vacuuin desic-
cator over phosphorus pentoxide. The material was
amorphous and possessed a light yellow or orange color.

Amnal. Found: Br, 35.67, 35.14;1° C, 45.56, 45.50; H,
5.69, 5.55.

2.—One gram of resin was dissolved, with gentle warni-
ing to hasten solution, in glacial acetic acid, the solution
was cooled and treated with bromine as before. More
substitution seemed to occur and the product was much
darker in appearance. This material was less toxic than
the preceding preparation.

Acetylation. 1.-—One gram of resin was dissolved in
25 ml. of acetic anhydride, 2 g. of anhydrous sodium acetate
was added and the solution was refluxed for one hour,
after which the excess acetic anhydride was removed by
distillation under diminished pressure on the steam-bath.
The residue was dissolved in ether and the solution washed
with water until neutral. The solution was dried over
anhydrous sodium sulfate, and the resin recovered by

(6) Adams, Voorhees and Shriner, “Organic Syntheses,”” Coll.,
Vol. 1,1932, p. 452,

(7) Samples of non-erystalline derivatives were prepared f{or
analysis and toxicity tests as described in the first article of this series,
Tiurs JourNarn, 57, 180 (1935).

(8) Gattermann and Wieland, ‘“‘I.aboratory Methods of Organic
Chemistry,”” 1932, p. 142,

(9) Covert and Adkins, TaIs Jour~NarL, 54, 4116 (1332).

(1) The author is indebted to Mr. S. A, Shrader of the University
of Maryland for the uiicro bromine analyses.
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evaporation of the ether. The product was darker in
appearance than the starting material, sap. no. 355.3,
360.9.12

2.—Four grams of resin was dissolved in 10 ml. of dry
pyridine, the solution was cooled and 10 ml. of distilled
acetic anhydride was added slowly. After thirty-six
hours the solution was poured into water and allowed to
stand for one-half hour to ensure hydrolysis of the excess
acetic anhydride. The aqueous suspension was extracted
with ether and the ether solution washed with dilute
hydrochloric acid and then with water until neutral. It
was dried over anhydrous sodium sulfate and the resin
recovered as before, sap. no. 341.6, 331.1.

3.—Six grams of methylated resin (OCHs 11.7%) was
acetylated with acetic anhydride in pyridine as described
under 2, sap. no. 176.9, 189.4.

Methylation.—Ten grams of resin was dried by solution
in benzene followed by distillation of the solvent. Fifty
ml. of methyl iodide and 7 g. of dry silver oxide were added
and the flask was connected to a reflux condenser closed
with a calcium chloride tube. The mixture was refluxed
for twenty-one hours over a small flame so that vigorous
boiling and consequent thorough agitation of the silver
oxide occurred. Five ml. of the solution was withdrawn to
obtain a sample for analysis. This solution was boiled
up twice with acetone to remove all trace of methyl iodide
and the resin was recovered and dried as before. Anal.
OCH;, 10.41, 10.61.12

The methyl iodide was distilled from the remainder of
the methylated product, which was then dried with ben-

(11) Titration of the unused alkali was carried out in a volume of
about 500 ml. ; this large volume was necessary in order to distinguish
the end-point, as the saponification products produced a characteris-
tic dark discoloration which tended to obscure the end-point.

(12) Clark, J. Assoe. Off. Agr. Chem., 18, 136 (1932).
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zene as before. The methylation process was repeated
with twenty hours of refluxing. Aunal. OCH; 11.45,
11.85.

This is believed to represent the maximum amount of
methylation attainable by this method because, when an-
other sample with a methoxyl content of 10.69, was re-
fluxed as before for two hundred and fifty-eight hours, the
methoxyl content increased only to 11.39, The product
gave no evidence of having been decomposed as a result of
this prolonged treatment.

Vesicant Tests.—The tests for vesicant action were
carried out in the following manner: 3 drops from a pipet
(calibrated 75 drops/ml.) containing the test solution were
placed on the skin and allowed to spread over an area of
about 6.5 sq. ecm. Each drop was allowed to dry before
the following one was applied. The treated area was left
exposed to the air and in cases of positive reaction redness,
swelling and vesication resulted in from eight to ten hours,
probably reaching a maximum within twenty-four hours.
The pustulation caused by slight burns disappeared within
a few days but sometimes persisted for several weeks in
more severe cases, as was observed in some minor acci-
dents that occurred during the course of extraction of the
resin.

Summary

A study of the toxicity to goldfish and the
vesicant action of croton resin and certain of its
derivatives has shown that the free hydroxyl
groups, probably enolic or phenolic, are more
intimately related to maximum physiological
activity than is the condition of unsaturation.

CoOLLEGE PARK, MbD. ReceIivep OCTOBER 26, 1934
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Croton Resin. III.

The Combined Acids?

By NaTHAN L. DRAKE AND JOSEPH R. SPIES

Saponification of the complex mixture known
as ‘‘croton resin’’ has been the subject of several
investigations. Dunstan and Boole? noted the
loss of vesicant action and the formation of acids
resulting from treatment of the resin with boiling
potassium hydroxide. Later Boehm?® studied
the action of 309, aqueous potassium hydroxide
at room temperature on a ‘‘croton resin,”’ and
found that a dark brown solution resulted.
Acidification produced a mixture of acids in a
yield of 359, among which formic and acetic

(1) From the Ph.D. dissertation of Joseph R. Spies. Presented
at the 88th meeting of the American Chemical Society held at Cleve-
land, Ohio, September, 1934, Parts I and II, THIs JourwNnaL, 57,
180, 182 (1935).

(2) Dunstan and Boole, Proc. Roy. Soc. (London), 58, 238 (1895).

(3) Boehm, Arch. Path. Pharmakol., T9 138 (1915).

acids were identified qualitatively, and isobutyric
and tiglic acids by actual isolation.* Cherbuliez
et al.® also recognized that the resin contained
esters, but did not study the products of their
hydrolysis.

The present paper is a report of a study of the
saponification products of the resin, and in par-
ticular of the acids liberated. The presence of
tiglic, caprylic, capric, lauric, myristic, palmitic,
oleic aunud linoleic acids has been demonstrated
conclusively, as well as the absence of any ap-

{4) It should be noted that the resin used by Boehm in his early
work was not prepared in the same manner as the material employed
here. Our “‘croton resin’’ was prepared by the method described in
the first article of this series, Spies, THis JoURNAL, B7, 180 (1935).

(5) Cherbuliez, Ehninger and Bernhard, Helv. Chim. Acta, 15,
658 (1932).
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preciable quantity of unsaturated acids contain-
ing three or more double bonds. Furthermore,
absence of any large quantity of stearic or other
higher saturated acid has been shown by means
of the lead salt—ether method applied to the
residue after removal of the more volatile frac-
tions from the mixture of methyl esters of all the
acids.

Experimental

Saponification of Croton Resin.—30.4 g. of resin was
heated under reflux for one and one-half hours with 125
ml. of 1.6 N alcoholic potassium hydroxide in an atmos-
phere of nitrogen.® After removal of the alcohol (nitro-
gen atmosphere) under diminished pressure, a dark-col-
ored residue remained which dissolved completely in 200
ml. of distilled water. Evaporation of a dried ether ex-
tract of this alkaline solution yielded 0.5 g. of brown
resinous material. This substance gave no Liebermann-
Burchard test for sterols.

The alkaline solution was made acid to congo red with
dilute hydrochloric acid, causing the separation of a dark-
colored material with a pronounced fatty acid odor.
Thorough extraction of the acidified mixture with petro-
leum ether (b. p. 50-60°) removed a part of the substances
thrown out by the acid, but left a large lump of dark-
brown gum. The latter was separated mechanically,
washed several times with petroleum ether and finally
with water. It was then dissolved in methyl alcohol,
the solution dried over sodium sulfate and filtered, and the
alcohol evaporated, leaving a residue which was heated
under nitrogen on the steam-bath to constant weight
(11.6 g.).

The combined petroleum ether extracts were washed
once with water, dried, separated from drying agent and
evaporated until all solvent was removed. There re-
mained 9.6 g. of a brown lHquid mixture of acids.

The aqueous solution remaining from the petroleum
ether extraction process was a golden yellow. It gave a
very persistent deep purple color with ferric chloride solu-
tion. The solution was made slightly alkaline to litmus
and the water removed by distillation under reduced
pressure in a current of nitrogen. As the solution became
more concentrated a small quantity of dark gummy matter
separated. Such material was removed on two occasions
during the evaporation. When all the water had been re-
moved, there remained a golden-yellow residue consisting
of the water-soluble saponification products and some po-
tassium chloride. To remove the major part of the in-
organic salts the residue was treated with absolute alcohol,
filtered and the alcoholic solution evaporated to dryness
under reduced pressure in a current of nitrogen. The
light-brown amorphous residue so obtained was readily
soluble in water or alcohol but notin ether (8,7 g.). Warm-
ing an acid (HCl1) aqueous solution of this substance caused
some change in the material which gives the color test
with ferric chloride, for attempts to isolate the organic
material from its alkali salt by acidification (litmus) and

(6) In alkaline solution a characteristic brown color is produced

which appears to be equally intense whether air or nitrogen forms the
atmosphere above the solution.
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evaporation of the acid solution resulted in a product
which was much darker in color and would no longer give
the ferric chloride color test. This water-soluble hy-
drolysis product gave a negative test for glycerol. Further
work on the identification of this material is in progress.

Lead Salt-Ether Separation of the Liquid and Solid
Acids.—The method described by Jamieson? was used.
The results are given in the summary:

Mixedacids, g........coivin ... 3.3 3.4
KOH to neut., milli-equiv............. 17.1 17.5
Solidacids, g..vvvvevrerrirnninenans 0.94 0.92
Liquidacids, g.. ..o v v v i ie i e e e 1.53 1.74

The presence of a considerable quantity of saturated acids
of low molecular weight gives these figures little quantita-
tive significance. The lead salts obtained, however, were
completely soluble in ether at room temperature (30-33°),
thus indicating the absence of any appreciable quantity of
the higher saturated fatty acids.

The Bromides of the Unsaturated Acids.—To 5.3 g. of
unsaturated fatty acids, obtained by a lead salt—ether
separation and dissolved in 80 ml. of ether containing 4
ml. of glacial acetic acid, bromine was added at 0-5°,
drop by drop, until an excess was present. The solution
was allowed to stand for three hours at this temperature.
Lack of any precipitate indicated the absence of acids con-
taining three or more double bonds. The ethereal solu-
tion was washed with dilute sodium bisulfite to remove
any excess bromine and then with saturated sodium
chloride solution (to prevent emulsification) until neutral
to litmus. The dried ethereal solution was evaporated,
the residue taken up in 20 ml. of petroleum ether (b. p.
50-70°), and filtered to remove a small quantity of in-
soluble tarry material. Concentration to about 10 ml. and
cooling caused separation of the tetrabromide of linoleic
acid. Owing to the presence of the dibromide of oleic
acid and some saturated fatty acids, separation of the tetra-
bromide was slow. After careful purification by recrystal-
lization from petroleum ether, the tetrabromide melted
from 113.5-114.5°.8 In another experiment 3.64 g. of
mixed acids yielded 4.66 g. of bromides, from which 1.55
g. of crude tetrabromide was obtained.

Anal. Caled. for CisH30:Bre: C, 36.00; H, 5.38; Br,
53.29. Found: C, 36.11, 36.30; H, 5.59, 5.33; Br, 53.36.°

The absence of Matthes and Boltze’s!? so-called liquid
tetrabromide of linoleic acid, which is soluble in petroleum
ether, was demonstrated in the experiment described
above by dissolving the residue after removal of the
petroleum ether in a small quantity of methanol and al-
lowing this solution to stand for two and one-half days in
the ice box. No crystals were formed.

Permanganate Oxidation of the Unsaturated Acids.—
The method of Lapworth and Mottrami! was used to show
the presence of oleic acid and to confirm the presence of
linoleic acid; 5.1 g. of the fatty acid mixture was used in
the experiment, and 2.4 g. of crude polyhydroxystearic

(7) Jamieson, J. Assoc. Off. Agr. Chem., 11, 303 (1928).

(8) All melting points were taken with standardized Anschiitz
thermometers.

(9) We wish to thank R. P. Jacobsen for the bromine determina-
tion, and S. A. Shrader for the carbon and hydrogen analysis.

(10) Matthes and Boltze, Arch. Pharm., 250, 225 (1912).

(11) Lapworth and Mottram, J. Chem. Soc., 127, 1629 (1925).
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acids was obtained. This material was treated with 100-
150 ml. of petroleum ether (50-70°) to remove the satu-
rated acids and any unoxidized acids; 0.8 g. of product
remained undissolved, and 1.6 g. dissolved. The dried
mixture of di- and tetrahydroxystearic acids (0.80 g.)
was shaken with 200 ml. of ether, and the solution was
decanted from the residue. Concentration of the ethereal
solution resulted in the separation of crystals which melted
.t 98°. Two further recrystallizations from ether yielded
a product which shrunk at 117° and melted sharply at
123.5°. Three more recrystallizations from ethyl acetate
resulted in a product which shrunk at 119-120° and
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rated with dry hydrogen chloride at room temperature.
After saturation the mixture was allowed to stand for one
hour and then poured into 1685 ml. (5 vol.) of cold water.
The esters were removed by ether extraction and isolated
in the usual way, yield, 30.6 g.

Fractional Distillation of the Methyl Esters.—An appa-
ratus similar to that described by Podbielniak!* was used.
The rate of distillation at no time exceeded 0.1 ml./min.,
and was much less than this between pure fractions; Table
I gives the details. The temperatures recorded at the top
of the fractionating column were considerably lower than
the recorded boiling points at 15 mm. for the correspond-

melted sharply at 123.5-124°.'2 Analysis showed this ing esters. The very slow rate of distillation is respon-
substance to be a dihydroxystearic acid. sible.
TABLE I

DisTiLLATION DATA AND CHARACTERISTICS OF THE ESTERS

Vol. of esters, 34.1 ml.

Mol. wt. of ester

Pressure (start), 15.1 mm. Pressure (finish), 13.1 mm. Time, 6 hrs

Total distillate, 19.8 ml.
M. p. of p-toluidide

Vol., 2 a®n from saponification equiv. of acid, °C. Acid in
Fraction ml. "p g./cc. Found Caled. Found Recorded? p-toluidide
1 1.6 1.4351 0.9482 116.9 114 70-71.5 Tiglic
Ia® 0.3 e o
I1 0.9 1.4253 . 8946 155.9 155.8 158 67.5—68.8 70 Caprylic
Ila 0.4 el e e e
IIr 6.0 1.4269 . 8762 186.3 185.1 186 76.5-77.2 8 Capric
I1Ia 0.9 e e
IV 2.9 1.4338 . 8767 214.7 215.2 214 82.5-83.2 &7 Lauric
IVa 0.9 e e
A% 2.6 1.4387 .8741 234.4 239.7 242 89-90.2 93 Myristic
Va 0.8 1.4512 . 8804 278.3 270 95-96 98 Palmitic
vI° 1.5 1.4581 8862 L. oL i e

% The melting points recorded in the literature vary widely.
® The fractions labeled a are mixtures between purer fractions.

Soc., 115, 1211 (1919).

The values given are those of Robertson, J. Chem.
¢ The distillation was not car-

ried farther because the boiling points of the methyl esters of stearic, oleic and linoleic acids are so close that separation is

impossible.

Anal. Caled. for CisH304: C, 68.29; H, 11.44. Found:
C, 68.50, 68.25; H, 11.88, 11.69.

The ether-insoluble residue from the experiment de-
scribed above was recrystallized from water and dried.
It softened at 143° and melted at 155-156°. After a
lengthy purification by crystallization!® from alcohol,
water and again from alcohol, the melting point of the
acid was raised to 167-168° with previous softening at
156-157°. Further crystallization fromn alcohol failed to
raise the melting point. Analysis demonstrated this com-
pound to be a tetrahydroxystearic acid.

Anal. Caled. for C;sH30s: C, 62.02; H, 10.42. Found:
C, 62.03, 61.80; H, 10.65, 10.56.

Preparation of the Methyl Esters of the Mixed Acids.—
33.7 g. of the mixed acids above described was dissolved in
337 ml. of absolute methanol, and the solution was satu-

(12) Because of the danger of lactone formation, this compound
was dried in a vacuum at room temperature. Melting point capil-
laries were introduced into the bath only when the latter was neat the
melting point of the substance. A large number of isomeric dihy-
droxystearic acids are possible; ¢f. Lewkowitsch, ““Chemical Tech-
nology and Analysis of Oils, Fats and Waxes,” 6th ed., Vol. I, pp.
233-235.

(13) Rollett, Z. physiol. Chem., 62, 420 (1909), has discussed the
purification of the tetrahydroxystearic acid resulting from linoleic
acid on oxidation. His method was used in this instance.

Isolation of Tiglic Acid.—0.3 g. of Fraction 1 was saponi-
fied with alcoholic potassium hydroxide. After acidifica-
tion the organic acid was extracted with cther and isolated
by evaporation of the ether. The crude tiglic acid was
crystallized from petroleum ether and finally sublimed at
20 mm. The purified product melted at $3.5°.1%

Anal.  Caled. for CsHO,: C, 60.00; H, 8.00.
C, 59.76; H, 7.90.

Preparation of the p-Toluidides.—p-Toluidides were
preparcd directly from the methyl csters by the method of
Koelsch and Tenenbaum.® All the products were crys-
tallized from aqueous alcohol and finally from inethanol
to constant melting point before analysis. Table IT lists
the analyses of the various p-toluidides; the related acids
are tiglic, caprylic, capric, lauric, inyristic and palmitic,
respectively.

Search for Other Saturated Fatty Acids.—Stcaric acid
or any higher homolog would have escaped detection in the
experiments so far described; 23 ml. of mixed methyl esters
were therefore subjected to fractional distillation in the
Podbielniak apparatus, and the high boiling residue,
which should contain any methyl stearate present origi-

TFound:

(14) Podbielniak, Ind. Eng. Chem., Anal. Ed., 5, 135 (1933).
(15) The value 64.5° is given in Beilstein, 3d ed., Vol. 1, p. 513
(18) Koelsch and Tenenbaum, Turs Jourwnar, 85, 3049 (1933).
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TasBLE II
THE ANALYSIS OF THE p-TOLUIDIDES
Carbon, % Hydrogen, %

No. Formula Caled. Found Caled. Found
I CpH;ON 76.19 76.03 7.94 8.09

76.16 8.13
II Ci;H,3ON  77.19 76.86 9.94 9.98
111 CiHxzON 78.10 78.04 10.42 10.53
Iv CieH; ON  78.81 79.09 10.80 10.92
Vv CuaH;:ON  79.42 79.10 11.12 11.19
VI CopsH3ON  79.93 79.45 11.38 11.36

nally, was saponified with alcoholic potassium hydroxide.
The lead salt—ether method was then employed to sepa-
rate any stearic acid from the liquid unsaturated acids.
Only a small quantity of insoluble lead salt was obtained,
from which 0.5 g. of free acid was isolated. This free acid
was practically completely soluble in cold methanol; the
higher saturated fatty acids are insoluble in methanol. Itis
unlikely, therefore, that any considerable quantity of stearic
acid or higher homolog is combined in the original resin.
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The Saponification Equivalents of the Methyl Esters.—
The method of Chargaff!” was used. Since no z-propyl
alcohol was available, isobutyl alcohol was used instead;

25 to 50 mg. samples were used for each determination.
The results are given in Table I.

Summary

1. The saponification of croton resin has been
studied.

2. The petroleum ether—soluble fatty acids
have been shown to comprise approximately 329,
of the saponification products.

3. Tiglic, caprylic, capric, lauric, myristic,
palmitic, oleic and linoleic acids have been
shown to be present in the mixed acids obtained
by saponification.

(17) Chargafl, Z. physiol. Chem., 199, 221 (1931),
CoLLEGE PARK, Mb. REcEIVED OCTOBER 26, 1934



