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INTRODUCTION ARD HISTORY

The attempt to identify atomic groups as specific
carriers of vermicidal aetivity is an instance of the continulng
effort of pharmacologlst and chemist to interpret pharmacological
activity from chemiecal constitution. The work reported in this
paper was undertaken to determine 1f or to what extent the car-
bonyl grour 1s responsible for vermicidal effectivenses., The
preparation of compounds exhibiting this functional characterlstic
and a method for their pharmacological evaluation will be des-
eribed.

The application of chemotherapeutic comcepts to anthel-
mintic drugs has been made possidle by the isolation and identi-
fioatiqn’ 6f a variety of plant principles. Over 360 crude
vegetable drugs &aid to possess ialua as anthelmintics have been
1i¢te§;by Lilligl. The vermicidal compounds of known constitu-
-tion, fo¥h sénthbtic énﬁ éf végetabie origin, differ so widely
in structure that complete chemieal classification has not been
possible. Greenez, however, recognizes five chemical tyres to
which the constitutions of these gsubstances may be referred, viz.,
{a) thymol, (b} phloroglucincl, {(e¢} lactone, {4} alkaloids, (e}
heterogenecus.

Fithin recent yeare the structural characteristics of =
limited number of active vermicidal principles from plant sources
have been elaborated sufficiently to give support to more compre-
hensive studlies of this phase of chemotherapy. While the struc-

tural details of many principles have not been established defin-
itely, it is possible to say with certainty that the carbonyl group



exists in the molecules of many compounds of 3iffersnt origins.
In this aatagéry maey be mentioned rotilerin, embelin (embslic
}aﬁi&%, aspidium compounds, santonin, artemisin and tanacetin.

The formula for rottlerin given by Dutt and Goswams® 3

,m;y)«(pmc# -

glm gh the analyses of E“fm‘m and f’ari of rettlerin and some
- of its derivatives raquira ﬂ% carbon atm. ane mﬁan atem nn\t -

ohs amzble ‘bond less than the formuls of Butt am Goswaml.

Embelin, 8 taenicide f:mm the fruit ef Eobelis ﬁm;-
.,m E. robusta, or B. m. tmrﬁ!ng ta aMerhaléeu';
Bimhemiwm 3andlaxikon5 1s au igmd the nruetnrs

CHz" '/‘/

but 'aléemharés it is _:a'id to ba 2.5~dioxy-5~1aﬁry1-p~hsgm§umono.
Filicinic acid, one of the structural units found in
m).a m;.nﬁtitmtl and which, in iteelf, is 111&39@“1‘5 e~
comes active agaim't tapeworms with the 'Sgpaar;éme‘ of a butyryl
side _eh&iﬁ in h’wt.yryl filieinis a#i(!& Ite isomer aspi‘d_awl,-’wlgmh
also contains t&m butyryl radical is held .tn be completely inef- )

fect 119.
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Ho H Ho OH Ko, ocH3
| coctt)cHs COLEHNCH;
i g OH
Filicinic acid Butyryl filicinic acid Aspidinol

Albaspidin and flavaspidic aeld, two active consti-

tuents of male fern, have been asszigned the formulas

(C;"H:));- CH3

Ho oH N =0

114 1t

[o] . [«
Flavaspidic Acid



Filicic acid, another effective constituent of male

fern is probably

€ cryen) co

I:0

cHz(€M),C0

Fillecle acid
‘Schl&:svb:ergerv mtio.ng 88 comp;;ungis that are pro-
bably Qimilarly constituted: kosotoxin, pammic acid, albo-
pénnin, flavopannin, pannol, flemingin, homoflemingin.rand
tanscetin.

In the santonin series of compounds, the question of
the structure of santonin has been settled by the determimation

of the positior of the lactone ring irn the synthesis of

deamﬁtrapeaantenlns by Clemo, Haworth and Falton.

Desmotroposantonin Santonin



i!ypmantanin 9

gceording to Gluechke
Artemisin, & principle which &ecc@am@ ;santmun

in srecies of Artemesis but which is lest active than santonin,

hes been given, by ’é‘edekimzm, the formula

CHs "

Stavdinger and Emiemn isclated from Dalmatian insect

omam ginersrisefolivm) two principles, .yretirin I
apd Fyrethrin Il which Chewalier and Fouchet!® tested and found to
be effective against hog ascarida, dop toperowns, oxyuris, tricho-

cerhalus and ankyloatoma.
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It iz stated in Frankel's Arzneimittel Zynthese thut
the activity of phloroglucinol derivatives does not apnezr until
after the introdustlion of a butyric acid resldue into the fillielnic
acid molecule. The belief thnat vermicidal setivity is connected
with the phloroglucinel nucleus znd & butyric acid residue comes
from the observation that £11ix substances, upon decomposition,
yield phloreglucincl, butyric scid and 1sobutyric acids,
Rottlerin decomposes into trimethylphloroglucinel and butyric acid;
tanacetin into estechol and butyric zcid. 7Thess cbservations led

12,14

darrer and ¢o-¥0oriers to synthesize and study & geries of

aeyl substitute’ compounds anslogous in strusture to filix deriva-

tivee. Trle group comprised: methylrhlorbutyrorhenone (isoaspidinol)



methylene~di-(methylphlorbutyrovhenone}, phlorbutyrophenone,
phlorisobutyrophenone, methylene~di-{phlorbutyrorhenone},
mthyism—di«{pﬁiﬂriaohutyraphenane) and a nuxber of similar

resorcinol phencnes.

Ho oA # < “
+H(CHz).
colcH).C Hs coc £2°%
o orf
*hlgybutyrophenone Fhlorisobutyrophenone
£ H
coler,),C s
oOH “

¥ethylphlorbutyrophenone

Oy CH3
Ho o/ Ho o/4
CHylery), co — CH, — co (CH,_},_C/—/_;
ot oH

Hethylene-di-{methylphlorbutyrophencne]
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c 3l O —CH, — Cc("‘z)z cels
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Hethylene~di~-{phlorbutyrorhencne]

3+
%ﬁt&yl&nﬁ*ﬁi*(?hlﬁrit3bﬁﬁ¥rﬁ“hﬁaﬁn$§

Thelr rharmacoleglical gtudies indicate. thet taeniaidal activity
15 asgszociated with thre yhlcrcgluciﬁol nuclens and dbutyryl side~
chain, %at thet such activity is a specific attribute of neither
the nucleus noy side-chain, since on the one hand resorcinol is
an eff&ctﬁve migleuns and on the ¢ther the butyryl and lscbutyrl
_radicals may be siubstituted by other higher acid remnants with-
out destyuction of setivity. Xarrer found maximam effeotiveness
to appear with introduetion of the igocaproie acid residue and
to dicaprear agnin with farther increamse in the length of the
_aidéw@h&inu Additiomal studies on the gynthesis of hydroxy-
phenones have been conducted by Hoesahlﬂ, Rosenmand and co-
16,17

workers” ' and by Yojahn 18, The grester pumber of members of

this group of compounds exhibit ip yitro germicidal or wvermicidal



propertiese The derivotives of the phloroglucincl and re-
sorcinol serios sre the most setive, but the rhenones of
cateochol and hydrequlinone likewise possess activit;’m. The
woskest phenones are those of phenel., It is thus seen that
sctivity In this series 1s: sugmentel by the gre&e&me and scoumu~
lstion of hydroxyl groups in the nuclews, p~Hydroxyscetophenone

is said to be about twenty tiwes more active than acetophencns.

WIth re

L gard to the "&attym&tg f ketones 2t & class
ﬁan&él mgess the.fenimi ng generaiimf; ie‘m; Even 'jtﬁﬁ’li;!‘&gﬁlaﬁt
ketones have & vermicidal activity, but thelir oximos are almost
sompletely innctive; nuclenr eubst ftution 1z the vhenones dee
eresses their toxicity: conversion of prhenclio hydroxyl to ether
or sster linkagos decroenges varmia;é:zl nporerties; the introduc-
tior of hydroxyl grouss into the acyl radicel deoresses activity.

Interest was first srowel in the eamt@nin series by
the of ‘orts of Cammizzaro, Wedekind, Straudb, EKobert and Sleburg.
Desmotropossntonin, aMare‘iisﬂ to Etmwbzg. iz non-toxie to
ascarids and marine worms , but ”froxﬁelenburgzg finde it 1z equally
&8 irxritant to worm muaecle a5 sntonine C@p‘mm% gtates that the
oxi:e 1s less toxic than the ketone. Tetrahydrosantonin and
artemisin, in which the ketone and lsctone characiers sre rotained,
are irritant to worm muscles

In the santonin series of compounds srester emrhamsis hug
boen attributed to the lactone ring ags a factor in anthelmintic
getivity than upon sny other constitutionsl characteristic.

Trendelasnburg, Lsutenschlidger, Gluschke &nd others adhsre to this



10

view. Lautensehl&gerzl. after a study of synthetic iactones,

‘ bélieved*thg activity to depgﬁd ﬁpon thajlaeténezripg in con-
Junction with the presence of & cyclic radical, the purely
aliphatic lactones investigated by him hﬁiﬁg>1ndif£erent. Yon
Cettingen and ﬁarciazz. on the other hand éaeented aetivity in
beta~angelica lactone, valerolactone carboxylic acid, and in the
dilactone of acetone diacetic acid against Lupbricus terrestis.
In vivp experiments against ascaris in cats were 100 per cent

successful in seven of ten experiments in the case of the dllactons.

r—CO
ffg /if-—_‘fcj
¢ o AC
AL — O oo, ]
| fC — O
CHs %4e
Beta-angelica lactone Valerolactone carboxylic acid

co

CH, 0/
L
N

CH, 9
} = \\\

CH, —— €O

Dilactone of acetone diacetic acid
Prendelenburg and his supporters base their view of the

lactone group as the carrier of activity wron the fact that activity
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disappears upon cleavage of trhe lactons ring. Qshifcazg
studied the methyl and ethyl esters of santoninic acid and
observed, contrary to Trendelemburg, that the disappearance

of activity fram santonin and ite derivatives by opening the
lactone ring 18 dependent not upon the disappesrance of luctone
character, but to the sppearance of neid charascter, in 2s mmoh
as eosterification restores the activity.

Galius and m.lkarz4, from evidence rresented in
twenty~tap reports ecovering data scceuwmlated in t‘nairfvextem ive
cliniesl resecarcues in the contyol of hook worm disema, BXPress
& disbelief in the signivicance of the lactone ring and attach
greztaer importance to the ketone group. According to them, the
domipent group ie ~CO~CHE, while ~U0~-CH= has a weaxsr effect and
the groups -COH®CH~ sund =C*CH are Ineffective.

Gluscuke > has studied the influence of nuclesar substi-
tation in twﬁtltr‘mtwél amalegs of smxsnin, viz., syntonim-a .
(5-tetralol-6-acetic seid lactone} and syntonin-b (5-totrelol-6-'

propionic soid lactona).

Ao K.
/'/z | HZ
P i |
o0—cCo 4 No_—cH,

Syntenin-a Syntonin-b
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with the result that substitution in the bensencid nuclous is
superflupus &nd thst the introduction of resetlve grou & sppesrs
to diminish Arat}.‘a‘éf than imm;;ei:éﬁﬁy., | S
Butz arnd lalande Jr.gs have demonstrated ‘&1;&5 CXygens—
tion of limonene snd eertain aﬁhw mmmih@dmﬁntwm V'!ncw&\-gge_
thelr ascaricidal properties. They polnt significantly to the
autex:dationzﬁ of limonene to form the ketone, carvone, and like-
wise to the fact that werbenone 1s g;rrsduoeﬂg? e¢imilarly from oil

of turpentine. The ketomes and the oxyzenated torpenes studied

by them zive & strong Sohlff reaction.

CH.
3 c A3

cHy © Hy,

Carvone Verbenone
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PEARMACOLOGY SECTICOF

Discussion

This investigation has been condustsd with the object
of correlsting vermicidal metivity with molecular constitution,
without specisl regayd for the ulti~ate wvalues of the gcompounds
in theraputics. It was reguired that a biologliocal mesthod might
be found or evolved which would afford an expression for moleculsy
aotivity roferable to a sultable standard. 4 survey of the
-1iterature ghowed that & nusmber of methods have attracted recog-
nition, but that none &re wholly adaptable to the re-uirements
of all investigstors. Where practicability arnd simplicity are
offered to vindieste a yrocedure, these advantazes prevall usually
at the sacrifice of aceuracy and utility.

To submit synthetie products to climleal trisl without
thorough preliminary study of thelr properties iz neither expe-
dient nor wise. The different classes 0f laboratory workers who
assume the tagk of pre-clinical evalustion embrace eollzctively
a warlety of objectives Iin research. BEach group is lixely to sanc-
tion such methods as are sulted to the pecularities of its special
occupation. The chemnist an? the colluborating pharmacologlist are
often restricted in choice of metheds by having at their disposal
limited quantities of material for study. In particalsr, the

chemist who must work without the cg~operaticn of 3 pharmacologist
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iz subject to the tamptation of a cursory blolegical treatment,
In this gonnections an abundance ¢f reportt are found in whioh
the chemist has contented hingelf with very arude aprroximstions
to relative activities.

The position held by the climician,in contrast to this
sttitude, has been rightly, as alsxsys, to reserve judgment until
sotusl cliniecal trial. Unfortumately, in the past, the clinfcal
evaluation of snthelmintics has had sn empiricsl baesis. The
pliniecal observations somotinmes gave falgse imdications of the true
value of the subsiance deing studied. For example, the fuct that
& nwsber of parsgites bad been eliminsted from the body was recog-
nized =g evidsnee of merit slthough it furnished mno proof that
mumercus other purasites 4id not remsin behind.

Following the researches of Hall, Shillingzer, Foster and

othersaa'gs*sa

upon dogs, 1t became morve wildely recognlszed that

the greatecst precislion for determining the aotivity of an anthelw
wintic demunds contreol ef the sxperiment through sacrifice of the
test animal. By this method, followirg adminlstration of the drug,
& gount 15 mide of the misber of éw;iaiima elimin:ted and after a
stipnlated tive, the pumber of rarasites not eliminated is deter-
mingd. The efflolency is representsd as per sent of total mumber
of yarasites eliminated. It is not oontested thai this method

does furnish & relisble index to the usefulness of an anthelmine
tic in the treatrment of various tyres of worm disesses. Unfortu~

nately, in view of the clircumstanses of myy laboratories, it is



15

not sultable to all conditions of experiment., It is costly and,
morsover, infested animals are not always converlently or immedi-
ately svailable., 08t important, the aﬁyrestian “ner cent eificiency"
does not reflect the activities of individwel molecules -- & knowl-
edze of which chemostherapentic rezesrch demands &e the most wvalid |
datum for comraring seiivities.

It is not surprising, then, that the search for a suit-
able test object for use in'an accurate yet.fmaible‘i‘w'm
method conxinneu.  Leéehes; earthworms , tisﬁ, frogs, and the endo=-
parseites (espaclally ascarids) have been employed under various
exrperimental conditiomns. Recently, Bazhgl has introduced the
vinegar eel {inguillnla acetil, clalming for It advantages over
the esrthworym. Its vesvonses are alleged o be more somsrable
with hematodes than with cestodes.

In vitro methods emrloying worms as experimental animals
have been anplied accordlng to two Zenersl concepts. Either stripe
of worm muscle are mounted in 2 tissue chamber and the rmscular
resporges are recsorded with the 8id of 2 kymograph, or the effeot
of the asgent is determined by its direct action on the Intact odbject.
The worm musola=-strip method was devised originally by ?ron&alanbazg3ﬁ
for the evaliuation of santonin and some of its derivatives after
Straub s had obgorved that strips of worm muscle were effected by
aspidiun. Trendelenburg used esrthworm mussle~striye from which
34

tie merve cord and ventral ganuglias w4 been dlssected. Schnelder

claims that more acourate results are obtsined by the use of whole
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sound worms in the tissue bath in place of tae’ﬁmﬂel@ gtrics.
’?ma;a'iio&iaoss gemmmii the use of negmeﬁt.e of ascarids with
orguns attached ne the most sultadble tlssue, ﬁallmanmaﬁ'S?
demonstrated that all oclinical vermicides are marizedly toxic to
earthworms. 2ince then, this anim:l hag bBeen the elassical test
object among the methods using the intact worm. The effective~
nees of the vermicide is nsuzlly basel upon the survivael times

of the wormes when they are exposed to the action of the substance
in a suitable solvent. ﬁehnmider54, however, uses as criteria of
activity the retes of contraction and relaxastion and the dezree of
shortening of the worm and clitellum.

The cholce of a biological method for the present inves~
tigstlion hanges upon & conjecture, That iz shether the activities,
as determined by any of the surrent methods, are strictly comrara-~
tive In terms of findividual molegules. As regards the method
aprroved by Hall and co-workers, previcusly referred tc, 1t has
already been intimeted that in so far ss it embraces both the
parasitotropic and organotropic factors it is the most corclusive
test for applied therapy, but that its data are inndeqguite for
correlating pharmacological activity with chemical strusture. Turn-
ing to the muscle strip method in cither its original or modified
formeé, it scems obvicus that the responses of the tissue meagure
the irritant prorerties of & substance to & greater extent than they
do any specificity of sction attributable to astomle grouvs or link-

ages of the molecule. Here, the refinements of measurement derend
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u@an.éé accurate lmterpretatlion of the relation between the tonie
and clonic phases of the tissue contractions and upon the reversi-
bility of the processes. The likelihood of these phases being
functions of concentration and tine of exposure rather than speci-

fic actien is appsrent. Ais Giumchkeze

¢ Who used this method in a
study of santonin-like compounds has gaid: "It would, Indeed, be
remarkable if substances such as phenols, volatile oils, eamphor,
tartsr emetlo, etdé. did nmot affect the extremely irritablie worm
muzole”. The authority for the method depends uron the opinion,
long held, that anthelmintios are sffective by virtue of & specifie
action on worm muscle. Glusohke, by highly critical amalysis
involving careful sonsiderstions of concentrations of solutions,
gharacter of eontractione, and tonus incresse, ooncluded that sub-
stences such as rThencl, oresols, xylenols, thymol, picrle acid, amd
marthols 40 not possess a specific santonin-like action. This argu-
mant does not dispose of the fact that a nomber of substances, such
as thymol, which (Gluschks says are not santoniuv-like in action, have
proven thelr merit in the hands of fisld~-workers combating helminthio
infestations. 1f points only to the limitation of the method in
failing to provide a2 mesns of commring tne activities of those sub~
stances which exert their toxlc prowerties through some tiscue other
than mascle or are sffective because tney act throuwsh some other route
or by some other mechanism.

Recognizing this weakness of the muzcle strip method, it
scams probable that the use of the intact worm should rrovide for a

wider latitude of comparison. The desirability of a more extensive
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study of the use of the earthworm is indionted. The most common
objection to the use of this animsl is that 1t is more sensitive
to active substances than the pathologioal paraszites.

Whil& the aartha‘gm "i&' more vl_e;‘u‘,;!tive‘ to chemical agents
than the endoparasitic worms, the latter are more susceptible to
environmental influences. In Ringer's solubion, or in sugar solu-
tions they seldem live more than twmo days. Ir nutrient solu‘tidm,
the medlum undergoes puitrefaction at the orntimum temperature for
the parasite. It iz, therefore, diffieunlt to determine whether the
response of the parasite is caused by lts unnatural environment or
by the medicinmal agent. £till snother factor may bs recognized in
the differences in solublility and absorption in the intestimal
Julces as compared with these prorerties under the conditions of

59 have demonstrated

Jn yitre experimentation. Kudice and Borchardt
such differences in noting that the effective doses of alkyl

halides as anthelminties is reduced somewhat by panerecatic Julce

and to a greater extent by bile.

Irn view of the obJections cited, the skepticism directed
against the wuse of the earthworm as & test object for the evealua-
tion of anthelmintics is to & great messure justified. Recemly,
Butz and Lalande®C have agaln emphasized the Importance of using the
parasite for whick an anthelmintic is sought in determining the prob-
sble anthelmintic value of a given substance. In s study of the
effects of some oxygeuated terpene hydrocarbons upon Asgaris
Jumbricoides, they bave minimfsed the objectionable influence of
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environmental conditions upon ascarids by maintaining a constant
temperature of 37,5C+ 0.5C during the experiment and by limiting
the period of observation to five houré. Thile thelr method iIntro-
duces a refinerent in technlic, the limitation of the observation
period imposes thoe necessity of emulsifying many substances in or-
der to afford concentrations suffisiently high to produce paralyeis
or death within the stipulsted time. It does not seem likely that
data obtained by the use of emlsions 1s aecurstely semparative
%ith that of true salations nnkgsi the ttabliiégtuf'an‘amﬁls!cn,
‘ﬁh'& tiefgra?e"of dis’paﬁfri'iélﬁ,‘ and the smi:ifying‘,‘ aga;ﬁt d.e not influ-
ence the measured setivity.

From aonﬂde‘éation of the many aspects prewm'ed in the
foregoing critical discussion of biglogleal methods a mumber of
inferences may be drawn in favor of further study of the gquanti-
tative nature of the responses of the earthworm ¢ an&helﬁinticss

l. ¥o scientifically valid expression for vemmicidal

activity, based upon the use of the intact esrth-
worm, elther in terms of sbsolute or comparative
valﬁes, bas been utilized.

2+ The gregter susceptibllity of sartimorms over azcsrids

and eother paraslites provides for = more sensitive
method.

3 A more sensitive test objeet will detect weakXer

activitys. 7The use of sclutions holding lower concen~

trations of golute is mede possible, thus tending to
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obviate the necessity of emuleifying many sub-
stences.

Partrworms, with regard tc thel r wide availabllity
and the ability to withstand envirommentsl changes sre well
adapted for routine laborztory exrerimsuntatiocn. They may be
kert for months in moist earth and will live during the winter
moenths in a warm rceom if the Zrournd in which they are placed is

moistened ffequently with watere.

Experims ntal

Puring the month of August 1934, & vreliminary study
wag undertaiten to determine in 2 general way the susceptibility
end sensitivity of the ezrtbwerm to chemical agents and to
envirommental conditions. Particular attention was directed to
the mature of the responses gbserved. 1t war found that earth-
worms will live in distilled water for from severzl dayes to 2
weekk or longer, but that tbey‘ survive for much longer rericds in
0«2 to Ce4 per cent solutions of sodium chloride. Ir normal saline
solution they show irritation and severe distress symptoms. 3Six
out of six worms were etill alive three weeks following iumersion
in 0.3 per cent salline sclution; three out of three warms had not

died at the end of the second week in & control experiment during



tize month of December,

The greater number of compounds nsed oonslsted of apclie
and non-¢yclic ketones, hut some chemical varlety was provide: in
the use of thymol, vinegar, and philocarpine hydroshleride. All of
the substancez which proved tv be highly toxio to the saythwmorm T ro-
duced gizllar erffeots alonz the course ¢f action, irrespective of
thelr structural characteristics. The phenomens of toxieity appeared
alzaye in the zame order, here mentioned; i1.0., excitemwnt and
irritation, passing direatly to 2 stage ¢f e¢lonie or tomrlc-clonls
convulgive movements, followed by lose of irritability, paralysis,
{zpei red dorsal edrcualation and death. If the sconvulsive movements
are very severe, rupture of the dbody wsll iz likely to cecurs 1In
the paralysis stage, the segme nte posterior o the slitzllum are
the first to be affected. The segments antericr to the clitellum
are affected in ascending order. Feeble moverents of the rroestomlunm
y@tsist for mﬁé@ tima gfﬁgt=thﬂ w@r%uaha?e.ﬁaamma othersise Lmmobile.
ih@'ecnvuisSQt”stage is rélati#aiy wﬁait'!n duration and may not be
observed 1f the different phases follow one another 1n rapid suceces~
sions Complete cessation of movement 1z not an eovidente of death,
gdince by trans?err!ng sompletsly paralyzed worms to very diliute
saline solutions the power of movement iz almost invariably restored
to some exteunt and revival is often complete In several hoursi, al-
though desth may e e,

It was conecluded tha¢ the death volnt is & more suitable
ard exsoet oriterion of vermiclidal activity thap any of the othexr

phenomens of toxlecity moted. A technlie was then developed whieh



made possible the determimation of the death point with fair
accuracy.

N fétt!mpts to relate the data gbtained by different experi-
menters by use Qf the é‘arthwam have been unsatisfactory for a
number of ressons: ‘ﬁ?hera is lack of uniformity as regards the
vohicle or solvent chosen for the substonce tested; the reported
survival times correspond to & wide range of concentraticnsy the
modes 0f exvpressing activities vary and are {recuently vague.

For these reasons sn effervt_ was made to aprly the more

scluble substarces to the test objects at equal concentrations.

Technie of Metbod.~ The test cbjects were eound vigorons speci-
‘mens of Lumbricus terresiris or L. rubellus of falrly uniform
size, messuring 8 to 12 cm. in o relaxed state.

The object of the mathod is to determine the time in which
a vermieide is Just fatal at a3 given concentratior to a definite
nunber ¢f earthwormse. In our studies, the death-point =mas chosen
g8 the tixe shich would Just permit the survival of one of the three
objects at the concentration used. The procedure follows: The
worms ore Immersed In a golution of the substance to be tested, ten
cse. ¢f solution being allotted to ezch worm used. At intervals,
depeniing upon the concentrati on employed, three worms ave removed
at one time by means of s blunt hook, adhering mucold secretion is
removed carefully with ¢loth or blotting paver snd they are then
placed in 150 coc. beakers containing 100 ec. of 0.3 per cent sodium

ehloride solution prepared with distilled water. After 18 hours,
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the worng in each beaker ars ezamined. B8y noting the mmber that
mve died or recovered In each case, 1t 1s yos#i"hle 10 determine
at & glven commxtratmn aprproxizs tely within what time range the
death~polint or swvival tine liez.

80 or three seriez or grours of twelve worme esch are
reguired for each concentrvation. The first group is used for or—
dinal tests. Three worms are transferred from the solution of the

vermicide to the resuseitation bath® at 1, 2, 4, and & hours re-

spectively.

* In the resuscitation baths, the substances that have caused
earalysis are wathed from the tissuss and musculay contractility

is raridly resalned. Tha renewed sotivity spreare 50 be yur-0eeless
and, therefore, independent of csrebral fumetlon. It may be dependw
ent uron the intrintlie contructile functiou of worm muscle awnd should
nct be intervroted ams an Indication of permanent resovery. In the
final ezaminmation to decidse upon the number of worms that have re-
covered, & beam of intense 1ight or direot mechaniczl stizulation
are usoeful fo initisting movenonts in the rocovered test-objectsa

It is helpful alse to sxamine the dorsal blood vessel for the comdi-
tion of the clreulation. A turbid appesrance of the solution or the

datection of putrefuctive odor are ocertain indications of 3eaths.

The second amd third groups of worms are ured to define more soocu~-
rately the time linite withizn which the tryne survivel tive lies.

Closer time intervals for removing the morms are cbserved for solutions

AN



which cause death speedily thnan for solutions which reculre
longer periods to be effectlve.

The resalts of the flrst group of experinents is
given in Table I. In obtaining these data it became apparent
that it would be imposcsible to utilize tie smre concentrations
for all vermicides owing to the fact that mny of the less
soluble ones 40 not afford solutions of sufficiently high con~
centration to exsrt the activity of the agent, and alss because

“of the 4ai ffi’eulty of distinguiehing, in such cases, betwesn the
effect of the sclution and the influence of envirommental condi-
tiorns, A saturated solution of santonin, for example, did not
kill any of tlwee worms: in thirty hmm. Evidence of ma error
in aseuming ef f&@tévemlt &t hﬁgh éil&tiﬁm sams mbi@gguontiy
found and illustrated in the Time-Concentration curves (Fige. I}
for thymol and csrvone, from mhich §t may be seea that the ordi-
nates, representing survival tilszes at ctifferwwt co‘acféntrat.xam.
approach s Y-asymptotes Below certain concentrations these sub-
gtonces w11l not cause death in any time.

The ipability to find & sultable comuon couceniration
for the preparation of sll splutions is responsible, uo doubt, for
the inconsistent and unesatisfactory systems in vogus Jor renorting
experimental ¢ata. BSymbols such ze "+, Ve vidr sta, . exist
chiefly for need of & more accuraie and descriptive designation.

It seemepd dezirable, therefore, tc study the survival
time-concentration relaticn for several substances with tse object

of finding a mathematical expression which would permit the caleu-



lJation of sotivities under ef ther fidenticzl condition: of time
or concentration. Thymol wes adorted tentatively ae & gtandard
or reference subetance beecause It poscesses recognized ‘mlue 3
anthelmintic and hes wide range of effsctive concentration. The
results of this study are glven 1n table 11 and are exvressed
mpﬁieazzy in Pig. 1.

In Fig. 1I, the function, logip C/t, plotted as ordinates
ard C, the abscissae, grarhed from the dats in table II, are seen
to be in linoar relation. C i concentration (moles/liter}; t, the

gurvival time in minutes.

C — concentyxation _ moles/liter — “ap};:ar.ené'speed of fatallity
t sarvival time minutes

¢/t $& mot the absolute speed of fatality. It is deslg-
mte& "apparent” speed of fatallity, because it It not knos:z how mueh
of the dissolved agent 1s Aireotly responsivle for ths desuth of the
best cbjects.

The empirical linoar equstion is

(1) logyg S/t = &4 + B

where B is the sloye (Alogl% C'/t) and 4 the intercept om the
Y-axis. In expomential form, ;1} Tocomes

e
(2) C/t = =eag

Phe relaticn bcetweﬁ»fn the conetente - and B of eruation {1)
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$0 & and b of esuation (2} is

& = log:ma

B = b 13“&;10_@ = LAHME b

The values for conétants A and B are obtalned from the
graphs (Pig. II)e 4 ie the apparent speed of fatality at sero
goneoentration, obtained by extryapolstion; B is computed according
to the _axiprmﬁén

B - Alogyy C/t
4 ¢

Substitution of the computed values for the thymol curve in ezua-

tion (1] gives

{3) log 8/t — ~B.6 + 10400
For carvone, 1t 1s found

{4) log 0/t = =6.3 —+ 250 C

The usual eriterion of potency in bleological assay methods
is the dew that %ill cause a definite physlologlical efvect in & stir~
ulated tizne. Tire i nsuwally fixed as one of the conditions of experi-
ment. rotenmey varies in an loverse sente xith thne minimum effective
doses. The potency of an unknown substance in relation to a reference
sabstance 1s expressed by the ratio:

g oy A

B2 L3 q
wolght of
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In the yrogent stuiy, the concentrations of the ztandard
{Cg) and of the unkmown (Cp) may be substituted for =eight of &tand-
ard and welght of unknown beosuse the sane volume ot goluation per

sorn is used irp sach ;est.

{welgntlg
7 _ (wedght) .- (volumel, _ G4
potency of & (welghtl, (weignt), Ty
{volume),,

If the relative aativities of two vermicides are in pro~
portion to the reciprocals of the concentrations =zt which they act

&t equal apparent gpeede In producing ideztical yhyelologlerl effects,

then
-
(5) aptivity of ¢ _ CI _ E.i
aotivity of s i -2

Cg r

and when, aprarent speed of standard (s) = appsrent speed
of vermicide (x)
(e/t)y = (c/t),
log(C/t)l, = 1log (C/t),

From eguation (1),

&5 + 3503 - Al‘ + chr

B:Cy = (2, - AL} + B C,

For active substances, (A ~Ag) is insignificant.
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Cs/Cr = By/Bg
Substituting in (5),
activity of z _. Zr (at egual apparent spesds of
activity of s ~— = B, fatality}

It is thus shown that the zctivitiecs of two vermicides
are to ezch ethsr a~ ‘theratio of their rates of cnan@e of
appsrent s;eed af fatalaty wizh ehsnge in aplur conagntxatlea. }

and that B, the slops, is 2 suitable criterion of aotivity.

(6) actiyity of cervome _ B (ga; _ 250 _ Q.24
activity of thymol B (thymol) 1040 1.00

If the trelative activities are determined from the graphs
by comp&iing the concentrations correspomding to erual valuss for
log (CG/t), the co-ordinates should be extrapolated to higher con-
centrations to obtain the most nearly consistent valnea‘ The higherx
goncentratiens conform more nearly with the doses given in actual
treatment and glve more consistent values over s wider range of
concantration.

It becomes more evident that the constants By and By in
equation (5) are expressive of molecular activity, if the ratio
0+24/1400 is derived in snother way.

If the "molar vermicidel activity”, (V), be definei as
log apparent speed of fatality (log C/t) when the vermicide is

acting at unit molar concentration, then, wnen C == 1, let the
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has been noge ible have been limited, so that zn assuwmption that
such = rclaticr exists between all compounds by both methods of

evaluation remains unproved until additiomal dates oan be gathered.



TABLR 1

, Consentration, Survival time,
iamme me —lAERCSR

R vo— 0,005 105-120
" mymoguinons 0.008 75-90
Mogem" mwt 4080

Henthone™ 0.005 15-25
Cyelohexanndione-2 .5~

diearboxylie gold-lA~ _ ‘
diethyl eute ’ ‘ 0.008 Footnote 4
1-methy1-eyclohexane-

dione~2 ,5~dicaydoxylic

acid-~l 4-diethyl ester 0008 130-160

1 A~dimathy 1-oyolohesane~

dlone-2,b-dicarboxylic~ :
acid-1,4-diethyl ester 0,005 120135
&lpmnmpMntma 04008 Ry
Beta-napthaquinone” 040085 15-20
Bantonin Saturated Poctnote 4
Benzophenone hd "
Benzoin b "
S-iminophthalhydrazide = -

Fhilgearpine hydrochloride {14} Footnote B

1. Egstman Xodekx Co.

2., Tarbid dispersion

3. Suspension in acacia solntion

4. Epecimens syrarently unaffected after 30 hours.
5. Specimens active and hardy after 3 hours.



TABLE 11

mmtm mﬁjraw o/t log Cfv

0.00285 0.000633 ~3.08

|- 0.0020; ‘04000206 . -5.84
T 040018 0.000100 | 4480
00020 . 0.0000266 ~44B4

3
. 1B
b -

O«007
04006
0,008
0.003
0.002

BEguy

04004 040001 ~4400
0,003 0.0000578  wi.45
04008 0.0000148 =6.83

1400 0.0178 «1.75
0.50 0,00553 ~2.48
0430 0,020 ~1.70
0220 0.00666 ~8.18
0.10 0.00168 -2.78

Acetone
* |

Dleothyiketone
b ‘

D20 0.00714 2415

Ha«preXetone ‘
il 0.10 9»%1‘?3 ~2.76

s gy suy Bz Hss

, 0408 a.mx ~3,00
. 140 0802
" 240 0401

Cyclopemtanone 22 0.40
bt ' 60 0+20
* 80 0.10

Cyolehexanons 18 0420
" - 95 0.10

n




TABLE 11l
Showing Relative Vermicidal Effectiveness

lop G/t olar Veyrmicidsl Activity
g —~aiierzed 1o thymol .

Frymol 1040 1.00

Fulegonse 41% Ca40

Carvone 250 Q.24

Acetone 1.5 0.0014

Diethyl ketome Bed 0,0082

¥s« pr. kotone 6.2 040061

Me. isopr. ketone 4540 0.043
Cyclopentanens Je8 0.0087

Cyclohexanone 11.0 040100



36
e
160
Lo
220
<
=
Zogl -8
N
)/
=
RE =X
E :,
o Tll \Vﬂ
L. .60
40 -
A—
W
20 "~
glec! ~|PO2Z. o003 cloo# o.pos obo@ O.- 4~
.ﬂ..A r Corrcertira?ion \h‘&\ rro/es POy (rTer



Corceritration (C / rrioles per liter
1 0002 000 oloo4 o QU006 100 7
-1
g |
-2 i
N
()
]
=2\
5| S
-5 ’ - .
7 ”~
LA -
-0
(N
™~
) Figum




;

H

i an . ot s e e i e b

! | " |
W m m | | m |
v m
w ! w ; w

% | | |
_,ﬁ | " satiapRy| oAy E& airoboy \o SaT{IALDY HT |
m w : m | m
i | H i : 4 ! i
| h “
n W | | P
| w M | | m ,m |
j J | i !
M W ! ; | ,,
| | | |
! i § ! ' ! !
! | | | ﬁ ,,. |
{ ! 2u0Ny 1Adoudos | 1AUISW *l4
| | ] | SUODURSLOPAY 3
M w | M ww:o\rw«, _ZXEL if\mf q
M “ | 2uod) 1AL o
! ! auoubjusdopA) b
H H H ' !
M w | | wto.tuu{\ Y
W I | w T B
| m m
i ! w ;

ﬂq‘

i
! \
i
{
i
i
L
i
|
! : d
i !
i :
1 H
H
: ;
! i
| !
i b
f
i

N
i | : !
| | | m | “ |
| | | | 4
m m M m w ,W m “
| | | ! | m |
m i : M i i _ m |
1 ! i i
» i i .L%%CLM& nm‘_n:t ﬂu EG_\\—.U ..VE@UEO.L “

B~

\Q _

q» 7]

S
QS




39

CHERISTRY SRCTION

Bxperimental

0:’- /’fz

c’qzlc’z//b—
This compound, sccarding to Eantnch"l, does not

exist as the diketone®~ 47544445426

nor in keto-enol ‘eqnlﬂh
brium, but entirely as the emol form, 2,5~dinydroxy~ Al’d’ -
dihydroterephthalic acid diethyl ester. It was preparsd after
the teohnic of Upsenski and 'mrin47 with a slight mocdification
in the method of purification: 100 g. of diethyl succinste,

27 g. of metallic sodium in fine gramules (prerared in hot
snhydrous xylene) and 4 cc. of absolute ethyl sleohol was placed
ina 1 liter Erlemmeyer flask @qm;;padiith a mercury seal to
exclude air and moisture. The mixture wes allowed to stand at
room temperature for & week and then heated in an oven at 70° C.
for .8 hours, at 90° 0. for 16 hours and at 110 . for 16 hours.
At the end of this tims the mizxture bad becctnme 8 dry powder and
possessed a dsep carmine color. It was tramsferved to a 4 1.
beaker and was treated slowly, walle cocling in an ice bath, with

sufficient 75 per cent alechol 0 remcve the unaffected sodium
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pollets, and to the psste, thus formed, was added emough water to
completely dissclve the sodium derivative. 7he sodium derivative
was daemm} by the addition of hydrochleoric acid, the precipitate
was collected on o Buchner funmel, washed well with water, drled,
and erystallized from hot ethyl aloohol. The yleld of pnrifleé'

product was 48 g., corresponding to 65.3 per cent of the theorecti-

cal. Me¥., 127128 e Ce

CH)COpCa Hy-

Pifteen grams of ayelahemnﬁdinna?a S=dicarborylie scid~-
l48~-diethylester was dissolved in 400 gsec. of hot absclute ethyl
alochol (preserved over ¢alcium oxide and distilled from sodlum) placed
in a liter round-bottomed flask attached to 8 reflur condenser in
which was fitted a ealolum chloride tube. 3 £+ 8¢ finely ehipped
sodium was added at one time to the solution and after the first
vigorous reastion, a geutle heat was applied until the sodium hed com-
pletely disapreared, The discdium derivetive separated 2as & bulky
carmine colorsd mué producing & thiock somewhet pasty mixture.
Freguent agitation wss reguired t¢ keep the sodium diatribum
through the misture. After all of the scdium hed disappeared, the
'mixture was refluxed for one hour on & water bath. XNethyl fodide
‘was then sdded 1n B caos portions diréctly to the aqoled ligauid at
intervals of one hour and heating was reswmed after each sddition
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until the mixture besame homogemeous. 4in addftiomal guantity of
methyl {odide egual to the total amcant mﬁm&naﬁu@ ﬁ&?ﬁ was
introduced into the mixture and wﬁa»u& acn»mwﬂmm for sovem hours
more. The auabma gw»m@ and ﬁpu« au. »w& awaagw 4&.@ g«& aﬁ
m»ﬁmwwsﬁaﬁ &g w _uﬁwau. .E..Ew ﬁﬁaﬁq u%@h @wgaﬁﬁ. ﬁm?& w
water pump, The umu»ﬁg was treated with 50 ¢c. of § per cemt
sodias hydrexide and the agusous solution extracted with ether
until the ether layer showed only a weak fluorescende. ' The ,ﬁwggm
ether extraots were washed with sater, then dried over anhydrous
sodlum sulfate. After d18t111ing of f the sther, the residue was
ﬁf«mwwe& st 15 mm. pressure and the fraction passing ever up to
190° G. cellested. The ofly distillate congealod upon eooling,
uﬁowﬁaa oo}orless orystals whieh gave & hydrazone, melting at
206° C. The melting peint of the hydrazone given by Baeysr o fa

207° G Tne yleld of the diketone was 6-7 g.

Q«\m COp G Hy—

\NM =0

!

10, Hy

€& Hs
The same procedure was followed as in the preparstion of
the diwethyl derivative, using l.5 g. of sodium amd 15 g, of
syclohexanedione~2,5~diearboxylic agld-l,4~diethyl ester. The cem-
pound was purified after the removal of the excess halide and the

solvent by direct wasuum distillation, elininating the treatment
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‘The method of mn 1} as used: To & mixture oon-
sisting of 1}.@_ &« of sodium dichremate, 80 cce of ooncentrated
smlfaric esld ang ﬁeﬁ scs of wster was added 90 g. of menmthol,
ali in t&e Fertiaﬁa Tne ‘ﬁi:ﬁmtu a8 agisaé;s& rigoyously with
e mhmiml ﬂ;&mr #MI& pe:adt%im %he tmntara ta rise
:pantmly te B5° ﬂ‘. ‘and miﬁtainmg t.his ta:msratum during.
40 minmm -without 1.,terrugz ing the ;tirring- m mixturo wRE
.a@eled, cx;mxaﬁ thxm ﬁmu with Oth&t, the chﬁ!’ extyacts
w«ert washed with mtu tm& aftm rmm af tha ether by dis~ .
tsuatmn. the residue was ztm éii f.nlua. »m methony m: %~
tracted froms the ats tillate ﬁi&h atxmx, the ether wlut;w dried
ovoy ashydrous tmiim mlmm, then asn:mea and the rmutim
,minm at 208° 0. eammm.» myiﬂa was 50 g. The pmam# wag
Mittﬂl&& adn ths :ﬁmﬁm W&m over SMI.V at 208° ¢.
rﬂmﬁ for the uﬂmm tutu

The mﬁwﬁ of ﬂswma& was ml@yﬂ.' Tuo

hundred grams of ehrMm tricxide was dissclved in a nixma of

280 ¢o. of glacial acetie soid snd 75 cc. of sater. This solution
was added slowly over a period of several hours to 5O g. of naptha~
lene dissolved in 475 ce. of glacial sgetic meid contained in & 2 1.,



three-neeked flask e-ulpped witn & &mgwwﬂm funnel, thermometer

and efilciewt stirrer. The chromium trioxide solution was added

at sach & rate as to muintzin & temporature of 20-30° &,, the
resction flask being fmmersed in @ beth of 0o water. The mixture
wze allowed %0 stand for four days at room temperature, then poured
into 4 1. of water and the precipitate cocllected on a sustion wﬁvgu,.
The yiald was 22 ge For the phermcological tesis, tie compound wes .
reoryeiallized from potreleunm bensioe until 1t melted sharply at
125° ¢,

Napthaguinone-1,2.
(4) Ozange 11.5%.- Tnirty four grams of sulfemilic aeid was
w»ui»nnnou st 5° C., unsing ,naia & of sodiwm nitrite im 10 per cemt
solution and €0 ce. of hydroobloric acid. The diasonius solution
wagt added to 28.8 g+ of beta~napthol g.uan‘awq@m in 30 oss of water
containing 9 g. of sodium hydroxide and wmas them auwﬁ,& to 360 cc.
After atirring for about nﬂ.#.nﬂun the dye began to separate and the
separation wss then completed by the sddition of a 1little salt.
(B) Alphe-pmino-b 13
$0 about 25 gy was dlssolved 1a 200 a2« of bolling water and teo

«= The Orange II from (4}, ammating

this was asdded m solution of 38 gs of tin w»-&wdﬁm §n 150 ¢o. of
soncentrated hydrochlorio noide Fhen the selutlon besams decolor-
ized it was n»wacuaa vapldly, whereupon the wwagawwan»na separated
»a ag w»u»ugw in ﬂaw wani nw aﬁaﬁuu. .

wtw o= ﬁﬁ wswgm&gw nwaﬁ {B) was suspended,

without dryfing, in u.@.m_ es. of W pereent sulMmrio aocid and a slight
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suctien 'ﬁlzo‘r and washed well with sater.

was aiawl'ma in 25(3 co. of econcentrated st&lmria aaid &ﬁma

nons.~ Fifteen grams of the mpist amino-thymol

: ta 1 1. ﬁth mtar and ex!dized at room temg@m‘km ‘m iém
mﬁm} addihien of 19 e of sodium nitrites The n;x.my 08
heatod for 1/2 hour on a water bath and then steam dlstillsd to
romove t":h;s'tbymoém!mm. The mdwt. mm B8 té ?‘é;, whén

'teerysmliimé from petroleum bmim, was obtained im :elm

ﬁﬂt tals mltia@; at 43-45 C.

A :éi%!;wi n&‘ ‘36 a. “1 wdiw mémma in a»mtﬁra"
cf 52? 80 of water m 167 q.i a!‘ $§ per eant almal w8E. stirred
vmgwla m three honrs with B7 2. of awtnphmne {fraction
ms}igg.n 201+202 ) 8nd 77 ge of U. S. P. bensaldehyde, The
tmmra was ¥ept around 25 C. It was mot permitted to drop
bam 15 ﬁ;‘dr' rise above 50 Ce The mixture ans set aside for
%haum in an ice dox, aﬂ:er which it was w_aéleé in a freeszing
mixtare, then ﬂltwa& thmgh & Bichner mmml, washed with water
wtil the m&hing: were neutral to litm. and fimllj washed with
50 ec. of oooled alcobel. The yleld of orude, thoroughly air-
dried ;gw&wt wae 188 g., affording xsé'& of purified light yellow
erys taii which mel ted at B50S~507 S; The améélf@tarml wRE puri;
f1ed by ssturating alechol with it at 50 C., allowing the eolution

to cool gradually, and fimally ocooling it in & freezing mixture.
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405

{CSHEOKBr.ﬂHErCGueﬁs} « -

Pwenty-silx ee. of bromine was added, with cooling and
stirring, to 104 g. of benzalscetophencone distolved in 500 ec.
of carbmf;t disulfide., The dfidbromide w»=s collected on a Bichner
funnel and washed with two 125 ee. portions of hot alcohol. The
product,y dried in a,.ﬁ. weighed 145 g. snd melted at 155.5~156.6° C,
Ap additiomal gquantity of impure préﬁmt, emounting to 15 g« and
melting at 105-115° C. was obtained from the carbon disalfide

filtrate anl sleobol washings. Recrystallization of the impure

tailings ylelded 11 g. of product melting at 105-135° ¢,

¢ K m.mrm6635 + mﬁ

~ww=> OgH C(OCH;}=CHCOC Ry + CHs0H + 2NaBr
CeHsC{OCH,)=0HCOC By + H,0

HC1 - .

==F2» GG C{OH]=CHOOC By + CHyOH

PN W
0(6&} GH%G‘XQ I~ G‘ﬁs%ﬁﬁ %00, 5 5

iu s 1 1., three-necked, rotwnd-bottomed flask, fitted
with condenseér, stirrer, snd dropplng fannel was placed 140 g« of
benzalacetephencne-dibromide (Map., 155.5-156.5° C.] and 126 co.
of absolute methyl aleohol (refluxed and distilled gver calofum
turnings. A solution of sodium methylate, yprepared from 17.5 g. of

sodium and 154 oc. of absolute methyl aloohol =xas added rapidly,
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with pw»nwmﬁq and the mixture wse then refluxed for 03 hours
Siufficient concentrated hydrovhloric aoid was added to neatyal-

‘§ze the mixture, then 2 o¢. of mcid additiomal. After refluxing

tor not longer than five agﬁ«g..... 123 2‘“.‘ of cold water was added
with :nwn»nﬁuwﬁ ceoling by ice uater. The erystals awua collested
on & Btchner gw* nashed once wth 50 ocs of 50 per cent methyl
aleoohol, and then with water untll free of acid. The air-dried
mﬁ.@.ﬁ&.«. le,»mwr& 68 g. ,wu‘ac,ﬁwﬂunw_wunﬁnnwoﬂ from 110 g¢c. of hot
Brﬁwﬂw alcobol, 43 w. of 1iaght %mw.wedﬂaﬂwanwwne Erwwws& at 77-78° g.,

were athuuﬁna

&0

In a 500 o..a. three-necked flesk, fitted _,...mnw .nw.}&.-
dropping fusnel, and thermometer, were plaoed w« ge Of &vannamw...
ng and T oe. 8¢ a#w@m.euacwﬁs The tlasx nas .cuu.o,ﬁamtm with an.
fce bath, and 14 oc. of bromine which bad _uwam dried previcugly =ith -
‘consentrated sulfurie asld and them dissolved in 115 ee. of ohloro-
form, was run luta the dibemsoylmethane slowly, with stirring, dur-
{ng 40-50 mimates |a 30 mimuta reriod is recommended by Bigelow and
Hanslick)e. The temperature was kept gelow 15° C. during the anaﬁaw..,
tion; the hydrogen bromide evolved was sontinously removed by as=
pirating a geutle stream of aly 33,._. the surfacs of the solution.
Stirring was ¢omtirnued for 15 mimutes &fter all of the dromine had
boen added ani the solvent was then undor diminished pressure at
room temperature. The oolored residue was treated with an onﬁw

volume of 95 per sent ethyl alcehol, the s0131d collected on a £1lter



4%

and washed with & small volume of alcobol. The ﬁézd af orude,
white cyrstals (mepe., 90-958° C.) was 44 ‘Boy eﬁwmnﬁﬁg to 92

" per "eemt of the theumtmﬂ.' Ewwttaﬂimt%jw from 60 cc. of

m.‘nﬁeﬁc,{@} z@@' eligl e~

:M:ttw-ux gfrm of aibamymibmmm« ans re=~
ﬂm with a solution of 17.5 g. of fused sodiwm acetate in 70 oe.
et‘ g.’!aaial mtie uiﬂ mil pnaiyi!ut .ion of tmxim bromide ssaszed.
tb:mt one lwm m roquired. The niztwo was . afﬁaleﬁ m rm ‘temper~
ﬂura wé. 100 oc. u;l’ water was ‘added with Mmﬂans shaxing to dis- :
ulu the imrganm me m o pmipi,taw the trita%m wamu.
¥nis weas amratu by fntmtibn. suum ﬂth wzw m:tﬂ the msh»
ings were no magw aeid to utm, md then dried in am oven at

aa ' G ﬂm yiela amntm to 20 34

Righomyl Mm v (CgE00C0C00HE) o

The entirs yleld (26 &.) of triketone hydrate was -.distilled
at:‘r5 mm from a Claisen flask heat;ed by means of a sandv baths The
first fraction aaihatﬁ. distilling over up to 150° 53. and smount~
ing wgmt 2 oc., was rejected. Most of the pzoduct distilled
betweer 163° C. and 165° C. and solidiried to a yellow erystalline
‘mass waich welghed 15 g. This yellow material mas erystallized from
20 cc. of hot gasoline and was thus obtalned in the form of small

yqn.m #eedles which, after standing i# & vacuum desliccator unmtil
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the odor of casoline was no lomger noticeable, melted at 70-72° C,
The melting point reported by Bigelow snd Hamslick is 68~70° C.
' ‘:'m'he'yiold #as 7 &+ The product was prescrved in sealed tubes until

" required for the blological testse.

This ecompound =zs prepsred by the procedure glven by

Huntress, Stanley, and Parkarﬁa.

{4) 3-Ritrophthalhydrazide.~ 4 golution of 130 g. of hydrazine
sulfate and 272 g. of exrystallized sodium acetate in 400 eec. 07 hot
water was added to 211 g. of J~mitrophthalic soaid ocontained in an

8 inch porcelalin evaporating dish. The mixture was evapcrated rapid-
ly over a direet flame to s dry sclid residue with contimuous stiyning.
The dry, powdered vesidue was then placed in a beaker and heated for
three hours in an ¢il bath at a temperature of 160 +£10° C. When
beating was completed, the so0lld was extracted twice with 350 ce.
portions of hot water to remove sodium sulfate, and fimally dried st

108° C. to constant welght,
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i ~ 4 solution of ammonium sulfide

was prepared 'by passing hydrogea sulfide gas into 200 oc. of
‘:amniam hydnxiﬁe {sps &Te5 0490} with 00oling in &n ice bath
mtil. tm £as was no' mWar ubsﬂ'ha&s 2% £3. mOTE n! mmm;trato&
amponivm hydmxida aalut.‘wn was then added and the solution
ailuted to one liters To th@ maim mlﬁde solutlion, thus
p:eynm, mas mea in small incremants the entire yleld of crude
Mﬁrmmlmamidh m rsml*iw suspension was boiled for
an hour and sdditional hydrogen sulfide passed in while heating.
After this treatment, the mixturs was bolled for an hour more amd
then set aside to cool., The precipitated 3-aminophtbalhydrazide
mizxed with the sulfur was collected on & suotion filter, wathed
with water and dried. The &uueé product vyemainming dissolved in
the original filtrate was prea!ﬁit&%ﬁ with & slwfht excess of
glacial acetic scid and was collected mixed with sulfar on s
suction fillter, wssthed and dried. The amino compound wss removed
from the erunde sulfur contalning miziures by stirring with a 6
per cent solution of sodiwm hydroxide slightly in excess of the
mwxeﬁeal requirement. After stirring and slight warming, the
mixture was flltered and the flltrate set aside to permit the
sodium salt to separate. This was collected, washed well with
water, and sparingly with alechol and ether. The free aminophthal-~
hydraszide, when required for use in the rharmacologioal tests,
was dlssolved in water snd reprecipitated with a slight excess of
&lasial scetic acid.
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-To1wl droxylamine.- was first _wu.,%uda.wﬁ the method of

Bomberser and Rising®®. Fifty grams of p-mitroteluens, dls~
‘solved in ma oes of hat ﬁ,@%ﬁ‘ was added with &%Eﬁ stiry—
ms@ te = solution of 26 m?,ww gwﬁaw aﬁé&g shloride in
mg €0 n& inwﬁ. EE H.waﬁwm in a 2~1, aw,ﬁgimanwﬁ %ﬂ oaﬂnwﬁg ,
.n»«w a nw«nggn sud an efficient stirrer. 65 g. of sino dust
_tﬁu then %&K un small »E%nu ﬁﬁ.w the wa@enyga rose
,.aﬁgww g B80=60° G, g oéaaa»ﬁo ﬁﬁ gnﬁgug by
ﬂn&a&nﬁ« m%@-wmuﬁ the u.wg of addition of ga wnnmw‘ bgﬁ m@
ﬂﬁ»gn aawo 3&&3@ wan the addition of wuw of wg zinc. The
mixture %& u»pw«.wﬁ us Hm mirates wanm% u.waﬂ,. QS «ww zino g@ c
bsen ﬁg&m n&w the mixture was then &wnaa»ﬁm werm with qﬁaﬁa? The
sins an.ﬁa and the uﬂﬁgwwﬁa& collécted on the w:aﬁ. were washed
.n@»ﬁw with BOO ¢s. of water warmed to 50° C.; the primary riltréte
was saturated with salt, then ehilled in an fce~box and. wwa uv»eu or
f«w»mgww yellow ﬁwmmﬁ ot «wa Hydroxylamive colleoted @» th sustion
and gﬁsﬁ.ﬁ th s 1itsle w@wwawg #oﬂnnuw The ww,mn, agueous filtrate
wes oxtracted with ether, the sther solutlons wers ooabined with the

‘petrolenn benzin gnw»ﬁmf arisd over aﬁaw&. aﬁu&»aa' ‘the excess
- ,%ﬁ?a« agaﬁ by ﬁ«sﬁamuﬂau wi a nng ww«f 1& §¢ uﬁ»mg
woau.!n »awa ;Quﬁw guﬁpwu a.m w&«gwﬂnﬁ v&n&a wam %&u»@u. The
gawu. Huwg was. un Soy n@uam@ag»uﬁ wo 75 per cent of the theoretical.
53 soma»sm ﬁaug of the m&aﬂge u.ngu. &gﬁuamww?n% onse from
petroleun benzine was 92-93° C.

The addition of pthyl #»»%».wf either in aleccholic aw

hydro-alesholis solution, to the hydroxylamine prepared in the manney



desoridbed ssve, instaad of tolugnincle, advencsd cxidation products
of p~toluidine, ¥iz+y 1pu*-2z03ytolucne, whizk cryetallised from
potroleun baﬁ#in in yellor plates, melting @2 §9~79° ey 8nd
r-nitrozctolusne, 8 dark green cil whien eqlidlfied upon eaalin&
in zn iaé#hax and wich, 2@ crystallized from petrolsum benoin,
was obtained as & shite ory:talline solid melting at 48° O, The
extent of oxidsilon or the mrilovlar product obitained is dotep~
mined by the amount of nitrite used, by the reaction tlve and the
ronction temperaturg.

Tre wze of fMMnsly divided coprer to estilyie the reuction
reenltsd, after the first viclent reuction, In the separation of &
118t to dark green, zater-inmsoluble mmterisl shich groved to be
elthior pyot~azo~-susric~-bonzoate or pp'-azsoxy-~-cuwpric-benzoate, or a
mixture of the tve. The copper dselvaiive was prepsared for study
in the followins manney: 70 & solution of 2 g« of g~tolylhydroxy~—
lamine in 20 cde ©F éthyl zlechol cooled to 20° U. mas added slowly,
with stirring, 2.5 co. of ethyl nitrite in 30 co. of aloohol. Dwing
the addition, the temperatare was maintained betwesn 15 and 207 C.
The alxture was transferred o x Erlemmeyer fladk and nsated slowly
and cantioucly on & water bath undeor a reflux condenser until the
reaction began. At the first irdlcatlion of the exothermic reaction,
the heat was withdrawn untll the vigey of the rexztion diminished
gomenhnte When separation of the s01id ajpcared to be complete, the
mixture wa2e reflured for 16 mioutes longer, after which It wse coovled,
the green orystalline s¢lid collected on o fllter and purified by

extraction »ith ethyl alecohol in a Soxhlet apparatus, the extractive
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being replaced by pure solvent several timee to avoid overheating
tae copper derivative. The yield of copper salts collectad from
the combinad axtracts amcunted to 1.3 g The melting point was
195-196° C. {decomposition) and remained unchanged sfter another
crystallization from alcohel, The product wae dried at 110° .

for analys is.

Apalysis. Reculred for Cyq HgOgplu: Ou, 19.16 &,

Recuired for CygHgOgBpCu: Cu, 18.28 %
8.06 %

Found: Cu, 18.82%4; N, 6.24%
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STMMATY AND COXOLUSIONG

le The literature rertaining to synthetic andi maturally

; %ﬁagw anthelmintic compounds exhibiting one or more

eay bontyl muaﬂm_i..m« a :geﬂﬁww,,%uﬂgoaw:g has been reviewed.
2+ The literature pertaining to the biological svaluation of
anthelmintios has been reoviewed.

! u_. A pasboery a gaeégag lave been M%&ﬁa mﬁ.m&@m and
E?ﬁw»ﬁ&- some of whioh have been tested 5 a mew awunvidaua
gwghu ethers of which mve been mﬁﬁ.og awwen parifloation
fox g_ﬁo c.-hwga»aur

4+ A mothod, gmﬁ»g the intact mﬁugta@g
or Lo Eg as test animal, uﬁ which the ﬁn»«w&»aw of gw&qﬁnw
toxicity is based ﬂgw ‘ths rate of g@ of %@wugﬂ sreed of

| naﬁtﬂn‘,&aw &&awa in meler oncentration has been developed.

: ‘,m- an& &aamaﬁmﬁ aw & nﬁ.uau a._m gwawwa ﬁxw mﬂme«nw»a Ketones bave
beon ﬁa&nnﬁng by this biologlesal ﬁﬁﬁa@a.

b ms @a 3»@% uqﬁ&w& ag gntheved »ﬁx deciding g@s the »a@auwagg
of the carbonyl group e¢ @ functionsl attridute in a&éw»& tyres of
snthelmintie druge i meither sufficiently adesunste nor »aguu»«c

in seope to permit genmeralizatiom.
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