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CHAPTER :1.
g&zzem:'lﬂo

Noorautaneria ficifolis is a leguminous plant and
1ike Derris belongs Sc the family Papilionscese, Like
Derris, too, Neorsutanenia ficifolia also has fish
polisoning properties, It is for the latter reason that
this plant 1s known to the natives, being designated by
the natives in the district of Lusaka as "Esumbwa"Jl) The
specles is common in the Lusaka district of Northern Rhoe
desla, H.H, Ashton states that although other localliles
cannot be wmeoiy descrided 1t probadbly cccwrs slse-
m.ummosnmeom.muwwm
from Portugese East Africa, (The plant materisl used in
this investi ation was not obtalned from this locality
{vide infra),

It may be montioned that preliminary investigation
of the Tuber of a different specles of this plant visz,
Neorautanenia edulis, which also has fish polsoning propere
tles, has already besn carried out in this department.)

Heorautanenia fleifolia has a tuberous root
which is the part used by the natives for polsoning the
fish and therefore this Iinvestigation refers only to the
roots of the plant, It has however also been established
that the serial parts are toxlc to rish, though much less
80e¢ The live roots appear to be free from any serious
attack from insect pests, slthough 1t is thought that ter-
mites have worked small cavities in some roots. (This fact
is Leportant for the use of this plant 88 an insecticide).
Ho Information 1s availsble regurding ithe month of maximums
toxicity. Hatlves dig and use the root from July to
Ootober when the rivers have a minlmus flow and water can
be confined into channels for their fish poisoning opera-
tions,
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A reference to the root is to be found in the
Literature, (2) which records:

"Another leguminous plant, Neorsutanenla:

flcirfolis (Benth) C.A.Smith, which iz

prevalent in variocus parts of eastorn S.A,

where the large tuberous root is a native

plscicide, has been found to possess mariked

insectlcidal properties”.

It is understood that Prof, V. ¥Watt of the Wit
watersrand University has carriled out experimental work
on this plant, and although the presence of saponins in
the Tubers was established, 1t had not been possible to
1solate the sctive principle dus to the mass of starch
material present,

The material used in the present investigation was
supplied by the Government Department of Botany from
Pretoria. It was abnn cted noar Rietvliel about 12 miles
south-east of Protoria, about the month of Pebruary.

Proliminery Sests were carried out on goldfish by
Dr. Hoy, who found that in the case of the Aerilal parts
(drled) , & concentration of 1.0 gu/litre killed the fish
in 35 hows, while a concentration of the dried Tuber, one
tenth of the above vis 0,1 gm/litre killed the fish In
aéw-,znboebmmmmumww:mm
the sae &8s for Neorsutanenia Edulis,

umgmmmxwammtomm
animals there is evidence that unless taken in large doses
the root 1s no more toxiec than Derris and sllled materials.
It is considered safe by thoe natives for casttle or humans
m@mmm»mumawumxnmm
thrown into them for fish polsoning.
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CEAPTER 1.
EXTRACTION OF THE TUBERS,

In the present investigation only the tubers of the
Heflcifolis were used, as this is the only part used for
polsoning fish although toxicity of the asrial portions
has boen esteblished(vide supra) The tubers were chopped
into small ploces, allowed to &ry and crushed to powder,
Prelininary investigation had to determine the dest method
of extraction,

Frelininary Extraction, 200 gmus, portions wore exe

tracted in a Soxhlet, using the following Solvents:

(a) Potrol Ether.

This gave a yellow extract, from which a yollow
material crystallisod on cooling., Eveporation
of the extract to dryness gave 2,7 gms of &
waxy, yellowish brown residue with a strong ree-
volting plant cdowr,

(b) Chloroform.

This solvent readily extracted a yellowish brown
materisl, Irom which a brown residuc was cobtained
on evaporation.(S gms) This wes partlially soludle
in ether and acetone leaving an inscludble residus,
No orystaliine materlal could be isclated from the
chloroform extract,

(e) Adechol.

Extraction with this solvent wes slow and unsatise
factory, as it doposited only resinous material but
no erystals,

The best method of extraction was found to be that by
cold ether, the method used belng cold ether percolation
in a large copper percolater, This method was used by
van Duuren & Oroenewoud (2) in the investigation of N.Bdulls,

v...‘...ﬁﬂ.
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LARGE SCALE EXTRACTION,

‘Ia this way 12 kilograms of the drled, powdered
material were packed into the large percolater, Pure
ether was then poured onto the materiazl, the solvent
allowed to soak in, and the elther was powred onto the
material so that the latter was covered by the solvent,
The 1i1d was shut tight and the ether percolate sllowed
to drip slowly from a tap at the bottom of the perscolater,
into an asppropriate bottle, Iser was continually added
to the top so that the matérial’ remained covered by the
solvent, The percolate was Initially dark brown, but
overnight became mmech lighter in colour, The percolate
obtained initlally, 1.0, during the first few hours,
rapldly deposited some crystalline material on standing,
Percolation was thus continued fntil the ethereal extract
was practically colowrless, The sctual period being
approximately 6 weeks. The greater pert of the ether
was then u-unod_ off so that only & small volume of
solution remained ( about 1} litres). The ethercal so-
lution was then set aslide In a corked flask for 6 weeks
to ensble erystallisation to take place, The solution
was then flltered, and the reslidue washed with a smell
quantity of ether, when & yleld of erude srystaliine
material (34,5 gms) was obtained, The erude erystalline
material will be designated as Fraction A,, when drynhud
the appearance of & mustard coloured powder, A fwrther
amount of ether was evaporated off, the solution again set
aside %o erystallise, when a further crop of ecrystalline
material was cbtalned - yleld 2 gms, The second erop of
erystals so cbtained was added to Fraction A, Finally,
evaporation of the ethereal solution to dryness gave a
dark brown viscous mass -{Fraction B,) - Yield 220 gms,.

Percentage Yield of crude erystalline material =¥ 0.3%
Percentage Yield of resin = % 3 .8%¢

Total Percentsge Yield =g 2%

S
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CHAPTER 111,

THE ISOLATIOIQYBGRPARATIQI AND gRIFIGA'I‘IGI

oF 3

Introductlon:

In many of the comson solvents, the golublilities
of all the eonstitusnts are essentlally the same,
rendering the purification of any one of the substances
diffioult,

Lxperimential.

I_Praction At~ Crude erystalline Material,
Preliminary Experiments:

The crude erystalline materisl was readily soluble
in solvents such as chloroform, dishloroethane, fadrly
soluble in ether, ethyl acetate and acetonej sparingly
soluble in methyl and ethyl alochol and Insoluble in the
hydrocarbon solvents bengene and petrol other,

(In this investigation frequent montion 1s made
of two solvents viz. ethylene dichloride and dlchlo-
roothane., In order to avold any confusion with the
nomenclature, the molecular formulse and b,p, of the
compounds will be given.)

Ethylene dichloride (1,2 dichlorethylens)n,Pr.48°C.

C Hg

Dichloroethane (Sym., 1,2)-B.p. 830C. CallgClg )

Dirff@rent methods were tried in order $o effect some
separation of the mixture constituting the orude erystalline
msterial, These sreie

(8) Fractional Crystsllisation, This was the first
mothod attempted, Since the materiel was on the one hand
either %oo soluble in a given solvent, or too insoluble in
another, & mixture of solvents was rescrted to, The best
solvents for this pwpose were & nixtwpe of dishlorcethane
and ethyl aloohol, or chloroform and alcchols Ethyl acetate
and petrol ether could alse be used, AQueous acetone wa: not
vory satlisfactory,.

6/........0. i
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Experimontals Ol ga. of the crude orystalline materlal

was dissolved in chloroform, slcohol addsd until a faint
Sinbidthy favasd shish wen redissoived by adding & 11%tle
more chloroform. The solution was allowed to erystalllse
overnight, vhen a erop of crystals was cbtained, Yield 0,15 gm.
However this was an impure mixture of fine yellow neadles
and lighter, brosd, rodeshaped noedles. M.p.% 2009 ¢(uncorr)
over a five degree range. Repeated eryatallisation falled
to give a pure produst, This method was eventually
sbandoned,

(b) Extraction.

Extraction of the material with diffdrent solvents
was then tried., Thus 0.5 gm. of the orude orystall
material was extracted & fow times with smell emounts of
IOM. In this way two frections were obtalned vin:-

Praction I The ethor soluble fraction.
Fraction II The ether insolibls fraction.

Ipaction I,

The ethereal extract was divided into two further
fractionsi=

(i) A fraction whic separated out from the

othereal extrsct as a 1ight yellow massy only

& very small amount was obtained and from which

no orystals could be isolated,

(11) The more soluble fraction of the ethereal

extract, obtained by pouring off the liguid

from (1) and which likewise ylelded no drystals.
Iraction 1l.

The ether insoluwble fraction was extrmoted with
hot methyl aloohol. Fraction II could thus also be divided
into two fractions, vis, Preciion (i) soluble iIn the methyl
alechol and Fraction (11) Insoluble in methyl alechol.

Fraction (i) The methyl alochol soluble
fraction was obtained as an orange colowred

liquid which on evaporation ylelded a derk
15 (O o R e AR
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orange residus, togethor with some white meterial, On
fractional cérystallisation of the residuws from a mixture
of chloroform and alschol, yellow needles, m.p. 195% 1000C

(wncorr) were obisined,

Epaction (1i) The methyl alechol insoluble fraction
was dissolved In hot chlofoform; hot eth:l slechol
was added to the solution, causing erystallisation
to take places On standing overnight, fine white to
pale yellow needles had erystallised out, together
with a yellow mass, Recrystallisation of the erystals
from chloroform and alcohol gave an impure mixtwre of
yellow needles and some prisms with an approx. m.p. of
200° ¢, (uncorr)
The sbove method of extraction with differ.nt solvents
was also found unsatisfactory end wes sbandoned for the more
sultable enithod of chremetography,

(e) Chromatography.

It was soon apparent that the most sultadle
adsorbent in this case was Aly Oy, It was shown that the
use of Mg 0 or CaCOg led to weak adsorption and thus not
to clear cut separations, (4) This also proved to be the
case in the present investigation. The Alg0z used in this
work was that suppliled by the British Drug House for
Chromatographic use, Before use it was dried by heating in
an oven at 300° ¢ for 3 hours, To ensure uniform particle
size the Alp O3 was sioved through & 20 and 200 mesh sieve.
The Alg O3 aftor use was readily reactivated by heating at
8000 ¢ for & hours, followed by several washings with tap
water and finelly dried at 300%for 6 hows and then sleved,

Chromatography beling a method of trall and errar, various
solventa had to be tested, Dy vitueof the insolubllity of
the erystalline material in Benzene, petroloum ether, methyl
and othyl alcchol, these solvents were npatx;-uly elininated

/oevsenwnsnnne
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Por the following tosts, smmll columns of AlgOy were
used, 0,00 gm of the materlal, dissolved in & nl of solvent,
beling used In each case. Size of column 1 x 32 om$

(1) Acetone

Here & good adsorbtion of the resin took place but
no chromatogram developed, the mnniuiu- of the material
running through the column and thereby effecting & clean
separation from the resin,

(2) Ether.

With this solvent the solution ren through very
easlly, also effecting a good separation of the resin, The
chromatogram itself however was not very useful,

(3) Diek

The rosin was readily retalined at the top of the
colwmn, but at the same time & vory well developed chroma-
togram, with clear distinct bands, was elso formed., Except
for the lower fraction, which readily runs through,the re-
mainder moves rather slowly. Addition of aloochol readlly
eluted part of the resin, and the chromstogram was spolilt,
(¢) Ethyl Acetate.

The resin was strongly adsorbed, the remainder of the
material running théugh as in the case of acetones, and
therefore no visusl developsent of a chromatogram took place.
(8) chloreform.

The solvent gave an identical chromatogrem as in the
oase of dichloroethene, thoush the bands were not as clearly
dofined as with the lattor solvent,

(6) Ethylene Dichloride.

The resin @8 well as the erystelline matorials are very
strongly adsorbed, The well developed bands could not be
washed down with the gsame solvent, while washing with a
alxture of dichlorcethane and ethylene dichloride gave a
slight separation. Since ethylene dichloride esused such
strong adsaption, & mixture of ebhhylene dichloride and
ethyl acetate was triled, the latter solvent causes elution

9/[‘.......I...
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rather than adsorption.

0.05 gm. of erude erystalliine material was dissolved
in a mixture of ethylene dichloride and ethyl acetate(4:1)
On development first with a (5 ; 1) mixture of dhylene
dichloride and ethyl acetate, followed by a (10 : 1) mixture
of the same solvents, the substances were washed through,
but no real separation resulted. 1l0:1 and 203l mixtures
of ethylene dichloride and ethyl acetate were also tried
with the same results,

From the above experiment it was clear that dichlore-
thane or chlofoform were the best solvents for chromato-
graphie work, although later it was found that ethylene
dichloride was an even better solvent in those cases where
preliminary separation of the erystalline material had been
effected, Why, as in the above preliminary experiment, such
powerful adsorbtion of the crude crystalline material took
place, ecould not be accounted for, :

As eluents the following solvents can be llod, ‘givon
in decreasing order of effectiveness:- alcohol, acetone,
ethyl acetate and ether, This is in agreement with the
observations of van Duuren (4) In the following work,
cold acetone was used for the lower bands, which are readily
eluted by it. For the higher and more ltronglyajgn';gl, @
mixture of alcohol and acetone was used, in some cases ox~-
traction in a Soxhlet being necessary.

Experiment on a larger Scale.
4.5 gms of the erude erystalliine material was dissolved

in 70 m 1, of ethyl acetate (redistilled); a portion was
insoluble in the ethyl acetate and was filtered off, -
(Fraction I) The filtrate was light brown in ecolour.—
(Fraction II).

Fraction I,

The fraction insoluble in ethyl acetate was crystallise
from chloroform and aleohol, when yellow needles contaminated
with other uiterial, the erystalline form of which could
not be distinguished, were obtained, The m.p. of the yellow

needles was?¥ 200°C(nnnorr) > : 101. SEBEE S
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Epsction Il

The ethyl asetate sclution was put onto & column of
Alg0s ( 1.5 x 50 om) and washed through with 360 m 1 of the
same solvent, The percolate was yellow in colour and
appeared to de free from resin, Distillation of the excess
othyl acetate and cooling of the remainder of the solution
caused orystallisation to take place raplidly, & pale yellow
to white mass separating out ~ fraction (a); the orange -
colowred mother liguor being poured off -« fraction (b)
Fraction fa) Fraction (a) which weighed 3.5 gms. was ox-
tracted with hot methyl alcohol, Thus rraéuon (a) could
be divided intoi-

fraction (i) That fraction soluble in hot methyl

alcohol.

fraction (ii) The fraction insoluble in hot methyl

alcohol,

Lraction (i) On cooling the fraction soluble in

hot methyl alcohol, 1031::_ :udlu, contaminated

with other subatances - Yield 1 gn, The eoryatals

wore impure as revealed by the m.p, viz 100% gogeC(wmeerr
The erystals were recrystalllsed three times from a

mixture of chloroform and alcohol, and evontuslly
bright yellow needles m.p. 1099 200C° (umcorr) were
obtained, This substance, although not gquite pure
will henceforth be called Substance A, Fhen pure it
melted at 210° ¢ (corr) and from a mixed m.p, with
substance (1). Isolated by B.L.van Duuren from N,
edulis (4.2) it was concluded that the two substances
were ldentieal since there Was no M.p. depression,
Fpoction (11) 1.e. the fraction insoludble in methyl
aloochol, was erystallised from a mixture of chlorofoem
and ethyl aleohol, Although erystalllisation was rapid,
the eryatals wore impure and consisted of a mixture of

ll/u.o,ocoooocooc
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yellow noodles and prisms, Yield 2,3 gms., Since frasc-
tional orystallisation could not effect a separation of
the noedle and prisms chromatogrephy was attempted, The
mixture of noedles and prisms was dissclved in dichloroethane
snd put anto o aohm"fngos + On development with the
same solvent three fractions were obtained:

fI, A narrow crange band on top of the columm,

11, A pale orange to yellow band,

IIT A wide yellow band which moved down-rapidly on

development.

only Fraction III representsd by the lower, wide
yellow band ylelded erystalline material on elution with
acotone, The crystalline materlal when crystallised from
& 807 mixture of dichlorcethene and ethyl alcohol gave
yellow necdles m.p. 2109 ¢, (corr) 1.0, substance A,
Yield 1.3 gm.
Frsction (b)e 1.e, the arangs coloured mother liquor from
fraction (a) only deposited a resinous residue on evaporation.

The mother liquors from the ergpstallisatlion of sube
stance A, were collocted, the solution evaporated to drye
ness when an amorphous residue was cbtalned, Crystaliisation
of the residue from a 207 mixture of dlchloroethane and
ethyl alechol gave minute, pale yellow needles, the pro-
duct however was impwre., This particulsr substance
erystallises in a most peculiar mannery remaining in so-
lution for a considerable length of time, when suddenly ~
erystallisation is initiated by the formation of small,
round fluffy dballs, which rapidly increase in sise, until
they eventuslly unite to form a solid mass, The substance
1s definltely impure and melts at a temperature of approx-
imately 18C°C(uncorr). It is suspected that this is the
same substance ilsolated Ly Prof, Groenewoud of the U,0.F.5,
from this same plant, and consists of bright yellow,
microscople needles, melting at 1935.5%°C(carr)s The

12/.0..0..0.."..'




2%

The substance which erystallised in this peculiar manner
was diassclved in dichlorocethane and put onto a colwm of
Alg03 (1.0 x 50 em).  On development with dichloroethane
three bands wore ocbtained visie

I A 1light brown band.

II. A white band,

I1I, A broad yellow band,

The development of the chromatogram was continued until
the three bands were widely separated, The column was
then extruded and cut into three fractionsy the fractions
corresponding to the three bands of the chromatogrum,
Fractions I and II yielded nngligibh realdues on elution
with acetone and aleohol, followed by evaporation of the
solvents, Frasotion III, corresponding to the broad yellow
band was eluted with acetone and on eveporation of the
gsolvent & orystalline rosidue was obtained, Crystallisation
of the residue from & 10F mixture of chloroform and ethyl
alcohol again resulted in the erystallisation of minute,
yellow needles in aggregates of round, fluffy balls as de-
sorided sbove 3 the m,p, of which hed dropped to * 153°C
(uncorr)s The mother liquor on slight eveporation and
allowing the more concentrated solution to stand for
several days, deposited a mixtwre of very pale yellow, rode
like needles; m.p. 197° ¢ (corr.) - Substance F; and
yellow prisms m.p. 180° ¢ ( m.)fégfgfaro separated by
hand, Swstance F, was recrystallised from a mixture of
the minimum amcount of ¢hloroform and & large volume of
alechol, while substonce B, was crystallised from a large
volume of bolling ethyl llcehol. The mother liguors from
the other yellow fractiones were also collected in a similar
manner, wham: inverlsbly, Substsnoce B, crystallised out on
long standingin relatively large prisms, togother with
other substances, which could be geparated by hand,

13/
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The physical propertlies of swstance B, soem to indlcate
that 1t 1s identical to Substance (11i) {yellow prisms
meps 180%C(corr)) 1solated by B.L. van Duuren end
P.%.0. Groenpwoud from N, edulis (2) Unfortunately
erystals of the latter subatance were not avallable to do
& mixed m,p, with Substance B,

The above method of separation was very tedious and
effectod no real separation, the different fractions in some
gase: gave rise to the same substances., It was therefore
declded to try a straight forward chromatogram,

Experimentl.

2.5 gns, of the crude orystalline material was
dissolved in 50 ml dichlorocethans and put onte & colummn
of AlgOs (1.5 x 67 ecm)s On development with dichlorcethane
the following bands were obtalned:e

§, “A dark brown band,

II. 4 ecream band,

III. A light yellow band,

IV. A dark orange hand,

Ve A light yellow dand,

Vi. A dark yellow band,
Band VI was eluted while still on the column, Af'ter
development of the chromatogram with dichloroethane
the column was extruded and the six bands cut out, thersby
glving rise to six different fractions vis,

m’x.o. the fraction reprosented by the dark

brown band on the upper portion of the chromatogram was
edited by extraction with a mixture of methyl alochol and
agotone forr 8ix howrs Iin a foxhlet. ©On standing overnijht,
some matorial separated separeted ocut from solution and was
filtered off, - Yield 0,14 gn., The filtrate was bolled twice
with norite, the solution flltered and the excess solvent
bolled off, when, on allowing the remainder of the solution
to stand in an Erlenmeyer flask some more product, which

was added to that obtained sbove, was cbtalmed.

14 s estssesne
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The product so obtalined was crystallised from bolling
methyl alechol to give a white substance which readily
separated out, M.p. 136° ¢, (corr) - Substence C.
Examination of Substance C, under the mlcroscope revealed
no crystalline form but an smorphous white puwde>. The
subgtance was orystallised from different solvents in an
attenpt to obtalnm it in a erystalline form, dut all the
attempts ylelded & white powdar, On repeated orystae
llisatlion from acetone, the m.p. remained unchanged, The
fact that Substance C, melted sharply and the m.p. Wes un-
changed on repeated crystallisation would seem to indleate
that the substance is pure,

Fpraction 1l. represented by the Cream band was also
eluted by extruction in a Soxhlet with a mixture of acetone
and alecohol. On evaporation of the solvents & resinous
residue from which no arystals could dbe isolated was obe
tained,

Fragtion 11X, (The light yellow band,) The band
was oluted with a mixture of alcohol and acetone, but
on evaporation of the solvents, it geve only a very small
amount of materiel which could not be worked up fwrther,

Frection IV, (The dark orange band) The band was
eluted in the same way es the three fractions above, a
dark yellow solutionbeing cbtained, On evaporation of
the solvent, an orange coloured residue which mstoo
negligible an amount to purify was obtained,

The last traces of meterial adsorbed in these fowr
fractlons were not remcved from the Alp0s by extraction
in the Soxhlet.

Fraction Vo (The light yellow band) Acetone in the
cold readlly eluted band V., to give a yellow solution,
which deposited a yellow erystalline mass, in which needles
could be detected, on evaporation, The yleld of the erude

Pprodust/sesesseace
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product was 0,39 gm. vwhich was wystallised from a
mixture of 80F dichloroethans and ethyl alechol. This
gave & mixture of substances which could not be purified
on repeated erystallisation.
Fraction VI, (The dark yellow band) Band Vi was eluted
while still on the colwm, On evaporation of the solvent
a residue of yellow needles was cbtained , This was
orystallised from & 207 mixtwe of dichlercethane and
ethyl alcohol which gave yellow needles of Substance
A, mePe 210°C{corr.)

It was at this stage in an attempt to elfect a more
satisfactory method of purification, it was found that
chromatography, using dichlorcethylene as the solvent ghsw
a much more satisfactory separation of the substances.
The actual procedure employed was to elfect a preliminary
separation of the substances by chromatography with diche
lorcethane as the solvent, followed by the use of ethylene
dichloride, This wss the method preflerred to any of the
others describsed above,

Large Scale Separation.

2gm, portions of the orude crystalline materdal
wero dissolved in 350 ml. dichloroethans and put onto &
solum of Al,Ox ( 67 x 1.0 om) © gms, were so Uruated,
‘The chromatogram was developed wilth dichlaroethane until
& meximum geparztion of the bands was obtalned, Alter
extrusion the column was divided Into four fractionsie

Frection I, was cbtained by the elution of the dark
brown band on the upper portion of the column &s already
described above in the same type of chromatogram, From
frection I Substance C. was obtalned, Fractions II, III
~and IV represonted by an orange, & light yellow and a
dark yellow band respectively, were rechromatographed,
using ethylens dichloride as the solvent,

167.00000000000000
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With the ethylene as solvent, frections II, IIT and IV
gave ths following Mﬁo@mﬁ f-
Fraction I1. Chrometography with thylenme dlchloride
gave tee bands viz, an uwpper orange bend and a lower yollow
band, muzw.mwwmm'amnyum
other yollow bands sbove, geve a smell smount of Substance
A« The orange band ylelded some oi-fmgo material which could |
not be pwifled, \
Preotion I1l. This fraction which welghed 0,35 gm. on

chromatography in ethylene dichloride ehv. three fractions :4?}

Ersction (1) A frsction obtained by washing through J
& lower yellow band to give a light yellow lltrate with a

falnt green fluorescence, The solution, on evaporation,
gave light yellow needles, which when erystallised from a
207 mixture of dichloroethane and alcohol proved to be
Substence A, m.p, 20° €, ( Corr.) Yield 0.1 gm.
Fractions (11) and (111) were discarded as the amounts
obtained from them were nezligidie,

Eraction IV. The frecilon on chromatography in ethylene
dichloride was also divided Into three fractlons, by
arbitrarily dividing the broad yeliow band obtained Imnto
three porticns, A1l three fractions however Yislded the
identical substence,

Fraction (1) was obtained as a yellow solution with
& strong green fluocrescence, by washing through the lower
potion of the yellow band until the solution became lighter
in colour, BEvaporation of the solution to dryness, gave
& residue consisting of 1light yellow needles and welzhing
1 gm. Crystalllsation of the pellow needles from & 2of
‘mixture of dichloroethane and ethyk alochol ylelded
Substance A. m.p, 210° €. ( corr,)

Fract'ons (1) was aleo eluted whils still on the
colu=n, the solution also belng yellow inm colow and
deposited a pale yellow amorphous sub:tance (0.54 #=) on
ovaporation, When erystallised twice frog & 207 mixture
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of dichlorcethane and ethyl alecohol, purs Svbstance A was
obtaineds M.pe 2209%(Corr).

Fpaction (11i) was also obtained as & ;nlior solution
yielding minute needles on evaporation (0.2 gm) This was
erystallised three times from 207 dichlorcethane and
aloohol to give 0.1) gm, of Substance A,

It will be cbserved that el though fractions
(1) (i1) and (111) a1l ylelded Substance A, the purity of
each fraction steadlily decreases, fraction (1) only re-
quiring one erystallisation to obtaln & pwre product, while
fraction (111) requires at least three erystallisations to
reach the same degree of pnrlw. '

The mother liquors were all collected, the solution
eveporated somewhat and then set aside to allow erystellisation
of Substence B, to 'bah place, OSmall amounts were thereby
obtained by separation by hand fm other contaminating
material, and finally purified by eryeiisilsation from a
large volume of ethyl aleohol from which it crystainul‘
out in the form of yellow prisms, m.p. 180° ¢, ( corr.)
Invariebly, Substance B, in this way ecrystallised together
with rod-like needles, which on erystallisation from the
minlmum amount of chloroform and large vdume of alscohol
gave pale yellow, almost white rod«like needles of m.p.
1979 ¢, (corr.) The yleld of these two substances is very
small,

After obtaining as much of Substance B, as possible,
the mother liquors were evaporated to dryness, the residue
dissolved in dichloro ethylene agaln and put onto Alyls

récovey

in order to obtain as much of Substance A, as possible,

ERACTION B, The Resin,

Fraction B, waz obtalned by the evaporation of the
sthereal extract of the plant materiel after the erystalline
material had been filtered off, Therresidue was dark brown
in colowr, and the yleld 220 gns,

The resin dSsolvesd well in chlorotog& dichloroethane
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ethylene dichloride, ether, acetone and ethyl acetate,
In contrest tothe crude crystalline materlal, mothyl ale
cohol was & very satisfactory solvent, resadily dissolving
mwurmwmmmm)mnmm
residus, Like tho orude erystalliine material,the resin
was not dissolved by the hydrocarbon solvents,

Tuerous roforencs were found in the literature
57,36, 36) in which work on I'ish polsonous plants of the
Derris type had revealed that certain toxic substances,
progent in the plamt, could only be lsolated from the none
erystelline material by preliminery treatment with alkall,
These substances evidently existed in some form of combination
wdtm sction of the Alkall csused racemisation of the sube
stances, the racemised products then erystalllising out from
the solution. Deguslin, for exmmple, could only be iso-
lated in this manner from fowr species of Derris. Due to
th& fact that N.Cicifolia is lmown to comtaln rotencne(3)
and the Derris type of fish polsonous plants 1s charace
terised for the presence of rotenons, it was consldered
worth whils to try the method of alksll treatment on the
repsin,

Alkall Treatmont.
30 gms. of the reslin were dlssolved in 2350 ml.

methyl alechol by heating on & waterbath, the solution
was cooled and filltered from & small amount of insoluble
material (fraction I}, The filtrate which was light
brown in colowr, constituted fraction 1I,

Eraction I,

The methyl aleohol insoluble portion readily
diasolved in dichloroethane, but mot scotone., The phy-
sicel properties of the golution in dichlorcethane seemed
to indigate the presence of ,seponin, Ths dichloroethane
solution was put énte & colum of Alglz (45 x 1.0 em),
and could thersby be divided inte thres frectlons; a,b, and
¢, on developemsnt wiih the same solvent.

Fraction 8. 4. light ysllow Mracstion which ren through

19 LA R B L R AR




19

the column very quickly, and gave en olly residue, with
an odowr of cotton seed oll, on evaporation. No
erystalline mat-orial was obtained from fraction &,
fraction (b)., A darker yellow fraction which came
through the colwum mare slowly, and deposited, on evae
poration, erystalline material consisting of fine balls
of needles, together with an oil, The latter was re-
moved by washing the residue with cold petroleum ether,
the balls of necdles crystallised from a 807 mixture of
dichloroethans and alcchol as yellow needles m.p, 210°C,
(corr) - Substunce A,

fraction C, Extraction of the Alglz, after fractions

& and b had been washed through with ethyl slechol and
acetone gave & light yellow solution, which only ylelded
a very small residus on evaporation, The residue could
not be crystalllised,

No trace of the gaponin was found in any of these
three Mractlons which would ssem to indicate that the
saponin is either too strongly adsorbed by the AlpOs or is
deomposed by 1t.

ac IX,

The mothyl algsohol soluble fraction was rendered
alkaline by the slow addiition of a smell amount of strong
caustic soda solution, The alcoholiec solution assumed a
dark reddish dbrown colowr and some precipitate formed
(fraction (1), The solution wes allowed to stand for a
fow days end then flltered, On addition of water to the
filtrate some resin was precipated, uﬂ'm gllowed to
coagulate by standing for a fow days, The ccagulated resin
vhich censtituted fraction (11) was separated from the brown-
ish liguor by pouring off the lattsr, Ths methyl alcchol was
avaparated .t‘roi the brownlish liquor by heatlng on the water
bath and the aqueous solution so cbtained was made sligntly
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acid with acetlc acid and extrasted with ether. (fractiom(iil)
After extraction with ether, the scid solution wes pendered
amonlecal and agaln extracted with ether-fractioniiv on
evaporation of the mumoniscel solution to dryness, fraction
{v) was obtalned,
fraction (1) (TheMa0n Insoluble fraction)
The precipltate, obtalned by tresting the methyl
&lcohol solution of the resin with Haol, wag
dissolved in acetone, by heating when a brown
solution, with only a small amownt of Insolidle
material, wes obtained. C,0p wag passed into the
Solution for some time, and then flltered to yoe
move Insoluble material, The dark brown filtrate
was put onte & coluwm of Al-0x and washed tiwrough
with acetone to form an orange eluate (o), When -
the acetone eluste had bocome colourless, the
AlgOy was cleared by washing through with alechol
which gave a brown golowred filtrate., (b)
(a) On evaperation of the scetono from the orange
eluate, & brown erystalline mass was obtalnod,
This -as dlssolved in dichlorcethylene and put
onto Al.g0z, when three fractions were obtalned,

(1) An orenge coloured fraction which ran through
the column very rapidly and which on ovaporation
gave crystalline matorlal consisting of prioms,
and a yellowish brown oll. The latler wes roe
moved by weahing with otherand the residue eryse
tallised once or twice from n - butyl alochol when
colourless, short prisms, with & m.p, of
18146° C, (corr.) were obtained. - Yield 0.47 gu.-
Substance G,
(2) 4 1ight yellow fraction whish washed out very
Slowly from the AlyOs and gave only & very amall
amount of needlee-shaped erystals which were ine
2Yeessncse
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P 180.6° ¢, ( carr)s Sudbstence G, _
Lraction 2, representsd by & very 1lght band on the lower
portion of the columm, could be reedily eluted with &
mixture of acetone and alcohel. Evaporstion to dryness
however, gave only a negligible residus.
fragtion S, constituted a middle reddish dand which was
also eluted with aleohol and ascetone, but no erystalline
material could be obtained from fra-tion 3,
Frection (1ii) was cbtained by the extraction of the scid
solution with ether and geve a amall amount of & resinous
residue on evaporation, The resin was removed by dissolving
in acetone and putiing onto a columm of AlgOs and washing with
acetone when & yellowish brown eluste was cbtalned, The
oluate was evaporated to dryness, dissolved in dlishloroethylene
and sgein put onto a column of Al,Cxe Om development with
dichloroethylene a yellowlsh bro:n fraction was washed
throughs On eveporation the yellowlsh brown fraction gave
small balls of needle-shaped erystals together with sope
resin, The latter being removed by washing with other, the
residue was crystallised from 207 ¢hlorofarm and aloohol, when
Yellow needles, m.pe 210° ¢, (corr,) - Substance A, were
ocbtained,
Fraction IV. was obtained by the extraction of the ammoniacal
solutlon with ether., Only a negligible residus, which sould
not be worked up further was obtalned,
Frection V. was discarded gince it consisted mainly of sodium
acetate,

mmmmmnop‘mmumrw
the complote separatlion of substances D, and 0 from other
material, PMurther, singe Hubstance D 1z strongly adsorbed
and remaing at the top of the columm, one has to watch out
for this, since 1t is easlily lost, and wash the colum through
with alcohol, acetone does not completely remove i,

Bearing in mind that _ﬁn alkall treatment might have
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been too drastle, it was decided to wse a milder reagent
viz. sodium ecarbonate, followed by troatment wilh csustle
soda,
Lxperimentsl.

26 gma, of the resin were dissclved in 300 ml, hot
CH4Ol the insoluble portion being separated as already
stated above for the alksli treatment, 3 gms, of solid
anhydrous sodium carbonate was added to the solution which
was vigorously stirred for sbout hslf an howr, The solution
was then sllowed %o stand for @& week, Crystellisation was
rather slow, so the solution was placed in the refridgerator,
wvhen white nodules soon separated out ( seen on the sides
of the conteiner) This soon stops and then & yellow sube
stance started to separabe ocul, After the week the solution
wag filtered and the insoluble residue was washed flrst
with mothyl alochol and then weter, When dry, the residus
was dissolved In aoetone (excess sodlum cerbonate remalns
wndissolved and is filbered off) For clarification the
sodium garbonate indluble portion will be regerded as
fractlon Iy the filtrate from fraction I, as frection II,

Frection I. which welzhed 5 gu, was dissolved in ascetone
and put onto Algly, scotone being added to the colwm until
the filtrate became colowrless (fractiom (1) ) The columm
was then washed through with aloohol, shich removed those
substances strongly adsorbed and hot removaed by acstone, the
washihg belng continued until the siuate wes sgaln coloure
less (fraction (i)
 freotlon (11)
on evaporation of the acetone a mixture of sube
stances, Including white, rowsd nodulosj some
yoellow materlial and a waxy substance, was obtalned,
The lmpure mixture was dissclved in 25 ml. Jichlorooe-
thylene, put onto AlgOs colwmn ( 67 x 1.5 em) and
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developed with the same solvent, The chroma-
togran gould be divided into fowr fractions:
{a) & fraction which ran through very repldly,
imparting a cream colowr to the Alplz, The band
was readily washed through with dichlorcethylene and
gave a dark yeliow solution, the latter on evaporation
mu&a an oily substance M ocn needles and
prisms, Different solvents visz., ether, petrcloum
ether and carbon tetrachloride were used to tWry to
remove the olly materisl from the orystallineg but
complete separation could not de elfectedy theredy
rendering erystaliisation difficults In this case it
was found adventagoous to rechromatograph the fraction
and in this way the prisus were cbtained as & {raction
which readily washed through the solumn of AlgOs,
Crystaliisation from & nmixture of chloroform and ale
ochol gave cclowrless prisms, m.pe 181,6°C,(corr.)
Substance G,

(b) Fpaction b was obtalned by washing through
& light yellow band following fraction a.

The fraction however was thus &lso re-
chromatographed, when in & similar manner
to fraction a, Subastance 0., was obtalned,

(e) Ersction C. represented by an upper orenge
band on the column of Al 0y gave only & very
small amount of matorial which dould not be
worked wp further,

{d) After fractions &, b and ¢ had been washed
through by the dichlorcethylens, the AlgOg
was washed with alecohol until the eluate was

colourless. On evaporation of the sleochol,

a white erystaliine material together with some
resin, was obmm.:dlhtch on erystallisation
first from & mixture of acetons and methyl
sleohol, followed by aqueous acetone yielded
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waile flskes of substance D, m.pe 150° ¢ (corr) «
Yield 0.5 gme

fraction (11) which was obtained by washing the
Alg0z with alochol after fraction (1) had already
been removed by acetons, gave a small amount of
white erystalline material and & 1ittle resin on the
evaporation of the alechol, ¥When erystallised from
aqueous acetone, white flakes of Substence D,

mepe 160° €, (corr) were obtalned,

Praction 11 1.6. the methyl alcohol filtrate obtained after
the filtration of the sodiua cardonate ingoluble fraction,
was treated with 20 ml. 10X csustle soda solutiom, the
methyl aleohol solullen repidly became darker in colowe,
while some porrecipitation took ploce, The alikeline solution
was allowed %o siand for two days, filtered and the
preciplitate washed with s iittle methyl alcchol. The
precipitate so obtalned was dissolved in scetone, the
solutlcia flitersd to remove & small amount of undissolved
residue and the acetone solution put onto & column of
Aly0s,  The column was washod with acetone until the sluate
was colowrless (fraction (1K) ), followed by washing with
aleoghol to remove & reddish band on the wpper part of the
colusn (fraction 11).

Lraction (1) The scetons eluste was evaporated So
drynees and ylelded a mixtwre of grystalline material,
which was dissolved in dichlorcethylene and pudt onto
AlgOs. On developwent of the chromatogram three frace
tlons were obtained,

{(a) A lower pale yellow band which ran through
falrly rapldly snd devosited some white
crystalline material and olly material on

evaporation, The h‘:i’-ﬂ‘"&l removed by
- washing with ether and the erystalline
material orystalliised from aguecus ace tone
26/, envsssess
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as white prisms « m,p. 181.8° ¢, (corr)e
Substance G,

{(b) represented by & yellow band which was fabply
strongly adsorbed but was readily eluted with ace-
tone, deposited only a amall amount of material on
evaporsilone
(e) was obtained by washing the AlgOs with alechol
after (a) and (b) ha? been separated, On ova-
poration of the aleohol, soms resin and white
crystallilne matorial were deposited, COrystallisae
tion of the residue from aquecus acetone ylelded
white flakes of Substence D = m.p. 180° Cleorr) -
Yisld 0,00 gme
Lfraction (11). which was cbtained by elution with ale
cohol of the reddish band mentionsd sbove also gave on
evaporation, followed by crystallisation of the residue
from agqueous acetons, white flakes of Substense D,

S8ince the treatment of the caustic soda soluble fraction
has already been described above(seo alkall treatment), it
will not be discussed here,

In arder to ascertain whether Substaxwe G, and D, obe
tained by the treaiment of the resin with alksll, occurred
as such in Dw resin orwore rresipltated as a resuls of
certaln gtrustural changes brought about by the alkall, it
was declded to examinge the resin without preliminary treate
ment with elther caustic sods or sdium carbonate,

S gms, of the resin were dissolved in 15 ml dichloro-
ethylene and put onto a columm of AlgOz (1.8 x GGem), On
development with the same solvent fowr fractions were cbe
talned,

fraction (1) was obtained by washing thwough & lower

colourless band and deposited a small amount of prisms

on evaporation of the solvent
"270/000-ao.




&:@M’zr‘h reprosented by & pale yeliow

band fust above (1) and was also readily washed through.
The solution on eveporation deposited & beautiful erop
of colourless prisms, ldentleal to those obtained in
fraction (1) to which 1t was added, A small amount
of oll which contaminated the pris=s could be readily
removed by washing wlih ether, when the prisms were
obtained practically pure, m.p. 131.8° ¢.(corr) -
Substence O, TYield 0,07 gm.

frection (111) A darker yellow band which did not wash
through 88 rapidiy as (1) exd (11) and could thus be
separated from them, depcsited on evaporation of the
solvent, & mixture of yellow needles and s small smount
of yellow prisms, Crystaliisation of the mixture
from & mixture of 207 dichlorcethane and ethyl alachol
Bave yollow meedles of m.p. 4 0° {eorr.) - Substance
he = Yield C.18 gm., The mother liquor on evaporation
to dryness depoaited a mizture of Substance A and some
yellow prisms (Probubly Substance B.)

fraction(iv). was obtained by washing thw AlgOp with
oloohol after fractions (1) (11) and (111) had been
washed through with dichlorcethylens. As no prelimidnery
separaticn of the resin had been cmrried out, fraction
(iv) sonsisted largely of resinous material, together
with & smaller amount of & white substance which was
which was suspected to be Substance D, but this point
sould not be verified as the subsiance was exceedingly
difficult to purify due to the large amount of resin
present. Since the object of this experiment was to
try and wSolate Substanse D from the resin, it was
decided to effect a preliminary separation of most of
the resin before sudjecting 1t to chromotography with
dichlorocethylene,
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Work on the orystalline materisl had shown that a
sclution in ethyl acetate on Alglz readily effected
separation of the resin from the orystalline substances.
The effectivensss of ths method when applied to the
resinous fraction was therefore investigated(The effective-
ness of seetons for this purpese had slready been esteblished),

5 gms. of the resin were dissolved in redistilled
othyl acetate aud put onto & colum of Algls, The resin
was readily sdsorbed, while the crystalline substances
passed through into the filtrate without any visual develop-
ment of & clrromatogram, The column was washed with the
ethyl acetate until the filtraie was quite cclourless.
Excoss othyl acetate was then distilled off and the solue
tion evaporated to dryness to yield a mixtwre of erystalline
gubstances and a small amount of resin, and was not & clear
cut separation ar with the acetone, The residue was
dissolved in dichloro-ethylene, put onto Algly and developed
n.th the same solvent, The chromatogram wes exactly the
gsams as that described above for the straight-forverd
chromatography [see sbove) with the exeeption that fraciion
(iv), obtained by washing the solwm with alochol mas not
80 badly conteminated with resin and in this case Substance
De could be fdglated al'ter three orystallisations fron
aquecus acetons, when colouriess [lakes~ M.p.160°C(corr)
wore obtained - Yield 0,08 gme - Substance D The yleld
of fraction (1) 1.0, Substance O, in the above chromatogram
was 0,07 gme from the & gms of resin,

From the above series of exyeriments 1t is concluded
that Substances D and @, occow &z such Iin the resin and are
not, substances which ha.w been alisred in any way by the
treatment withthe alkall; dhe latter merely serves to
precipitate tb-.m An advantage of the sbove method of
isclation, 1.0./2lkall treatment o the reain, 1s that the
aubstances $0 precipitated are comparatively free from resin
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Dr. P. Oroenewoud of the U.0.F.3., in & preliminary
exemination of N, ficifolla, isolated from the tuber, in
addition to rotencne, & furthor substance which will be
reforred touSub»nmS. This Substance which has &
Bepe Of 195,59 (corr) consists of bright yellow, mleros-

1e needles, (The preliminary exemination had been carried
out on & different bateh of plant material to that used In
the present investigsation and bad been collected gbout
April)e

The very fact that Substence E had not been lasolated
in the present investigation led to the suspicion that the
subs tence might be present in the resin, but had undergone
some structural chenge when the resin was treated with
alkall, In order to determine this point 20 mg. of
Subs tence E(lsolated by Prof. Groenewoud) in alcohol were
treated with 5 ml, IN caustlc soda solution and the solution
allowed to stand for a few days. Substence E, showed no
change &s the result of the sctlion of the alkall l.e. no
modified product separated out from the solutlon. It was
concluded that Substance E was evidently not present In the
plant materlal, under Investigation since 1t had not beem
igolated from the crude orystalline material not the resin.
This was evidently due %o a difference In the sges of the
tubers used in the present investigation and those used in
g preliminary examination, Seasonal variation too un=-
doubtedly has some influence on the nature of the substances
isolated at any particular month, This fact has already
been established by B.lL.van Duuren and F.W,0, Oroenewoud
when investigating the tubers of N, edulls (2).
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TABLE I

TABULAR SUNMARY OF NETHODS OF SICLATION ETC,

form and alaochol

: :
Substance, : Isoclation % Separation : Purification.
4 1
: :
Ao m?w firss with di - Crystallisation from
: lunr yellow : 207 dlchloroethane
; froction - : and ethyl alaechol.
; with diohlwaoﬁhylm or
: yellow fraction clutod on f
. colusn, 3
Be : Recovered from mother liquors : talllisation from
; by mochanical separation of ;1 & volume of
s erystals in many cases, s bolling ethyl alco-
' ; hol,
: :
c s Crystalllised twice
i :mmumm ; from methyl alochol,
- tagr-phz,wir.h s @nd then scetone.
; dichloroethane, Eluted s
; oxtract in Soxzhlet, with .
i Savated frem pesis Uy sileving |
res y allow
: soln, to stand when substance :
- 3 Co separated out. .
P, } Also recovered from mother } Orystallised from a
: diquars of yellow frastion 3 vory dilute chlord-
: :
: :

solution,

I1 PRACTION B, mao

D

G.

A,B, P,

i

.Iithllkdlwl@%- ®

Nethyl alcchol soln, - treat H

Substance D, rocovered.

jmru

uzuu obtained above, cm-o-
ographod with acet.aw 0 roe
followed by use of

ethylene dichloride, h-aer.s.on &

mch x-mtuy washed through

;.m

crnnh of Substance
rial removed by

. Recovered from dhn soluble

. fraction -
: nm.cuguhu au

with
mv;d -
hn ru!.dm pmbes SREEIES
d in ethylene dichloride,

geemod as in I. above.

. sueh rosin,
. 1ise first rrcn a

. mixture of acetone
. Followed

If eontaminated with
erystal-

by aqueous

e tallised from

. 40 diehlcrootbm
. and eth

1 alechol,
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TABLE iI.
- 3
Substance, 3 Percentage Yield # :
g
:
3 ]
t A, of Oruls Crystalline i B, of Resin |
: mabsri ™ H :
H H
H
H ] H
Ae : 50% : 067 :
3 H
B, : 2.8 : 0.18, :
: 3 :
Ce : 5.6, : - H
3 ' : H
D, 3 - 2 1.8, H
3 3 3
P. H 303 3 301 H
H t 3
00 . - 2 2.8 H
H $ :
2 4 3

In order to Indicate which substences, isolated from
N. ficifolia in the present investigation, sre identiwsl to
compounds lsclated from N, edulls by B.L. van Duuren (2) &
comparative tsdble of the substances is given below. Table
III. TIdentical substances are marked with an asterisk,
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TABLE IIIX,

¥, edulls,

{ Investigated by B.L. van Duuren,{ Investigated by

N. Fieifolla,

author,

Substences Crystalline 3M,.P.(
fornm,

Subgtances Crystalline:M.P.(corr).

farm, H

Ce
De
Ee
e

Ce

: :

- p: .

(1) * ¥ yeliow ! 211908 % 5
v needles, ;
3

(i1) ! colourless :261° -
| needles, !852° Ce ¢
: t{docomp) s
$ :

(111) % slight-yellow : 180%, @
H prisms. :
3 : 2

(iv) tgtraw-coloured? :
: priszs. ¢ 140%, ¢
: 3 2
$ : !

{v) iyellow : !
l’. needles, ' moc. i
2 : {
H 3 , H

gvi) tcolourleas 3 230%, ;

: neodlea., @ 3
: : 2
: t :
: : :
3 : :
. 3 H
3 : H
3 : :
3 3 3
: : 3

WO BE U SE AR SR 08 SO F0 A6 B8 A8 S AN SU AR B S5 SR S0 SR 0% 48 BB AR WAEE B R M

1low
”ﬂ” dles,

yelliow
prisms

colourless
powder,

gcolourless
flakes,.

bright -

T
eroscople

neadles.

pale~

B B G% 6% S8 B0 B A 480 S5 A0 SR S5 SR 25 S8 B8 BB AR e BR 8 AE 0y

*
- . e

colourless,:
shord prisms.
:

20%.

180%,

136%.

160%.

195.5%.,

197%,

181.6° ¢,

Unleas otherwise stated, all melting points given in

Chapter III are corroccted,
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CHAPTER IV,

OF ISOLATED  COMPOUNDS.

Before procesding with this chapter 1t would be

desirable to present and compare the physicel propertles
of the substances, isolated together with their corrected
This data is glven in Table IV,

melting points,

TABLE IV,
Substance, Colour, + Crystaliine form, LCorrected #.p.
—

H H 2

A, t Yellow t ne=dles, 3 210°%.,
3 t H

B : Yellow to : prisms or plates, 3 180°¢C,
{ Sek green,t 3
H H H

Ce ¢ Colourless: powder, 3 136°
H : :

De : Colourless: flekes, : 160°
¢ shiny, H s
H : :

B, s bright yellow, mnieroscople ! 193,5°
H | needles. 3
3 H :

Fe : pele yell-: broad rod-like 197°
3 ow to B needles, H
B colourless; L
: H H

Ge : Colourless; short prisms, @ 181,6°
L L :

Part I.
{a) Qualitative Analysis.

Analysis of all seven substances rovealed that they
were nitrogen, sulpher and halogen free 1,0, they were
composed of C.H, and 0, Only.

b titati .
Percentages carbon and hydrogen were dotermined by

Dre Weller

of Oxfard.

NMolsculsr welzhts were determined

by the author by the Kioro-Rast (8) using camphor as

solvent,

The percentages methoxyl were alsc determlned

in four of the substances isolated, using the Miecro-Zeisel
The results are given in the Table below,

method (9).
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TABLE V,
Subst; Found. g Moleculayr : Calculsated. ]
: 3 : ¢ Formula, @ 3 ] 3
1.8 8§ HE MW, 1 g Cof 3t H,E 3 NW 12
H s o ¥, ; vy & s
A, 168,06 ! 3.6 1333 10y Hyp O 16785 | 3.57. ! 338 ¢
3 H ¢ ? : g 3 H
B. ,65.98 : 4.856 ‘318 :Om Fi¢ %% 3“037 : 4,29 : 320 :
3 ~ 3 3 g H
Ce i”go” ,18.87 :3“ ’ou xa& °g 3730” :18.18. H 214 :
3 3 : H g 3 H
D. 382,21 :11.,63 270 :cm Hzg © 182,44 3111.44 : e
H : H : H :
E 155,82 ! 3,64 314 037 Hyp O 765,37 ! 3.88 ! 332 ¢
s 3 : H : H H 3
:67.74 : 3,97 :m ;cm Hys Og :67.61 : 4,22 : 254 :
o m.u:a.-m :aw Yop Myg Oy J67.68 ' 3.59 ! 300 !
H 3 H 3 3 :
L s | s 3 i : : i
Determination of percentages methoxyl in fowr m\utu‘wu
vis, 4, D E and 0 geve the following results:-
Substance A, 8,98 Ci19 Hyo Op requires 9,2%
"
D
. E 15.,9% Oy, Hyp Og requires 9,97
» a 6.11 cgg 51‘ 07 requires 7.”‘
Zart 11
Reactlons,

tosts characteristic for rotencne, e.g.

As mentioned sbove a colourless substence melting at
161° (uncorr) has been isolated by Dr, P, Groenewoud of the
U7,0.FP.845 in & preliminary examination of the tuber of this
plant, The susplelon that this substance is rotencne was
confirmed by & mixed m.p. detormination with a sample of pure
rotencne which gave no depressaion, and mapy & series of

(1) Thus in the Durhem test(10) the substance developed a
blood red ceoloration with conc, mnitric acid, followed by &
bright blue coloration when added to ammwonium hydroxide, the
colowr rapidly fading.
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(2) The Jomes and Smith Test. (11 = 12)
In this Test the Substance produced & Blue-green
colowr, similar to the colow produced by a sample of pwre
rotenone.

(3) Ihe Rogers and Calamari Tegt.(13)
: The Substance gave a yellowishegroon colouwration
tdentical to & control experiment using pure rotenons.

; (14 - 185)

In this Test the presence of rotenune was Indicated
by the development of & red coloration, a reactlon glven
by neither toxiecarcl, tephrosin, isotephrosin, dehydroro-
tencne, rotencne, nor dehydrodeguelin,

Fprom the sbove serles of reastions 1t is comcluded
that the substance melting at 181°C, (umcorr) is rotencne.

All seven substances gave negative reactions =ith
alocholic ferrie chloride., Of the seven subatances, A
has been more thoroughly investigated, although Substance A
posseses non-toxle propertles, it ocouwrs in the tuder in
relatively large amounts, Purther 1t is known to cecwr
in H.odulls another {ish-polsoning specles, so that
elucidation of 1t's constitution may throw some light on
ths nature of thp constituents of these plants, especlally
the motive prineciples.

this compound has been assigned the formula Cyg Hyg O
vhich is not in agresment with results cbtained by

B.L. vean Durren(4). Fo substance represented by this
formula and which corresponds with it's physical properties,

has been found in the literature.

Swbstence A 1s insoluble In water, alcohol, the
hydrocarbon solvents; benzenms and petrol ether, but readily
soludble in chloroform and dichlorcethane, It's solutiom
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in ethylene dichloride shows a marked green fluoresgence.
It i3 Insolwble in both melds and alkalis and gives no
ferriec chloride reactions The substance possesses re-
ducing properties, reducing both ammonical silver nitrate
and Tollen's reagent,

In attacking the problem of 1%'s constitutlon, the
most luportant point to establish is the nature of the oxygen
atoms, From mothoxyl determinations (Pound 8,97-C,gHo08

requires 9.2%) although results are a bit low, the presence
of one methoxyl group seems to be esteblished, A negstive
reaction with ferric chloride and 1t's insolubliliity in
alkall would seem to exclude the presence of phenolie
hydroxyl groups, this fact being corroborated by sn attempted
acetylation of the substance, when the original compound was
recovered unchanged. Although the substance has reducing
properties, attempts to establish the presence of & ketonie
group or groups by formation of an oxime and 2,4-dinltro-
phenyl hydrazone were also wnsuccsssful, The presence of

& carbonyl group, however is not entirely exciuded, since it
is known that certain substances containing a earbonyl group
vield the sbove derivatives only with dirficulty, Coumarins,
for Instance only yleld the above derivatives by resction on
the corresponding thidderivatives(18) In the methylone-
dioxy tests (Vide Infra) positive resctions were obtained

in both cases., An attempt was made to determine the

nusber of methylenedioxy groups quantitasiv:ly, the re-
1iability of the method however leaves much to be desired.
As colowr reactions may slso be somewhat misleading, and
since no definite proof can be a&dvanced as regards degra-
datlon of the substance at this stage, 1t will be sufficlent
Bo say that presence of ome or more such groups 1s suspscted,
until such degradative of synthetic work has definltely
ostablished this point, or otherwisze

Experimental.
(1) Attempted scotylation (17)
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0,08 Gm., of Substsnce A was treated with 1 ml.

freghly distilled scetic amhydride and 0.03 gm. smhydrous

sodium acetate, The solution was boiled under reflux for
three and & half hours, and the mixture poured into 1S5ml.

water and vigorously stirred., Substance A was recovered

.unchmgod. (The substence is soluble in the acetlc anhy-

dride glving a clear solution,)

(2) Zesta for & Carbonyl Group.
(1) Oxtme formetion (38)

0,04 gu, Substence A3 0,03 gm, hydroxylamine
hydrochloride and 0,08 gm, sodlum scetate In 2ml, aleohol
was hoated for eight hours on & waterbath, On pouring
the product into water the original substance was recovered

The reagent is & saturated solution of 2,-4-
dinitrophenylhydrazine in slechol (about 1¥) containing
1% hydrochlorie acid, S ml, of this solution was added
to & few centigrams of Substance A dissolved in aleochol.
¥o apparent reactlon seemsd to take place after standing
at room temp., for & fow hours, Some more hydrochlorie
acld was therefore added to the solution which was heated
fortwo and a half howrs on & waterbath, On pouring the
soluticn into water & red ppt. readlly separated cub,
and which on erystalllsation from aqueaus acetone proved
tc be unchangedSubstence Acontaminated with 2,4-dinitro-
phenylhydrazine,

)

Dioxy Group:

(1) Qualitetive Tests (20-21)
(a) Method of Lsbat.(20 - 22)

It was found that a successful positive reaction
in the case of Substence A was only obtained by sareful
control:~ Thus & frace of Substance A was treated with
2 ml, cone. HpS04s followed by & drop of 5% slecholie
58/ assscse
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Gallie acld solution, when, after standing for a few

hours, or by gentle heating, a green colaration developed,
the solution when examined by mesns of the apectroscope
showed an absorption band in the red, This test is
characteristic of Substances possessing methylenedlioxy
Eroups.

(b) Method of Clowes and Tollens (20-21, 23)

The mothod has also been applied to the quantitative
determination of these groups and depends on the liberation
of formaldehyde, which condenses with an appropriate reagent
to give the characteristic colow and precipitate.

Erocedurs. ‘

0.02 gm, of substance A was dissolved in 5 ml,
Fhlofogluein - sulphuric acid mizture by hesting, 2 ¥l.
conc. sulphwric acid was added to the solution, stirred
and placed in a waterbath for 45 minutes, A red colowr
was produced, lollowed by a thiek, coplous, reddish brown
precipitate, In a control experiment with piperonal
(Hellotropin) which contains ome methylenedloxy group, a
red coloration was produced Lmmedlately, togother with
& coplous precipitate which regembled that given by sube
stance A, The maln difference between the two exporie
monts was the rates of resction, as will be seen from the
above degsceription,

(e) Resction with Carbasole (24)

E. Votocék and ¥, Vessely have garried out & geries
of reactions on substances containing methylene groups,
making use of the fact that carbazole, dlssolved in hot
glacial acetic aold, in presence of hydrochloric or sule
phurie selds, readlly condenses with formaldehyde to form
& white insoluble product, The reaction they found serves
to distinguish the nature of the methylene group, since
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onily certainm groups react under these conditions., Thus -
& positive reaction 1s given by the methylene derivatives
of the sugars and their aclds, containing the groupingie
=0, \
Z-o”‘ Z/c ./g:"cnz
A
ie, methylene groups bound to oxygen &re readlly ylelded

to carbazole, in contrast to methylens groups dound to &
five membered ring which do not reect under these cone
ditionss Purther methylene groups bound to nitrogen
react wnder these conditlions, while methylene groups bound
to carbon atoms do not. ;

The fact that substence A, when subjected to this test,
d8d not react at all would seem to suggest that the nature
~ of the methylene group 1s that of one attached through two
oxygens to an aromatic ring as shown by the sbove Formula

(g) a3

The method applied to resistant methyleme groups was
used In this case, since preliminery exemination had shown
that Substance A 1s not so resdily attacked, and further
is relatively insoluble in the reagents used. The method
has been extensively Investigated by Clowes and Tollens
(23)s
ZProgedurs.

S gme Faloroglucin was wermed with a mixture of 100 gme
sulphuric acid and 100 gm, water, After stending for at
least ons howr the solution was Iiltered, 0,1«0.2 gm. of
substance A, was weighed into a flask provided with a reflux
condenser and a thermometerjy 30 ml, of the above solution
vas added and the solution was heated for three hours at
approx. 80°%, A further 10ml, of cone, sulphuric scid was
then added and the beating continued for a further three
hours, The solution was allowed to stand overnight and
the precipitate which had formed was filtered through &

4.0 /oooooobo
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a welghed Gooch erucible, washed with 60 ml, water,
dried at 100°¢C for fowr hows and finally weighed after
caiing for 1 hour.

Welight of Substance A I = 0,1015 gm, 1l, » 0,1017 gm.
Weight of Formaldshyde - Phloroglucid =
1. 11,

Os 1561 gm(23) 0,1546 gnm.
Clowes and Tollens on investigation nr.tia nature of the
tondenaation product found that one moleculs formaldshyde
condenses with ome molecule phloroglucin according to the
equation,

CHpO + CgHgOx = Cylgls + Hgo
| 10s ColigOqt CHaO 14,811

Therefore welght of Formaldehyde =

o - s =

=0,03385 gie = 0.03360 “‘W’
£z W = g.osug 3 100
= 38.45 Cligd s 83,125

Theory roquires 9.85%

In & control axperiment, in which a substance with a known
nuber of methylenedioxy groups was determined, the following
results were sbialned.

Control iment using Hellotropin
Welght of Heliotropin = 0.1019 Ou,
Welight of Forasldehyde~Fhloroglucid z 0,2182 gm.
0,2192
‘.9 2 0.0lm @FMM.
£s= 0,04784 x 100 o 46,77 % CHgO
0.1019

MN«&M Seeessssnss ”.0"
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Thus In the control experiment the amount cbtained 1s
exactly deouble that required by theory; the rellubility
of the method therefore is to be doubted, Counclasr (25)
stated that one molecule of Formeldehyde condenses with
two molecules of phloroglucin, This was however dise
puted by Clowes and Tollens. The latter only used this
method for the determinetlcn of methylene derivatives of
different sugars, and only mention that in all probality
it conuld be \nod for aromatlc subsiances viz. piperonal
and safrol, probably with certain modifications, A
blank determination, using only the reagents,showed that,
elther some phlofoglucin, or some other Impurity is

precipitated during the experiment (since thisfis lighter
in colowr it would be cbscured by the derk, reddiish -
brown formaldehyde~-phloroglucid) which would seem to
indicate that some other factor must be taken into account
when galculating the ¥ Formsldehyde, Finally, it may be
‘mentioned that substance A iz very resistant even to the
streng reagents used here. This iz evidenced by the
length of heating resorted to, sc thet tho reaction might
not have gone to completion, in which case wunchanged
product would have been filtered off with the precipitate,

Since no relladbility 1s placed on the results obe
tained by this method, it will be sufficlent to state that
presencs of one or more methylenedioxy groups 1s indicated,

In a further affort to estsblish the existance of a
mothylenedioxy group, an attempt was made tapns off the
mothylene group of the substence and theredby isolate the
dihydroxy derivative so liberated, This method has been
extensively investigated by E, Spaﬂl/l(md)n. Quietensky(s ),
It wan by this method too that E.Spl&, P.K. Bose and
J. Schlager (27) successfully determined the constitution

of Ayapin, a methylenedioxysowsarin,

Izperimental.
0.00 gm. of Substance A was treated with 10 ml,
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meh acid mixture, (Vide supra), A
further 2,6 ml. eone, sulphurie acid was added and the
solution hiaud on & watervath for one and hall hours,
when & further 2 ml, sulphuric sold was added, The
nolnueh, mimu dark orange in colowr, graduslly
aszauned a dark red eoloratisn and Cinally a reddishebrown
colowr, !hih later a reddlish brown presipitate separated
m. A fwrther 2 ml, cone, sulphurie acld was added
alter three hours heating, and the heating econtinued for
another three hours, The total time of heating was therefore
six hours, The solution was W to s tand overnight,
poured imte 90 ml. water, and the solutlon sllowed to
stand for snother hour, The dark reddishebrown precipitate
which had formed was Tiltered off, the filtrate was
extracted with a 1&;. amount of ether, the ethereal extract
was washed with water and finally dried over sodium
sulphate, The excess ether was removed by distilletiom,
while the reaidus csonsisted of 8 resinous produei, together
wlth some white flake-like material, In an attempt %o
separate the latter, the resinous material was disselved
in acetons and put on & small column of Alg0y, 4 large
amount of the mu was adsorbed, the white material
passing through the column into the riltrate. On evapoe
ration of the acetons the substance was still contaminated
with some resim and the amount of product cbtained so small
- that it has not, at this stage, been possibdle to isolate
it in a puwre state, The possibility that this is some
unchanged phloroglucin is not excluded, The resinous
substance, dissolved in alcchol, gave 2 positive reaction
with ferrle chloride, the exact nature of the golour being
difficult to determiney as it was ooscured by the colowr
of the resin,

Substance G

In certain colowr reactions this substance showed syume
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interesting facts vis,

In the Durhem test (19), the substance in contact
with conc, nitric actd showed a rod colour which with
aroniun hydrexide developed into & dirty blue to green
coloration,

In the Jonss-Suith test (11-12) (vide supra) &
purp® -red coloration developed, (The rotencne group and
related substances 8ll give different hues of blue In this
test, while toxloarol gives a purple colour(ll).

In the Cross-Smithefoodhue (14-15) no red colaration
devoloped, while finally in the Rogers-Calameri (13) test,
& 1light orange-green ocolour was produced.

These facts seem to indicste that substance G. night
be related to the rotenome group of fish pdbons, This
point has however not been Investigated, It 1s definitely
not eny of the lmown substances of this group, this belng
evident from the physical properties of the compound,

Substence O, 41d not give poozﬁn methylenedloxy
tests, Purther, 1% 15 insoluble in csustlic soda in
the cold., With cone, sulphuric scid slome 1t develops
a green coloration.
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CHAPTER V.

DET:E ' | .

This chapter deals with the establishment of the
fishe-polsoning propertles of the different substances
isclated; the determination of the toxity cwrves of the
active principles thus estadlished and thelr comparison
with that of rotenone, ris of the best lmowmn and thoroughly
investigated fish polsans, These determinations may not
only prove ﬂ‘:" value for constitutional studles(2) but
also for comparison of Insectlicidal properties, fish
peisoning properties usually, though not always being
associated with imsectleldal actiom, (29)

Nethods for determining the toxicity of substances
knoun to possess fish polisoning properties, in which golde
fish are used as the test animal, are to be found in the
literature(20y=-34, 37).

The same method has been used by B.L.van Duuren
and F.7.0. Groenewond(38) for deteraining the toxielty of
the active principle isclated from Neorautanenia Bdulis,
SN iy Wl by Doceeit ) iy
modiflied by the auther, certaln changes however were
introduced, hls belng dus to the fuet that the test
animel Iin this case was the freshewater fish, Lebistes
Retlculatus,

The activity of the different substances 1so-
leted had first of all to be determined, DBecause all
of them were Insolubls in water, some orgsnie solvent none
injurious to the Cishes hed to be used in the tests,
Gorsdorff(®) and van Duuren (38) found acetone sultable,
provided gertain concentrations wers employed, Simnce
the substances isolated In the present investigation were
soluble in acetone at the concentraticns employed, this
solvent was also employed In these tests. The difficulty
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exporienced by P.L. van Duuren and P.¥,0, Grosnewoud(38)
that these substances in acetons soln, when added %o the
aqgeuous test solutions Immediately separated out from
sclutiony was also encountered In this Iinvestigation,
The mothod used by E,L.van Duuren and P,%.0. Groenewoud(38)
of the addition of & protective colloid to the aguecus
solution therelors had Lo be resorted to, They found
that for this puwrpose & solution of gelatine in water
proved admirsble; this also proved ‘o be the case with
the subotanges 1solated from the luber of Neorautanenia
fiellollia,

Pmllnmﬂv_ experimsnt had So declide whether these
resgents were sultsble for cerying oub tests on Leblstes
Retliculstls, and 1f so, the best consentrations to employ.
In all tests, distilled water, which had been aerated by
bubtling alr through it for five hours, was used,
Experimental.

Since the fish used in these teats wore taken from
@ stock tank in which the wabter was meintained at & cone
stant temperature, (% 25°%) the solutions in which the
rish were Lo be tosted were initially heated to 85° and
maintained &t this level to within ¥ 1° ¢, before the fish
were plaged therein,

Two flshes were fssted In each of the following
solutions, in order to determine the effect of the concene
Srations of acetone and gelatine on the lish,

3 parts acetens in 1000 parts &7 gelatine solution,

1.5
: §

n " L] 1000

" " L 1000

Tl00 " 2% . .

.52 * .
1£ n "

0.5 " " "I00 Y. 0N ¢ »

The flshes szhowed no sign of distress after half an
hour In any of the concentrations employed 1.,e. the rea-
gents were not detrimental to the ish at those concentra-
tions, It is of interest to mte that Gersdortf (29) had

to employ a concentration of 1 part acetone to 1000 parts
-46/..0-an
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water fof tests on the goldfish,for the fish showed
signs of dlatress, within half an howr, at a concentration
of 2 parts acetone %o,3000 paris of water,

8incs it was found that the 17 gelatin solution served
to keep the substances in susponsion, this was the concenw
tration employed In the remainder of the experiments,
excopt in those cases in which low soncentrations of
material were used, when a 0,57 gelatin solution was found
sultable. The mmount of suetons solution added’ss such
that the concentration was 2 parts acetone per 1000 parts
water, 1.0, 0.5 ml. por 250 ml, solution,

gtermination of Substsnces Toxie to the fish,

For testing the toxielty, & comeentration of 20 mg./L
of esch substance was Initially trled, A 17 gelatin
solution was used, as stated above, Tests were carried out
in 600 ml, boakers, the voluse of gelatine solution em-
ployed for each test, being 250 -i. for twe [ishes,

Of the seven substences tested, three viz, Substances B,
E and G were toxie to the fish being effective within two
hours. Substenes O, showed symptons different from the
other twojy thus the fish Immediatsly showed signs of great
excitation followed by & peried of quiescene in which the
fish appeared to be desd but on being touched moved mway
rapldly. Invarlsbly too with Substances O there was &
tendensy lor the fish to burn over onto thelr backs.

The other substances viz. A, C, D and F d1d not sppear
to cauge the fish any amount of discomfart, even a concens
tratiomn of the substances double that used above viz, 40
mg/Litre did not have any 1lleeffects on them,

Survival time curves of the three toxie substances were
then determined snd compered with that of rotencne which was
&lso determined in & similer menner, These curves &re obe
tained by earrying out tests on the rish at verlious concene
trations and determining the time necesssry to kill the
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fish (or any other chosen criterion)., On plotiing
the survival time in minutes as ordinates against con=-
contration in mg, as absclssae hha so called survival
time curves are obtained (29), This was done with the
twofold purpose of comparing the boxicltles of the three
substances with rotenone and for securing data which may
throw some light on the constitution of these substances
(38)¢ Plotting the reciprocal of the survival time x 100
agalnst concentration in mg,, gives the so called veloclity
of fatality curves. This method of comparing toxicities
1s the one used by Powers (37) and later by W.A.Gersdorff(29)
and to date iz the best inown method for thils purpose.

In determining toxicities experimental conditions
are important, further, there is the question of indie
vidual variation of the fish, vhich mey however be largely
eliminated by the use of reliatively large numbers of fish
at each concentraticn, Thug Gersdorff (29) has shown
statistically that although the percentasge error of &
single observation on points on tho eriticel portion of the
curve (vide infra) may be as hish as 207, by using 10 or
twelve fishes for sach determination the 7 error of the
mean may be lowered to 77, In the present investigation
only 2 fishes were used at each concentration so that the
curves camnot be considered to be 2o accurate, but at
least they serve for a practical comparison of the sub=-
stances, Since the essential precautions and experimental
conditions in the determination of texiclty have already
been fully discussed by van Puuren (4) 1t will suffice to
mention the conditions observed in the present investigation,

(a) The weipght of Fishes:
In the present toxicity determinctions all the

fishes were approximately of the same size, viz, 8~10 mm,
the sctual welght was not asecertsined,
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(b) Specles of righ.

In these exporiments the Ireshwater fish,
Lebiates rellculatus was used,

(¢) Zemporsturs.

Sinse the flsh were kept In waber at a comatant
tamperature, and the fish belng someshiat sensitive So
lowar temperatures, the test solutions had to be ralsed
bo approximetely the same temperalure before the fish
were placed therein. A temperature of 25°C, was the
teaperature wsed, being kept comstant to withim 1° by
means of waterbaths,

(@) Yolwmw of Water.

Dus to the amell size of the fish & volume of 250ml

for two or even three rishes was sufficient,

(s) Muber of Fisheg.

The accuracy of the determinetion as regards
the musber of fith has already been mantlcned above,
Only twe fishes for each concentration were used in the
testa.

() mowmrd A Jones end W3, Hallen (35) have found that
rotencne undergees decomposition In solutlon yielding
yellow sompowds which are non-toxic, the change being
dependent upon factors such as solvent, access of alr ete.
Therelors, alithouzh the Srus nature of the substances
isolated is not known, It was deemed advisable to use only
freshly prepared solutions in all toxiclity determinations,

Before comperative toxlicities of the substances can
ve made by loterprestation of curves, the gensral nature

of the owrve should de knmown, Thus three distinet
characteristics can be recognised (20«34), There 13 &
horisontal portion In which a large increase in concenw-
tration corresponds to & very small increase in survival
time} & S0 called middle porilon, 2lsc lmown as the
eritical portica, vhere the wveloclty of fatality(as
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mpasured by the reciprocal of the swrvival time) ine
creases moatl rapldiy with incresse in concentration and
approaches an equilateral hyperbols, therefore, the
corresponding portion in the velooliiy of fatality cwrve
which ia drawn with the reciprocalsol the survival time
as the ardinatesz spprosches & straight line, This
stralght line iz called the theoretical weloolty of
fatallity curve and when prolonged cuts the X axis at
8 point which Powers designaeted as the theoretlcsl thresheld
of toxiclily. Finally we heve that portion of the curve
eépproaching the vertical. Although several methods are
avallable for comparison of toxicities, most of them have
been found to be wnsuitsble and as yet a eriterion suitsdle
for the expresalon of relative toxicity has not been
developed. The methods used by various workers have been
fully discussed by Van Duuren & Groenewoud(33), In
addition to these W.A. Gersdorff (4)) has developed &
eriterion for the comparison of toxloity with T.spses to
concentratlion and tims, vis. the wini=um et produst
(product of goncentration and swevival time) which he
states agrees with results cbtained by other methods., Ne
also found that Glaser's equaiion (41) an equation exe
Pressing the relation between concentration and toxlieity,
iz the most nearly spplicsble of those examined to the
concentration - survival tims curves cbtalned in siudles
wlzh' rolencne and related compounds in which the goldfish
was the test anlmal, Tho equation, however, 1s too
@irricult to use in simpls comperison of the toxiclty of
these compounda.
Lxperimentel.

Survival time, and veloolty of fatsllity curves are
plotted from data obtailned by doteraivning the survivel times
in minutey at verlous concentrations of substences By E O and
rotencne. FPreliminary experiments had to determine the
correct concenbrations to use, since concentration date
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falling outside the critical portion of the curve are

Further Iin these

experiments the weights of the flishes were not determined,
the fish however were approximately of the same size

ugeless for comparisons of toxlcity.

(1 8-10 mm, 1in length) and of the seme age (approximately

two months),

Toxiclity to Lebistes retlculatus of Substance B, ab
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_ TABLE X,
Toxiclity to Lebistes reticulatus of Substance O. at
g8 ¢, + 1° ¢,
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TABLE XL,
oc PATALITY OF SUBSTAUCE

Concentration

g, Mean 1 x 100
. 171 :
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0,56
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pifficulty in determining the exact survival time

was exporienced with Substance C, as the £ish although
apperently dead, moved when touched, This fect has elready
been montlioned above.
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TABLE XIL
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TABLE X111,
VELOCITY OF PATALITY OF ROTENONE,

Hean 1 x 100
8. 7T,

5.4
5.3
D5e3
3.8
0.47
0.30

Concentration

B84 Litre

4

2
1,0
0.2
0.1
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The curve for rotenone reserbles that given by
Gorsdorf(30), However wheress he found for (a) & velue
of 00,0125 mg, Iin this osse (&) was found to have a value
of sbout 0,04 mg,
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CONCLUSIONS, Comparative data are obtained from the lbovd
curves. As compaved with rotenome, Solutions of Swb- |
stances B, E and G becomo toxle at higher concentrations.
The theowotlcal thresholds of boxioity 1,6, the comcen= |
tration bolow which the substance does not cause death are ‘
approximately 0,93 0.6; 1.15 and 0,04 mg./Litre for
Substances B, £ and ¢ and rotenone respoctively i.e. toxlelty
decreases in the order rotenine) Substance E) Substence B)
Substance G, The threshold of toxiclity of Substance O is
approximately twice; that of Substance B ome and & half (1%)
times, that of Substance E, The theorstical veloelty of
fatality inoreases with increase in concentration in the
order, Rotenone) Subatance E) B) G, these comperisons are
made by consideration of the wveloolity of fatality curves.

Minimum survival times (50, 32¢33) of these fowr
gubstances is in the order, rotencne, Substance B,E and G}
1s 19 less than 44, 47 and 00 minutes respectively, 1.e.
at higher consentrations when the rale of inorease of
veloclty of fatality decreaszes, Substance Band E are nearly
equally toxic and Substance G & little less so, while rotenom
is considerably more toxic than all three, It nust be
mentioned that 1t !s not meant that this is the minirmm time,
in which fish may be killed in solns, of these materials.

As & measure of the relative toxicitles of the three
substances studied here, use may bs made of the Powors
formula (37, 38) toxleity = J’T:g_._j, although it must be
borne in mind that it 1s not ux‘mz could be desired,
since 1t involves only two of the three varisbles of the
velocity of fatality cwrves (30), Untll, however, & more
scceptable formula for exprossing the couwrse of toxie ae-
tion is found, use 1s made of this formula, Data obtalned

\
N

from the veloclity of fatality curves are used In the compara-
tive table glven below,
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8 18 based on the expression of comgentration in milligrems
per litre., &, belng the point of intersectionm of the
voloelity of fatality cwrve shich ap;roaches a stralight line,
when prolonged to cut the X-Axis,

Tan ©. Bate of inoresse of the theoretical veloolty of
fatality with Inorease in concentration,

Tests were cerried out on the fish using scetone
extract of e
(a) The dried powdersd plant waterlal,
{b) The crude orystalline material (Fpaction A),
(¢) The resin (Fraction B,)
which indicated that Fpaction B was the most toxle, followed
by the dried powdersd plant material, while the erude
erystalline materisl was not as toxlc as (a) and (ec),
The £izh in the case of (n) dled within 30 minutes and
(e) within 20 min, The rapldity with which these sxtracts
killed the fish led to the lmmediate suspieion that the
really "sctive” principle had not been isolated, although
the abuve tests could not be regarded as sccwate, the
sctual concentrations of the varlious substences present not
being known, Presence of & truce of rotenone in these
extracts was not exeluded although qualititative tesis
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carried out on a, band ¢ falled to revesl Lt's presence,

It was at this stage that i1t was thought that the presence
of Ssponing, already indicated in the resin and mentioned
by R.H, Aston,(l) might also be responsible for the fish
polsoning properties of the plant, Baponins are Imown to
possess this property. This fact is mentioned by
Czapek (42) and also by Haas and Hill (43) , the rishes
being killed by Saponins at a congentration of one part
in 100,000 parts of water. Although a 1ittle work was
dome in an attempt to lsolate the Saponin, ( ee addendum)
lack of time has prevented any definite sonclusions as
regards the activity belng drawn,

It is of interest to note that I, Spith in his publie-
cation on the natural coumarins deals shortly with the
physiological action ,» OF particular inSercst is the
description of the symptons shown by the fish, Lebistes
reticulatis in the tests, Heo descrides thus:e

"Anfangs zeligte sich bel dlesen Tlieren melst

erregende, dann sber beruhilgende Wirlamg, Sie

varloren allmihlicl: des Glelchgewicht, lagen oder
schwammen suf dem Rilcken stellten dann dle Porte
bewegung ein und sehllesslich erfolgte der Tod"

The above symptons appear to resemble thogse shown
by these fish when tested with Sub 2 tence @,

Gersdorff, (45-46) who earrled out numerous experl-
ments on rotencne and 1t's derivatives using the goldfish
8s the tast animal, cbserved that shange in chemical
composition of the compound effects a charagteristie
change in toxleclty independent of the effect of any other
change.

Thus the dihydro derivatives produced by saturation
~of the double bond In the side chain of rotencne and it's
derivatives with hydrogen atoms, have 1,5 times the
toxielty of the corresponding unssturetsd compounds,
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i.e, increesed substitution caused an inerease in

foxicity., The cowbined effect on the toxliecity of
more than one change in the comstitution is equal ¢to
the product of the individual effects. These results
are In gereral agreement with the results observed

by Lauger, Martin, and Miller(47) that inereesing

substitution caused an increase in toxicity.
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For many years conalderable interest has been :
. taken in & number of Sropical plants, extracts of \
‘which have been used &s fish and arvow poisons. There :
has been considersble commerclsl development of these
plants &8 sowroces of Inseciloldes and in this comnectlion
the root of the Derris has been widely used, lMore
racently, Neorautanenia fleifolia, & fish polsoning plant
oscurring in Eastern South Africa has been reputed to
possess insecticidal activity, The purpose of this
investigation therefore was to atiempt an isolation of
the toxie principle ur prinsiples of the tuber of this
plant,

The beat method of extraction, and the one used In
this case, was 0old sther percolaticn, In this way, from
twelve kilograms of dried tuber, two fractlons were ob-
talned viz., Fraction A = The crude orystalline materlial
and Praction B- the resin, Both fractions were Investi-
gated with & view to separatlion and isclation of crystalline
gubstances, In the formey fractlon the method of fractional
erystaliisation was found wnsetlsfectory, the final method
of sepuration used was Wtogvnm. In the latter
method & proliminary separation was effected by use of
dichlorosthane as the solvent, followed by:/..ehruntmnm
with dichloresthylens, AlpOs; was the most satisfactory
adsorbent, As eluents acetone, or & mixture of &cetone
and alcohol, was used, In the treatment of the resin &
very satisfasctory seperation of two of the substances was
effected by treatment of the resin in methyl alechol with
alkall, followed by chromatography with dichloroethylene.
A further experiment, using only stralghtforward chromt-
tography, estsblished that these substances oceurred as
such in the resin and were not racemised products resulting
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from the treatment with the alkall.

Seven substances were 1solated from the tuber of
this plant, while rotencne has beon lsolated in & smell
scale proliminary examinatl m of the tuber. Qualitative
clementary smalysis showed that nitrogen, sulphwr and
halogen were absent i.,e, the compound econtelined enly
carbon, hydrogen and oxygen,

Determinations of the percentsges carbon and hydrogen
were gcarrled out by Dr, Weller of Oxford, Moleculsr
weights were determined by the author, by means of the
Micro-Rast, Percentage methoxyl were determined In four
of the substances, three of whlech were foumd to possess
methoxyl groups, the Micro-Zelsel method wes used in this
case. Results and) Bhysical properties indicate that two
of the Substances viz. 4 & I ere identical o substance(l)
and substance (111) isolated from N.edulis by Ven Duiren
and Oproenowald (2), but 7o Cand H do not agvee.

A more thorough Investigation of Substance A es~
tablished the yebsence of phonolle hydrexyl groups and
apparently also of Ketonle groups. A methoxyl detormination
seemed to Indicate the presence of one mothoxyl group. |
Positive colour reactions were cbteined for the presence of
& methylenedioxy group, Quantitative determination of the |
latter did not yleld very satisfactory regults, while an
attempt to isolate the dlhydroxy compound, obtained by
splitting off the methylene group as Formaldehyde, gave
resinous products together with some white material which
could not be obtained in a pure state. The latter gave
& positve ferric eblerid. reaction,

From colowr reactions 1t is tentatively suggzested that
Substance 0, might be a derivative of the rotenone group of
fish polsons, dut no experimental ovidence to prove this
can be advanced as yet,

Toxlcitlies of the seven substences were then determined,
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60
using as the test animal , Leblistes riculatus, & type

of fresh water flsh, Three of the substances were found
o be toxis to the fish, These were Substances B,E and O.

Toxiclity curves, obtained by plotting concentration
in mg. 8galnst survival times in minutes, of the three
substances were uuumu as well ag that for rotencne.
Velocity of fatauty mﬂu were also plotted by taking
reciprocals of the n\rv:lm time multiplied by 100 In
place of the survival ti#. Fpom the latter curves,

comparative dats mﬂ.’l.ng the toxicity of the three
substances were obtntué.

The Substances boulu insoluble in water, use was made
in the experiments of f protective colloid, this method
being described by pro'?riom authors. (38)

(a) Tests carrleld out on the fish using an acetone
extract of the arizinal plent material (b) Crude erysta~
11ine material and (c) Resin, showed that (a) and especially
(¢) were considerably more toxie then either of the pure
substances noh’ac. . This dlserepency was contributed

to elther the wum of & trace of rotenone, or & sapo-
nin, the presence 'h,t.ch is definitely indicated, although
attempts &t the lsolation of the substance have as yet,
through lsok of time, mot been successul,

In this prelininsry investigation it has not been
possible to establish the structure of the toxic princi-
ples, nor thelir ssscciated non-toxiec components. It is
only to be expected that they arc in some way closely
related to ome smother, The toxle substances of various
other fishepoisonous plants have boen the subject of a very
extonsive investigation, and thus it has been established
that the flsh polsons and insecticidal somstituents which
have been lsolated from various troplcal Fabaceous
{leguminous) plents, (it is too noted that N.flecifolla is
also & member 4f thls group of plants) are charecterised
chemlcally as derivatives of a substituted dihydrobensoy~-
PyronGececse | 61 fessne
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system contalning twe adjacent asymmetric carbon atoms
(48-42)s The fact that N.floifolla has been found %o
conm rotenone, would suggest that the substances
isolated from this plant might also be a derivative of
such & system, This would be a very interrsting polint
to establish, Further work on the derivatives of the
above system has led to the conclusion that they can bde
clasasified into three groups vis, (50)

(1) Botenome Group.

Represented by rotenone itsolf and belng
the only natural representstive, It has an optically

actlive dlhydrobenzofuran sysiem, with sn lgopropenyl side
chain econnected to the dihydroyepyrone system,

OCH.

>
inckt -E?‘\c HCo

H=C
e,
Harper (51) from sarlier work on the active

prineiples of laguminous rish poisonous plents stated
that a positive Durham test would scom to be specific
for the chromeno-schromsnone ring A,8, C and D,

(2) Deguelin Groupt
Being represented by Deguelin iteelr,

together with tephrosin and isotephrosin, The group
possesses an optically Inactive dimethyldihydro -
benzopyran syste: in place of the dihydrobensofuran.

(3) Zexiesarol Group.

The ¢:ly member of the third group, toxicarol
was orliginally thought to contaln neither the dihydrobene
gofuran mor bensopyran system (50) but Heyer and Robinson(52)
have tentatively suggested it to be a S-hydroxydeguelin.

62 »/Coooooc

16BN R SN el i e i




62-#

E, Spath (65-56) has carrled out extensive
investigations of several other fish poisons, the téxleity
of which does not nearly approsch that of the above group
of fish polsons and none of which is closely related to
the rotencne group In structwre, but nevertheless it is %o
be noted that they ars also oxygen containing heteroccyelics,
usually possessing the o -benzopyrone nucleus, instead of
the ¥ ~benzopyrone system of rotenone,

ADDERDUHE,

The prosence of & saponin in the tuber of N.ficifolia
was flirat demonstrated while working on the resinous fraction,
but on chromefographic troatament the ssponin seem to be
lost, Then thediscrepancy regarding the toxlelity of the
resin, compared with that of the pure substances, was
observed 1t was thought bthat this might be due to the
presence of the saponin already demonstrated, Many
ssponins are known to possess the property of stunning
and killing fish in very small amounts., [41-48, 57).
Milletia parchearpa, alsc a fish poisonous plant, has
been found to contaln & saponin and probably rotenone,(58)
A small smount of the originel powdered plant extract
had been kept and this was used in sn sttempt to effect
isolation of the ssponin, The original plant material when
shaken with water lformed a solution which readily foams,
the lather persisting for a long time, In a preliminary
experiment, 15 gms. of the plant material was extracted in
a small Soxphlet with hot water, The extraction was
rather slow, but the solution after one hour readily foamed,
the foam sometimes rising right up the flask, The solu=
tion was quite clear and not contaminated with any resin,
Since saponins are precipitated by lead acetate(57,59),
this reagent was tested on a portion of the solution and
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found to give @ precipitate, Addition of aleohol to the
Aqueocus solution was also found to give & slimy white
precipitate, Alcohol was therefore added to the dulk
of the sclulion and the precipitate sllowed to settle
on the tottom of the flask when 1t could be removed from

the bulk of the solution by deantation, The solution i

‘was eveporated to & smeller volume In vecuuwa and again

“pitated with alcohiol. Tho precipitate so obtalined
was slightly coloured when dry and was soludble in water
to a great extent, ( a small mmount remained undissolved)
the solution ylelding a foam when shaken, When, however,
the product was tested on the fish, the latter, although
initially effected were not killed by the substance, On
testing the substance so obtained with lodine in X1l &
viciet coloration was obtained; this would indicate the
presence of starch, though not comeclusively so, for
Saponarin, a saponin gives the same colowr reaction with
iodine and was originally termed "soluble starch” (60).

Isclation on & larger scale was then attempted,
using 807 aleohol as the solvent, 220 gms, of the plant
materisl beling extracted in & Soxhlet for 15 howrs., Evae
poration of the alcohol gave a dark brown resinous product,
On dissolving the resinous product in water, & large smount
wont Into solution and ylelded & solution which foumed
strongly and was colowred light brown, Lead acesate
solution was added to the aquecus solutlom, causing
separation of a milky precipltate shilch was sllowed to
settle and thon filtered, Although there appearod to
be a relatively large amount of preclplitate, when riltered
off the amount obtained was very small,

A few qualitative tests have been carried out on the
substance in order to establish the presence of the saponin
thus =

(1) The substance formed & stable foam when the
aqueous solution was shaken(A cheracteristic %Sest for
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saponins) (42 =43, 57, 59-60).

(2) Precipitated from solution with lead acetate
(acld saponins are precipitated by this reagent as the
lead salt, 43, 39).

(3) Precipltated from solution by Barium hydroxide
(neutral saponins are precipitated as their Ba compounds
by this reagent) 43, 59, 60)

(4) Tho substance possesses reducing properties,

(a) It reduced ammonincsl silver nitrate(59),

(b} It reduced Fehling's solution after pre-
liminery heating with dil, sulphwric acld,

{(c) Blues a solutlion of Pot.Ferricyanide
centalning ferric chloride, (Saponina reduce
ferric salis o ferrous and so give rise to
the formation of Twrnbull's blue (59),

(5) With conc, sulphurlic acid a yellow coloration was
produced vhich gradually dsrkens to orange on heating,
(Saponins give a yellow, red and finally a violet coloration,)
(e0),

(¢) ®With conc. sulphuriec acid containing a little ferriec
chloride, a blue coloration wes obtsined with the substance.
(Meny Saponing give a blue, or a blulsh-green colowr or
fluorescence in the above test, (57).

The tests seem To indlcste that the substance is a
saponin, but due to the lsck of time, it has not been
possible to contimw with the investigetion of the substance,
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