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GENERAL INTRODUCTION..

The definition of the seed in chemical
terms.has not progressed far;largely beceuéa each
plant specises haes charactsrs 1n51vidualtto 1teelf
aend over the flowering plants such 1s the dagree of
diversity thet a-very-oonsiderable amount of work
is raqﬁiredg. The me jor classes of compound such
ag the carbohydrgtea and @rotaina are at this stage
of but little interest end this for two reasons.
where the differences bestwesn compounds are iarga
each variation 1s common to many species. oOn the
othar’hand, the extremely fine differences of say
molecﬁlar structure in the proteins which are
individual to a plent speclies and indeed probebly
conéition the very species itself are so small as
not to yield to present methods of chemicel
investigation.. 1Tt is therefore to the smaller,
apparently less significent groups of compounds thet
the investigator turns. The presence of a apecific
glucoside or an alkeloild very ofbenlcharaeteriaas a
plant spe¢iéaq, Thus the chemicael has-a botanical
interest.. fThe potency of the compound often lends
anothér-intereat..

The natural order Renunculaceae is one

extremoly rich in alkeloids and although many of

. |these bases have been the subject of chemiocal

investigation, untlil comparatively recent years
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iittle'was known regerding them beyond recording
their presence in particular speciles, The
chemistry of the Aconite alkaloids and even more &o
that af'the Delphinium alkalolds is still in the
earliest stages of development, and until the recent
work of Jacobs and Cralg (1939 end 1940) on
delphinine, little knowledge was available of the
constitution of even & single individusl. |

The seeds of Delphinium Staphﬁsggriﬁ-have

been used extensively in Rurops as & parasiticide
since the Middle Ages, and 1t 1s probably on this
account that the first recorded 1nves£igations on -
the Delphinium apecies were made on these seeds.
As far back as 1819, Prandes indicated the presence
of en alhaliha substance in these seeds which hse
named "Delphinin®. fThis work was contlnued by
couerbe (1833), Erdmenn(1864), Studer (1672) and
Sorck (1874), all of wham‘obtaiﬁed more or less
| tmpure forms of delphinine. The presence of four
different bases were described by Marquis (1877),
who carried out an éxtensive investigetion, and
confirmed by Kara-gtojenow (1850), who disagreed
however on the formula for delphinine. fThe
probertiea of a fifth alkalold - staphisagroine -
were described by Ahrens (1899)..

Thease investigatioﬁé were carried a atage
further by Eatz (1900) who reported no formula or
melting-point for delphinine but seems to have
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obtained the pure material and psrformed the first
experiments on chemical structure, Walz(1822),

who carrisd out his investigations on Merckils
crystallised delphinine, established the formula
034547N09. He also prepared a crystalline ssalt -
the acid oxalate - and did some preliminary work

on the conatitution. Walz' formula was confirmed
by warkwood (1927) who extracted the delphinine from
the seed and also exémined the fixed oil, This was
the position until the recent work of Jacobs and
Oreig(l939) who now gilve for delphinine the formuls
053345N09 and who have carrled out very ektensive
expariments on the structure of this molecule in
continuance of tha work of Walz (1622) and Keller
(1925). In additlion Jacobs and Craig(1941) have
isolated e ﬁew alkaloid from the dslphinine mother
liquors by chrométographic adsorption which they heve
named staphisine and to which they asaign the
formula CpoH,,ON Wwith reservation.

Meanwhile parallel investigetions on
numerous American specles of Delphinium had been
going on, promoted chlefly by the harmful physio-
logical action of these plants when eaten by grazing
cattle. |

a. Reyl (1903) 1lsolatsd e mixturs of bases
from the roots of various species each showing

different quantities of the mixture, D. bilcolor +27%,
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D. Menziesil °35%, D. Nelsonil *72¢ end D.scopulorum

1.30% the seecds o? the latter were also found to
yield 1.18¢ of the mixed bases. This mixture wes
" introduced into commerce under the name of
" pelphocurarine by Merck of Darmstadt as 2 substitute
for‘eurére; " Its physiological properties were
examiried by Lohmenn (1802} and from 1t Heyl was able
to isolate a small guantity of & crystalline base
to which he agsigned the formule CpsHzsNO,,s but 4id
not name.
Heyl, Hepner & Loy (1913) carried out

assays of Delphinium Nelsonii, Delphinium gleucum

end Delphinium Geyeri and determined the alkaloidal

content of the different perts of each plant. Hore
glaborate wes the work of Beath{1919) who compared
‘'pelphinjum Barbeyi, Delphinium geyerl end

pelphinium glaupaacana, eiié not only reported the
alkaloidal content of the-different parts of each.
plent but exemined the plants at different stages
- of growth. He was thus able to ghow that not only
the quantity of elkaloid veried with the stage of
growth, but that in the case of Delphinium Barbeyl

changes in the nature of the alkalolds also took
pluce. D. Barbeyil and D. Geyeri both yleld toxic

amorpﬁous alkaloids verj similar in composition.
on hydrolysls theée‘amorphouansubstaneea breakr down
inte less toxic crystalline products ascompanied by

an ecld which is isomeric with aconitic scid and
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which is also present uncombined in the juice of

these two plants. The bases of D. glaucescens are

crystalline and in no way resemble the crystalline
products, elther free or combined, of the other two
'speqiéso Although numerous physicel and chemicel
characters of the various actlive principles were
determined, Beath doss not appear to have
6stablished their percentage composition and no
fermulae are stuted.

The presence of alkaleids‘in Dalphin}um

Andersonil, Gray has also been recorded by Miller

{1923). in 1956, Couch reported the extraction of
*58% total alkaloids from Dolphinium occiﬁantale,

the largest proportion of which WaS & new baae
13 &
0213332106, named deltaline by the author,
The most recent of the Americen specles to

be oxamined is Delphinium Brownii, Rydb. Hanske

{1938) investiguted the nature of an alkalold which
could not be orystallised. On hydrolysis it
vielded a.crystalline bagse of indefinits composition,
together with enthranilic and methyl~suceinice acids.
| Tae author states this is the flrst occasion on
whieh ﬁethyl«auceinie écid has been extracted from
natural sources &nd as this acid contains the
isoprens carbon skeleton, makes the interesting
suggesuion that the Delphinium and Aconite alkaloida
may be isoprene deriveatives. |

Besidas Delphinium St&phisagrla the seeds
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of other Buropean specles have besn the subject of

investigation, notably Delphinium Consolida end

Delphinium Ajacis. Poremost in this vork wap

Professor (Oscer Xeller and co-workers who in the
course of investigations embracing the Rellebore
group, recorded the presence of alkaloids in the

seed of D. hybridum, D. formosum, D. rhinante,

Do chiﬁgnse and ﬁ.vaiatnméﬁﬂiler{IQEE)Q

Dpelphinium Consolida was one of the first

species to be examined by Keller{1910) and from the
seede he isolated three bases -~ one cryatalline,
described as Bese 4, aﬁa two emorphous - none of
which was aufficieﬁtly pure for analysis. This
work wae taken up by Markwood (1924) who obtained
two crystalline alkeloids in a pure state end
1ﬁdicatad‘the preseﬁoa“of a third. Of the pure
bases one waé obviously identical with Keller's
Base A, 1 ﬁgrkwéod namsd it delcosine anq assigned
to 1§.the formula QzlﬁssﬁOS. The other, stﬂélmga
wes named delsoline. (Clongs and Illescu(194l)
continued this work and found deieoaine and delsoline
to be lsomeric with one snother and to both alkaloids
they agsigned the formula Oesﬁéenov’ The formation
of salts and other derivatives was Iinvestigated,

| Beyond & brief refersence to the insecticida
valus of the flowers by Benvenuti(iBB3), and & more

elaborate examination of the seed from the same

point of view by Willlams(1914), there is only cne
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other recorded investigation of Dalphiniug Ajecis.

| ' Keller and yélker (1813) cerried out an
extensive Inveatigation of the seeds of this specles
end isolaﬁed two bases in & crystalline state. They .
also examined the physical and chemical prop&rtiea
of theée substances vhich they nsmed &jecine and
ajaeconine respectively. At first i; wag appgrently
their intention to continue the work of Eeller(l9lo)
on Delphinium _Gansolic.ia,. but after the first stages

. of extraction had béen carriéa out they realised
that the wrong material had been supplied and
subsequeni examination of plants grown from the
seed led to its 1dentifiaation as the seed of
Delphinium Afacias. |

The extraction of the alkalelids firom the
seed was carried out using & menstruum of 85§
"alcohol containing -5¢ hydrochloric acid, fhis
aicoholge llgquor was then concontrated by
distillation in vacuo and fixed oil removed by
shaking the acid residue with ether. The other
also téok'up_a eonaiderable gquantity of the bases
but these were recovered by shaking the ether
solution with dilute sulphuric acid. Thls ecid
liguor was added %o the principal extract which was
then treated successively with (1) ammonis end ether)
{(2) emmonia and chloroform, (3) caustlc potesh and
ether, and (4) caustic potasﬁ.and chloroform; e

total crude alkslolids, amounting to 1+4% of the seed]
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were thus obtained in four principal fractions but
only from two of thes¢ - ﬁhe.ethareal extracts -
was it found possible to prepare crystallins
products.

The first base isolated, which they naméd
ajacine; was obteined from the ammonlacel liquor by
shaking with ether. fhe other ethereal solution -
the third'fractien - yielded ajaconine. Ajacine
was foundlto.cryatallise readily from 50 - 60%
elcohol in the form of fine needlss, melting-point
7142-1430, but the yleld of pure crystalline
substance was relativély small owing to 1ts
tendency to resinify. It orystallised with one
molecule of water of crystallisation and its

formula was stated to be ¢, .H..NO -H. O, molecular

157217 "¢ T2

welght 297-2, T™his however was not in very good
agreement with the egulivalent weight of 319
obtained by titration experimsnts. No ﬁentien'is
made of the indicétor employed in thils parf of the
work. It was observed solutions of ajacine in
alcohol were cheracterised by a dlstinct blue
fluorescence.

The salts of ajacine were found to be
extremely soluble and difficult to'crystallise and
such as could be prepared were mostly basic,
although there was also evidence of the formation
of normal salts. fThe mos?-read%ly crystallisable

salt was the sulphate (clsHéiN04)4 H,50; .
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The chloride (C.. ¥o, ) HQI'EHQQ and aurichloride

16781
{(C. B__NO ) HAuGl were obteined by precipitation

15 21 42
methodg, while both normal chloroplatinatea
(615 21“04)2ﬁgpt015 end baslc chloroplatinataa
(Glsﬂglwoé)QHEPtc}s vere also-prep&rad.

Ajeconine, melting-point 162-163°, wes
obteined in large colourlsss prisms by éryﬁtallis- |
ation from 95¢ aleohoi. these, unlike ajacine,
were anhyérqus end did not léeé thelr lustre on
exposura, Analysis of this substence &id not ‘
yield setisfactory results but it wae found aapable‘
of combining with one molecule of methyl lodids to
form & methiodids, written by volker es - |
clB 51 Q'HI‘H 0, from which the formula Gl? 29 2
was easumed for &jsconine, alﬁhcugh ﬁhe author made
this statement with reservation.

Llke ajacine, the salts of‘ajaconihe snowed
little inciination to crystallise and as the amount
of the alkeloid was very limited, experiments wore
confined to the picrate and the gold and platinum
gsalts. Ko formula for these salts was given, but
the picrate wes stated to have a'melting—point‘lying
between 115-120°.  volkerts. findings mey therefors
be summarised as follows: | | |
Two crystalline aikaloids f- a&jecine and ajaconine -
are present In the sea@a of D.Ajacls and two other
| vases ere indicuted. The fofmnla of ajacine is

p15521 4 HQO while 1n the absence of further data
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cléﬁagméb. ie sugggsteé-ag_the formale of gjaqoqinen
Ajacine is probably'% tertiary base while ajgconine,
15 & Secondary base. The salts qf_theae.alkaloids
ara very scluble and difficult to orystallige.

As these Tesults left a fairly wide field
for further investigation snd &s a reasonable
quentity of the seed of this particular.speciés wag
available the flrst necessary conditions for en |
inferesting problem were fulfilled, It was
therefore decided to continue the work of Keller
and volker in the hops that by the use of more
modern methods, further light would be thrown on
the nature of' the conatituents, including those

already known, of the seed of Delphinium Ajecls.

NATERTAL.
For the purpose of this work 5 lbs. of
‘LarKSpur geed were obtained from Hessrs. David Bsll,
Limited, wholesale seedsmen, Leith. fThe ssed wes
described as "larkspur Pranching Mixed"™, apd had
been imported by the ssed mefchant from Bolland -
in which country these plants are cultivated fa#
the supply of seed to the horticultural market.
During the course of these investigations a further
5 lbs. of the seme seed were obtalned. this wes
described exactly es before and had been imported
by the same firm from the same Dutch grower.

In ordsr that there should be no dublety




1.

¢

as to what botenioal specles the seeds belonged a
samall) sample was drawn off from the main bulk and
grown on. These were sown and grown in conformity
with normal horticultural practice. fThe plants
from both the consignments used were identicel in
eveﬁy respoct and the deteila concerning them are
given below, '
The plants of elther lot could be divided
into two well defined varleties,
1} Those with single corollas and long spurs.
2) Those with double corollas and. shorter
Spurs.

All grew from £ to 3 feet in height, end on the .

| whole %ﬁbsa c¢f the "double" variety were taller

and of stouter growth then the others. The flowers

varied in colour - white, pink, mauve and blue
being equally represented with all the Intermediste
shades.

variety (1) A closer exemination of

individuel flowers of this verlety revealed that
they all conformed very closely to the followiﬁg
description.

(l.). Perlanth of 5 petaloid sepals of
which the posterlor one is extended
1n£6 a long spur.

(2,)  C(ne single petal - or perhaps two

| Joined - s0 sheped as to form &

protective hcod over the stamens




(3¢}
(4.}

(5 . )

'Thia‘whole'arrangemen%'of the

129'

and pistil. This petel is attached
to the posterior sspal in such a way

that 1t helps to form the spur.

perianth conveys the'impreaaian of
& tubular effect which is entirely
absent from the  other variaty.
Steamens, 15 --lﬁo_:

Carpele 1, forming 2 aingie ovary
with meny ovules on & parlstal
pl&cepta. .
Fruis, & follicle.

variety (2) The flowers of this variety
showed less uniformity, but-all.yere'distinguiahed
by their fiattiéh rosstte appearance, ag distinct
from the tubular‘impreésion created by the other

variety. ey

characteriaticss-

1)

@

or

into & spur, shorter and much less.

' In certain specimens the two lateral

elso showed the follewing

Perianth of 5 petalold aepéls of

vhich the posterior ocne iz extended
significant than in the other vartiety

sepals also exhlbited smaller
rudimentary spurs.

cbrolla of 3 petals, distinet and
none of them forming a hood. fThis
characterises the simple "double™

variety:




Corolla of 1o petala in bwo whorls

‘with a furthar whorl of 4 rudimentary
petals, which characterises the more
.‘élaborate type. |

(3) . Stamana, 280

(4) carpala 1l - 3 forming 1, 2 or 3
ovariss asccording to the number of
carpels. éarietal placentationn.

(5) Prult, a follicle or collection of

BEmMS .

Bpeclwens were submitted to the
authoritleg at the Royal Botanic gardens, Eainburgh,
who identifs ed them &s showing the typical characters
of Delphinium _éac;s although 2 few specimens showed

other charecters associeted with the closely related

species Delphinium orientale. It is well known that
the garden verlety of ennual Delphinlium to which
this meterlal Lelonges is composed of individusals,
some tendlng to show the characters of Delphinlum

erientale while cthers chow charecters more towards
D. Ajacis, The two specieg are not too well dmfinqd
botenically, end indeed many competent euthorities
4o not separate the species but include them both

under Dalphinium Ajacis. Specimens typlical of all

the forms oceurring in the material were pressed and
placed in safe eustody in the thsiological section
of ths University Department of Botany.
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ASSAY OF THE SEHD.

Before proceeding with extraction and
separation of the alkeloids from the main bulk of
‘the seed, 1t was decided to cerry out en 6lkalofdal
‘assay on 8 small portion. Furthermore while volker!
'methoda of meparation were in generel guite commend-
able, it was clear that lmprovements could be
Cintroduced perticularly into the ini¢ial stages.

His process of extracting the sesd with aoldified
alcchoi,'whila completely successful In removing the
alkeloids, dissolved out large quantities of fixed
oil withAequal facility. This led to considsrable
emuleification trouble at e later stage as the
alecoholic extract contained, besides oill and alksloids
reging and many other impurities. It w&s felt that
initial extractlion of the 0il with wetrolsum ether
of low bolling point would remove the pbincipal
factor promoting emulsification and in addition

1t was hoped by thls means to seperate the 01l in
such a ‘'state of purity that its physiocal and chemical
characters could be studied. While ecarrying out

the alkaloidal assay it was decided to put these
theories to & practical test,

200 gm. of the seed were taken and brulsed
in a stone mortar until reduced to a rough powdefo
The powdered seeds were then transferred to &
suitable vessel and macerated with 13 litres of
petroleum ether (boiling;?oint 4q/60°) for two days
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wilth frequent agitation.  The patroleum ether
extract was then filtered 6ff end the solvent
recovered by distillation on & water-bath.

meanwhile extraction of the sesd wes continued with
two further quantlties of petroleum ether which in
turn were diétilled. The 0lly residue was collected
1h 8 tared basin. ‘

The defattod seed was now dried by 6Xposure
to air and sifted, the fine powder being é&?awated
from larger perticles and whole seed which had
egcaped ﬁulverisationo The un@round poftion waa
now.bruised and mecerated separately with & further
litre of petroleum ether for ocne day,. This extract
was filtered and distilled as before, the small
quantlity of oily resicue being added to the remainder
alreedy collected.

Extraction of fixed oil being virtually
complete the seed marc was again sllowed to dry in
air. It was then returned to the vessel and
extracted with four successive portions of 9of
alcohol each of 1200 c.c. These wore filtered off
and cancentréted in turn to small tulk by dietillatior
under reduced preésure,'tempepa;ﬁramnnt ex.ceeding 50°.
Thé last liguor wﬁs colourless, but as it showed
traces of alkaloid it was decided to dry cff the seed
' marc agaln and pcwder the larger particles. Aftsy
sifting through & fine sieve, the coargser portion,

amounting to about €0f of the whole, was reduced to

1
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a fine powder, but only with considerable effort

as 1t consisted laprgely of .seed-coats and was
exceedingly reésistant, The total sesd powder was
now returned %o the veseel and agein extracted with
three further portions of 90f alcohol, each of 1
litre. The first of these llquors showed a
considereble quantity of alkalold Indicating the
necessity of h&ving php saea in & fine state of
éﬁmminutiog, if cqmplete extraction was to be
achieved. The final liquor showed only the merest
'traeea.

; These liquors were elso concentrated by
distillation in vacuo until the combined tatél
alcoholic extract measured about 100 c.c. It wasg
8 clear reddish brown syrupy liguid snd, to camplete
removal of the alcchol, was dlluted with an equal |
volume of water and again dlstilled under reduced
pressﬁra, The liquor now presented a milky
appeerance due princlipally to the presence of fixed
oll which Quickly aepar&ted to the surface on
stending. To facilitete removal of the oll, the
extract was tranaferred to a separatihg funnel and
actdified with 20 c.c. normal sulphuric acid which
had first been used to rinse the distillatian flask.
The flask was further rinsed with 30 c.c. water,
which waahings were'also addod to the ifguor in the
separeting funnel, 60 c.c. peotroleum ether were

now introduced and after thorough shaking the liguid
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separated 6omplataly into two portions, of wnich .
the upper layer contained all the rixed oil in

solution in the petroleum ether. fThis was carafully _

. separated from the aQueous-portion which was waghed
with 8 further portion of petroleuﬁ ether. Both
petroleum ether liquors were added to the oily
residues already collected. Iout of the solvenﬁ
ves now removed fram'tha oily residue by evaporation
in vacuo, the oil ba&ng‘finélly heated on & water-
bath for 15 minutes untll completely free from petrol

odours . It was then cooled and weighed,

Total fixed oil in 200 gm. seed = 775 gm,
= 38+ 75¢. |

¥eanwhile 1t was shown by testing with
-mayer's reagent that this oll contalned & small '
quantity of alkalold, It was eccordingly diésnlv@d
{ in twice its volume of chioroform end shaken with
three succeusive portions of dilute sulphuric acid,
gach was tested with Meyer's rezgent, the 1&3;
showing only the merest traces of alkelold, these
doid liguors were added to ths ecid gxtractrcoﬁtaining
the main bulk of alkaleids forming & pale coloured
solution which required no filtration.

This solution was nov transferred to a
separating funnel &nd made alkaline with ammonis,
thereby libverating certain of the alkeloids in the
form of e Gense white precipltate which Quickly

curdled and floated in the liguor. This wag

U
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ﬁisaolvad ocut by shaking with two suéca&sive volumes
of ether, the ethereal solutlons being set aside
to svaporate in an open basin. ¥o further
extractions wlth ether were made at thisg stage, for‘A
although such extractlons removed smell quantities
of alkeloid it had been found that such bases were
not identical with the one precipltated by ammoﬁig
and 1t was desired as far as posoibls to meke = 7
separate estlmate of sach of the erude alkeloids.
on evaporation of the ather, the base
remained as 2 yellowlsh~white, partly crystzlline
regidue., This was disasolved in dilute sulphuric
acld and re-extrected Ly making alkaline with
ammonia end shaking out with several volumes of
ather, The precipitated alkaloid was puch whiter |
then on the previous occcasion snd the ether selutions
virtuelly colourless. ‘the ether was agsin removed
by sponteneous evaporation in 2 tared basin, the _
residue being dlgasolved in 5 c.c. aﬁhﬁdrcus alecchol

&nd heated on a water~bath to constant weight.

Crude ether-soluble alkalold in 200 gm,sesd

(Base A : prezumed ajecine) = :930 gme
=z ‘..4 55% »

 The original ammonlacal solution was now
extracted with chloroform until it no longer yielded

alkaloid.to this trestment. Thres extractiona were
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auffiéiént. Tﬁe first was pale yallow in colour
but the otbars guite 001°UT19839 ThHey ware set
eside to evaporate 1n an open basin.  The' '
alkaloidal reeidue which was pale brawn in colour
and of & ayrupy consistency contained darker
particles of 8 revinoua-nature. g0 remove these
the residue was dissclvad in diluse sulphuric acid ﬂ
and filt&red, the base being egain recovered by
making alkaline with ammonia and shaking oit''with
chloroform, It ®&s noted here that addition of
ammonia to & Bolution of this base caused no-
precipitation, After spontsneocus evaporation of
the chloroform in & tared bésin, the syrupy residue
was dissolved in 5 c.¢. anhydrous alcochol and dried

to constant weight on e water-bath.,

Cruds chloroform-soluble &lkaloid

in 200 gn.seed (Brse B) = 1-234 gm.
= *6L7¢

4 large excess of strong caustic potaéh
wag now added to the original solution which was
agein extrected with ether until the etheresl
extracts ceecsed to give 2 pogitive resction with
Meyer's resgent. As the alkaline liguor at
this stage also gave no reectieon for glkselolda
1t was relected, The residue on evaporation of
the ether 11§uora consisted of a white amorphous

substence with which was assoclated some brown
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viacous msterial. As thils was obviously impure,

it was redissolved 15 dilute ascid, the solution
filtered and the base reprecipltated with
concentrated potassium hydroxide. oOn this oscesion
it formed & whlte curdy precipitate which wes
completely removed by shaking with ethsr, ¢he
residue on evaporation of the solvent was white and
amorphous. Tt was t&ken up with anhvdrous alcchol,

2 c.c., and drled on & water-bath to constant weight,

¢rude ether-soluble alkaloid in 200 gm.seed
(pase ¢ ! presumed & jaconine) = *127 gm.

= *Q64%.

As a result of this preliminary
investigation 1t was established that the material
contained at least three alkaloids and a large
quantity of fized oil. It was also confirmed that
no undue emulsification difficulties were encountered
if this o0il was removed by Initlal extraction with

'patrcleum ether,

EXTRACTION OF THE SEED

Raving decided on a sultable method of
extraction, the main btulk of the meeds was trested
in the menner outlined ebove. 2 kpgm. were ground

to a rough powder and after damping with petrciaum
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ether (bep. 4@/600) were packed in a stone .
'peééolatora ¥ore petrolsum ether was then'g&ureé
on until sufficient had béan added to cover the
powder. In 2ll about 2% litrés wers ne@uired.

- The powdersd soed was_thua macarated for thres deys
before the 1iquld was allowed to percclate, The
solvont was now recoversd from this ?erdol&te by
distilietion and used for further extraction, while
the coilly residﬁa\w&s reserved, This proeéas of
macero-parcolation ﬁas repected a further three
times each with 2% litres of petfoleum e ther, Thoe
last percolate was colourlsss in contrast to the
first two which wers decidedly yellow, and ylelded
only 4 gm, of olly extract. The combined olly
residues were then heated in v&cué &t a tomperature
not exceeding 50° wntil free from the odour of the
solvent. The yield st tkhis stege wes 5634 gm.

= 267,

A3 this only represented about two thirds
of the reported oll content, the powdered seed was
gllowed to dry in the alr and after sifting, whole
seed and coarser particles were réduced to & finey
pbwder° Tt was then returned to the percolator and
extracted with s further two quantities of petroleum
ether, each of 24 Yitres. ‘hese sxtracts wers
distill#d as before ond an additipnéiiléb'gm.fbf
fimed o0il = 5¢ wore thus obitained. This was added
to the previous quantity‘and regscrved for further

examination.




~The seed marc was now again driled off
ﬁntil-fréa from the oddur.of,petrpleum_ethera It
was then transferred to & suitable percoletor and
@acerated with 5 litres of 90% alcohol for six days,
after which the liquor was allowed to percolate.

It was then concentreted by distillstion under
reduced pressure at & temperature not exceeding 60°.
It was observed that the concentrated extract
contained & considerable proportion of oil which .
separated readily. This showed that petroleum ether
has less penetrating power than alcohol. The
recovered alcohol was used for further extraction.

In ell ten percolations each with § litres of 90¢
alcohol were'carried out, the last of these only
showing the presence of mere traces of alkaloid when
tested with Mayer's reagent. Thess liquors were

all concentrated In turn, ths combined extracigs

being set aside.

Having completed extraction of the seed
with alcohol, & small portion of the mare was drisd
| by exposuré to air and exzamined to determine whether
or not complete extraction of the alkaloids had been
effected. Seven aemples of this dried powder, sach
of éfg@. were extracted with the following solvents:

(1) 40 c.c. water.

(2) 40 c.c. hydrochloric acid 1¥..

(3) 40 -c.c. Prollius' pluid

(ether 25: chloroform 8t )
(alcohol 2.5 : emmonia(loZ) 1.) |




e other four, before extraction, were each mixed

with slaked lime, damped with water, allowed to
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stand for a day sand dried off at 490,

After 24 hours these extracts were filtered off and

examined ¥ith Mayer's'reagent as follows.

4)

{5)

{6)
(7))

40 c.c. petroleum ether (4q/60?)@

40 c.c. 8ther.

40 c.Ce chloroform.

40 c.c. 8leohol.

Bxtract Treatment | MNayer's
o reagent.
(1) Water |Pale brown | Acidifiled | Coplous
liguid. with 4il. ' | white
Somewhat HCl. procipitatg
frothy. '
(2) HCl. 1% Aa'(l) ' e Copious
: . 1 white
procipltate
{(3) prollius' Clear Evaporated | slight
Pluid colourleas to dryness precipitate
; liguid & dlssolved '
residue in
dil. HCi.
(4) Petrolsum ‘ Ho
Ether. Aa (3) As (3) precipitate
(5) Ether A8 (3) As (3) Slight
: precipitats
-(8) chloroform | As (3) As (3) Slight
dimess
(7) Alcchol As (3) A8 (8) Slight
| precipitate
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These results served to indicate that
there wers still smali guantities of alkaloids
present in the seed powder ang that these could best
be extracted by means of water or dilute hydrochlorie
‘acid. ‘ 7

As it wes possible thet the presencs of
dilute acid might induce hydrolysis of the alkaloids,
sspecially during cancentfation, 1ts use at this
stage was undeslirable, Fu?thar extraction of the
seed marc was accordingly cerrled out with 10 iitres
water 1n which was dlssolved +256% chloroform to
prevent fermentation. After three days maceration,
the liguid was-puured off and filtered, and the
filtrate concentrated by distillation under yeduced
pressure at & temperature not exceeding 55°. At
first cqnsiderabie trouble was experienced with
frothing. The addition, from time to time, of a
drop of capryl alcohol broke the froth immediately
but the effect lasted only for & few minutes. It
wes found that this trouble could best be avolded
by the addition to the flltrate of £5¢ of its own
volume of alcchol. This mixture was then slowly
sucked,lnto the flask one drop at a time ﬁhile
distillation was procesding and at approximately
the same rate., _ The amount of liquid in the flask
was thereby kept at & minimum and any tendency to
froth was broken by the alcohol vapour introduced
with each drop of ﬁhe liguor., '
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Ex¢raction with water, using 10 litres on
each occaesion, was carried ocut four times in all,
the finallliquor giving virtua11y no reaction for
alkaloids when tested with pmayer's reagent. FEach
wag concentrated in turn and the final concentrated
liguor measured 2 litres. It was a thick, blackish-
brown, muddy 1iquid, strongly acid to litmus, and
on 'standing formed. s considerable deposit which was
‘removed by filtration. The liguor was set aside,
and meanwhile fermentation was prevented by the
additlion of a few drops of chloroform.

The seed powder was now considered to-bé
exheusted but bofore final‘rejectioni 50 gm. of the
dries powder was digested in the eold for four hours
with 100 c.c, 2% hydrochleoric acid. A few c.¢,
were filtered off and digestion continued on 8 weter-
"bath for 30 minutes, The liquid was cooled and
filtered. Both extracts were tested with yayer's
7'raagent'but,,aa expected, wlth entirely negative
results.

This cempleted the extrection of the
principal constituents of the seed. These were now
available in three extracts: (1) A petroléum ether
extract; (2) An alcoholic extract; (3) An aQueous
extract. Each of these was now the subject of &

separate inveatigation. '
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PETROLEUM ETHER EXTRACT.

Aa it bad previously besn obzerved that
the fixed oil as extracted by petrolesum ether
contained an appreclable guentity of alkaloidel.
matter the separation of this was the firse
essential. It was achieved by dissolwing the
.total oily extract, emounting to 834 gm., in twice
its volume‘of chloroform and‘ehaking»ﬁhis with
succesasive quaentities of dilute sulphuric scid
until tests showed camplete removal of the alkaloidsﬁ
The mixed acid solution vhich was virtually
colourless, but cloudy owing to the presence of
traces of oil, was clarified by filtretion. fThe
total a2lkalolds were then liberazted by‘ﬁhe addition
‘of excess caustlic potash and teken up by shaking
with successive volumes of chloroform.  After
removal of most of the solvent by distillation under
reduced pressure, evaporation to dryness was continued
in & vacuum déeiccator. 2:250 gm. crude mixed
alkaloida were thus obtained as a pale brown toffee-
like mass, This was dissolved in a small gquantity
of dilute sulphuric acid'and set ealde to be worked
up with the erude alkkaloids obtained from the
elccholic extract.

Meenwhile the chloroform-o0il mixture was
also distilled uﬁﬁer reduced preséure untll most of
the chloroform had been recoversd. After further
evaporation. in vacuo the oily residue was finally

heated on a water-bath until free from the odour of
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the esolvent. the fized oll es thus purified was
. of & deep goidan-yellow celouy and had e character-
istic strong rank odeuf. In c¢old weather it
pertially solidified. o

A cargful analysis of the o11 was carried

cut:witﬁ'ﬁha fo1lowing results.

Specific gravity et 15.6° . 0905

‘Seponification velue 1829
‘Acid velue 1322
chine value (Wijs) 859

Unsaponifiable residue 1.044

These values were determined by the
methods deacribed in the Britiah'Pharmacopoei&,lﬁSﬂ;'
7 mhe 011 was miscible with ths usual
organic solvents - ether, chloroform, acetons,
potroleum ether and anhydrous\alcdhal.é but not

with 959 alcohol. -

AQUEOUS EXTHACT

1t waa obvious from the consistency and

colour of the agueous extract that it contaelined
much extraneocus matter end that 1t would require
‘considerable purification before any attempt could
| be made to remove the alkaloids. As & preliminary
to clarification of the liquid by means*of‘laad
acetate, it wes acidified with dllute hydrochloric
acld. This caused the almost immediste formetion
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of & dark grey precipitate which remeined suspended
in the liquor and was only filtered off with
difficulty. Having-beeﬁ formed in‘acid-aeiution,
this was moét unilikely: to be of the nature . of an
alkalold, Neverthelgss in conformity with the
prinaipie of raj;;ting;no‘product without investig-
ation thls precipitatsd auhst&nce~was-gxamined;
It was found to be. of an ergﬂnic.nature,.yiaid&ng
little or no-ash. It dlssolved In ammonian. and wes
reproecipitated by aclids, 1t ?161&9& ammonia on
heating with sod& lime and was probably:a protein.
It was definitsiy not an alkalold and was in |
conseqQuence rojescted,

O ﬁba-acidifieé_mother-&;qnorvwaa now
added gStrong ﬁnlutien-gf 1ead Subacetate (mritish
- Fharmecopoeia 19323 until precipltation ceased, .
Exoess of lead was romoved as lead oxalate by the
additien:mf-axaiiu'aaid, - The coplous deposit of
lead salts end organic matter was removed by
filtration and exemined for alkalolds, only mere
‘traces were found indicating clearly thet no losa
of the hases had bccurﬁsd, as oftens heppens with
this method of purification, That the process wes
exceedingly efficient as & means of removing
extraneous &att&r was indicated by the filtered
mother 1iquér which was of a pale sherry colour and
in a ccnditiaﬁ suitable for extraction of the crude

bases.
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The addition of e iargs excess of strong
caustic pot&éh now precipltated the alkaleids which
WQée.antirely remeved by_&xtraction with several
" volumes of e'hlgrofom-f The mother liguor, now
beiﬁg éxh&usted, vag re jected. ™e crude bases
were reobvargd by distillation of the mixed
chloroform extracts and subsequent eveporation in
vacﬁo of the glkaioida;_rasidue, The yleld was
0° 655 gn. total crude alkalolds in the form of &
pale ﬁrUWn toffee-1lke mass, This was dissolved
in dilute sulphuric acid and set aslde to be added

to the principal extract in due course,

| ALGONOLIC EXTRACT

This extract, messuring 550 c.c,, was a
transparent reddish brown syruéy 11qﬁi&,~from vhich’
had separated a little fixed oil. . It contained
most of the alkaloids originally present in the seed.
As & preliminary tolrempwing the oil; 1t was diluted
with an equal volﬁma bf wader and distilled in vacuo
at a temperature below 50° until free from alcohol.
The residual liquor was now acidiffed with dilute
gulphuric aqid and trensferred to a separstor, the
flesk beling rinsed with more acld, A considerable
quantity-of oi1 was now in.evidance,énd was removed
by shaking with three successive quantities of
petrolsum ether. The oil thue cbteined was dark.
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reddiah brown in colour., I% obviously conteined
many Impurities and was rejected.  To this defetted
liguor were addsd the two alkaloidal solutions
obteined from the "pPetroleum Ether!" and "AGuedus®
extracts so thaet this combined solution now conteined
the total alkaloidal content of the seed.

Here s depurture was made in the me thod of
separation ocutlined eaylier in the assay process,
There were indlcations thet certaln of the alkalolds
were weak veses and as such wers resdily extracted
from acid solutions by organic solv‘énts‘. Others
wore apparently only extractsble from alkeline
solution end 1% was thoﬁght this diff@raaea might be
utilised to bring aboud thelr separation,

.ﬁccordingly the abowe acld solubion was
shaken ropeatedly with chloroform but although ten
extrections were carried out it was not found
possible to remove all the weak bases by this method,
The chloroform solution was highly coloured with
resincus matter and was feserved'for later
inveatigation.

- The acid solution wes now rendered alkaline
with excess of ammoniunm hyﬂroxi&e, éﬁich 1mmsdiaté1y
liberdted a considerable quentity of alkeloid as a
white flocculent precipitats. This was taken up by
sheking with ether. ©hilst standing overnight to
allow time for ithe separation of the twe liquids 1t

that
was observed/mha base crystallised out in the sthsy
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to & slight extent in the form of amall rosette-like
clusters of needles. \Further extractions with
other were mede and the combined axtracts reserved.
The resulting ethereal solution was only slightly
coloured and was characterised by an intense blue
fluorescence., Although a considerablé number of
extractions were carried out on this oocesion it
'was‘found 1a£er that for complete removal of the
precipltated base not more than thrse or four are
necessary. If extraction with ether‘is”earriedlon
beyond this limit other alkaloids, although only
s1lightly soluble in this solvent, are taken up in
epprociable amounts and lead to contamination of the
‘principal alkalolid. |

The amﬁoniacal mother liguor was-now shaken
with chloroform until it yielded no further ellkaloids
material to this solvent. 1In all four extractions
were reQuired. The chloroform liquors were pale
yellow in colour and were reserved, |

As the mother liguor still gave e strong
response to tests for alkaloids, ecaustic potash was
added and extrection contlnued with ether. At
first no precipitation occurred and it was only when
a coﬁcentrated solutidn of the alkell wes added in
considerable quantity that the base was 1liberated.
The basé was ver§ soluble in other and was completely
taken ﬁp in three extractiocns. Extraction was then

| continued vith chloroform but no further alkaloids

‘-‘
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were forthcoming. As tests on the mother liquor
-now showed removal of ths alkaloids to be complete,
this was f@jeﬁted, The ether liguors were reserved
for further investigation.

AS a‘reaulﬁ of this work, the totel
alkaloids were now roughly seperated in four
extracté. _

{1) Weak bageg - - in chlo_roform,.
(2) Base & (presumed ajacine) in ether.
(3) pase B ' ~ in chloroform.

{é).Base.c(presumed ajaqonine) in.ethef..

Extracts (2) and (4) containing the bases already
known were the first to be investigated'.

SE A.

T™he ethereal solution coﬁﬁa_inin‘g Base A
was first distilled to reﬁ;ove the ‘s-olver.xt, end it
was observed aﬁ e 'poir':'t when most of the ether had
been distilled that the alkaloid crystallised out in
tha residuel liquor in masses of fine, ‘w_hita silky
crystals., This liquor consisted largely of water
which had been taken up by the large volumes of
ether used dufing extraction, sufficient dilgte
aulphﬁr'ic acid was added to dissolve these crystals
and the scld solution weas transferred to é séparafor
where the élkalom'waa reprecipitated by the addition
of excess ammonia and again taken up by ether. :

After thres extractions, which were sufficient to
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dissolve out the precipltated Base 4, the mother
liguor atill reteined a8 consideradble guantity of
alkaloid. fThis was completely removed by shaking
with chloroform, the chloroform solution belng added
to Extract (3) since ths bases were probably
identical. This process of preclpitation and
extraqtion was repeated four times in ell by which
time most of the coﬁtamin&tiug ealkalold nad besn
removad and added to the apprOpriaﬁe extract. The
final ether seclution of B&ée A was transferred to en
open basin end the solvent removed by spontensous
~evaporation. The residue, & yellowish white
amorphous substence, was drled In vaeuo. Y%alﬁ 860 gm.
The substance was now crystellised from
60% alcchol but difficulty was experienced wlth the
first attempts. Like many Delphinium elkaloids
‘Base 'A' resinifies fairly readlly end the impure
substence as obt2ined above contained & small
quantity of resinified material. - This not only
introduced an objectionable impurity but during the
process of crystellisation seemed to catalyse the
formation of more resin with simultanecus |
degradetion of the alkeloid. As a direct
conaéquence the yield of the crystalline base was
dmall. ‘The crystalline material wes oventuzlly
obtoined by\d18301V1ng.the freshly praéipitated
Substancé,‘still molst after coliection and washing

on & Buchner funnel, in a sufficient guantity of
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warm alcohol(éo%). - The moist precipitate wes used
:sinné the aubstancé in this condltion dissbives

mofe répidly‘and eanily éh& the sciution is less
coloured then when the precipitat& ia dried
‘beforehando Drying, even in vaoub;‘proﬁotes
resinification. To the warm solutfon in alcohol
was now added 50% of 1ts volume of water et the same
temperature, and on cooling the base'crystallised_
in the form of fina s8llky need;eaiauapendad in clots
¢hroughout the liguid. It should be noted that the
above amount of water is just sufficient to make the
concentration of elecohel equal to 60f, and ocare must
be taken not to excesd this quantity otherwise the
elkkaloid, Inastead of arystallising, will be precip-,
1tatad a8 an amorphous mass.

™e crystals were auck@d off on & Buchner
filter, dried and welghed., 7Yield 0,765 gm. ‘They
failed to éive a sharp melting-point and were
purified by fepeated crystaellisation in the manner
aéscribe& above until the product obtsined melted
- sharply 154-135°, This melting-point and all others
staeted herein were determined by the use of the
ﬁic;o~melting point apparatus.

The pure.air-drled crystals were &nalysed
end the percentage composition of the substance
determined. The methods smploysd were & micro-
adaptation of the combuation‘proeess_for carboﬁfana

hydrogen. and Dumasv"érocesaﬂfprmnitrogen. These
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analyses and others which follow were oarried cut

by Dr. G. Weller, oxford.

. Be 155 mg. substance yielded llesso mg.C0p
&nﬁ 3'559 mge 320

= Carbon 61°79¢ : Hydrogen 7+65§.

6513 mg. substance ylolded 0255 0.c. X -
at 759/16° o

= Nitrogen *G 0%«

The percentags of water of e¢rystallisation

was determined by drying over phosphorus pentoxide

under reduced pressure at 100°.

4-929 mg;. substance lost 0°296 mg. when
dried for 3 hours &t 100° under high vacuum

= 5 EOL@F’.
e B N Ao
Found 61+79 | 765 | 4«50 | 6+01
galculeted for 62 +12 edD . a2
. AN 7ed ‘53 5'
c NO, r *
16721 e T20 ‘ | t

'Iheée analyticel reesults are in good'
agreement with the theorsetical. The elkeloid is
undoubtedly identical with vdlker's ajecine, although
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his fmgmula,A(eiﬁﬁelmoénﬂgﬂg; shows ocne carbon less
than the above.. _ | ,
Ajectine, Glsﬂzxﬂﬂgfﬁga,,&é obtained above
occurs as rin@_whibe s11ky negélee, - It ie readily
soluble in aleochol, chloroform end acetone, and
failrly soluble in ether., poth the sﬁh&rgal end
aleﬁhﬁllcwanlutleng‘exhibitfg;powarfua blﬁﬁ
fruéreﬂeenca which is chgracteristiec of this haag
-Amnngsﬁ the Delphinium 2lkaloids so far‘isnlafedw
It 1s practically insoluble in water. C(Contrary to
volkerts statemeﬁﬁ‘the'crystals do not losg their
lustre on exposure, nor their water of eryatallig.
ation evén vhen &llowed o stand for soveral weeks
overreuch.dehydrating égents=as fused celelium
chloride. |
e nptiéal rotation was measured as
follows.
00658 gm. ajacine in 10 c.c. chloroform = +6594.
Femperature 16° A+ 35° In 1 am.tube,

: 150 Co L . ‘
[Q} +53° 1n chioroform (C, ©+659).
, D :

A moleculer waight datermination was
carriled out by Rast's camphor method with the
following results.

1860 mg. ajécine dissolved in 20+175 mg.camphor

Dspression = 110.

Molecuvleyr wWeight = 335.
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¥ithin the limits of experimantal error
this shows reasonable agresment with the calculated
molecular welpght of 309.4 and eonfirms that
Cygloq0,*H0 18 the true formule.

In the course of his investigations,
volker made several determinations of the equivalsnt
weight'of ajacine by velumetric methoﬂé. He
disszolived the pure-cfystalline'base In 2 excesa of
N/100 hydrochloric acid end back titreted with
H/ldo potassium hﬁdrnxiée; By an unfortunste f
omission he does not state the indicator he used.
His results for the equivelent weight varied from
3190 to 541+5, but beyond stating thet these are
higher values thun that required by his molecular
welght of 267+.2 the matter is not further discuased.

With a visw to clearing up this point, end
at the sanme time hoping to furnish further evidence
"in confirmation of the formule and molecular weight
of 309-4, I carried out a similer titration
experiment. The pure cryﬂt&lliﬁsd ajecine was
dlssolvad in excess Q/SG sulphurilc acid sné back
titrated wWith 1/5¢ sodium hyéroxide. Wethyl red
.was used as an indicator. The Tirst titretion
gaﬁa a surprisingly high figure for the equivalent,
697*4,'being moée then doubie the molecular welght,
but it was .obvicus thot the colour chaa@e;rusing
this indicator, 414 not toké place till the

formation of the basilc salt.
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The results being considerably ebove the
thaoretical; the titration wes repeated, But
precautions were taken to ensure that the substance
was free from adhering molsture. Vvilker stuates
‘that the crystals lose water of cryataliiaation on
keeping end thet the enhydrous :subst;anqe geins
welght by absorption., | This had not been my
experience but precautions were taken to remove any
possible adhering molature s this would give high
results, | o

A emell quentity of pure erystalline
ajacine, 0+0525 gm., was carefully welghed énd'
allowed to stand for 24 hours over phosphorus
'pentoxide in & vacuum desiccator. »The substance
then showed @ slight tendency to aequire & yellowish
tint, but far from lesing weight was found to have
made & very small galn and now wéigheé 00530 gm.

It was returned to the vacuum desiccator for a
further 48 hours, being weighed at the end of sach
24 hour period, but no further change took place
elther in weight or sppesrance. Ho furﬁher '
darkening was observed and the crystals atill
ret&iﬁed their silky lustre. The welght remsained
at 0?0530 gn. Thls experiment thus demonstrates
that pure crystelline ajacine is quite stable at
normal temperatures and does not lose watsr of
|erystallisetion even under high vacuum over

phosphorus pentoxlde. It showed the crystals
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contained neo aﬁhérlng molaturs. The incresse in
weight of ‘0+5 mg. vas bbsaibly dus to aligﬁt
‘resinificatian which would also aceount for the
development of the slight yeilnw colour. .

The titration was earried out in the same
manner as before, using the same indicator, and it
was . observed ﬁhat the chenge in colour of the
- titration solution from pink to yellow was gradual
over Q<4 C.C. FReadings were talten when the firat
colour .change to orange took place. This wep teken
a8 thé correct end-point since = jacine 1s a wesak
base end its salts with strong acids are in
consequence slightly ecid. fThe equivalent as
obteined from this titration was 625. fhis figure
is approximately doudble the molecular welght of -
309+4 and, withiﬁ the limlts of experimental error,
confirms the latter to a remarkadle degroee. It is
also further evidence of the fact previbualy
established by VOlker that ajacine forms vasic salts
of the ‘type (B2se),<HCl.

AJACINE OXALATE.

As a certain measure of success. had besn
atteined in. prepering an oxalate of ajaconine .
(Gescribed leter) lnesmuch as good crystals of
definite melting-point hed been formed, it wes
| considered that the same methods‘might be applied
with-equél suocess to the other beses which had ﬁeen
isolated. This was particularly desirable in the
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case of éjacine as no satlafactory salts of thig
alkaloid ﬁad previously bean obta ined. Purthermore
by using & dibasic acid such aa oxallc acid, three
types of salt were possible - acid, normel sand
basio - this last being one of the unusual
characteristics of ajecine. It was therefore
decided to fry_tozprystalliaélﬁbé normal salt firet
‘and in the event éf'failuré,fﬁo divide this solution
into two parts, adding an equivalent of the base to
‘one and an equiwvalent of the acid to the other. In
this‘éay solutions of the vasiec and acld salts would
be formed, —

| Aocérdingl# 0*62:gm; pure orystalline
ajacine wﬁa‘dieaﬁlved in 45 c.c. anhydrous slcohol
and an equivalent of qxélic'acid, 0°126 gm.,
'dissolved in an equal wolume of the seme solvent.
15 ¢.c. of each solution wers reserved while the
balance of the two solutions, contalning exact
aQquivalents for the normal salt, were mixed,

. ™he mixture reméined quite clear but ths
salt did not erystallise on standing, nor when the
solvent wes slowly removed in & vaocuum desiccator.
Whon the alcohol had entirely eveporated there was
left e colourless transparent jelly which graduslly
hardened to & solid of glass-like consistency and
appearaneé. 'qhere was no sign of crystallisation.
Similar entirely négative results were obtained when

| alcohol 95%¢, 0% end 60% were och in turn used.
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It was apparsnt ale@hol_was net a -gulteble
medium for crystallising thls salt so the solvent
wes removed by evaporaﬁion under reduced presgsure
and the transparent résidue dissolved in 10 c.c.
warm water., ~ The substsance was extremely solubls
but the solution was distinctly cloudy and there was
a suspleion thet the salt was probably undergoing
slight hydrolysis in the aqueous solutien., ' The
warm abiution wes cooled slowly and gradually
concentfateﬁ in a vacuum deaicéator but no
cryatéliisation‘took place, It wag ovident that
the normal oxalate was not readily crystallisable,
50 the allialoidel resldue was dissolved in 20 ﬁoc.
anhydrous alcohol end the solution dividad-into two
equel parts. To one of these was added the -
reserved 16 c.c. 4jacine solution and to the other
the reserved 15 c,o. acid'aolutlon, thereby forming
solutions of the basic and acid salts reépéct1VGly.

| It is convenient to discuss these
separately. 1In the cese of the acid =alt the
addition of o second equivalent of oxalic acid
caused no apparent change in the solution, so after
filtration, the solution was slowly concentrated in
|a vacuumn deslécabor. No erystallisation took plaoe
end sventually only a pale yellow syrup remained.
The same disappointing results were experienced with
diiuted alcahois, 90g, 60f end 45% being each used
in turn. Water was GQuaily a fallure as &

erystaellising med fum. In each instence only 2 syrup
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remalined and i1t was observed after each operation
that this syrup derkened in colour so that from &
pale yellow to begin with 1t became reddish brown.

' Having falled to crystallise the selt it
was resolved to ses 1f preclpitation methods would
be eny more successful. The broen syrup was
accordingly dissolved in 2 c.c. anhydrous alcohol
an&rpduréd into 60 c.c. other. A white cloﬁdy
'préeiéitate'formad tmmediately but instead of |
éubsiding the substance slowly reaissolved, As
this was ?robably due to tracea of water in the
‘solution the experiment was repeated using anhydrous
ether. The salt was recovered from the ether
solution end dried in & vecuum desiccator until only
' a hard f?anspafént vernish~1ike residue remeined.
This was redissolved in' 5 c.o. aphydrous aleohol and
poursd Quickly into 50 c.c. pure anhydrous ether.

A eopious white precipitete was immediately formed
which rapldly clotted together on the bottom of the
vessel. After a few minutes & brown petoh wes
observed in the precipitate and this rapidly’
increased in size. Tho ether was sucked off on a
Buchner funnel and the white precipitate collscted
on the filter but even before all the ethser hed
£iltered through, thls wes showing signs of
discoloration. Then the sther was entirely removed
1t'darkened”very‘rapiély, abaorbing‘mélatura‘fr&m

the.étmasphere and forming & brown viscid masa, No
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further experiments were possible but 1t iz evident
thet ;hie salt_is‘very‘hygpuaeopic and showa a
strdﬁg t@nﬁege? to resinify. ‘ :

The beslc cxalets proved to bs very
unatable. It .could not bs crystallised from strong
elcohol, and during attempts &t crystellisation from
dilute aleochol the basseapgégpea te break down into
aimpler products. One of these orystaliised out
in éhe_fonm-cf long needleviike crystals, but the
quantity vas too small to ellow of any investigation
beyond determining that 1t contained neither nitrogen

nor oxallc acid. .

BASE C. |

The ethereal solution which contained this
base waa first distilled et & temperaturse not
‘exceeding 50° until most of the ether hed been
removed. T™e concentrated liquor was highly.
coloured although the original solution had been
virtuglly colourless. It was washed from the flesk
with dilute sulphuric acid an# filtered into a
separating funnel. The addition of & large volume
of strong caustic potash libsrated the elkeloid as a
aanaelwhite precipltate. This was talen up by -
shaking with suecesaiﬁe.volumea of etharniﬁ the-
céurae of which much trouble wes caused by the
yracipitatian of considerable guantities of potessium

sulphate. iater experiments confirmed thet the use
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of hydrochlorie acid is preferable té sulphuriec acid
In extraction processes like the ebove involving
ceustic potash and ether, as potaaaiuﬁ chloride ig
more soluble in strong alkaline saiutiona ané 1s not
pﬁecipitatad on the eddition qf'etharg

7he alkeloid wes now recovered from the
mixed other liquors by allowing .these to evapqrate
slowly in en open basin.  The alkaloldal residue
wag a pale brown viscid substance end .obviously
required further purification., It was redissolved
'in d1lute hydrochloric acid end on addition of the
acld canaidebable affervescence‘was'observed
ahowing the ether had teken up some of the aelkali
during extrectien. |

‘Pas resulting acid solution was still
slightly coloursd and after filtration the alkaloid
wes again liberated by the gddition of s egual
volume of stromg ceustic potesh.  The regultant
precipitate was very dense and copious and.quite
obvioualy had absorbed e considefable péopoytiun of
' alkall and other inorgenlic material. It was sucked
off on & PBuchner funnel but attempts to waah it fyee
from 1norgén1c 1mpuritiea-ere only partially
succeasful, end as part of the slkaloidal material
was also taken up there was & strong susplcion thet
more then one base was present.

The alkaloidal preclpitate was accordingly
egelin dissolved in diluts hydiochlorie acid to which

solution were added the above washings. 4s it wes
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considered thet the contaminating alkelold might be
ajecine, the solution wag maée elkeline with ammonia
bafore precipitating 4in tﬁe'usual,way with caustic
potash. As expected, the asmmonla caused a
substantlal precipltate which was removed by shaking
with ether. _'Thia'ether*solution-was reserved for
further trestment.

A As & result of this preliminary extraction
in the presence of emmonis, the aQueous ligquor was
pracﬁically celourlege. The alkeloid was again
recovered by precipitation with caustic potagh and
extrection with ether and after gvaporation of the
solvent remained &s & soft pale brown jelly-like
subs tance . With this was sssoclated a small
aqueocus residue containing the usuel inorganic
impuritiea. As the presence of thls agusous liguor
rendehsd'tﬁa alkeloidal extract unsuiteble for
erystallisation, it wes again dissolved in diluha-
hydrochioric acid and repreciplitated with potassium
hydroaxide. Tha-precipitate WaS Qery danse snd much
whiter than hitherto. ' It was sucked off and dried
in 2 vacuum desiccator over phosphorus pentoxide.
¥Meanwhile the strdngly alkéline mothér liguer when
tested for alkalolids with Meyert's reagent was found
to give?ﬂefinite positive response, and after
standing for a few deys clusters of needle shaped
crystals were observed to grow in the solution.

These were sucked off, dried and reserved fop
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examination . later.

¥eanwvhile the precipitated base haﬁ dried-
to a light chalk=-1like cansistendys Yield 220 gnm,
With & view to crystallisation, 1t wes dissolved in
a small guantity of 654 alcohol, forming a pale
brownish coloursd solution. A small quentity of
poﬁasaium carbonate remained insoluble and was

filtered off. A further guentity wes precipitated

on standing and it was apparent that the precipitated)

alkalold had ebsorbed a conelderadle amount of
caustic alkali which was being slowly deposited as .
potassium carbonate on atanding.  fTo fecilitats ths -
removal cf this meaterial, & streem of carbon dicxids
was passed through the solutlon until precipitation
of the carbcn#te ceased., This was removed by
flltration and the solution set aslde. After slow
concentration the substance was cventually induced
to cryst&llise in the form of compact messes of hard
prismetic orystalas. After fecryat&llisation from
the same solvent these wore obtained as large
glistening well-dcfined prisms wbich‘melted'aharply
165-166°, | '

Por the estimetion of water of crystallisat]
the crystals were dried over phosphorus pentoxide
&t 100° in vacuo, | |

17+583 mg. substance lost ooéa-mg. when

dried for 3 hours at 100% under high vecuum

= 0.12¢.

on



47,

e base therefore contains only Eraces of aﬂhering
moisture and no water of crystallisation. ' This was
confirmed by two further experiments on other
samples of ‘the alkaloid, both of which on being
dried as above shﬁWed no loss in welght whatever.
“¥With a'view-no;dgpeémining the percentage
oamposiiion of -the 2lkaloid the following snalyses

wors carried out.

(1) 3+769 mg. aubatanca'ylelded 10-130 mg.CQz

and 35+200 mg. H_O

2

= farbon 73:.30% t Hydrogen 9+43%.

. 4°185 mg. substance yisldad 0-l42 c;ﬁ; b4

et 766£17° | - |
| = §itrogen 4°04%.

{(2) 32816 mg. substance yielded 1p.5l0 ma;cog

and 3°150 mg. HQG
= garbon 73+20% : Hydrogen 8.84%.

5560 mg. substance ylelded (-1l30 c.cu ¥
at 748/16° | |
= Nitrogen 4+24¢,
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Found - C H -

(1) | 7330 .| 9.8 4.08
(2) - 73.20 | 8.94 4424

calculated fop

. . 73 ¢ L Qe 4.
Cglﬁalﬂﬁg 0 05 06

These results, which show good asgreement
with the theoretical, establish for this alkaleid
the fo#mula oalﬂslmos end this hes bsen further
confirmed by the analysis of certain salts of the
base « notably the oxalate -« and plcrate; Al though
this formula'does not agree with that suggested by |
volker, a study 5f the proﬁéftiaa of this compound
leaves no doubt thet it 1s identical with the bass
previously iaolatad.and describe@ as ajaconine.

ﬁhe molecular weight was determined by
Rest's camphor method with the following results.
4+118 mg. ajaconine dissolved in 39+719 mg.camphor

Depression = 159,
Molecular Weight = 319,

After allowing for experimental error this
confirms with some certainty ths molecular weight
of 3455 calculated from the above formula and

therefore that this empirical formula corresponds
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to tbertrue formula of the bass.

The equivalent weight of the base wes now
detsrmined by volumetric msthods. The pure
crystallised ajaconine was dlssolved in excess N/50
sulphuric acid eni back titrated with 1/50 sodium
hydroxide ... The end~point using phenolphthalein ag
ag 1naicat0r was Quite sharp end the equiv&lént thuas
cbtalned by this titration was 340.5. This shows
close agreement with the caloulated molecular weight
of 345°5 and is therefore further cunfirmatinn of
the true formmlae of the base as established by the
above molecular weight determinatien.-

As above obtained, ajaconine, calﬂélﬁ -+
ocours: in largs well-defined gliatening prisms which
are anhydrous and 4o not loge their lustrs on-
exposure. It 1s'readily soluble In the usual
| org%nic'aalvanta - alcohol, ether and chloroform,
and caﬁ be cerystellised from 954 alcbdhol. It is &
strong base liberated from its salts by caustic
potash 5ut,ao§ by weslter alkslls such ss ammonie.

The optical rotatioﬁ wags meagured with

the following results.

0-1612 gm.ajaconine in 10 o.c.chloroform = 1<612%.
remperature 17° o o 214° in 1 dm.tube.

r

17° o
Q:L v e 133 in chloroform (¢, 1°612).




.a‘tion and & beginning was made with the oxa.‘i_iafﬁﬁgg

romained clear and colourless, It was slowly

50.

AJACONINE QYALATY.

| vﬁlker_feéorted that the selts of ajaconing
showed littls inclinstion to erystallise, ani on
account of the limited wmount of material st his
disposal he confined his experiments in this .
connoction to the formation of the gold, platinum
and pieric acid compounds.

AS no work seemed to have‘been-&gﬁé'an the

formation of salts with some of the simpler orgenic

acids thls appeared & promising fleld of investigs

A8 there were &t least two possible salts of this
acid - the normel &nd acid salts - it wes decided
to combine one equivalent ezch of the acid snd the
base, thersdy forming the normal £alt and to 8dd &
seoond equivalent of the acid later. | .
Accordingly *366 gm. of the ajaconine were
dissolved in 10 ¢.c. anhydrous Alcohol and to this

was added an eﬁact.equivalant of pure oxalic scid in

the same solvent. the resulting mized sgolution

concentreted in vecuo tut no crystallisation took
place although there waa distinct evi@ance of 4t on
the sldes of the vessel outwith the liquor.
Eventually & syrup remained which on further drying
to & glassy film showed a distinct radlel structure.
Apart from this there was furthor ovidence of

crystallisation at one point where numerous fine
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needle crystals having grown out of the syrupy |
iiquid vare cluabéred together en the ﬁige,of the
vessel. Sufflclent were collected to enable a
melting-point to bs taken end it was observed the
substance softened and charred slightly at 232°,
finally melting with decomposition at 2349,
 Meanwhile the residue was redissolved in

snhydrous aleohol but all ettempts at orystallisation
‘were unsuccessful. Alcohols 954 end 904 were also
gried put each time with diminishing,apccess and as
the presence of water seemed to be a hindrance
| rather then e halp, further oxperimente with d44iuted
aleth&a were abandoned. Acetone wes also uﬂéd hﬁt
the salt was almmét‘lnsolﬁble in this solvent.

Crystallisabion having falled precipitatlon
me thods wers now omploved. After svaporation of
the residie to éryneés';t wag dissolved in a small
guantlty of anhydrous alechol and poured into a
relatively large volume of.anhydroua ether. The
‘sait was precipitated as a fine‘miiky suspenaion
which-gpiakiy adhered to the walls éf'tha vessel
&nd‘by'formlng a hygrosoopielgummy mass which choked
the filter defied‘ull‘attempts to ssparate 1t from
the solutien. '

Faving thus fslled to prepare the normal
'qxalate the sntirs salt was dried in vacuo and
redissolved in anhyvdrous alcohol. A second
equivalent of oxalic acld was now mddsd and the clear

solution congcentrated in & vacuum desiccator. ™he
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résults to begin with were again dlsappointing, a -
transparent glassy reslidue remaining. This was
redissolved in 98¢ elochol and surprisingly it was
not now so readily soluble as hitherto. Whereas

10 c.c: anhydrous alcohol haed been ample to dissolve
the residue of the normal oxalate without heat, the
acid salt now reqguired 30 c.c. and it wag necessery
to warm the solution. = the resulta on this occaslion:
were more successful and after concentration of the
solutioﬁ in wvacuo, the galt crystallised in the form
of bright glistening needles, mény in the form of
amall rosette clustera, others singly or in palrs.
These were removed and purified by recrystallisation
from 95% alcohol.

e resulting crystals wore cmall glistenin
nesdles which on drying in vecuo retained thelr
lustre. They melted sherply with decomposition
284 — 235°, and are therefore identfcal with:the
crystals.abtaineq during the attempted preparation
of the nﬂrmél sélt. There wase no losa In weight
when they were dried over phosphorus pentoxide for
several hours st 10o0° under high vacuum. They
therofore contain no water of cryztallisation,

In order to confirm that tho acid salt had
been pregared the oxalie acid In the molecule was
estimated as calcium oxalats. only 8 smaell quantity
of the salt was availlable but the estimation was
carried out with great accurqcy-aﬁ&'a control experi-

ment demonstreted that results could be obtalned to

LL2]
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within a very small percentege of error{1.44).

The selt wap dissolved in a small guantity of water
- and by the addition of excess c¢slcium chloride In

~ the presence of ammonis the oxalic acid was
completely'praéipitateé:as celcium oxalate. This
was oarefully filtered off, washed with hot water
and. dissoived in s minimum of dllute hydrbch‘oric
acld,  Thls solution was then acldified with
dilute sulpburic acid snd titrated with ﬁ/lﬂ

potesslunm permanganate., e

1 : ' = 2 . »
Found ‘023204 | 0+56%
] b e d
.4 1351ﬂ03 < HEG requires Cgieq4 = BO-67%.

Thié result was in very good agreement with|
the theoretical end preéed definitely thet the
subsbanéa was the acld salt,

The crystals were now analysed in order
thet the porcentage composition of the substance
might be determined.

4+514 mg. substance ylelded 10+100 mg.C0y

and 3+040 mg. ﬁgo.

= Carbon 63-85% : Hydrogen 7.83f,
5°542 mg. substance yizlded $.158 c.c. N.

at 759/18°
= Nitrogen 3°33¢
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c H i}
Fownd | 63°85 | 785 | 333
C_ _H _HO +C H O ‘ S '
2131 3 224 6345 764 382
\ ‘requires ' ‘ . '

| ﬂhese reeulta show good agresment with
tha theoretical end not only confirm the sugegested
formula 001}1,{11\?0596 20, for &Jaconine acld oxalate
but also the formula of the base itself,

A titretion experiment was now carrled out
to deterniina the equivalent welight of the compound.
Being the acid salt of & dibaslec acid the equivalent
weight -of‘ the substance should be equal to its
caloulated molecular weight. Ths salt was dissolved
in an excess of N/50 sodium hydrexide and back
titrated with N/50 sulphuric acid. Phenolphthalein
was uged &3 an indicator and guite a sharp end-point
waa obtained. 7The equivalent welght as thus |
determined was 438 which is in very close agreement

with the calculated molecular weight of 43545,
corresponding to the formula CoqHz 4804 “Cplln0, .

~ AJACONINE ACETATE.

Having veen successful in preparing an
oxalate of ajaconline in pure crystalliine form, .

attempts were now made to prepare salts of this bage
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with other simple organic acids, notebly acetic
acld, the mathcas omployed in masking the ozalate
were again followved, galeulated eguivalent
quantities cf the pure cryataliisad ajaéenina anﬁ '
glacial mscetic acid were separstely dissolved in
enhydrous elcchol and ths solutions mixéd; The
rasulting solution of ajaconine scetete was neutral
to litmus 2nd was concentrated very slowly in vacuo
to & syrupy liguid whick dié not crystellise. In
8 vacuum desiccator this syrupy residue herdened to
a transparent [ilm which on exposure shoved itself
to be very hygroscopic. Further Qtte&pts were mede
to crystellise this selt from POF alechol but on
sach occesion the same syrupy hygroscopic residue
rempined and 1t was apparent the aubét&nce wes not .
readily cryatalliaabléqi

The preparation of the formete was 2lso
attempted, but as this cospound wes even more
hygroscople end equally difficult tO-crystailise
experiments Iin the formation cf theéa salts wers

dilscontinued.

AJACONINE PICRATE.

Having experlenced difficulties in
preparing crystalline salis of ajaconine 1£_waa
decided te-ﬁry precipitation methods. . 4Alkeloids
as & ruls form wéii defined compounés with pileric

acld andé as these aré wsually Inscluble in aqueous




or acid media they can very often be obtained by
precipitation in en amorphous condition. ydlker. .
hed already mede some preliminary investigetions

on the picrate of this base and although his resulis
wefe indifferent, it was declded in the first place
to investigate the possibllities of his method.

‘ - To & solution of ajaconine (1f) in Allute
hydroéhloriewagid (N/5) was added an sxcess of
picric ecid in 1¥ solutlon. Hydrccﬁloric acid §f
low concentration was deliberately ussi as vodlker
stated that strong acid prevents precipltation of
the picrate. It was thorefore surprising when no
precipitation occurred and the experiment was
repeated using & 3% solution of the base in just
sufficient dilute kydrachioric_aéid to dissolve it.
Toe firat addition of pileric acid caused the
Immediate formation of 8 yellow brecipitata’wﬁich
guickly coagulated to & glutincus mess and adhered

to the gides of the véasel. Purther additions of
picria_aeid were made t1ll precipltation of ths
piér&te coazed but it was found 1mpogsible to filtér_
this substance on account of 1ts viscld propsrtiss,
and gich as could be'removed from the vesasel
immediately choked ths filter. Furthermore it was
now found that the precipitetion of the picrate hsd
-by no means bsen complete and 2 large proportion
”still.remainad 15 solution. Om exposure this

substance formed o gelatinous ekin on the surface
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of the liquor which still further hindered
filtretion. PFrom these experiments 1t 1s obvious
ajaconine picrate 1s much more soluble than the
usual alkaloidal plorates and for this reason alone
- preparetion of this substénce by the above methods
is not to be recommended, especislly when there is
agded to 1t the difficulties of filtration., Volker
mekee no mention of these difficulties and claims to
have isolated a plerate of indefinite melting-point,
115-120°, but d16 not have sufficient to ensble him
to ocarry out an analysis of the product. In the
light of my experience his claims in thils respect
are open to doubt and it 1s signiflcant that the
melting-point of his picrate is virtually the seme
as thet of picric scld itself. |

' it was now decided to combine the pleric
acld and the base in anhydrcus alechol and in order
to avoid, as far as poagible, having excaas-of the
acid the ealculated molecular proportions were used.
A trénsparent yellow solution resulted vwhich was
very slowly concentrated in a vacuum desiccator.
No cryatallisation took place but on the contrary,
as the solution slowly svaporated the pilcrate
separated 4s & soft mobile yellow substance after
the manner of & heavy oll from water., nq further
evaporation thls substance har&ened to a fransparent
yeilow film on the bdttQm of the vesgsel. Similar
results were obtained using 60% elcohol.,
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As plerates are known to crystallise
fairly readily from benzene the dried residue
described above was digested in a water-bath
with four‘ﬂuccessive portions of this solvent,
although the substancs 4id not appear to be
very soluble the selution was coloured an intense
yallow, mhxs hot benzens solutlon was set aside

but ne crystallisation took place elther on cooling
| or after the solvent had bsen removed by slow
- evaporation in vacuo, Instead there remainsd

the familiar transperent ysllow residue which was
surpriaingly.small in quantity considering the-
intense yellow colour of the solutlion and is an
1ndicat1an of the slight aolubility of the picrate
in benzene.

As 1t seemed most lmprobable that this
‘auﬁgtanca would crystellise, precipitation methode
weraJagain resorted to. on account of the relative
insolublility of the plerate in benzZene . this liquid
was an obvious first choice. -The substsnce was
diaaeiv@d in a small quantity of anhydrous alcohol 7
and poured Quickly into the benzene. The results
were disappolntiﬁg for although a8 fine precipitatg
formed it could not be filtered off and settled out
on standing as . the femilier transparent varnish.

. Much better results were obtained ﬁsing
purs anhydrous ether. fthe plcrate was again

dissolved in & small quantity of alcoliol and this
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solution poursed into ten timee 1its ocwn volume of-
anhydrous ether., A coplous yellow precipitats was
irmediately formed end withinm half en hour hed
completely subsfided. Tt was quickly sucked off .
on & Buchner funnel, weshed libérally with dry

e ther and dried over calcium chloride in & vacuum
desiccator. It is NeCossary to continue washing -
with ether until all traces of alcohol have been
removed otherwise ths precipitate on-drying hardens
to & tough glue-like mass. |

¥eanwhile & cantfol expsriment was cerried
voutland it wes demunatrgte& thet under the saeme
experimental conditions picric acid itself i3 not
precipitated when poured into ather. This ahqwed
that the plerate was unlikely to contaln as an
impurity eny appreciable qQuentity of free plcric
acid.

As thus obtained ajaconine picrate is a
pale yellow amorphous powder. It is very soluble
in alcohol and fairlyﬂsoluble in water, but almost
ingoluble in benzene, ether and chloroform. .mhé
melting~point is indefinite. Although the
substance sinters as low as 65-70° it does not melt
until 95-98°,

‘In order to establiah the composition of
this plcrate an estiﬁation was made of lts nitrogen

content.
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2-876 Mg ajaconine plorate yieldad
0233 c.c. §. At vss/ls

- = Nitrogen 9+62%.

- Found N _ | = 9624,
621331N03 UGHBGH(NO ), requires ¥ = 9.75%7
this result 1g in good agroemﬁnh_with,tba,cglcuiatéd

Quentlty, aand &s other possible combinations |
involving two. or more molecules of picric acld
would contaln larger percentages of nitrogen the
formla of ajaconine plerate 1s showﬁ to be
CpyBy N0y +CoHo0H(NO,),.  Incidentally this ta
further indirect confirmation of the formula of
the base itaelf. ‘
¥eanwhile the crystals unexpectedly
recovered fram.the strongly alkaline ajaconlne
mother liquor were examined. These were obtaihqa”
in clusters of stout naealas,.meltingfpoint_95—98°,
and. gave the usual alkaloidal reactions. As
a jaconine has a higher mslting-point this sﬁpstanca
was obvicusly a new alkaloid end as 1t had origin»
6lly erystallised from an aqueous medium atéempts
vere made to recrystallise it from water, These
woere only part;ally successful inasmuch &s the

crystals so obtained still showed an indefinite
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melting~point.

T 1 gm. of the original crystals were
d1esolved in hot water and as expégcad were not
very soluble, 100 c.c. water being reQuired.
Nevertheloss crystallisation 41d not take plece
immediately on cooling and was only effected when
the ac1utian vas concentrated on a water-bath to
about ong-fifth of its volume, = Crystals then
appearad in the hot liguor and were filtered off
on éooiingq. As thus obtained the alkalqid-wés in
the form of Yong fine colourieas needles, the
melting-point of which wes still {ndefinite from
952 to 100?. The phya;cél and chemical pnopertiea-
of this bese awalt further stadyg-ﬁut meenwhile it:.
was damonstraﬁed.by experience ﬁhat although this
alkaloid ia not precipitated from acid solution by
ammonia it can be extracted completely frum‘
emmoniacal solutiuﬁs'by shaking with ethero

‘The ethereal solution mentioned on page 48
now ceme up for attention. This was pbtainedlby
extracting & solutioh of c¢rude ajaeonina:with ether
after makiﬁg alkeline with emmonie, and in addipiog'
there were present other ethar-extraets.bexieved
then to contain &jeconine and obtained dﬁring the .
extraction of'ﬁasa B. These mixed ethereal 11qaoré
were allowed to evaporate and the alkalEidal residue

dissolved in dilute hydrochloric acid. Afﬁar
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fiitration this solution was mede alkaline with
ammonia_an& the ajac&ne removed by one egtréction
with etﬁeé. | The remaining alkaloids were
precipitated by ceustic potash and also tsken up
by ether} When thie latter ethar,extréct was
evaporated to dryness, a considerable quantity of
elkaloid remeined in herd cakerlike'maasea which
being of e brownish colour were not yet pure enough
for crystallisation. This residue was accordingly
redisaolved in Ailute hydrochloric a¢id and to
remove posgsible traces of ajacine was made alkeline
with ammonia and sheken with sther. vVery littia
ajacine was present es no praéipitata'waa formed
on aadition of the ammonia. Nevertheless the
elkaleolids present wers almost entirely removed from
the apmonlacal solution by continued shaking with
the éthaé,,which waa.a?rprising, as this base was
thought to be afaconine. o
On eveporation of this ethereal solution

a colburlesaland partly crystalline residus ramained
which was conafdersd sufficiently fres from obvious
ﬁmquriﬁiastohbecrystalllsable.. |

| It was accordingly dissolved in 95¢ alecohol
forming a paie brown solution which was concentrated
in vacuo. The btase eventually orystallised in small
needles. Thege were allghtly‘coléare&; but white
transparent @rystals,‘melting-point 10821100, were
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obta ined by racrystailiaatiom from the seme solvent,
Work 1s st11l proceeding on this base, but from
information alread§ avallable it 1s almost certainly
identical wlﬁh‘fhe base which crystallised from the
“'strong potash liguor efter precipitation of

ajaconine.

-WEAK BASES,

' The solution containing these presumed
woak bases had been obtained by & preliminary
extraction of the originel acid liguor with
chloroform. These chloroform extracts which were
much coloured were now distilled under raduced
pressure &nd the ehldfofoﬁm recovered, The
concentrated liquor was dried by further svaporation
in vacuo until reduced to & dark brown semi-solid
mass. The yleld of totdl impure waak‘baeaa thus
obtained wag 5+12 am . Thia'gummy“reéiaua was now
extracted with successive guantities of dilute
sulphuric acid until only & hard brittle resin
remained, This étill retained alkalold which was
vory difficult to remove by acid eéxtraction end
reqQquired special treatment. fhe difficulties erose
prineipally'fram the insoluble nature of the resin
| which prevented the alkaloid coming in contect with
the ecid. To overcome this disadvantege the
resinous substance wes dlasolved in & small guentity
of galcohol. it ﬁas very solubls and dilssolved

readily. “The concentrated alcoholic solutlon was
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then poured into e largs volume of dilute acld .
which preciﬁit&t@d the resin in & fine state of
division end diasolved out moat of the alkaloid,
After filtration the acld solution was addeﬂ to
the princlpal acid extract.v This process was
repeated three times in 81l before the residue
was finally exhausted. | |
The mixad acid llquors were made alkaline

with emmonie end & dense white curdy precipitate
‘was formed. fThis proved to be readily soluble on
sheking with ether end es the ether solution showed
an intense blue fluorescense the base wge.ésaumed
~to be ajacine. The ethereal extract was accordingly
‘workad'up In the manner already'describad under

pase A and'although the continual occurrence of
resinous impurities caused considerable crystallis:
ation diffieulties, sufficlent of the pure anhydrous
material was obtained to confirm its identity. .

When the-ahhydrous alkaloid was prepared by the
aponﬁanequa eﬁapor@tion of an ether solution of

the bese 1t showed a melting-point 70-75°. mts

was in very good agreeﬁant vith the melting-point
('70-75°) of a sample of'anhydrous ajacine. prepared

in a similar manner from the pure cryst.alline
m&terialo |
| As the alkaline mother liquor after romovel

-of ajacine stiil coatain@d considerable quantities
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of alkaloid it was shaken with chloroform till
exheusted. - Investigation of a sample of this liquor
revealed that the alkeloidal eéxtract was very similar
if not identical with the extract conteining Base B.
There ssemed no point, thsrefoie, in carrying on a
separate'inveatigation and the two chloroform
solutions were eccordingly mixed. The alkaline
mother l;qﬁor_neﬁ contained no further alkaloldal
material and was rejected. |
| Waile this diversion d1d not reveal the
_pregence of eny new bsaes, nor any better methods of
isolating those elready known, it was an interesting
practical confirmation that ajacine is decldedly &
weak 5aae'forﬁinglcampounds readily hydrolysed in
agueous solution., As expacted, no & jaconine was

present 1In this extract,

BASE B.

The chloroform solution containing Rase B
was pale reddish brown in colour and wes obviously
mach contaminated with the resinous end other
1mpurit1hs Which‘had,giveﬁ such troubie in previcus
extractione. "'The solvent was removed by Gistili~
atlon under reduced precsure and the'residual liguor
concentrated to a soft extract in the usﬁg; WAY .
Thie alkaloidal residue was dissolved 1ﬁ”ﬁiiuta
sulphuric acid snd the solution filtered, thus
removing much of the resinoua-impurity. The fllitered




'65ue ‘

11qﬂor was now mede alkaline with ammonia and a
small quentity of ajacine, which was thereby
preclpitated, was removed by shaking with ether,
Tho principél alkeloid was now extreacted with
chloroform, the residue on removal of the solvent
béing now much pzler in colour and obviously as pure
as could ba atiained by these mothods. ‘

| “GryétalliSQtian experiments carried out on
su@ll samples of this material revealed the fact
ﬁhat of wvarious solvents used, acetone clone seemed
11kaly to be productive of good resﬁlts, The
residue was accordingly dissolved in purs werm
acotone in which 1£.waé very soluble, forming &
reddish brown solution. This'was filtered and
allowed to stand for two days during which time

' 6ohsiderable'evapdration took place, the solution
belng now reduced to the consistency of e thick
syrup. Although no crystellisation had taken place
signs of this were not lacking round the sides of .
the véasal'and it wes not surprising when the additlon
of a little acetone caused the precipitation of e
fine ¢rystalline powder from the supsrsaturated
solution. Tals was carefully filtered off, washed
with acetone and drisd in vacuo, Tﬁe.washings~wa59'
added to the mother liquor which was again |
concentrated and ylelded a further quantity of
crystalline material, This process wes repeated
leight times in a1l with diminishing results, until
the alkaloidal mass gave no furthér yield to this
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-

treetment. It wea then boiled with acetone under
& reflux condonser Butdthe resulta.were,again
‘negétive and @o fer as this particular base was
egncerneﬂ the residual mess was apparently exhausted.
It may be remarked here that leter work showed that
this procebs could be carried out pmuch more quickly
by 1nitial extraction with boiling ecetone for one
hour under.a reflux condenser. Most of the
alkaloid was thereby obtainsd in the first stage
and the yleld was complote by the third extractianQ
The residue was set aside for further treétment.
mhe‘crwstalline substance thus iaoiatéd
| was & finéigreyléh whlte powder and tests showed

from scetone it was finally obtained pure in the form
of large rhombic crystals which melted. sharply
210-211°.  hey were found to be anhydrous. When
dried for € hours over phosphorus pentoxide at'l@o°
under high vacuum

6+422 mg. substance lost 0-012 mg.

= 0:19%.

this loss is obviously dus to adhering moisture.
The substance therefore contains no water of

#

srystallisation.

An analysis of these crystals was carried
out to determine the percentage composition of the
bese, and gaﬁe the following results.

that 1t was an aslkeloiad. By repesated crystalliaatior'

1




4+030 mg. substance ylelded 9¢480 mg.C0,
and 3°182 mge. 'Hgﬁ.

= garbon 64+22% : Hydrogea 8-80%.

5;674 mg. substance yielded (-110 c.c. ¥
at 754/24°
= Nitrogen 3+41¢

5+028 mg. substence yielded 11.835 mg. ¢o,
and 5°876 mg. H,0.
= garbon 64+20% : Hydrogen 8.79¢,
Found " e - S A 3
(1) 6422 8+80 5041
@) ! es-20 | 8:70
calculated for :
02233171@&6 . _ 6421 ¢ 0’6 1 T4 4]

The close egreement of these values indicates
thet tho dbase 2s thus crystallised ls e pure and
homogeneous subétanc_a. To 1t s asslgned the
f orm ( &nd . it is a r addit
formale 0225_.’3713!05 and &8s 1t ig a8 new a i_t;i‘.on t.o the
1ist of pelphinium elkeloids, with no previous




69,

mention in the literatute,’tha name of Yajapinine”
is here preposed for it..

Ajacinlne, melting-point 216#2110,
crystallisea in large tfﬁnﬂparent orthbrﬁombic
crystals, which graduslly lose their briilience,
on'kéeping.‘ It i5 vefy soluble in alcochol,
chloroform end scetone and appreciably soludble in
water and ether. Its aqueous solution iﬁ slightly
alizeline to litmus. When a2 solution of ajacinine
in chloroform is aliowe& to evaporate slowly in an
open vessel, the bese crysﬁallises in en irregular .- ! .-
1ce-11ke-formatiaﬁ and on stending this slowly loses
its trensparency, becoming opadue &nd white. This |
phencnene is qlaaaly easseclatod with the tendency
of the orthorliombic crystals to lose their brilliance
and al?hcugh.not yet accounted for, is probably due
to some chénge in crystalline structure. fhe
melting=-point remains unchanged by this development
and the opaque substance can be reconvertsd into its
crystalline'ccuntérpart by'aolubion in ehloroform
| and removel of the solvent. |

A molecular welght determination was
carried out by Rast's camphor method wi\th the

following results.
0530 mg. a jacinine dlasolved in 5§$94 mg.camphor

. -Depression = 9.3°,

Molecular Welght = 400.
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- Within the limits of experimental error this shows
guits good sgreement with the celculated moleculayr
welght of 411+5 end confirms that CEBHSVNOG is the
true formula.

A titration experiment to detsrmine the
equivalent cf'thls,haae was now carried out in the
same ﬁannerrag with the two other alkeloids.,
0°072 gm. of pure crystelline &jscinine was dissolved
in exoceas N/50 sulphuric acid snd back\titr&te&'w1th
§/50 sodium hydroxide, methyl red being used as en
indicator, Belng & weak base the end-point was not
sherp but & reading taken on the first colour change
from pink to orenge gave an equivalent of 4185,
which is confirmatory of the celculated moleculsr
welght of 8116,

Gﬁtlcal roteticon measurements were made on
the pure crystalliﬁe substance.
0+0589 mg. dlssolved In 7 c.c.chloroform = 0°5657%.

Temperature 17° K+ 29° in 1 dm.tude

17°
kﬁq . + 52° 1n chloroform (C, 0-5567).
_ Cp _ ;

During @1l this work it was suspected that
this elkeloid ajacinine might be an acotone
derivative formed by,cﬁﬁdensatian of one of the
upknown bases with the acetone solvent during
crystallisétlaﬁn _ The 1odofor¢ reacfian wag carrie&

out several times on the pure crystalline materiel
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previéns;y hydrolysed wiﬁh ceugtic sede, but with
inconclusive results. - A slight arome cf 1édoform
could vo detected on each occaslion but as the
quantity of ejecinine used was wvery small, the
sense of smell was not deemed a sufficiently
socurate instrument to rely upon exclusively. Tt.
. was thersfore decided to determine the quantlty of
acetone, if eny, present ia the compound. ®or this
purpose Messinger's method asz modifisd by goodwin
(1920) was regarded ms the most suitable, In this
estimation, icdine 1s added éo the solution of
acetone in the presence of execess czustic soda,
Jodoform 1z formed end iodine equivalent to the
acetone present is thereby used up. Excess of
iodine is talken up by the sodium h&droxide but 1is
liverated when the solution is exactly neutralised
and cen be estimated by tiltration with sedium
thiosulpnéfe, using sterch dé an indlcator. By -
différapce the amount of iodine taking pert in
the lodoform reactlion is known and froam this feotor
the ecetone present can bé_calculatad, | |
For the purpose of thie particular
determination the compound had first to be hydrolysed
to liberate any acetone which might be present. |
Accordingly 0°276C gm. of the pure orystalline
substence was introduced into & flask and dlssolved

in 10 c.¢. §/1 sulphuric acid. 50 c.c. N/1 ceustic
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soda was then 2dded end the solution heated in a
water-bath for 10 minutes, the flask bsing closed
mesnwhile with a-iooaely fitting stoéper to prevent
loss of acetone., FRaving taken steps to hydrolyse
the suspected acetone compound, the flask was then
atfached to a condsnser and the solution distilled
untll reduced to 25% of its original volume. The
distillate was carefully collseted end estimated

by ¥essinger's method as above described., For

conparison a blank estimetion using distilled water

" was earrled out gsimultaneously. The result. was

entirely negative. No acetone whatever was present

in the distiliate and it is thereby coufirmed thet

ajecinine is not & complex alkaloid-acetone

*campound,:as'was at onée time suspected, but the

alkaloid itself.

Exporiments in preparing both the normal
end acid oxelates of this basse were unsuccessful
owing to the difficulties of crystellisetion. |
?recipltation methods were also tried but thsese
selts, especielly the acid salt, are very
hygroscopie and syrupy reaiduaé-ware the only
results echieved,

The alkaloidal residue from which &jacinine

had been sepurated wes now examined. After

removal of‘the=éostone, the dried powdersd residus

-was & yellowigh brown transparent substance vhich

bore-aamexresemblance to powderad colophony reain.
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Its salutions with varlous seolvents, Including
dilute sulphuric acid, were charactariaed by a
powerful graen fluoreseence, ‘The substance i
apparently amcrphoua and so far all attempts et
cryatalllsation have been unavailing. Different
solvents were used - alaohol, acetone, ethyl acetate;
benzense, petroleum ether and water - with verying
results, bﬁt in no cess was & crystelline préﬂuct
obtained. The substance was at fipst much
contamiﬁabed with tha-qther bases, especially
ajaéine ané the unnamed base associated with

& jaconine but these were eli&in&tad by one or other
of the above solvents. | The substance 1s alinost
insoluble 1n‘ath§r and petrcleum.ether and
precipitation methods teking advantaga‘of this

were tried but with disappointing results. The
possibilities here have not yet been fully géxplored
and experiments are atill proceeding. .’

The mgat aatisfactory results of ell thess
attempts to obtain & pure proﬁuct were achievea with
petroleum ether 4q/6o « - After the failure-of many
of the c¢rystallisstlon experiments, an éff@rt was
made to remove thé imﬁurities by extraction with
those aolvents, such &3 petruleum.athér, In which
the base itself seemed least soluble.‘ Evaperation
of the petroleum ether extract reveaied 8 minute
quantity of a white micro-crystalline powder which

tests showsd to bo an alkaloid. The melting-point
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of this aﬁb&t&nte was indefinite « about ?50 -

vhich was alkin to that of the parent body.
therefore instead of disselving out the'impurity,

. 1t appeared as though the petroleum ether was

éxtractingAthe'base {toelf even though only in
minute guentity.

- Accordingly 5 gm. of the ﬁcwaared frpure
substance was extracted for one hour with 500 C.c.
bolling petroleum ether under @ reflux condenser,
The solutlion was flltered off whils warm and
extraction continued with 3500 c.c., and then 200 c.c.
of the same solvent. The mized filtrates on
cooling overnlight were obsérved to deposit & small
guantity of the base. The soclubtlon was distilied
and when reduced to sbout 150 c.c. was poured into
& beaker vhers the remalning solvent was removed
by spontaneous eveporation. fhe residue, welghing
abau£ 1 gm., was a fine white crystalline powder.

This process of extraction was repeated
several times until 4 gm. of the base had.baen
recovered, During this time the-fihe'crystalline
powder as first extracted seemed to lose ite
erystalline character to some extent and had chenged
to & writtle white aolid which adhered to the sides
of the wessel like celod sugar. - The obserwed
melting-point wes Indeflnite between ?5Q~and 85°;

por further purification & portlon of this material
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was subjected to a second serles of petrblenm_éther
extractions but the results were disappointing. ‘
Kot only 4id the'aubstancé appear even less ao;ub1e
théan before but it showed a tendency to acquire a
yollow tint eand did not seem so pure. . Fupther
crystallisation.expériménts on this partially
purified substance were no-more aucéeaaful then
bafore., ‘

Although obviously not yet sufficient;y'-
pure, an analysis of this substance was carried out.
The results 4id not indicete a suitedble formuls but
. 8how an Interesting epproximation Lo the correspondin,

figures for the associated base ajacinine,

c ‘ H ' N

Amorphoua Base B2 .97 B.45 ' 3247
Ajacinine 6422 880 341

With & view to obtalning salts which might
crystallise and lead to separatlion of the purse base,
a few initiél akperimenta‘in salt formation were
carried eut. ' owing to lack of meterial these trial
exparimants-wére necessarily incomplete but |

sufficient infeormation was forthcoming to indicate

L0




that thase'deri§a§ives heve the digadvantage common
to most bfzﬁha salts of these alkaloids of being .
very soluble and difficult to erystallise. fhe
hydrochloride and hydrobromide were both exceedingly
hygroscopic, while the hydriodide decomposed Quring
cancentra?féh“f‘orming with the base an insoluble
brown icdine derivative. The picrate was -
exceedingly soluble for & salt of this type and
could not be isolated élthough axpefimanta are siill
procseding. Isstly this base doss not seem to form
a methiodide, or if it doea, %hils shovs the same
_noﬁ—crystallisable tendoencies.,

To sum up the extract containing pase B
would appear to consist of two bases, one
Cerystalline and the other amorphous. The latter
base cannot be crystullised nor doss it yield
crystalllisable salts., Its solubility relationships
gre similer to those of ajacinine. 1Its aquéoua .'
solution shows a {uint alkeline reaction and being
a weei base caen be extrected from acid solution by

chloroform.

NOTE ON FIXED OIL.

Tin anilinitial survey of thils work 1t 1is

Immediately obvious that In their éé?era; chemical

composition the seeds of Delphinium Ajacis show &
family resemblance tc the seeds of other Delphinium

species and especially to.thoge of D.gtaphisagria
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end D.Consolida, ﬁhoée séeﬁ constituenth heve been
the most fully 1nvaatigatedo. A study of the
physical and chemiocel chepacters of the fixed oil
would appear to.placé it in the group of non-drylng
vege table oils, although further information
regarding its actual chemical composition is
neéeéaéry before & final decision can be made ,

¢ne interesting point is the unusually high
acld value of 1322 which expressed as oleic acid
indicates the oil contains‘appraxiﬁately 664 of free
fatty acldas. fThe amount of free fatty acids in
éommercial olils is often very considerable and is
usuelly a variable fector depending on the method
of production. For instance, in 89 samples of
olive oil for lubricating use, Arbhbutt(leaé) found
from 2°2 to 25°1¥ of free oleic acid. Such
excessive quantities are usuelly the result of
preparation from formented olive residues, but in
superior gﬁ&dss of olive oil the proportion of free
acid is much smaller. The. same remarks apply to
many of the other o0ils found in commerce, It would
thus appear that Iin most fixed oils es prasent in
rthé living seed, frult or other plant organism, the
fatty aclds are combined s glyceryl esters. It 1s
therefore & remarkable fact that the seeds of thls

Delphinium species should secrete én 01l in which

such & high proportion of the fatty acids ers fres
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and not combined. Besides being an interesting
biologioalufact raising much wider ilssues, 1t is
perhaps one explanetion of the remarkable
insecticidal properties of the soods of this and
other Delphinium species. For instance, stavesacre

(Delphinium sStaphlisagria) seeds have been used &ince

the Middle Ages for the deetruetion-of pedicull,

end an ointment for this purpose was officlel 1#

the British Fharmecopoele fram 1885 onwards until- .-
1t was omitted froﬁ-theLlsse edition. As 1t wag-
prepared by extracting the stavesacre seed with hot
mplted fat, it obviously contsined most of the fixed
0il from the seed, Furﬁhgr, in an interesting
paper, Willigms(lslé) described experiments on
larkspur (D}_Ajacis) send and proﬁad conclusively
ihat the insecticidal value of extracts which he
prepared 'was: entirely due to the fixed oil present
énd not to their alkaloidal content. ¥He gave no
axplanation of thia fact but 1t seems to me not
unlikely that it is comneeted with the high acid
value of the oil.

| The low spaecific gravity of 0°905 is
‘enother unusual feature of this oil end 15 probsbly
the direct result of the high acid content. The
-spécific gravity of oils belonging to the ngﬁ-drying
group range.fram‘0°912 to 0+920 but all contaln
relatively small quantities of the free acids. On
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the other hand, pure oléiq acid of commerce has a
specific gravity of oeeoc,at 11r8°;,(£ll¢n's'
Commercial Orgenic Anslysis, 5th B4, Vol.2,543)
80 thaf & high propartibn oflfpae acld is boﬁnd
to coincide with reduced specific gravity.

FPinally, it is of special Interest to note
gnat'markwood(1924j in his work on the sesd of
D.Consoclids and again in 1887 on the seed of

D. Stephispgria isolated and deseribed the fixed

oils and in both cases high acid values and-iow,
apecific'gravitiea are recorded,

-A=questiaﬁ of some intersst 1iea in the
fact that few, i1f any, known vegetable olls show
such high ecid values. Should it eventually prove
| true thet thls is characteristic of the .delphinium
oils, and-of‘theﬁ only, the biologicél signifigance

of the matter will have to0 be further explored.




SUMMARY -

(1) The seeds of Delphinium Ajacis contain
epproximately 39¢ of fixed oll and 1¥
total alkaloids. = ‘The fixed oil is of

the non-drying vaniafy and is characterised
by @ high acid value eQuivaelent to 66¢ free
fatty ecids. | | |
(2) pive alkaloida gre present, four of them
cfygtalline end one amorphous. of the
four crystalline beses, ajacine and
& jaconine had previously been described,
while a third is & new addition to the list
of Delphinium alkalolds and hes heen glven
the name of ajacinine. fhe foﬁrtﬁ bage
nas not yet been obtained in a gtate of
purity. |
(3) 7The formula 0163211504 ‘320 found for ajacine
diffsrs'slightly from that suggested by
Vvolker. Ajecine is @ weak base and it has
been confirmed thet it forms basic salts
of the type {(mase) Halu The oxalates of
this alkaloid are vory soluble, hvgrescopic,
snd aiffioult to crystallise. ._' ,
(¢) <The formula of-agaconine,'stated by Volker to
' be clvﬁzgucb is now found to be G, B N0,
end this is confirmed by an eneliysis of two

of 1ts compounds. It forms en acid oxelate




-cginmﬂos@czngoé; melting-point 2354-235°
-with decomposition, Which_crystallisés from
alcohol in small glistening clusters of
needlea. By precipitetion in ahhjdrous
ether, a plerate 021H51E03'06H2°03(N0§)3’
melting-point 95-98°, is obtained as a pale
yellow amorphous péwder. |
{6) A new base, ajacinine, melting-point 210&2110,
| has been obtained in large orthorhombic
crystals by crystallisation from acetone.
It has the formula 022H37N°6'and is anhydrous
(6} The emorphous alkalold has not yet been
obtelned in c¢rystelline form. It is very
~'3oluble in most organic solvents except
ether and petroleum ether. The purest
form of thls base yet obtalned was preparesd

- by repeated extractlon with petroleum ether.
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