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XI. The Nature and Origin of the Poison of Lotus arabicus,

By Wyspnam R. Dussraxn, M.A., F.RS, Divector of the Scientific and Technival
Department of the Tmperial Institute, and T. A. Hexey, D.Se. Lond., Salters'
Company's Research Fellow in the Laboratories of the Dnperial Tonstitute,

Received May 50,—Head June 20, 1901,

Lotus arabicus is a small herbaceous plant with pink flowers, having the general habit
of a vetch. It is indigenous to Egypt and grows abundantly throughout Nubia,
and is noticeable as green patches along the bed of the Nile above Luxor.

It has been deseribed by Liwxguvs (* Mantissa Plantarum,” vol. 1, p. 104) in the
following terms :—

Leguminibus eylindrieis aristatis,  Caulibus prostratis, lnc{]uncuﬁs-,- trifloris, bracteis
monophyllis,

Habitat in Arabia.

Caules, —Plures, sesquipedales, prostrati, vix pubescentes,

Folia. —Ternata, petiolata.

Fohola.

Stipulwe.—Fere magnitudine figuraque folioram.

Petioli - — Brevissimi,

Subpetiolata, obovata, obtusiuseula, subineana, ferve glabra.

Peduneuli—ereeti, tritflort s, 4-flori, foliis seepe longiores.
Flores.—Pedicellati nutantes pallide rufescentes ; vexillo venis rubris; alis inclu-
dentibus carinam.
Calyeis—Dentes subulati, distantes,
Braetea.—Ad exortum tli’flllll{:ulnl"l.'!ltl |:-|.*{}|:-|'i1‘rrum, mn:mph}"ﬂu. erecta, foliolis
similis.
Noctu dormit floribus arete pedunculo communi approximatis, super imposita
bractea, foliolis. stipulisque eonniventibus.  Legumina evlindriea arvistata.
We have not been able to find any later description of the plant.  Ascnersox and
SCHWEINFURTH (° Flora Egyptinea’). and also Boissier. rvefer to the description

given by Lixyevs,

The lﬂﬂlit is known to the Arabs as * Khuther,” and when mature and the seeds
fully ripe, it is used by them as a fodder for eattle. The Arabs are aware that in
the earlier stages of its growth. especially just before the vipening of the seeds, the
plant is |ﬁgh]}' poisonous,  This fact is, however, not gﬂm-]'ﬂ]l}' known to Europeans,
who have consequently suffered through the loss of horses, donkeys, sheep, and eattle,
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to whom this plant is highly attractive, both on aceount of its appearance and fragrant
odour. There is some evidence that certain animals im]i;:‘-'é-nm].f-; to E_{JL_"r'P"— have
become immune to the poisonous effects of this plant.

The air-dred 1'1:1"1‘. which retains to a remarkable dﬁgl'ﬂ- its I}:-ighl green colour,
has a pleasant herbaceous odour, resembling that of dry hay. The attention of hoth
the military and eivil authorities in Egvpt il.'n'ing leen frequently directed to the
toxic properties of this plant, the Director of Kew Gardens was eonsulted. and
Sir W, Triserrox-Dyer referred to us the investigation of the matter.,

To the interest and energy of Mr. Erxest Frover, of Cairo, Member of the
Egvptian Institute, we are very oreatly indebted, especially for the trouble he las
taken to eollect for us in Egypt the abundanee of carefully selected material required
for this research.  The plants collected at different stages of growth were thoroughly
dried in the air hefore their despateh to England.

Prelimincry Investigation.

In the ||I1*iiili'lllul‘_'~' examination the i.lnjml'turl.l. observation was made that when
the dried unripe plant is erushed with water and allowed to stand for a few hours
it g:-;ulnnl]]_.' develops a strong odour of prussie (hydroeyanic) acid. When this
mixture was tii.‘-ﬂli”l'[]. a dhistillate was obtained which [-=_\chi'|ﬁ|g_~d all the c}len]iu:d
reactions of this compouned,

The amount of hydrocyanie acid produced has been determined by distilling the
tinely powdered dried material with water, with which it had been in contact for
some hours, the distillate being colleeted so long as it gave the Prussian-blue reaction
for h_-.'tlnm}'zlnic! acid. The entire distillate was made distinetly alkaline, and the
h:lu'l.[l'ﬂ{':ﬁ‘:l“i{' -ilf.'i{l. f."-‘iii:ll]“ii"ﬁl ‘l.'“]l.l.]'lll"'.l'i{"-'l”}' “‘iti'l Hil'ﬁ'E‘l' Ilitl'.'itl'-

The determmations with different portions of a consignment of plant with flowers
and a few seed pods attached gave 0°304 and 0°345 per cent. of hydrogen eyanide,
caleulated on the air-dried material.  With yvounger plants, bearing flower buds as
well as Howers, 0°263 per cent, was obtained.

This latter result confirmed the im]u'us.'-iinn g;iinml from Ilu.-tlimtiﬂ- examination of
plants of various ages, that the poison reaches its maximum at or about the period
when flowering eeases and the seeds begin to develop.

When the plant is extracted with aleohol, no prussic acid is found in the extract,
and similarly when the plant is covered with boiling water little or no prussie acid is
evolved. The production of the acid by cold water was, however, not inhibited by
the presence of salieylie acid, borie acid, phenol, or other similar ant{snptics, which
ight be expected to interfere with microbie action.

The warious agueous extracts always exerted a considerable reducing power on
alkaline solutions of copper salts. The produetion of hydrocyanic acid from the
plants in the presence of eold water, a result which does not ensue from the action
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of either aleohol or boiling water, reealls the very similar behaviour of the seed of the
bitter almond tree ( Prunvs amygdalus, var, ameai), whieh, as is well known, eontains
a glueoside amygdalin and an enzyme emulsin, the interaction of which in the presence
of cold water results in the hydrolysis of the amygdalin, with the formation of hvdro-
eyanic acid, dextrose, and benzaldehyde. The similarity in the behaviowr of Lotus
ardabicus and bitter almonds was highly suggestive of the existence of substanees in
the former similar to :uu}f:-._-;il:tihl and  emulsin, - This suggestion received  further
support in the observation that when the dried aleoholie extract of Lotus was warmed
with dilute hydrochlorie acid, hydroeyanic acid was produeced, together with a sugar

eapable of reducing FERLING's solution,

Ertraction of the t7lucoside,

The dried plant reduced to a fine powder was extracted in the cold with puritied
methylated aleohol.  The mixed aleoholic liquors were then eoncentrated to a .‘i_‘!.'l'.11|!.
which was hoiled repeatedly with water in order to separate the glucoside from the
chlovophyll and rvesin.  Tannin, gum, and similar substances were removed by pre-
cipitation with lead aeetate in the usual manner. The purified agueous solution,
after removal of exeess of lead, was bright yellow in eolour. 1t was Elx'.-L]rru:LtHl ol
the water-bath until of a syrupy consistence, when it was exposed in a vacuous
desiccator over quicklime, and as all other methods failed to induce anything to
erystallise, it was left in the desiceator and well stirved every day.  After some weeks
a small gquantity of a substance erystallising in minute yellow needles separated.
This was removed from the viscid mother liquor by absorption of the latter in a
porous tile, which was then broken up and extracted with water. This extraet
evidently still contained far more of the substanee than eould be readily separated in a
crystalline condition.  From nearly a kilogramme of the plant only about 23 gramme
of erystalline material was extracted, but by working up about 10 kilogimommes of the
plant a quantity sufficient for analysis was eventunally obtained.

The substance thus prepared proved to be a glucoside, which it is proposed to
name lofusin. 1t was re-crystallised from hot aleohol, and was thus obtained in needles
having a very faint vellow eolour. It is bitter to the taste, and does not reduce
Fenrixa's solution except after long boiling. It has no definite melting point, but
decomposes when H»Iﬂ“']}' heated. Unlike 111101'citrin and other similar slucosides of
colouring matters, lotusin is not precipitated by lead acetate, a fact which we have
utilised in purifying it.

With the exception of amygdalin, lotusin is the only glueoside definitely known
which furnishes prussic acid as a decomposition produect.

Combustions of specially purified material, dried at 100 C. until of constant
weight, gave the following results :—
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‘1418 gramme gave "2708 gramme (0, = 52'08 per cent. (.
0618 ,, H,0= 483 , H
1620 E 3184 0 G0, =25250 LG
‘071 , HO= 48 o

il

Co Hy O N requires (0 52°7 per cent. ; H 43 per cent.

In a prelininary account of this enquiry (* Roy. Soc. Proe.,” vol. 67, p. 224), we
assigned to lotusin the formula C,H,NO as representing the simplest combination
of the decomposition produets obtained from it.  The new formula deduced from the
results of zuml}':'i:ﬁs gh’im above and from other data differs from that f-ﬂl'll'lﬁl']:f girﬂn
by a molecule of dextrose. A quantitative determination of the hydrolytic products
has shown that 2 molecules of dextrose are produced by the hydrolysis of a moleeule
of lotusin, instead of one, as we had assumed in our preliminary communieation.

Hydrolysis of Lotusin by Aeids.

When an aqueons solution of lotusin is mixed with dilute hydrochlorie aecid and
the mixture is warmed on the water-bath for a few minutes, a CI'}'ﬁta]Iille :-,-'ellnw
precipitate forms, and the liquid acquires a strong odour of hydrocyanie acid. In
examining the nature of the colonred produet, it was found convenient to utilise for
its |}I‘E‘.]]:tl‘ntimt. the mother ]'ulllni'x from which as muech lotusin as lmﬁﬁi].ﬂ{* had been
erystallised. sinee, as has been already pointed out, these still contained a large
amount of lotusin in solution. The !um]u{:tn of hydrolvsis were, however, in the first
instance ]!I!'t_'!‘EIElI'("[l from ]H!t'i“t‘il lotusin, and their itlentitj’ with those obtained from
the mother liquors definitely established.

Ilentification of the Suger,

About 1 gramme of lotusin was hydrolysed in agueous solution by the addition of
a little hydrochloric acid and subsequent warming. The crystalline precipitate was
filtered out, the liquid decolourised by animal charcoal, and examined in the
polarimeter, when a distinet dextro-rotation was ohserved. The liquif] was then
somewhat evaporated and a solution of phenylhydrazine acetate added, the evapora-
tion being continued until ut'}'stu]ﬁ began to separate. These, on I‘U—Gl'}'ﬁtil“imtiﬂh
from warm aleohol, melted at 202-203° (., and evidently consisted of phenyl-
glucosasone, which is stated to melt at 204” €. The sugar was in all respeets
identieal with dextrose.

The amount of dextrose produced on h}':lrn]_‘,'?sis of lotusin was determined
gravimetrically, through the cuprous oxide reduced from Fenning's solution, with the

following result :-
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1532 gramme of lotusin, hydrolysed by dilute hydrochlorie acid, gave dextrose

sufficient to produce an amount of cuprous oxide corresponding to 1792
gramine ('u0) = 534 per cent. dextrose.

The equation

C,H,;, 0N + 2H,0 = 2C,H,,0, + C,H,0, + HCN

15

l'ﬁ[lllil‘e.f-: the formation of 565 per cent. dextrose.

Eramination of the Yellow Crystalline produet of Hydvolysis, Lotoflavin,

It was found most convenient in |;|1-.pul"|u;_[ 1||||.'1||titiv.-a of this material to bring
about the hydrolysis by the addition of a little strong hydrochlorie acid, warming
gently for a few minutes, and rapidly filtering.

At first there is some resinous
matter produced which remains on the filter

The tltrate 111:;::5851’5 almaost nmne-
1“:11&1}' i }'l&]lnw Prﬂﬂi}!itutF whieh, on examination with a lens, is found to eonsist of

minute needles, The hydrolysis of lotusin is easily effected, even in dilute solution,

by hydrochlorie acid, but is not readily induced by sulphurie or nitric acids even

'lu‘n'hi"![l '.I!H.‘! H.L',i{l HU].II““II Il?-] "n-\'ﬂl'lHl'"[l for HH\'[—‘-I"-‘[I IIulI]‘H (1] L}IH 'L\'Hli",l'-hiltll. The

ingoluble hydrolytic produet ean be re-crystallised from its solution in hot glacial
acetie acid, when it forms bright yellow needles melting indefinitely above 200° €
As the substance is a yellow colouring matter, the name lotaflavin is proposed for
it. Lotoflavin dissolves in aleohol and in agqueons alkaline solutions with a bright
}'t‘l!l(m‘ colour, but it is insoluble in water, chlovoform, ether, and light petrolewn.
Its solutions in aleohaol firm orange-red precipitates with soluble lead and  barinm
salts.

Jombustions of lotoflavin, re-crystallised several times from acetie acid and dried at
1007 C., gave the following results :—

‘176 gramme gave CO, 4041 gramme = G2'6G per cent. U

H.,O 0581 3 = 379 H.
VEH4 o 0, 2067 = 6309 .
H,O 0232 , = 28 , H.

C,;H,,0; requires ' 62°9 per cent. ; H 35 per cent.

The amount of lotoflavin produced by the hydrolysis of lotusin was determined by
hydrolysing a known weight of the latter with hydrochlorie acid, eollecting, washing,
and weighing the lotoflavin precipitated.

‘G128 framme gave 286 gramme lotoflavin, i.e., 466 per cent.

C,;H,0,,N = 2C,H,0, requires 44°9 per cent.
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The hydrolysis of lotusin by hydrochlorie aeid may, therefore, in the light of the
evidence now given, be represented as taking [ﬂam:‘ aceording to the follmrin_g;
equation —

CyHy O N + 2H,0 = 205H,,0; + C;H,,0;, + HCN.

(Lotusin.) {Dextrose.) {Lotoflavin.)

Aetion of Aeetic Aunhydride on Lotoflavin,  Tetracetyl-lotoflavin,

When the colouring matter iz dissolved in acetic anhyvdride and the solution
warmed at 100° €, for about 2 hours a nearly eolourless solution is produced. To
iwolate the produets, the mixture was poured into excess of water, and the whole
shaken well at intervals until the odour of acetie :l]lli_}‘dl'llliﬁ had [li.‘i‘:l'l]]lj?ll'l.‘.[l. The
liquid was then poured oft and the precipitated acetyl derivative washed, dried, and
dissolved in hot aleohol, and the solution set aside. On cooling, it deposited colour-
less needles, which, after re-erystallisation from aleohol, showed a constant melting
point of 176-178° (.,

{._}]]. Ef'lll]]}l]l‘}til]“_ tl]i;" ﬁ)ufl'ﬂ'illg l'E‘HII.I.tH wWenre l"*l,}tﬂi'l'll_"[l —

‘0739 gramme gave "1636 gramme CO, = 6029 per cent. (.
0250 -k H.O 4-34 % H.
2255 , 00, =608 - C.
0399 o IREE A B - H.

Ii

102

I3

CHO,(C,H.,0,), requires (! 60°7 per cent. ; H 3-9 per cent.

The amount of lotoflavin produced on ]1:,-[1111]_1,'555 of the acetyl derivative waa

determined and found to be as follows -

1185 gramme gave ‘0756 gramme = 638 per cent.
‘1014 0641 ,, =632

bl

i '|.',]lu“'-'-_"[L‘-:l'Ir.'-}c}; 1'&{1111!1:.‘5 G249 per eent,

The substance is therefove fefracetyl-lotoflamn.

Action of Methyl Todide on Lotoflavin,  The Isomerte Trimethyl Ethers
of Lotoflavin.

About 1 gramme of lotoflavin was dissolved in methyl alechol and a small ameount
of solid potash added to the solution and then methyl iodide in excess.  The
mixture became hot and the reaction pl‘ngri_‘ﬁﬁiﬂ{] l‘}ll‘jil“_’}'; The =olution was Loiled
for an hour to ensure ccnnp'!ul.u methylation. The exeess of methyl iodide and the
solvent were then distilled off and the residue mixed with water to remove the



AND ORIGIN OF THE POISON OF LOTUS ARABICUS, a2]

potassium iodide formed. The insoluble portion was dissolved in hot methyl alechol.
This solution on cooling furnished yellow erystals melting at 1257 €.

These on re-erystallisation from a somewhat dilute solution in methyl aleohol gave
a first fraction melting at 125° C. and a second melting at 175" €. As there
appeared to be at least two substances present, a larger amount of the methyl ether
was prepared and rve-erystallised.  Working with this new material it was found that
two mutually convertible methyl ethers had been produced, one, the a-form, melting
at 125% (., separating from solutions prepared by boiling the methyl ether with
methyl aleohol in insufficient quantity for solution, and a second, the B-form, melting
at 175° (', and separating always as a second fraction, in largest quantity from more
dilute solutions prepared by gently warming the methyl ether with excess of methyl
aleohol.

The a-methyl ether crystallises in rosettes of needles of a bright vellow colour,
whilst the B-form erystallises in long needles of an old-gold colour and silky lustre.
The B-form is more soluble in methyl aleohol than the a-form. It is somewhat
remarkable that, although the transition point between the two forms must be lower
than the boiling point of methyl aleohol (667 (), since the S-form is converted into
the a-form ]r_‘-,i' Emil[llg with this solvent, yel the B-form ean be heated in the solid
state without change far beyond the melting point of the a-methyl ether.  During
this operation the B-form must be in a condition of labile equilibrium, A similar
phenomenon is presented by sulphur, which in the rhombic form can be heated up
to its melting point, 11457 C., although the temperature of transition to monoelinie
sulphur is only 9547 C,

The number of methoxyl croups present in the two methyl ethers was determined
in the usual way by Zemsens method.

w-methyl ether "1196 gramme gave 2565 gramme silver iodide = 283 per cent.

muf,}m:-c}'],
B- - "L00s i 2139 5 - = 2807 per cent.
methoxyl.

CHAO(OCH,), requires 28°35 per cent.

The substanees are therefore isomerie trimethyl ethers,

Action of Aeetic Anhydride on the ?G'J-u!el!f!fﬂ Ether of Lotofliein,  Acetylteimethyl-
fn.iqf.l’rn'hr,

Since Jotollavin yields a tetracetyl derivative, and therefore probably contains
four hydroxyl groups, and yet only yields a trimethyl ether, it was of interest to
determine whether the remaining hydroxyl group of the methyl ether could be
acetylated. About 2 grammes of the a-modification of the trimethyl ether was
dissolved in excess of acetic anhydride and the mixture warmed on the water-bath

VOL. CXCIV.—B. 4 X
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for an hour. Excess of water was then added, and after standing for a day the
mixture was filtered and the mmsoluble precipitate washed with water, dried, and
dissolved in boiling aleohol.  On eooling the solution, pale yellow needles were
obtained of an acetyl derivative melting constantly at 147° (.

A determination of the amount of methyl iodide formed by the action of hydriodic
acid gave the following result . —

‘12 gramme gave 231 gramme Agl = 255 per cent. of methoxyl.
() HO,(OCH,),C,H, O, requires 2571 per cent.

By the action of acetic anhydride on the S-modification of the trimethyl ether the

sa1ne :lﬂcl}'li!'illmlllj'| ether was obtained.

Aectiow of Mineral Aeids ou Lotoflavia,

It s known that certain of the natural vegetable colouring matters have the
property of combining with a molecule of sulphurie acid and other mineral acids.
The compounds so formed are stable in the presence of acetic acid but are imme-
diately hydrolysed by water into their constituents. 1t was of interest to examine
the behaviour of lotoflavin in this respect and attempts were therefore made to
prepare, by the methods deseribed by Perkix (*Journ. Chem. Soe.,’ 1895), similar
acid compounds of lotoflavin.  To boiling saturated solutions of the eolouring matter
in glacial acetic acid a few drops of the following acids were respectively added—
sulphurie, hydrochlorie, and hydriodie acids. In each case there was a perceptible
darkening in colour of the solution, but on cooling no erystalline compound separated
and on evaporation in a vacuous desiccator only amorphous residues containing the
original colouring matter were obtained. Parallel experiments carried out with
quercetin and fisetin, the colouring matters of ilucrcitl'{m bark and of young fustic.
gave abundant ihli;lltlitil".‘:‘u of the acid m;mlmun{]s of these substances. 1t has been
shown by PErkix that those colouring matters which have the property of forming
acid compounds also possess the property of decomposing alecholie solutions of the
alkaline acetates, with the formation of insoluble metallic derivatives of the
colouring matter.

When a saturated aleoholie solution of lotoflavin is added to a saturated aleoholic
solution of potassium acetate, no precipitate is formed, even on standing or on boiling
for some time,  Parallel l".‘i]]l_"L"ItrLt':TltH carried out with quercetin gave an abundanee
of the potassium derivative of quercetin. [t is therefore proved that lotoflavin
neither forms compounds with mineral acids nor reacts with potassium acetate to form

a potassium salt.
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Aetion of Fused Potash on Lotoflavin.

In ovder to gain further knowledge of the eonstitution of lotoflavin its decom-
position by fused alkalis was examined.

About 2 orammes of the un]nuring matter were dissolved in 5 enb., eentims. of a
20 per cent. solution of potash, and to this mixture about 2 grammes of solid potash
were added and the whole kept just fused for about an hour, The produet was then
cooled, dissolved in water, and the solution made acid, filtered, and repeatedly shaken
with ether.

The ethereal liquids were mixed, decolourised with animal charveoal, dried over
caleium ehloride, and the solvent distilled off,  The residue was dissolved in a little
water, the solution filtered and eoncentrated in a vacuous desiceator. After several
weeks a small llllil!ltit}' of a cr}'ﬁtn]liue acul substance m-pm'alti-{], which after
re-erystallisation from hot water, melted at 2077 C., exhibited the fluoreseen reaction
after fusion with phthalic anhydride, gave a pink coloration with aqueous ferrvie
chloride, and possessed the other properties of B-resoreylic acid.

The residual liquid, which left a gummy mass when evaporated, eontained
j?fﬂ!’ul':‘rghwi'nm{, a8 Was lrl‘ﬂ‘f{‘.‘d h}* the power of Rl!'ilii]]g a violet eolour with ferrie
chloride and of staining a magenta colour a pine shaving moistened with hydro-
chlorie acid.  Eventually a small amount of phloreglucinol erystallised out from this

\'i:ﬂ'_‘itl 1'E".‘1iilhlt.’ I'I.IH.] Wik iiiﬁ’lltiﬁi—'d IJ-}"' ;tH IIH—"]tillg 1'HI'|'iIIt il]'ld g‘l!']'lt" 'Ei.l ]:I]\(ll]l-"t'tit"&

Allkaline Hydvolysis of Lotusin—-Lotusinic Acid.

When lotusin is warmed with alkaline ].iil'llii_lﬁ it passes into solution, ammonia
being evolved and the liquid becoming bright yellow. From aqueous solutions it is
not easy to isolate the ]}I'q‘.llhlﬂt- of i1j1||1b|}'ﬁi.=-:, and it was found more convenient to
carry out the hydrolysis in aleoholic solution. It lotusin is added to aleoholic potash
(20 per eent.) it gradually passes into solution with evolution of ammonia. On
Shlllllii!‘!_:_': an insoluble I:ﬂt:l.‘;.‘iium salt separates in the form uf'hl'ight }'t:"tl‘l.‘.' needles.

This potassinm salt is very soluble in water, almost insoluble in aleohol, ether, and
light petrolewm.

When agueous silver niteate 15 added to an agqueous solution of the lmt:m:-ﬁum salt,
a bright yellow silver salt is precipitated.

A determination of the amount of silver in this salt was made with the following
results :—

S06 gramme gave 0430 gramme silver = 14°05 per cent. Ag,
Uy Hy O Ag requives 14714 per cent. Ag.

This salt decomposes easily and has not been obtained erystalline.
g x 2
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The production of this acid from lotusin may therefore be represented by the
following equation :—

C,H,,0,,N + 2H,0 = (,,H,.0,, + NH,.

It is proposed to call this acid lotusinic acid.

Hydrolysis of Lotusinic Aeid.

When the potassium salt of this aeid is dissolved in water and the solution made
acid by the addition of dilute hydrochlorie acid, no precipitate is formed, but on
attempting fo evaporate the mixture, a erystalline yellow substance separates and
the liquid acquires the property of reducing Fenvriwe's solution.  The eryvstalline
vellow precipitate proved to be lotoflavin, since 1t gave an acetyl derivative melting
at 175% U, possessing all the charaeteristics of tetracetyl lotoflavin,

From the filtered liquid, by addition of phenylhydrazine, phenylglucosazone
melting at 2047 €. was obtained.

The produets of hydrolysis of lotusinie acid are therefore lotoflavin and dextrose.
In addition to these substances, an aeid is produced which it has so far been found
impossible to obtain in a pure eondition. It remains in the syrup when the liquid
obtained by hydrolysing lotusinic aeid in aqueous solutions is evaporated, and does
not erystallise when stirred, or after solution in hot aleohol, or when .ether is
added in small quantities from day to day to its alecholic solution.  There can be
little doubt from its properties that this aeid is hepto-glueonie acid, and that the
decomposition of lotusinie acid may be represented by the following equation, whicls

shows that one of the dextrose residues of lotusin aAppears as a :'.'u"|hr'-.\::!.'|i|:1 acil,

CysHyO + 2H0 = C;H O 4+ CGH,,0p + CiH O
{Lotoflavin.) (Dextrose.) (Heptogluconie
actel.y

Before |]'|'nﬁu=|1i:|1g to diseuss the eonstitutional formula of lotusin and its decom-
pnh‘itiui] 1.1-r:r1ur-t:-:_ it will be eonvenient to summarise in the I'r:“m!.'i]]g manner the

T'u]:al_ia_nn:-:lniln-: whiech have been found to exist between them.

Lotusin.
|

(Aeid h yflf rolisis. ) (Alkeline J yelrolysis.)

Lotoflavin, dextrose, and Lotusinie acid.
: R |
OV acicl, . .
hyvdroeyanie acid (Acid hydrolysis.)
1
Lotoflavin, dextrose, and
heptogluconic aeid.
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Lotoflavin acted upon hy—
() Acetic anhydride.
(6) Methyl iodide.
(e} Methyl iodide

quently by acetie anhydride 4

vives a fefracetyl derivative.
i i trimethyl ether.

and  subse-
moi-acetvl trimethyl ether

() Mineral acids . form  no addition compounds.
(¢) Aleoholic potassium acetate . forms  no potassium derivative,
(.f) Fused potash . yvields phloroglucinol and S-resorevlic acid.

Constitution of Lotusin and Lotoflavin,
The experimental vesults alveady given in detail and tabulated above, are we
think best accounted for by assigning to foteflavie the constitution of a tetrahydroxy
phenylated pheno-y-pyrone, and to fotusin that of a eyanbydrin of a maltose ether

l._'lf Itltﬂﬂiﬂ"iﬂ, 'I‘EI{"HE‘ structures Ly l|'I'E‘ Bl Ihlil.‘-“”.‘g.' I'EIJI'E‘HETI'HII “]'l'l.!'\i H

Lotusin. Laotoflavii.
i T ] (H
OuHuOi—CE-0=r W N2 SR o]0 Gl ™ OH.
= i =
CN T Bl
OH i) O CO

When hydrolysed by acids the initial decomposition of lotusin may be vepresented

by the ﬁu“m-.'iug equation —-

li-!qH:L!N{:']II- + H-:“' = {-‘H“-r-:{'.ll + “t:.l-[ru{ '-i -+ HON
Maltoze, Lotoflavin,
giving maltose C,H,,0,,, lotoflavin C;H,,0,, and hydroeyanie acid HCN,
As the vesult of further action of the acid, the maltose is at onee hydrolysed to
dextrose.
The conversion of lotusin into lotusinie acid (in alkaline solution) takes place in the

manner charactevistic of the hydrolysis of nitriles into their corresponding acids :—

0 OH

O Heg Oy CH(COOF—0O— O --_’.f ~ 0OH.
\\. ; .-|1-;_.L _,-'f
OH OO Lotuzinic acid.

The further hydrolysis of lotusinie aeid by aecids may be represented thus:

{-1';*‘EIIJ;‘(-}I5 + “{} = {‘!I.'a[.IIu{'}n'. '+' “u”“fh,;
Lotusim e
aciil.

Maltosze
earboevlie acid.

Lotofavin.
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GO — g > OH
owl B | | | —
(Maltose carboxylic acid.) N
OH €O

(Lotoflavin.}

giving maltose-carboxylic acid and lotoflavin, the former breaking up at once by the
further action of the acid inte dextroze and i]l.'-piu-g]uﬁulil: acid

CsHy Oy + HO = GH0; + CH L0,

The fact that lotusin is rveadily hydeolysed by hydrochlorie acid and not by
sulphurie acid may perhaps be explained by assuming that an intermediate chlorimide

is formed through which the rupture of the moleeule is facilitated

) 0l
N e,
3 O CH e S N S )
Cyp s {TH 4 §]
c-NH ;
ol ¢

The Hydrolysis of Cyanhiylrins.—The eonstitutional formula we propose for lotusin
appeared to satistactorily aceount for all its reactions with the exception of the
production of |1J'|h‘fu'&'.‘u1h* aciil |;r_1!.‘ action of dilute ]1y:1':'m:|]lnriﬂ acid, which rt—_l{luit't-(]
further elueidation. For it is generally stated that evanhydrins, whether derived
from aldehydes or ketones, furnish the corvesponding acids when hydrolysed by
either acids or alkalies, except in the case of a-hydroxyeyanides, which under the
influence of alkalies lose hydroeyanic aeid with formation of an aldehyde, Thus
the pentacetyl evanhydrin of arabinose when acted on with aleoholie potash furnishes
hydroeyanie acid and arabinose. It seems, however, that the pure eyanhydrins have
heen isolated and their prn]wrlirx studied nrl]_y in a very few cases. In :L_-;{-nm-nl, the
effects of hydrolysis by strong acids have been alone aseertained, and little or nothing
is known as to the effect of water and of dilute acids on eyanhydrins of known
constitution. We therefore i1|k‘l'Hf‘Igﬂt{‘l! the l{llt‘HtEhll with t}'pi{}ﬂl {“'.J.':lnh}'{l]'in.‘-:,

Hydrolysis of the Cyauhydrin of Benzaldehyde (Muandelic Nitrile).—When
mandelic nitrile is mixed with water and the mixture shaken ‘-'igﬂl‘ull#l}' and then
allowed to settle, the :-;r-lmmtvd ACUes solution gives all the reactions of hydro-
cl\'uuic acid, and |-}‘ ]nug-(‘unﬁlltltﬂ ﬁliulf.ing it was found that [\\I‘;Ictic‘un}-‘ the whaole of
the hydrocyanic acid could be removed from the eyanhydrin with the formation of
benzaldehyde. Thus after shaking 2 grammes of the nitrile about twelve times in
succession with an equal volume of water, the oil which finally separated solidified
completely to benzaldehyde phenylhydrazone on the addition of phenylhydrazine.
It was inecidentally found that if phenylhydrazine be added to mandelic nitrile and
the mixture allowed to stand for several days. benzaldehyde phenlyhydrazone is
formed with gradual evolution of hydrocyanie acil.
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The splitting off of Liydrocyanie acid ocenrs when mandelie nitvle is allowed to
stand in eontact with dilute hydroehlorie acid or when warmed with it, but with
coneentrated acid phenylglveollic acid (mandelie aeid) s formed, and no hydroeyanic
acid is produced.

Hydrolysis of Levulose Cyanhydrin.—Attempts were made to isolate the eyan-
hydrins of dextrose and maltose by the addition of 50 per eent. solutions of hydro-
c}'mﬁc acid to aqueocus solutions of’ these sugars, but in both ecases the (‘,:Il'l't‘H]:ntllHllg
carboxylic acul 1s so rapidly formed that it was impossible to obtain the intermediate
compound.  Levulose evanhydrin was, however, prepared by the method deseribed
I:_}f Kinniaxt and Do { Ber.,' 1890, vol. 23, p. 450). When warmed with dilute
hydrochlorie acid it gave hydroeyanic acid, but with concentrated aeid it passed
directly into levulose earboxylie acid.

Hydivolysis of Pentacetyl Gluconitrile.—This substance was prepared in erystals
melting at 83° by the method deseribed by Wonrn (* Ber. vol. 26, p. 730), which
consists in acting on the oxime of ordinary dextrose with acetic anhydride in
presence of sodium acetate. It was found that whilst the substance was readily
converted into the corresponding acid by the action of strong hydrochlorie acid, the
action of very dilute acid led to the separation of hydroeyanie acid.

These results, therefore, made it justifiable to assume that a eyanhydrin of the
formula we suggest for lotusin wounld evolve prussic acid when hydrolysed by hydro
chlorie acid, as lotusin is found to deo.

In determining the constitution of lotoflavin, its great resemblance to colouring
matters of the quercetin type, now generally regarded as phenylated pheno-y-pyrones,
must be taken into account. i

Lotoflavin is isomerie with two vellow eolouring matters of this elass, viz., fisetin
(from young fustic, Rhus cotinus) and luteolin (from Reseda Leteol), and corresponds
with them in general behaviour. To these two isomerides the following formule have
been assigned, whilst the third is that now proposed tor lotoflavin :—

L on o O 0 OH
T T A P T AR gl
0l { JoH  HO {  HoH OH (o

N b W
o 6 % o &6
Laateolin, Fisutir_n. Liotoflavin.

[t will be seen that these formule rvepresent the isomerides as containing four
||_1.'|1t'nx}’| aroups, and in support ol this il&ﬂlllll']tihll may bie b rught forward the fact
that each forms a tl:tt'rlmrt}'] derivative.  On the other hand, luteolin and lotoflavin
form with methyl iodide only trimethyl ethers instead of the tetramethyl ethers which
might be expeeted.  This phenomenon of inecomplete methylation is also exhibited hy
quercetin and myricetin, which are other members of this class of colouring matters,
and also by various hydroxy-derivatives, sueh as B-resoreylic acid ; the common feature
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in these cases being that each of thess compounds contains a hydroxyl group in the
so-called ortho position to a earbonyl group.  This is the ease with one Liydroxyl
group in the formule givﬂn above for lotoflavin and luteolin.

The decomposition produets afforded by lotoflavin when fused with potash ave
wlentical with those ;_‘,E'-'t'tt 1r}.' moriie, a 1'.u]unl'i11g matter contained in Morus tinctoria.
To the latter Bapricn and Perkiy (* Journ. Chem. Soe..” vol. 69, 1896, p. 797) have
assiened the following formula :—

o LOH
) (st e
Bl e
i (O H
T
OH CO

The sumlarity of the decomposition products of morin and lotoflavin by fused

|m1;u-;]t are shown i the following scheme :—

[1':;:““-'“'. + “-_‘“ + Sl = {riiIIl.i{‘.:'i + [I'.Hiinl + 1:““:'

0 OH COOH
OH 7 N i Ol OH 7 0H N Ol
: Sl g ; | . 200,
L oy +H:04+30 | |
e
GH CcO (B]0] OH
R Phloroghucinl. fF-resoreylic acid.

Ci:H 0 + HO 4 20, = CHO, + C.HO, 4 200,

Cl 1] COOH
(0) BVl }LJJI OH /™~ OH <™ OH
| " +H,04+20; ! y | + 260,
S N/ N/
OH CO OH OH
Phloroglucinol. [Fresoreylic acid.

Laotofavin.

Iu each case the phloroglucinol carboxylic acid, under the conditions of the expen-
ment, forms phloroglueinol and carbon dioxide, whilst the side chains of the resoreinol
compounds simultaneously formed, are oxidised to carboxylie groups producing
B-resoveylic acid.  Morin is thevefore to be vegarded as a hydroxy-lotoflavin,

There remains tor consideration one point in which lotoflavin differs from most of
the members of the quercetin group of m}]u,nn'ing matters, viz., in its inability to form
addition ::ntupull'u:lﬂ with mineral acids or to t't'p]uu' acetic acid in the acetates of
the alkali metals with the formation of a metallic derivative.

It has, however, been shown by A, G PEriix that so far Hlll}' those members of
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this elass of m:hmring matters which possess in their eatechol nueleus two ]L:..‘Lh'-nx}'].
groups in the ortho position to each other exhibit this behaviour, so that the
formation of such compounds in the ease of lotoflavin is not to be expected from the
formula we propose for it.

We have assumed in the formula assigned to lotusin that the maltose evanhydein
residue is attached to one of the hydroxyl residues of the pheno-pyrone ring. The
exact point of attachment eannot, however, be decided on the experimental evidenee

at present available as to the 111'(}|1tn'ﬁrr& of derivatives of this elass of compounds,

The Fuzymes of Lotus arabicus,

As has been alveady pointed out, the method of production of hydroeyanie acid
from this plant, by erushing it in eontact with eold water, is characteristic of enzyinic
hydrolysis, and this mode of origin is further supported by the fact that the formation
of the acid is prevented by boiling water and by aleohol, but not by antisepties in eold
aqueous solution.  As several enzymes are already known which have the power of
ell'ectillg the ||}':1t'u1_§,'.~:iﬁ of glummil]uﬁ, it was a matter of considerable interest to
ascertain whether the ;_:lnmminrIE-erHtm}'ing enzyine of Lotuws crabicns was wdentical
with any of these.  In making preparations of the enzvmes of the plant the latter
was extracted with water saturated with ehlovoform in onder to ensure :||1H.-:Er|r’riu
conditions.  The usual methods of obtaining solid |1|1*1mt'ut'|uu.-; were used, sueh as
precipitation of the aqueous extract by aleohol, precipitation of the enzymes upon
inert substances, such as ealeium phosphate, and evaporation in vacro of an agqueons
extract of the plant.

Preparation of Agueous Extraet,

About 200 grammes of the finely powdered plant were extracted in the cold with
l'llli.“l"l"lﬂ}]'lll water, TI!I{"' E‘xt-l'-'c'lﬂ'.. ﬂ-l]'lltﬂill!"“[] IIIIIU]!I I]}rlll'l]ﬂ_‘!.'illli.l: JI{'\'.-i.lI, “'hilﬁh Wils l'{']]lﬂ'ﬁ'['ll
by exposure in a vacuous desiceator over solid potash, leaving a brown eoloured liquid,
which on boiling formed a considerable coagulum of albumen. With this extract
preliminary experiments were made to ascertain if it were competent to hydrolyse
starch and eertain glicosides,

L]

Aetion of the Agueons Solution on Starch,
Starch paste was prepared of such a consistence that when warm and fresh it eould
just he Ilillil'l:-'il into test-tubes, and, on ccmlitlg, the latter eould be inverted without
any flow (mt:un'ing, To a series of such tubes the folls nri:lg sul stances were

added :—
(e.) 1 cub. centim. distilled water.
(b.) 1 = of fresh Lotus extract.
(e.) 1 " of boiled Lotus extract.
{d.) 1 i of a & per cent. aqueous solution of malt extiact,

VOL. CXCIV.—B. 3 v
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In about 3 hours the contents of tubes b and d had become liquid and could no
longer be inverted, whilst in tubes @ and e the paste still remained semi-solid,
Lotus arabicus must therefore contain diastase.

Action of Agueous Extract on Proteids.

It was observed that the elear ehloroform-water extraet on .‘-:t;ntulin;_-; tor several
days gradually deposited a small amount of a precipitate, and at the same time the
extract lost the property of giving a eoagulum when boiled.  To some of this extract
a small quantity of an agueous extract of the peas of Lathyrus sativus was added.
This mixture when freshly made coagulated on boiling, but after four days’ standing
it remained clear after hoiling.

A series of twelve test-tubes, each containing 5 cub. centims. of fresh Lotus extract,
was prepared, each tube being cavefully closed with eotton-wool. The tubes were set
aside, and one of them raised to the boiling point on consecutive days, It was found
that the amount of albumen coagulated gradually decreased until when the tenth
tube was reached no precipitation oceurred.

Lotus avabicus therefore contains a I]rnh*nh'tic enzyme,

Aetion of the Agueous Extract on Glucosides.

These experiments were earried out in test-tubes, satwrated solutions of amygdalin
and salicin being placed in these, to which was then added 1 cub. centim. of Lotus
extract, and, for the sake of ecomparison, to another similar set was added 1 eub.
centim. of sweet almond extract (emulsin).

The sets of tubes comprised the following :—

aa, o', Containing respectively salicin and amygdalin with 1 cub. centim. boiled
Lotus extract.

bb, . Pl . % £ .. 1 eub. eentim. fresh
Lotus extract.

ce, ¢ g - = oy ,. 1 eub, eentim, almond
extract.

dd, d'. = 2 ot i .. 1 cub, centim, dis-

tilled water.

Small samples of the tubes a, b, e, d were taken every half-hour and tested hy
means of ferric chloride for the presence of saligenin. Tubes b and ¢ showed the
presence of saligenin at the end of the first half-honr, while @ and d did not show it
even at the end of a week,

The decomposition of amygdalin is easily observed owing to the formation of
benzaldehyde. Tube ¢ had a distinet odour of benzaldehyde at the end of the first
hu”'almur,-\\']Li]n tube b lad nn]:-..r a faint odour at the end of 3 hours, which
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became well marked after 24 hours, whilst @ and d showed no such effect. It is
therefore proved that one of the enzymes of Lotus arabicus is able to decompose hoth
salicin and amygdalin, though slowly.

Action of Enuzymes on Lotusin.

A series of tubes containing each 5 cub. centims. of an aqueons solution of lotusin
were made, and to these were added—
. 1 cub. centim. of sweet almond extract (emulsin).
b, 1 eub. centim. of solution of malt extract (diastase).
¢. 1 eub. centim, of agueous extract of yveast (invertase).
d. 1 eub. centim. of agueous extract of Lotus,
Only in tube d was there a vapid formation of hyvdroeyanie acid, but after 2 days
it was also apparent in tube a.
As the glucoside-destroying enzyme of Lotus is thus shown to be different from
invertase, diastase, and also from emulsin, it is proposed to eall it Lotase.

Separation of the Enzymes of Lotus arabicus,
Precipitation by Alcohol,

A ehloroform-water extract of the plant made as already deseribed was poured into
three times its volume of 90 per cent. aleohol,  The voluminous white Ijl';:cipitutu &0
formed was collected, re-dissolved in water, and re-preeipitated in the same manner.
It was then dried by exposure to the air on glass plates. It formed translucent seales
almost completely soluble in water.  Its aqueous solution rapidly liquefied starch
paste, and destroyved the coagulable albumen of Lathyrus sativus, but was ineapable
of hydrolysing either salicin or amygdalin. It appears, therefore, that lofase is
rapidly destroyed by contact with aleohol.  This proteid is also unstable in presence
of glycerin. In both these respeets lotase differs from emulsin.

Precipitation on Caleium Phosphate.

To a ehloroform-water extract of the plant a few enb, centims. at a time of ealeinm-
ehloride solution and sodium-phosphate solution were successively added, the whole
being well shaken after each addition of the two reagents. When a sufficient
quantity of ealeinin phosphate had been formed the mixture was shaken for about an
hour and filtered, the precipitate being drained by the filter-pump, and dried by
exposure to the air on glass plates,  The preparation so obtained was a white
al't'l.ﬂl"[il'lunllﬁ lmw:lt:l‘. which charred when heated in a test-tube. It exhibited hoth
proteolytic and amylolytic power, and hydrolysed both salicin and amygdalin.
Tt consisted, therefore, of a mixture of the three enzymes present in this plant.

3 ¥ 2
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Aetiow of Hleat on Lotus Faetract,

Test-tubes containing the extract were kept at a temperature varying from 30° to
607 C. for several hours, and their activities on stareh, salicin, and albumen afterwards
examined. It was found that exposure to a temperature of 50° almost ent.ihe]_i,r
abolished the activity of the extract towards saliein, whilst it left almost unimpaired
the power of attacking starch and eoagulable proteid.

There 1s therefore turther ground for the conclusion that the plant contains three
separate enzymes, one amylolytie, a second proteolytie, and the third glucosidolytic,
and that these three functions are not exerted by one and the same enzyme.

Constituents of the Old Plants.

It has been already mentioned, as a fact known to the Arvabs, that old plants with
fully ripe seeds ave not poisonous, and we find that old plants furnish little or ne
prussic acid when erushed with water.  Further examination has proved that lotase
1= still present in the plant after maturity, since agueous extracts were able to effect
the hydrolysis of lotusin and also of amygdalin and saliein.  Small quantities of the
colouring matter, lotoflavin, were also present, but lotusin was present either in
minute quantity or was entirely absent,

It would therefore appear that the gluv:n.usid:-, lotusin, 1s concerned in the metabolism
of the plant after the seeds are ripe. when it gradually disappears and the plant
becomes non-polsonous,

The presence of lotoflavin  rvenders it highly probable that the glucoside is
hydrolysed in the metabolie process, and that the lotase is concerned in this action.
There may be a further |+in]ngiml :-ﬁgniﬁn.'mc'v i the simultaneous presence in the
plant of the g] neoside and its hydrolytic enzyme, in the protection thus afforded to the
plant at a eritical period in its life-hastory through the poisonous effeets it produces
on animals which eat it in the earlier stages of growth, before the seeds are quite
ripe and about to fall.
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AppENDUM (September, 1901).
The Constituents of Lotus arabicus grown in England.

In conneetion with the question of the effect of elimate and soil on the constituents
of plants, it beecame of interest to determine whether lotusin is contained in plants
grown in England. Through the kindness of Sir W. Triserrox-Dyer o few plants
were grown under glass at Kew with seeds sent from Egvpt, whilst Sir Winniam
8. Cavrcl, Bart., President of the Royal College of Physicians, was good enough to
grow other plants at Hatfield.

The plants grown at Kew did not develop satistactorily ; many of them ** damped
off.,” and from the few that reached nmtlll'ii.j' no definite evidenee of In'uf-;f-ﬁﬂ aeid
could be obtained, althongh traces of lotoflavin were present. The plants grown at
Hatfield, however, did remarkably well, and a number of them were examined after
Howering. These showed undoubted evidence of the existence of lotusin and the
produetion of prussic acid, from which 1t may be eoncluded that under the altered
conditions of growth in this country, the constituents of the Arabian plant remain
substantially the same,
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