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PART I.
THE ETHANOL-SOLUBLE FRACTIONS OF

A. RETICULATA

A. INDICA

A. SERPENTARIA

A. IONGA




HISTORICAL INTRODUCTION



I,_-
o

Plants of the genus Aristolochia have been used

medicinally since the 4th. century B.C. and were held in
high esteem by the ancient Greek, Roman and Jewish doctors.
Extracts are said to have been employed in childbirth, on
wounds, ulcers and abscesses, against fevers, asthma,
epilepsy and snake-bites, and as bitter tonics and purg-

(1)

atives . Though the plants, and extracts from them,

are now no longer in general use, recent work by Shaw(g)
showed that A. elegens contained an alkaloid of undeter-
mined constitution which caused contraction of the uterus,
and an aporphine type base, magnoflorine, has been report-
ed present in 4. debilis Sieb. and Zucc., and A. kaemp-
feri Willd.. The pharmacological properties of magno-
florine have not yet been recorded, Extracts obtained
from Aristolochia species have also been shown to inhibit

(4) (5)

cultures of Staphylococcus aureus , Micrococcus pyogenes

(5) (5)

M., citreus and B. anthracis while a product isoclat-

(6)

ed from A. elegens was found to possess C-mitotic act-

’

ivity.
These observations indicated that further chemical

study of the members of the genus Aristolochia was still

appropriateé This study was commenced by Stenlake and
(7,8,9)

Williams who described the isolation and detailed
examination of the light petroleum-soluble extract of

Aristolochia reticulata Linn. as part of a wider investig-

ation into the chemical constituents of the plant and



related species. This investigation has now been extended
to include a study of the basic, acidic and other fractions
which can be isoclated from A. reticulata, A. indica Linn.,

A. serpentaria Linn. and A. longa Linn. by extraction

with ethanol.
The presence of acids and basic material(has been
10)
reported in many of the 200 different species of

Aristolochia, but unfortunately much confusion of nomen-

clature occurs in the literature. An appraisal of the

relevent publications reveals that "aristolochine'™ has been
(11) (12,13,14,15)
used to describe both acidic and basic
(11,36)

material; '"aristolochic acid" describes different acids

and what is obviously the same acid has been named
17 (15)
"aristolochic acid" s "isoaristolochic acid"
(14) (11)
"aristinic acid"® and "aristolochine" by different

workers.

Similarly, gross discrepancies are alsc evident in the
melting points quoted for the same substance, the methyl
ester of aristolochic acid, for example, being variously

. (15) , (14) , @
reported as melting at 267 C , 250°C , 260-261C y
., (18) . (19) . (20)
280-282"C , 285°C and 286-288"C ; again melting
o i) . (14,15) . (19)
points of 215°C , 275°C , 287-292°C and
281-286°C (21) have been given at different times for

aristolochic acid.

The following discussion of acidic, basic and neutral

substances isolated from the various Aristolochia species



represents an attempt to clarify the record.

Acidic Material.

(12)
In 1820, Chevallier steam distilled the roots of

A. serpentaria and obtained a yellowish-brown acidic extract

which was excessively bitter. The evaporated extract was
partially soluble in ethanol giving an amorphous, yellow,
bitter and heterogeneous product to which Chevallier
ascribed the activity of the root.

(22)
Later, Brandes extracted the roots of A. grandifiora

Gomes (A. cymbifera Mart.) with hot ethanol and isolated

a golden-yellow crystalline substance from the ether-soluble
portion of the extract. The crystals displayed the propert-
ies of a plant acid, being acid to litmus, soluble in
ammonia, and re-precipitated from the latter by the addition
of hydrochloric acid.

Dark orange warty crystals, which were soluble in
ethanol and had a persistantly bitter taste were also ob-
tained by Wittstein(ZS) from the bark of A. antihystericae
by cold extraction with ether, but were not identified as
being acidic.

(24)

S8till later in 1849, Winkler isolated an amorphous
golden-yellow bitter principle from the tops of A. clematitis.
The product, obtained by extraction with very dilute am-
monia and acidifying, was chemically impure, and for this

reason was not investigated further, but, according to the

author, was identified with the bitter from A. serpentaria.



Soe

(25)

Two years after this, Frickhinger extracted the

powdered roots of A. clematitis with ether and obtained

on concentration "amber-yellow completely transparent,
gieaming clino-rhombic prisms" which he named aristolochia
yellow. This was soluble in alkaline solutions and re-
precipitated on the addition of acid, and is therefore
identifiable with the acidic substance obtained by Brandesg\

The study of A. clematitis was continued by'halz(16’20)
who isclated an amorphous golden-yellow bitter substance,
aristolochia bitter, as its lead salt from an ammoniacal
extract of the plant. The presence or absence of nitrogen
in the compound was not recorded and it was given the em-
pirical formula Cg9H1004 , based on tﬁe:carbon and hydrogen
analyses only. Walz also obtained, on steam distillation
of the dried plant, a volatile acid which formed crystal-
line barium, sodium and lead salts. He termed this acid,
aristolochic acid, and observed that the lead salt de-
composed on heating to give one mol., of formic acid and a
half mol. of acetic acid.

(27)

Dymok and Warden also isolated a yellow, bitter,
semi-crystalline solid by extraction of the roots and stems
of A. indica with warm ethanol. The product was acidic,
dissolving in alkali to give a deep orange solution, from
which it was re-precipitated as a yellow amorphous solid on
acidification.

These earlier references simply report the presence of



a yellow bitter which, in most cases, is shown to be acidic.
The first detailed report on the chemistry of the acidic
material appeared in 1892 when Pohl(ll) described the isol-
ation of aristolochine (German, Aristolochin), from the
seeds of A. clematitis as well as from the roots of A. longs
and A. rotunda. The powdered, defatted seeds or roots
were extracted with warm ethanol. Concentration, followed
by acidification gave a yellow-brown precipitate which on
extraction with ether or ethanol produced aristolochine as
yellow microcrystals or orange needles, m.p. 215°C to
charring at 220°%¢. It was soluble in most organic solventsg
but only slightly soluble in water or benzene, and dis-
solved in alkali to give a pale brown solution frcm which

it was re-precipitated by acids. The crystals, which
analysed to C32H22N2013, gave a dark green colour with con-
centrated sulphuric acic. Aristolochine was therefore a
nitrogen-containing compound,

Reduction with zinc dust in glacial acetic acid gave a
product which was no longer bitter nor physiologically
active and which was readily soluble in benzene but only
slightly soluble in alkali. A solution of reduced aristo-
lochine in ethanol was fluorescent. Pohl quoted the follow-
ing analyses for the reduced compound, C 68-95, 69¢92%;

H 4-36, 4'57%; N 4-66, 4-67%, but did not ascribe a formula
to it, merely stating that considerable reduction had taken

place. A typical analysis given for aristolochine was




C 59.93%; H 3.57w; N 4.237.

Although he obtained a good crystalline barium salt of
aristolochine, Pohl was of the opinion that it could hardly
contain a ~COOH group since its salts were decomposed by
carbon dioxide and also since it completely lost its weak
acidic characteristics on reduction. For these reasons,
he considered the name aristolochine more apt than aristo-
lochic acid.

(14)

Hesse continued the chemical study, extracting
the powdered roots of A. Argentina with ether, which was
then saturated with ammonia gas to precipitate the ammonium
salts of the acids. The red precipitate which formed con-
sisted of a mixture of the ammonium salts of aristinic,
aristidinic and aristolic acids. Recrystallisation from
glacial acetic acid gave pure aristinic acid, the other two
acids remaining in solution. The material in the mother
liquors was dissolved in potassium hydroxide solution;
addition of more potassium hydroxide precipitated first
crystalline potassium aristinate and then crude amorphous
potassium aristidinate. Recrystallisation of the latter
from glacial acetic acid gave aristidinic acid. The third
acid, which was soluble in the potassium hydroxide solution,
was obtained as a flocculent yellow precipitate by addition
of hydrochloric acid. This was dissolved in calcium
hydroxide solution, again acidified, and then extracted intoc

ether which on evaporation gave crystalline aristolic acid.




Aristinic acid was further purified by formation of
its potassium salt. The acid formed greenish-yellow
leaflets and needles from glacial acetic acid, m.p. 275°C
(decomp, ), had a nauseatingly bitter taste and was sparing-
ly soluble in most organic solvents but easily soluble in
alkalis. The following analyses were obtained: C 60.16,
60.57%; H 3.68, 3.51%; N 3.46, 3.41, 3.85%.  C;gHy;0oN
requires C 60.84%; H 3.66%; N 3.%4%. Analyses of the
potassium, sodium, ammoniuﬁ, barium, calcium, copper, lead
and silver salts of aristinic acid closely agreed with that
of the parent acid.

A Zeisel determination on aristinic acid indicated a
methoxyl content of 1l.5%. Hesse ratiier surprisingly sug-
gested that this was probably due to contamination though
no impurities were apparent under the microscope, and
great care was taken to confirm the purity of the starting
material.

Reduction of aristinic acid with zinc dust in glacial
acetic acid gave a yellow amorphous material which was not
investigated further. The methyl ester was prepared from
the silver salt of aristinic acid and methyl iodide and crys-
tallised as yellow needles, m.p. 250°C (approx.), containing
C 61.03%; H 3.83%. A methyl ester of the formula

018H12N07. CH, requires C 61.78%; H 4.06%. The methoxyl

3

content was found to be 11l.2% and the difference between this

figure and the theoretical for one methoxyl group (8.40%



Be

was attributed to the same impurity which had supposedly
been found in aristinic acid.

Aristidinic acid had the same empirical formula as
aristinic acid and differed from it only in melting point
(26000, approx.) and methoxyl content (6:26%) which was
lower than the theoretical for one such group (8.73%).
Hesse was of the opinion that this difference was due to
contamination with aristinic acid.

Aristolic acid formed orange-red needles which melted
at 260-270°C (after darkening at 220°C), and had an em-
pirical formula of C15H1107N or ClSHl3O7N‘

The author correlated his work with that of Pohl sug-
gesting that Pohl's aristolochine should be terumed aristo-
lochic acid since the analytical figures obtained by Pohl
(see page 6) also fitted the formula Cl7HllO7N' Hesse
found that all four acids gave the same dark green colour
with concentrated sulphuric acid and in his opinion were
chemically related, aristidinic acid being methyl aristo-
lochate and aristinic acid being homologous with aristolochic
acid.

According to Hesse, the bitter materials isolated by
Chevallier and Walz were impure specimens of aristolochic
acid but Prickhinger's aristolochia yellow was different
because of the depth of colour of the crystals! He sug-
gested that aristinic acid was present in A. indica and

maintained that A. longa did not contain any of the acids



9.

found in A. Argentina, despite the fact that Pohl had iso-
lated his aristolochine from this source.

Some twenty-seven years were to elapse before interest
in these acids was awakened by Castille(l7) with the isolat-
ion in 1922 of aristolochic acid from A. sipho 1'Hérit.

The acid had the empirical formula 017H11°7N’ was monobasic
and appeared identical with Pohl'!'s aristolochine. Its
methyl derivative, m.p. 260-261°¢ (decomp.) proved difficult
to saponify and analysed nearer to the dimethyl compound
C19Hl5O7N, than to the monomethyl one, 018H130 7.

Reduction with zinc dust in glacial acetic acid produced
a compound apparently identical with that obtained by Pohl
on reduction of aristolochine, corresponding to an empir-
ical formula C17Hl304N'

Fusion of aristolochic acid with solid potassium hydrox-
ide at 250°C yielded ammonia and a residue showing the
properties of an anthraquinone as well as a phenolic sub-
stance which could be precipitated by bromine. Castille
therefore concluded that aristolochic acid was a monobasic
acid possessing an anthraquinone nucleus in combination
with a tertiary nitrogen atom.

Later, Krishnaswany, Manjunath and Venkato Rao extracted
A. indica roots with hot ethanol and obtained an intensley
bitter yellow crystalline acid, Cl7Hllo§7Na MePe 27500, in
0.0133% yield after concentration and extraction with ether.

This acid had properties very similar to those of Pohl's



10.

aristolochine and Castille's aristolochic acid but as Pohl's
acid melted at 21500, the Indian authors supposed that
their compound was an isomer and named it isocaristolochic
acid. It contained no methoxyl or methylenedioxy groups
but was shown to possess one active hydrogen by the
Zerewitinoff method. Refluxing with acetic anhydride for
one hour caused no change, starting material being recover-
ed. Other attempts at acetylation also proved abortive.
It did not react with the usual reagents for carbonyl con-
pounds, gave no methiodide and was not attacked by boiling
50% aqueous potassium hydroxide. An attempt to prepare

a benzoate, however, was successful and a small quantity of
a yellow microcrystalline powder, which pfoved difficult to
purify, was isolated. It had a melting point 170-171C
and analysed to 024H1508N, in agreement with the formula
for the acid.

Methylation of isoaristolochic acid with dimethyl sul-
phate gave a tasteless derivative, CygHy307N, m.p. 267°C
(decomp.) which was unaffected when boiled with ethanolic
potassium hydroxide for four hours. The authors concluded
that the product was an ether and therefore that isoaristo-
lochic acid did not contain a carboxyl group. This agreed
with Pohl's statement that aristolochine also contained no
-CO0H group.

Oxidation of isoaristolochic acid with hydrogen per-

oxide in dilute potassium hydroxide gave a dibasic acid,
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C14H1105N (COOH), , m.p. 164.5°C , which lost one mol. of
water when kept at 120°C for % gours.
13)
Rosenmund and Reichstein ,who gave an excellent
survey of the literature on Aristolochia species, isolated

crude aristolochic acid from the root stock of A. gipho

in approximately 0.3% yield by extracting the defatted roots
and rhizomes with boiling ethanol, The concentrated sol-

- ution was precipitated with dilute hydrochloric acid and
shaken out with ether which was, in turn, extracted with
potassiﬁm bicarbonate solution. The canary-yellow powder
obtained‘on acidification of this last solution was purified
through its sodium salt and recrystallised from dioxan or
glacial acetic acid as intense yellow needles, CprpH11 0000
M.Po. 274-278°C (decomp.), confirming Castille's formula and
that for aristolochic acid quoted by Hesse, and in agree-
ment with the results obtained by Krishnaswamy et al. for
their isoaristolochic acid.

A Zeisel determination indicated a methoxyl content of
1.3% as found by Hesse (see page 7). Contrary to Hesse,
Rosenmund and Reichstein were of the opinion that this could
not be ascribed to impurity but was possibly due to partial
cleavage of an N- methyl group since a methyl-imine deter-
mination indicated exactly one -N.CH3 group.

Reaction with diazomethane gave a methyl ester,
C18H1307N 5 m.p. 280-282°C (decomp.) which was saponified

only with difficulty and this with considerable decomposition.
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Pohl and Krishnaswamy et al. had concluded from similar ob-
servations that a carboxyl group was not present and con-
firmatory evidence was sought by Rosenmund and Reichstein.
It was found that aristolochic acid gave no ferric chloride
reaction, which suggested that enolic groups were unlikely
to be present, and finally irrefutable evidence for the
presence of a carboxyl group was obtained when aristolochic
acid was decarboxylated by warming with copper powder in
quinoline, to yield an orange-yellow neutral substance,
C16H11 05N 5 m.p. 206-212°C.

Oxidation experiments with alkaline permanganate and
chromic acid yielded no characterisable product. Reductive
acetylation of aristolochic acid gave a fluorescent sub-
stance similar to that obtained by Pohl and Castille.
Rosenmund and Reichsteiln also reduced the methyl ester, em-
ploying two different methods. Hydrogenation with platinum
oxide in glacial acetic acid gave an unstable bright yellow
substance which was soluble in dilute sodium hydroxide and
which proved difficult to purify. The best sample melted
at 312-315°C with sublimation, and analysed to CjgHj304N .30,
Acetylation of this product yielded a crystalline acetate,
thought to be a diacetate, C22H1506N or C22H1706N y MeDos
306-30800. Reductive acetylation of the methyl ester with
acetic .anhydride, pyridine and zinc dust gave the same
acetate.

Reduction of decarboxylated aristolochic acid with plat-



13.

inum oxide in glacial acetic acid produced an almost colour-
less, strongly fluorescent but unstable product which rapid-
ly became coloured during isolation. Reductive acetyl-
ation of the same compound also failed to yield a crystal-
line product.

Neither aristolochic acid, its methyl ester nor its
decarboxylated derivative contained a carbonyl or hydroxyl
group. The authors could not draw definite conclusions
from their results but postulated the presence of a quinon-
oid group which could be converted into an unstable phenol.
On the basis of their work however, the following partial

structure (I) 1is applicable:

NCH3
C158705
COOH

(1)

This structure can be criticised on the basis that, unless
the nitrogen atom is part of an aromatic system, as such it -
would be strongly zwitterionic and therefore unlikely to be
readily extractable from aqueous solution.

Rosemmund and Reichstein went on to review critically
the earlier literature and suggested that Frickhinger's
aristolochia yellow, Pohl's aristolochine, Hesse's aristinic

acid, Castille's aristolochic acid and the isoaristolochic
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acid of Krishnaswamy, Manjunath and Venkato Rac were one
and the same substance which in their opinion should be
called aristolochic acid. They pointed out that Hesse's
analyses for aristinic acid (see page 7) also fitted the
formula C17H1107N and that the analyses of some of the
salts prepared by him were in better agreement with the low=-
er formula. The melting point of Hesse's compound and
their own are identical and the analysis that the former
quoted for the methyl ester of aristinic acid ( see page 7)
was in better agreement with Cl8H1307N than the next high-
er homologue as Hesse had suggested, though melting point
discrepancies in the case of the methyl ester 4ill remained.
Hesse had reported it as about 250°C whereas Rosenmund and
Reichstein found a melting point of 280-282°C (decomp.)
for an analytically pure sample. This difference, they
suggested, was due to an impurity in Hesse's sample because
they themselves obtained m.p. 260-262°C for an impure
sample., Castille's melting point for the methyl ester
also was 260-261°C with decomposition. 6

In 1954, Green, Eugster and Karrer(2 ) isolated
aristolochia-cymbifera-acid, Cpgf,,0, 5 M.D. 107°C, but this
was obtained by light petroleum extraction and was obviously

not related to any of the previous bitter materials.

It was at this point that the present investigation

was commenced but while work was in progress, Pailer and



15.

co-workers published a series of papers and elucidated the
structures of both aristolochic acid and a second acid,
aristolochic acid - II.

(19,21)

Pailer, Belohlav and Simonitsch extracted the
powdered and defatted rhizomes and roots of A. clematitis
Linn, with ethanol. The acidic portion of the concentrat-
ed extract was obtained by potassium bicarbonate extraction
which gave a mixture of acids in which aristolochic acid
was the main constituent. It was purified by crystallis-
ation from dimethylformamide-ethanol as orange-red threads,

8 o (19) g ¢ (21)
C17H1107N s M.p. 287=-292°C , 281-286¢C (decomp.) de-
pending on rate of heating, the melting points being deter-
mined on a microblock.

Treatment with diazomethane gave a methyl ester,

(19) (21)
C18H1307N s MeDo 285% ’ 281°¢ and decarboxylation
with copper powder in %ulnollne g%ve)the expected compound,
21
CléHllOSN , m.p. 216°C , 212°C . The original acid
and the above two derivatives were therefore identical with
those obtained by Rosenmund and Reichstein.

Pailer and his co-workers then went on to establish the
presence of one methoxyl, one methylenedioxy and one nitro
group in aristolochic acid which had as its nucleus the
phenanthrene molecule,

Aristolochic acid, by the customary method, gave a meth-

oxyl content of 1.5% (theoretical 9.09%) but by a suitable

modification of methoxyl determination in which consideration
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was given to the difficult solubility of the compound", it
was established that, in fact, one methoxyl group was pres-
“ent., This was confirmed by a similar methoxyl determin-
ation on the methyl ester which was shown to possess two
such groupings.
Zinc dust distillation of aristolochic acid yielded

phenanthrene, confirmed by its ultraviolet spectrum and melt-
ing point, and suggested the partial structure (II) for the

acid.

N
o g -CO0H
-0 CH3
/

(I1)

Catalytic hydrogenation of the acid or the methyl ester
resulted in a hydrogen uptake of three mols, and gave a
neutral compound, Cl7H1104N s M.D. 317-31900. The authors
concluded from this that more than one group was concerned
in the reduction, and in the case of the reduction of the
methyl ester, methanol was a product of the reaction.

Hydrogenation of the decarboxylated acid also showed an

uptake of three mols. of hydrogen and yielded a sensitive

(19) (21)

basic substance, C1gHy303N , m.p. 172-173°C , 170°% ,
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which could be acetylated. The same acetate was obtained
by reductive acetylation of the decarboxylated compound.

The original base after diazotisation and boiling gave a
nitrogen-free intensely red substance. These facts indicat-
ed the presence Qf a nitro-group which on reduction gave the
lactam of the corresponding amino-acid, and ultraviolet and
infrared spectra confirmed the presence of such a group.

The presence of a methylenedioxy group was demonstrat-
ed in aristolochic acid, its ester and the decarboxylated
acid by heating them with phosphoric acid when formaldehyde
was liberated(29), thus permitting extension of the part-

ial structure to that shown (III).

-CO0H

~
i

=

o
N

ata

(I11)

The complete structure of aristolochic acid was estab-
lished as given (1V) by oxidation of the decarboxylated acid
(V) with hydrogen peroxide in tetrahydrofuran. The di-
basicity of the resultant diphenic acid (V1), CLeH20

(19) (21)

(o]
m.p. 246 C ’ 243°C , was confirmed by formation of
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the dimethyl ester, C18H1 607 » m.p. lléOC, which was shown
to possess three methoxyl groups. Furthermore, the methyl-
enedioxy group and all the carbon atoms of the starting
material were still retained, a fact which could only be
explained if the nitro group was in the 9 or 10 position in
the molecule. From the observation that aristolochic acid
and its methyl ester (V1l) gave a lactam (V111l) on reduction,
it followed that the carboxyl group must be attached to a
carbon atom adjacent to C(g) or C(1Q)-

The positions of the methoxyl and methylenedioxy groups
were established by treatment of the diphenic acid with
concentrated hydrochloric acid under pressure in the pres-
ence of resorcinol to bind the formaldehyde released dur-
ing the reaction,. The acild severed the ether linkages
and, with decarboxylation, formed a dihydroxylactone (1X),
C13Hg0s » m.p. 204 C, the structure of which was establish-
ed by potassium permanganate oxidation of the correspond-
ing dimethyl ether (X) to o-methoxy-phthalic acid (X1),
characterised as its anhydride.

Confirmatory evidence for the lactone structure (1X)
was obtained by synthesis. 1,5,6 =Trimethoxyphenanthrene-
10-carboxylic acid was oxidised in two stages to a diphenic,
dibasic acid (X11), Cy7H1407 , which on treatment with con-
centrated hydrochloric acid, gave the required lactone.

Pailer, Beiohav and Simonitsch therefore concluded that

aristolochic acid is 3,4 -methylenedioxy-8-methoxy~10-nitro-
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phenanthrene-l-carboxylic acid. It therefore follows that
the sensitive basic substance obtained on catalytic hydro-
genation of decarboxylated aristolochic acid is as shown
(X111).

A second acid of similar structure to aristolochic
acid was found along with aristolochic acid in the sodium
bicarbonate-soluble portion of an ethanolic extract of
A. clematitis.

This was at first called nor-aristolochic acid(lg)but
in a later publication was re-named aristolochic acid =
II(ZO). It had an empirical formula C16H906N and was re-
ported as melting at 20900 though the authors stated that
it was not completely pure. Separation of aristolochic
acid -II from aristolochic acid (1V) proved difficult. An
attempted fractional crystallisation using the ammonium
salts was not satisfactory and pure fractions could not be
obtained from the potassium salts using conventional methods
such as solvent precipitation, counter current distribution
and chromatography. Eventually a separation was achieved
by esterifying the acid mixture and chromatographing on
alumina. Aristolochic acid -II methyl ester, m.p. 274 C,
came through first followed by the methyl ester of aristo-
lochic acid, m.p. 287-288°C.  The former, CypHy0gN, con-
tained one methoxyl, one methylenedioxy and one nitro group.
The ultraviolet spectrum had a maximum at 251g#, typical

of a phenanthrene derivative, which suggested that aristo-
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lochic acid -II was a methylenedioxynitrophenanthrenecarbox-
ylic acid.

Aristolochic acid -II m.p. 269-271?0 (decomp.) was
obtained from its methyl ester in extremely poor yield
(bmg. from 104 mg.) so all degradative work was carried
out on the methyl ester and the readily obtained decarb-
oxylated acid -II which could be separated with ease by
chromatographic means from a mixture of the two decarboxy-
lated acids.

Structural investigation was accomplished using methods
similar to those employed in the elucidation of aristolochic
acid(lv). For the same reasons as before, it’was deduc=-
ed that the nitro group occupied position 10 and the carboxyl
group position 1 in a phenanthrene nucleus. The problem
was therefore reduced to finding the points of attachment
of the methylenedioxy groupe.

Aristolochic acid =11 methyl ester (X1V) was heated
in a sealed tube with resorcin and hydrochloric acid and
the resulting dihydroxy-compound (XV) oxidised, without pur-
ification, with alkaline potassium permanganate, Phthalic
anhydride (XV1) was identified as a breakdown product,
proving that the methylenedioxy group was attached to the
same ring as the carboxyl group, otherwise hemimellitic acid
(XV11l) would have been produced.

The structure of aristolochic acid -II was therefore

2,3- or 3,4-methylenedioxy-lO-nitrophenanthrene-l-carboxylic
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acid. To distinguish between these two possibilities, de-
carboxylated aristolochic acid -II (XV1ll) was reduced and
then, with some difficulty, acetylated under hydrogen. The
resulting lO-diacetylamino- 3,4-methylenedioxyphenanthrene
(X1X) was identical with synthetic material prepared in an
unambiguous manner.(30)

Further proof was obtained by oxidation of decarboxylated
aristolochic acid -II (XV11l) to a methylenedioxydiphenyldi-
carboxylic acid, CisH;g0¢ (XX) which was not identical with
synthetic 4,5-methylenedioxydiphenyl-2,2'-dicarboxylic acid

and must therefore have been the corresponding 5,6-methylene-
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dioxy isomer. Treatment of this with hydrochloric acid under

pressure gave a compound identical with synthetic 3,4-benz-

8-hydroxycoumarin (XX1).

(CH3C0)20
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Aristolochic acid -II (XX11l) was therefore 3,4-meth-
ylenedioxy-1l0-nitrophenanthrene-l-carboxylic acid and only
differed from aristolochic acid (1V) in not possessing a

methoxyl group.

(xxX11) - ()

Since the appearance of the publications by Pailer,
Belohlav and Simonitsch and Pailer and Schleppnik, other
workers have reported the presence of aristolochic acid (1V)

(3) (3,31)
in A. kaempferi and A. debilisg .

Basic Material

A review of the investigations into the so-called basic
constituents of Aristolochia species reveals that there is
confusion both in names and identity of the substances iso-
lated as bases, and there can be little doubt that much of

the material referred to as basic in earlier references was,
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in fact, acidic. In some cases,also, only the isolation
of the bitter substance is reported, no attempt being made
to classify it as basiczor acidic.

Thus, Chevallier(l treated a steam distillate of the
roots of A. serpentaria with lead acetate. The resultant
precipitate was immediately bitter and irritant to the
throat due to adsorbed material which could be extracted
with ethanol. This gave a water-soluble product which no
longer was precipitated on the addition of lead acetate.
Feneulle(32 confirmed Chevallier's work and isolated the
same yellow bitter substance from the filtrate obtzined on
removal of the precipitate with lead acetate. Neither
author claimed that the above bitter was basic, but when
Ferguson(l3) isolated aristolochine from A. reticulata he
was of the opinion that all three substances were identical.
Winkler(24), on the other hand, claimed that his bitter,
which possessed acidic properties, was also the same as the
one isolated by Chevallier and Feneulle, Ferguson obtained
aristolochine from A. reticulata as light yellow bitter crys-
tals using conventional means which established its basic
character. Thus, the concentrated ethanolic extract was
dissolved in ether and extracted with dilute hydrochloric
acid, the aqueous solution basified, and the alkaloid remov-
ed by extraction with ether. Various colour tests were re-

corded for the base, which evolved ammonia on heating with

soda lime, but neither yield nor analysis was reported.



(14)
The basic material which Hesse isolated from A.

Argentina was also designated aristolochine though it gave
different colour reactions from Ferguson's base. Hesse
used two methods, either treating the powdered roots with
sodium carbonate and extracting with ether, or alternative-
ly extracting directly with hot ethanol. In this second
method the concentrated extract was made alkaline and shaken
out with ether from which dilute acids removed the alkaloid.
The free base and its salts were amorphous. Neither anal-
yses nor further investigation was possible since aristolo=-
chine was mixed with another substance which could not be
removed from the very small quantities of base generally ob-
tained., Hesse also reported aristolochine as a probable
constituent of A. indica, but that no alkaloids whatsoever
were present in A. longa.

Although Butte 33 héd previously reported the absence
of basic material in A. cymbifera, Peckolt(34)obtained a
dull white flaky crystalline base, cassuvin, from this
source by extracting the root bark with tartaric acid in

ethanol. The concentrated extract was basified and the Vi

base removed into chloroform from which it was obtained as
odourless and tasteless crystals with a nauseating after-
taste.

(27)

In agreement with Hesse's opinion, Dymok and Warden

isolated a little basic material from A. indica on extract-
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ing an acidified concentrated ethanolic extract with ether.
The yellow non-crystalline varnish obtained gave positive
tests with common alkaloidal reagents.  And, from the same
source, Krishnaswamy, Manjunath and Venkato Rao(lS) re-
ported the isolation of a crystalline alkaloid, again called
aristolochine. The study of this base was continued by the
first two authors(35). The crushed roots of A.indica were
extracted with ethanol which, on concentration, was treated
with dilute hydrochloric acid. This acid extract was
basified with ammonia and repeatedly extracted with chloro-
form, The base was remoéed from the chloroform solution
into dilute hydrochloric acid which, on slow concentration ,
deposited a microcrystalline hydrochloride, C17H1903N. BC1,
MmN, 26800 (decomp.). Recrystallisation from methanol
gave the base, C; i) 0. , m.p. 215°¢, [o(];g -268.5°, in
0.04% yield, whereas recrystallisation from toluene or ben-
zene gave crystalline addition products, m.p. 159°C (decomp.)
and 163°C (decomp.) respectively. The base formed a pi-
crate which melted at 222°C with decomposition, and which
failed to recrystallise. A crystalline picrolonate, m.p.
232°C (decomp.) was also obtained.

Some of the properties ascribed to aristolochine are
rather puzzling. It was sparingly soluble in most comuon
organic solvents though it dissolved readily in alkalis from-

- which a saturated solution of carbon dioxide re-precipitated

it. This suggests that a phenolic or other weakly acidic
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group is present in the molecule and yet the Indian workers
failed to obtain a colour with ferric chloride. They also
reported the absence of carbonyl and methylenedioxy groups
but one methoxyl group, one N - dimethyl group and one re-
active hydrogen atom, determined by the Zerewitinoff method,
were found to be present.

The report of the work done on the alkaloid from A.
indica was published in 1937 but no further work on it has
appeared since that date. _

More recently, in 1947, Shaw(z) commenced a general sur-
vey on alkaloids from Australian flora and simply reported
that A. elegens contained an alkaloid which caused contract-
ion of the uterus. No further work on this species has
since been reported.

In 1957, the presence of an aporphine-type quaternary

(3)
base, magnoflorine, was reported in A. kaempferi Willd,

CH30
w83
HO CH3
HO
-
CH;0

(XX111)
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and A. debilis Sieb. et Zucc. The base was isolated as a
reineckate and on regeneration was converted into the sty-

phnate, CpoHpa0gN. CgHyOgN3 5 m.p. 230°C. Magnoflorine is
3
identical with corytuberine methyliodide (XX111) . It (37)
37

has, very recently, also been found present in A. clematitis .

Neutral Material

By far the greater proportion of neutral material in
Aristolochia species 1s removed during the initial defatting
with light petroleum. Krishnaswamy, Manjunath and Venkato
Rao(lS), however, isolated a small quantity of a phytosterolin
from the non-volatile portion of a hot ethanolic extract of
the root of A. indica. On concentration of the ethanol,
the material precipitated in very poor yield (0.00053%) and
required repeated recrystallisations from large volumes of
ethanol to raise the melting point to 285 - 290°C. It gave
the colour reactions characteristic of phytosterols and an
acetyl derivative, m.p. 162 - 163°C was readily obtained.

A phytosterol, m.p. 14600, was produced on hydrolysing with

an amyl alcoholic solution of hydrochloric acid; so also was

a sugar capable of reducing Fehling's solution, which indic-

ated that the original substance was a glycoside. 8
A similar substance was obtained by Kind and Celentano(3 )

from A. serpentaris. In this case, an ether extract of the

drug deposited a solid material m.p. 263°¢ which was only
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slightly soluble in chloroform and boiling ethanol. Acetyl-~
ation with acetic anhydride in pyridine gave an acetate id-
entified asp-sitosteryl-p-D-glucoside tetraacetate, which
on saponification gave the original glycoside in a pure state.
Hydrolysis of this glycoside produced.p-sitosterol, charact-
erised as the benzoate. Identification of the glycoside
as F—sitosteryl-P-D glucoside was confirmed by synthesis of
the tetraacetate.
(28)

Green, Eugster and Karrer have also isolated allan-

toin from an ethanolic extract 051%5 cymbifera Mart..

Allantoin has also be identified in the water soluble

portion of an ethanolic extract obtained from A. indica,
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INTRODUCTION TO THE PRESENT WORK

The object of the investigation was the isolation and id-
entification of the chemical constituents which could be ob-

tained from A. reticulata, A. indica, A. ssrpentaria and A.

;ggggbby extraction with ethanol, after preliminary removal

of petrol-soluble compounds. Such an investigation was nec-
essary if the contradictory findings summarised in the previows
section were to be resolved, Emphasis has therefore heen
placed on the study of the acidic and basic materials which

were isolated from these four species of Aristolochia, for it

is in the reports on similar materials obtained from other

species of Aristolochia +that most confusion exists.

To avoid unnecessary repetition, only the work done on

A, reticulata is reported in detail though comprehensive re-

ports for the other three species are given when the methods

used were significantly different.
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PRELIMINARY EXTRACTIONS

A. reticulata

Four batches of authenticated A. reticulata, which had

previously been defatted with light petroleum, were extracted
separately by cold percolation with ethanol,. Concentration
of the extracts under reduced pressure gave almost black thick
oils, still containing some solvent, from one of which a
neutral solid, mep. 260 = 270°C, separated on standing. This
was reserved for future examination.

Each oil was dissolved in ether and exXtracted with dilute
hydrochloric acid to remove basic and water-soluble material.
Subsequent extraction of the ethereal solution with 2% aqueous
potassium hydrogen carbonate followed by acidification of the
agieous layer gave a yellowish-brown precipitate of crude
acids. The ethereal solution was further extracted with 5%
aqueous sodium carbonate and finally with 5% aqueous sodium
hydroxide before being evaporated to give a large yield of
neutral oil.

Acidification of the aqueous sodium carbonate solution
gave a negligivle quantity of resinous material which was dis-
carded. Similar treatment of the agueous sodium hydroxide
solution, followed by extraction with ether gave three layers -
an ethereal layer which yielded an almost black resinous mat-

erial on which no further work was done; a middle oily layer,

probably an emulsion, which was reserved but not further in-
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vestigated; an aqueous layer which was discarded.

The appended scheme (page 35) summarises this prelimin-
ary extraction.

Extraction of the marc from one of the batches of A.

reticulata with hot ethanol produced, on concentration , a

very dark oil which deposited needle crystals, m.p. 223 =
23200, not identical with the material obtained from the cold
extracte. After removal of these crystals, the oil was treat-

ed as bhefore.

A. indica

The powdered, defatted roots and rhizomes of an authen-
ticated sample of A, indica were extracted with ethanol by
cold percolation and the extract treated exactly as in the pro-

cess used for A. reticulata, though in this case no neutral

80lid separated on the initial concentration of the ethanolic

solution.

A. serpentaria

Two authentic batches consisting of roots and rhizomes

of A. serpentaria were examined and sorted by hand to remove

contaminants including pieces of A. reticulata which closely

resemble A. serpentaria, appreciable amounts of the roots and

rhizomes of Hydrastis canadensis, small quantities of

Podophyllum peltatum and Polygala senega, as well as some aer-

ial parts of A. serpentaria.
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The roots and rhizomes were powdered and defatted, and
then percolated with cold ethanol. Concentration of the per-
colate gave a thick black oil which, on cooling for four days
at 0°C, deposited a brown crystalline solid, m.p. 287 =~ 29500,
which was reserved for further examination. The thick oily
filtrate was separated into fractions by the method described

under A. reticulatae.

A. longa, Linn.

Index Kewensis lists four different species of Aristo-
lochia, each referred to as A. ;gggg(sg). Of these, three
are identical with other species, the fourth one, A. longa,
Linn., being the official plant of this name. The authen-
ticity of a sample of A. longa, Linn. was confirmed by Dr.
Metcalfe of the Royal Botanic Gardens, Kew.

The powdered roots and rhizomes were macerated and ex-
tracted with light petroleum until the percolate was almost
colourless. The light-brown oil obtained on evaporation
(0.96%) deposited solid globules, m.p. 45°C, which on re-
crystallisation from methanol were shown to be a mixture of
two substances melting at 52 - 56°C and 87 - 93 C. Owing
to the very small yield of these substances, they were not
investigated further. The marc from the above extraction
was macerated and then percolated with cold ethanol to give a
deep orange extract. During concentration a yellow crystall-

ine solid was slowly deposited and repeatedly separated by
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filtration before final evaporation of the solvent was possible.
The oily product was subjected to the same treatment as the
corresponding oil from A. reticulata. No neutral solid sep~

arated out in this case.
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EXAMINATION OF CRUDE ACID FRACTIONS

A. reticulats

The crude acidé were dissolved in either hot glacial
acetic acid or hot dioxan tb give solutions which deposited
crystals on cooling. Further batches of crystalline material,
numbering ten in all , were obtained by successive concentrat-
ion and crystallisation of the mother liquors. The residual
mother liquors which were almost black yielded only resinous
acidic material which was not studied further.

The appearance, tube melting point and R, value (deter=
mined on Whatmen No. 1 paper using 4:1 ethanol - 5% formic

acid as solvent) of each fraction were compared. (Table 1).

Table 1.

Fraction Appearance m.p. °C Re
1 Orange-yellow needles 269 - 270 0.92
2 Brown-yellow plates, orange-

yellow when powdered. 272 - 273 0.92
3 Pale brown-yellow needles 272 - 275 0.91
4 Pale brown-yellow needles 271 - 273 0.915
5 Yellow needles 275 - 277 | 0.93
6 Orange plates 273 0.94
7 Brown-yellow plates 268 -
8 Orange-red needles 266 0.78
9 Orange-brown needles 268 0.79
10 Orange needles 270 -
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Fractions 1-6 and fractions 8-10 were bulked and treated as

two crude acidic products, A and B respectively.

Product A.

Recrystallisation of this product from glacial acetic
acid or dioxan gave yellow, non-fluorescent needles,
C17H1107N , m.p. 275 - 277°C (decomp., tube) which formed a
deep orange solution in agueous sodium hydroxide. The orig-
inal material could be recovered as an amorphous solid from
this solution on the addition of acid. The crystals gave
a green colour with concentrated sulphuric acid in agree?ig§

with the descrip?io?s of aristolochic acid from 4. sipho
14

and A. Argentina .

Aristolochic acid from A. clematitis, also Cy,H;;04N ,
has been reported(Zl) as forming orange-red threads from
NN-dimethylformamide——ethanol, m.p. 281 - 286°C (decomp.,
microblock) . Pure product A also readily crystallised from
this mixed solvent as orange-red needles, m.p. 275 = 277°¢C
(decomp., tube). Both forms of product A melt at 284 - 285°C
(decomp.) on a microblock.

Product A contains one methoxyl group as determined by a
modified Zeisel method in which distillation was allowed to
continue for six hours. The insolubility of the substance
requires extra time for distillation and no doubt explains the

(14) (18)
low figures obtained by Hesse  and Rosenmund and Reichstein



for the methoxyl content.

The ultraviolet absorption spectrum of product A was re-
corded (Figure 1) and showed peaks at 225@# (log € 4.49),
250m/u. (loge 4.47), 318mu (log€ 4.11) and 390mu (lo%f8)5.85)
which are in excellent agreement with those recorded for
methyl aristolochate from A. sipho and almost identical with
those obtained by Pailer and his co-workers for aristolochic

(20)
acid from A. clematitis .

Decarboxylation of product A with copper powder in quin=-
oline gave the neutral substance, 01631195N , as orange needles,
MeDo 213°c (microblock), identical with that obtained by
Rosenmund and Reichstein(l8) who reported a melting point of
206 - 212°C. The ultraviolet absorption spectrum of decarb-
oxylated product A agrees with that recorded by Failer,
Belohlav and Simonitsch(zl) for l-methoxy-5,6-methylenedioxy=-
9-nitrophenanthrene (V).

Hydrogenation of product A was attempted first by cataly-
tic methods using both 20% palladium on charcoal and platinum
oxide as catalysts and employing either dioxan or glacial
acetic acid as solvent. Difficulties arose due to the poor
solubility of product A in these solvents, or indeed any sol-
vent, so that only small quantities could be handled at a
time. The catalytic reductions, which produced a fluorescent
product, indicated a hydrogen uptake of three mols. but were

invariably incomplete even after prolonged reaction. A

selection of such reductions is reported in Table 2. Reduct-
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ion with zinc and acetic acid, on the other hand, was reason-
ably fast and comparatively large quantities of product A
could be used in the reaction. The neutral compound iso=-

lated, C17H1704N , has previously been identified as 9-amino-

(21)
l-methoxy-5,6-methylenedioxy~-8-phenanthroic lactam (V111) .
Table 2
Weight of Uptake of
Redn. Product A Solvent Conc. Catalyst Time Hydrogen
(mg.) (mols.)
1 104.0 glacial acetic 0.104% Pt0g 160min. 2.70
acid
2 41.5 Dioxan 0.415% 20%Pd on 30min. 3.00
charcoal
3 50.0 glacial acetic 0.05% Pt0y 60min. 2.94
acid
4 68.0 glacial acetic 0.0687 PtOj Shrs. 2.85
acid
5 320.0 dioxan 0.40% 20%4Pd on  4hrs. 2.15
charcoal

It is undoubtedly identical with the neutral yellow substance
erroneously formulated as Cj1nH3z04N obtained by Castille(lv)

on reduction of aristolochic acid from A. sipho by zinc and
acetic acid. It is also identical with the reduction product,
said to be CygH1304N.3Ho0 , obtained by Rosemnund and Reich-
stein(la) as shown by comparison of the respective acetates
vwhose melting points and ultraviolet spectra are in excellent

agreement . Furthermore, the analyses of the so-called

"diacetate" obtained by Rosenmund and Reichstein agree more
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closely with that for the lactam monoacetate:

(18)
Found : C 67.68 , 67.88 , 67.97%

H 3.80 , 3.95 , 4.24%
N 4072 'y - ’ 4960%

Proposed: } 022H1706N requires C 67.51,H 4.38,N 3.58%

° . - o/
CzéHIBOGN requires C 67.86,H 3.82,N 3.61%

Monoacetate: 019H1305N requires C 68.06,H 3.91,N 4.18%

Digcetates

The preceding evidence establishes that product A is id-
enticel with aristolochic acid obtainable from various species

of Aristolochia.

Product_ B.

Recrystallisation of crude product B from glacial acetic
acid or ethanol gave a mixture of yellow and red crystals,
easily detected with a hand lens. Paper chromatography, us-
ing the same ethanocl-formic acid system as before, gave two
compact spots, the first one yellow and non-fluorescent with
an BF value of 0.91, and the second one, a yellow spot which
fluoresced blue-green in ultraviolet light, with an Rp value
of 0.77. Product B was therefore a mixture of aristolochic
acid and another compound.

Attempts to separate the two components using an acid-
washed aluming column failed due to the very low solubility of

both substances in all suitable solvents. A silica gel column,
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buffered to pH 7.2, also proved useless for the same reason.
Sublimation at high temperature and under reduced pressure re-
sulted in decomposition. A partial separation was eventually
effected by a purely physical method which depended upon the
higher density of the red crystals compared with the yellow
ones. The mixture of crystals was suspended by shsking in
ethanol and the supernatent liquid containing most of the yell-
ow crystals quickly decanted leaving a fairly pure sample of
product B. This was finally purified by repeated crystallisa-
tions from ethanol.

Pure product B was obtained as red needles, m.p. 286.5°C
(microblock) without decomposition. Elementary snalysis
gave the formula as 019H1506N and o Zeisel determination in
which distillation was allowed to continue for 4 or 5 hours
(due to the iﬁsolubility of the material) showed the presence
of three methoxyl groups in the molecule. Product B was
therefore not identical with Hesse's aristolic acid(l4) and,
as it also differed from aristolochic acid ~II obtained from

(20)
A. clematitis , it was designated aristo-red.

The carbon-oxygen ratio of aristo-red confirmed that it
was not simply a dimethoxy-derivative of aristolochic acid
though the analysis and method of extraction indicated a struct-
ural similarity between both molecules.

Aristo-red showed an intense fluorescence in ultraviolet
light both in the solid state and in solution. it was read-

ily scetylated with acetic anhydride to give a pale-orange



crystalline acetate, m.p. 276 - 278°C (microblock), which also
possessed fluorescent properties, but attempted reduction with
zinc and glaciel acetic acid caused immediate decomposition
and no product could be isolated. In these respects, aristo-
red resembled the lactam (V11ll) rather than aristolochic
acid (1V).

The absence of nitro- and carboxyl groups in aristo-red
was shown by the study of infrared absorption curves. Thus,
e C-N02 group shows two strong bands in the ranges 1500~

2 . (40)
1560cm. and 1300-1360cm. . These two bands are pres-

ent in aristolochic acid at 1525 and lS4Scm:- and in l-methoxy-
5,6-methylenedioxy-9~nitrophenanthrene (decarboxylated aristo-
lochic acid) at 1515 and 1343cm. respectively. In both

these regions, however, the infrared spectra of aristo-red and
its acetate show no such bands.

The absence of a carboxyl group in aristo-red and its
acetate is easily demonstrated. In infrared spectra of org-
anic acids, there are five bands to be considered in detecting
a carboxyl group. Three of these bands simply provide con-
firmatory evidence but the bands in the range 2500-27000m.-,
and near 1700cqu are most highly characteristic. The range
9500-2700cm. ' is one where bands due to other groups seldom
occur and, though the absolute intensity of the band is not
very great, it provides the surest way of detecting a carboxyl
group.4 Absorption in this region, which is due to the =-OH

stretching vibrations, consists of one to three bands. A



45.

study of the six relevent infrared spectra (Figures 2 - 7)
shows that aristolochic acid alone gives broad absorption in
this region with two peaks at 2590 and 2640cm.  whereas de-
carboxylated aristolochic acid, the lactam, the lactam acetate,
aristo-red and its acetate do not absorb and therefore do not
posséss & carboxyl group.

Strong confirmatory evidence that aristo-red is closely
related to aristolochic acid lactam (V111l) was obtained from
further comparisons of the infra-red and ultraviolet absorp=-
tion spectra of aristo-red and its acetate with those of the
lactam (V111l) end its acetate. Comparison of the complete
infrared spectra of aristo-red (Figure 5) and the lactam
(Figure 4) reveals remarkeble similarities with each band in
the one having a corresponding band in the other., The same
similarity is found to be present on comparing aristo-red
acetate (Figure 7) with the lactam acetate (Figure 6). A
broad band in the region 3000 - 3300cm. (the lactam -NH-
region) is present in aristo-red and the lactam from aristo-
lochic acid (Figure 4) but is absent from the spectra of the
acetates (Figures 6,7), and in the 1650 - 1700cm.  region (the
lactam carbonyl region), aristo-red shows a broad band and

| which move to 1728cm.

peak at 1704cm.”! , 2nd a peak at 1652cm.
and 1'70.?,0111."'l respectively on acetylation. Similarly the lac-
tam (V111l) shows broad absorption in this region with a peak
st 169lcm.” , and a second peak at 1655cms' which move to

1724cm’’ and 1702cm.” respectively on acetylation. The two
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bends in the regiom of 1702 and 1724cm. ' , shown by both ace-

(42,43,44)
tates, are typical of NN-diacylarylamines .
CH }
CHz -C - N—xq”  ° CHz-C = N—C
Il I [ N
0 0 0] 0
NN-Diacylarylamines Lactam Acetates

The ultraviolet absorption spectra of the four compounds
(Figure 8) show four distinet regions of absorption in con-
trast with aristclochic acid (Figure 1) which has only three.
Furthermore, the absorptions of a2ll four compounds are very
similar in wavelength and relative intensities (Figure 8)
indicating their similarity. Alkali solubility of aristo-red
is therefore not due to a carboxyl group but is explicable
in terms of the lactam grouping(IS) which also explains the
formation of a monoacetate.

These observations suggest that aristo-red can be formul-

ated as the dimethoxy-derivative of the lactam of aristo-

lochic acid (XX1V).

N N
o— 8
o
Q a ) 2-0CHj
o 0
\C/ /
Ha
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Due to the very small quantity of aristo-red isolated,
the positions occupied by the remaining two methoxyl groups on
the phenanthrene nucleus could not be determined. An attempt
to increase the yield of aristo-red by acetylating a crude
mixture of aristolochic acid (which does not acetylate) and
aristo-red failed. This was probably due to decomposition
of aristolochic acid and the resultant impossibility of re-
crystallising the orange product eventually obtained. Sub-
limation also caused decomposition.

The acidic material obtained on hot extraction of A.
Treticulata was also found to consist of aristclochic acid

and aristo-red.

A. indica

In this case, a much cleaner crude acid fraction was ob-
tained which, on recrystallisation from glacial acetic acid or
dioxan gave a good yield of only one acidic product identified
as aristolochic acid by its analysis, melting point, RF value,
ultraviolet absorption spectrum and colour with concentrated
sulphuric acid. Reduction with zinc and acetic acid yielded

the lactam (V111).

A. gerpentariag

The crude acid fraction from this source was investigated
using the same techniques as were employed for the correspond-

ing fraction from A. reticulata. The same physical and
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chemical methods of identification confirmed that the acid

mixture consisted of both aristolochic acid and aristo-red.

A. longa
The precipitate which separated during concentratiocn of
the ethanol extract was identified by the usual methods as
aristolochic acid. Careful fractional crystallisations from
glacial acetic acid and paper chromatographic techniques es-
tablished that the only acidic product present was aristolochic
acid. The isclation of aristolochic aéid from A. longa
clears up the controversial reports of both its presence(ll)

(14)
and absence in this source.

‘General Conclusion
From the present work and on reference to the relevent
literature, it appears that aristolochic acid, in varying

yields, is a product characteristic of all the Aristolochia

species so far examined, whereas aristo-red has been found to
be present only in the North American varieties (Table 3).
It is of interest to compare this with the findings of Steele,
Stenlake and Williams(45 who concluded that aristolactone

(Xxv), also, was a constituent characteristic of A. reticulata

and A. serpentaria only.

The author is of the opinion that aristinic acid and
(14)
aristidinic acid, both isolated by Hesse from A. Argentina,
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CHg 0—€O

(xxv)

are one and the same substance. Their empirical formulae are
identical and their respective properties differ only in
melting point and methoxyl content. The slight difference
in the melting points can be readily attributed to the pres-
ence of impurity and also to the fact that they melt with de-
composition. The difference in methoxyl content is almost
certainly due to practical difficulties in its determination
mless a modified Zeisel method is used.

Aristolic acid, CjHyy 10N , m.p. 260 - 270°Cc, from

the same source clearly differs from aristolochic acid.



Table 3.
Aristo- Secondary Aristo-
Source lochic |Acidic lactone Ref.
Acid(%) |Constituents (%)
A.Argentina, Griseb. % aristolic acid - 14
A.bracteata, Retz. 0.01 - - 46
A.clematitis, Linn. F 3 aristolochic - 19,20,21
acid -II
A.debilis,Sieb.et Zucc. X - - 31
A.indica, Linn. 0.013 - - 15
0.07 0 0 45,pres.wrk.
A.kaempferi, Willd. X - - 3
A.longa, Linn. 0.20 0 0 45, pres.wrk.
A.reticulata, Linn. 0.022 | aristo-red 0.158 |45, pres.wrk.
A.serpentaris, Linn. 0.046 aristo-red 0.091 |45, pres.wrk.
0.92 - - 47
A.sipho, 1'HéTrit 0.30 - - 18
A.maxima, Jacq. 1 - - 47
A.pandurata, Jacq. X - - 47

% Present in unstated amount
- No specific search recorded

0 Substance absent
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(48)
Recently, Cavallito and Bailey isolated a crystalline

substance, 016H11°?N » from Asarum canadense var. reflexum

(fam. Aristolochiaceae) which they termed substence B.  Apart

from a discrepancy in elementary analysis, the properties of
substance B are those of aristolochic acid, (Table 4), the

method of extraction in both cases being essentially identical

Table 4
Substance B Aristolochic Acid
Appearance © Yellow needles Yellow needles
m.p. Darkens between 230~ |Darkens similarly,

260°C without melting|then melts at 275~
277°C (decomp.)

Analysis Found: C 58.2 Required: C 59.8
H 3.5 H 3.2
N 4.55% N 4.1%
Ultraviolet Absorpt-‘kmax. €
ion Spectrum (qﬂ) (Based on \ ¢
CqnH710nN ) maxX.
(mp*)
223 30,000
250 29,325 250 29,400
318 12,820 318 13,100

390 6,615 390 7,300
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EXAMINATION OF BASIC AND WATER-SOLUBLE MATHERIAL

This was obtained from the original concentrated ethan-
olic extract by dissolving the latter in ether and extract-
ing with dilute hydrochloric acid (see page 35). The treat-

ment was the same for each of the four species of Aristolochia

investigated and is shown diagrammetically in the appended

scheme (page 53).

Yellow Neutral Material

This was obtained only from A. reticulata as shown in the

appended scheme. An alternative method of isolation was to
set aside the agueous acidic solution at room temperature for
a few days when a greenish-yellow o0il precipitated. Re~
crystallisation of the precipitate from dioxan gave a yellow
s01id, m.p. 218 - 322°C (decomp., microblock) which was furth-

er purified by sublimation in vacuo at 300 - 310°C to give

orange prism crystals m.p. 224°C (microblock), 318 - 320° C
(sealed tube), both with decomposition and much sublimation.
The compound analysed to CyzHn0g.0CHz .  Zinc dust dis-
tillation produced an unidentifiable yellow oily distillate
which possessed a distinct phenolic odour. Addition of ferric
chloride in ethanol to an ethanolic solution of the substance
gave a very dark greenish-brown colour which became purplish=-
brown on dilution, also indicative of phenolic properties.

The presence of three phenolic hydroxyl groups was confirmed
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by the preparation of a white crystalline triacetate,
CopH1g0g , m.p. 214.5 - 215°C, which fluoresced brillisnt
green in ultraviolet light and no longer gave a colour with
ferric chloride. An attempt to determine the equivalent
weight of this triacetate by saponificaticen resulted in its
decomposition and failure to isolate the original material.

Methylation of the neutral material with diazomethane did
not take place until a drop of distilled water was included
as a catalyst(49) and gave a dimethyl ether, Cq145H;40g , which
melted at 160 - 161 C (microblock), 159 - 160°C (tube). It
followed, therefore, that this ether still contained a phen-
clic group whose presence was confirmed by the formation of a |
red-brown colour with ethanolic ferric chloride solution.

On the basis of the evidence so far presented, this neut-
ral compound possessed one methoxyl and three hydroxyl groups,
two of which could be methylated. It must therefore be a
trihydroxy-methoxy~-derivative of a parent compound CzHgO0o ,

such as xanthone (XV1).

4 5
| [i::[:O\I:::]G
2N\ o’ 1
) | 3

|
0
(xxv1)
The isolation of such a product by the route described could

then be explained in terms of a parent water-soluble xanthone

glycoside which slowly hydrolysed in acid solution to give the
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ether-soluble xanthone.

Many facts appeared to confirm that the yellow neutral
material was a Xanthone: colour, high melting point and abil-
ity to sublime are all characteristic physical properties of
such compounds. Further, in concentrated sulphuric acid or
in strong caustic soda solution, it gave az bright yellow sol=-
ution which fluoresced brilliantly in ultraviolet light. The
lower melting points of the acetate and the methyl ether com~
pared with that of the parent compound, is also similar to
that observed in other xanthones(50) and the non-reactivity
of one of the hydroxyl groups to diazomethane could be ex-

plained in terms of chelation, and is in agreement with the

neutral material being a l,x,?,-trihydroxy-x—methoxyxanthone
51

(XXV11) similar to swertianol .
3\
- OH
PN
| > = OH
N
o 0 /
.\H/’
(XxXv11)

Due to the small quantity of material isolated, other
evidence was essential to prove the structure and with this in
mind, a study of the ultraviolet absorption curves of many
| xanthones was made in order to establish a possible structure.
The ultraviolet absorption of the yellow neutral material and

its methyl ether were compared with the spectra of 32 other
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Xenthones and, as far as the positions of the maxims and mini-
ma were concerned, agreement was excellent. A serious dis~
crepancy, however, did occur for without exception, the logéi
of the maximum in the 350%p.region in the 32 xanthone spectra
studied was much less than the log€ of the peak near 255%ﬂ
This is not 80 in the absorption curves of the yellow neutral
material or its methyl ether and for comparison relevent
figures for some of the xanthones investigated are given in
Table 5. A more detailed study of comparative and subtract-

ive spectra is described in Appendix I.

Table 5

Ma.X- . IVIaX- .
Compound %f’ log€ Compound mu Logk

1,2,7-trihydroxy- | 398 3.57 || 1,3,5,6-tetra~ 305 4.30
xanthone | 239  4.40 || methoxyxanthone 245 4.66

(52)
1l,4,7-trihydroxy- | 410 3.67 1,3-dihydroxy~ 340 3.79
xanthone 237 4,40 xanthone 252 4,48
(52)] 364 3.12 (53)| 353  3.03
Aspergillone 242 3.94 4-hydroxyxanthone| 250 393
Yellow Neutral

Material 371 4.28 || Methyl ether 353 4,22

(Calculated as (Calculated as

(C14H1006) | 255  4.27 C3gH1406 )[254  4.26
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In the light of this observation, re-appraisal of the
evidence for the xanthone structure led to the observation
that the analysis of the yellow neutral material, apart from
the methoxyl result, was in better agréement with C1H1207
than with C,,H,,0, (Table 6). A tetrahydroxymonomethoxy-
.flavone structure (XXV111) thereforﬁ, became a distinct poss-
ibility as flavones possess many properties similar to those

of xanthones.

- (OH)4

- OCHgz

(XXv111)

Further support was given by the analytical figures for the
acetate and methyl ether which are in agreement with the
formation of a tetraacetate, CooHi4079, and a trimethyl eth-
er, CqgH1g0y , by the reactions previously discussed (Table 6).
The failure of all four hydroxyl groups to methylate can
equally well be explained in terms of a 5-hydroxy-flavone
structure.

A study of the ultraviolet absorption spectra of flavones
confirmed that the yellow neutral material was, in fact, a mem-
ber of this group of colouring materials. It has been found(54)

that in most cases there are two pronounced peaks at about

250m#,and 350$f,with a less pronounced peak or inflection near

1
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Table 6
Compound : % C % H % 0 % OCHz
Yellow Neutral Material| 60.8 3.69 35.9 11.54
Cl4H1006 requires 61.3 3.68 35.0 11.32
C16H1207 requires 60.8 3.832 35.45 9.82
Acetate 60.2  4.50 - 6.65
CooH140g requires 60 .0 4.01 - 7.75
Cooll1g019 requires - 59.7 4.10 - 7.00
Methyl ether 63.5 5.37 - -
C16H1405 requires 63.6 4.67 - -

270%ﬂn This description accurately describes the absorptim
curves of the yellow neutral material and of its methyl ether.
In addition, the two spectra show a low intensity inflegtion
near BOOQf,which is also shown by quercetin derivatives(o4).
More imp&rtant, in such derivatives the molecular extinction
coefficient of the peak near 250ma is invariably similar to
that of the maximum nsar 350?f554.55)' Direct comparison of
the ultraviolet spectrum of the yellow neutral material with

that of quercetin showed that they were almost identical

(Table 7) and confirmation that the yellow neutral material
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Table 7

Compound ma.X. (m/u) log €
Yellow neutral material 255 4,32
(016H1207) 371 4,34

(54)
Quercetin 258 4.32
375 4,34

(55)
Quercetin 257 4.31
370 4,32

was a monomethyl ether was obtained by comparing the properties
of the neutral material trimethyl ether and 5-hydroxy-3,7,3',4'-
tetramethoxyflavone (quercetin-3,7,3',4'-tetramethyl ether) .
Both are pale yellow needles, m.p. 159 - 160°C, and give the
same colour with ferric chloride. Furthermore, apart from a
small but consistent difference in log values, due presumably
to experimental error in weighing the swmall quantity (< 1mg.)
required for the spectral detsrmination, the ultraviolet ab-
sorption spectra are superimposable (Figure 9). It follows
then that the original flavone was one of four compounds -
rthamnetin (XX1X), isorhammetin (XXX), quercetin-3-methyl ether
(xxx1) and-quercetin-4'—methyl ether (X¥XX11) - all of which are
knovn compounds. The observed coanstants of the flavone and
its tetraacetate however, did not agree with those available

for these four compounds (Table 8). The fifth isomer,



(ox11) - ' (xXxx1)

quercetin-5-methyl ether was excluded as a possible structure
since diazomethane would yield a pentamethoxy- and not a
tetramethoxy~quercetin. Table 8 shows that there is a con-
siderable variation of recorded melting points for the same
substance due to the fact that they are accompanied by de-
composition. This makes them unreliable for characterisation
purposes, but none-the-less it would seem Treasonable to ex-
clude both quercetin-4'-methyl ether and quercetin-3-methyl
ether as probable structures on this basis. Observations by

(55)
Jurd and Horowitz also exclude these two isomers. They
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Table 8.
MeDa log€ Tetraacetate
Substance (°¢) Ref. xmax. Ref. m.p. (°C) Ref
Quercetin-7-methyl 294-296 56 256 4.40 55 | 186-188 56
ether (rhamnetin). 292-293 57 371 4.41 55 | 186-187 57
> 300 58 190-192 58
290-294 59 183-185 59
Quercetin-3'-methyl 296 60 255 - 61 | 198-199 60
ether (isorhammetin). 305 62 365=-380 - 61l | 205~-207 62
307 63 (flat) 205 63
295 64 198-200 64
Quercetin-4t-methyl 240 65 202 65
ether 259-260 66 203-204 66
Quercetin-5-methyl 254 4.30 55
ether. 369 4.25 55
Quercetin-3-methyl 272=-273 67 258 4.31 55
ether 360 4.31 55
Quercet in-x-methyl 318=322 255 4.32 214-215
ether (present work).|(microblock) | 370~ ,
372 4.34 (microblock).
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shewed that 3,4'-dihydroxyflavones were unstable in ethanolic
sodium ethoxide and were able to follow this instability
spectrophotometrically. The yellow neutral materizl is un=-
stable under the same conditions (Figure 10) confirming that
the 3 and 4' positions in the flavone nucleus are occupied

by hydroxyl groups. These observations reduced the number
of possibilities to two so that the yellow neutral naterial
was therefore either rhammetin (XX1%) or isorharmetin (XXX).

The ultraviolet abscrption spectrum of the neutral mat-
erial in ethanolic sodium ethoxide differed from that recorded
for rhamnetin(SS)but unfortunately the absorption spectrum of
isorhamnetin under the same conditions was not available for
comparison. However, the spectrum in ethanol was unaffected
by boric acid - sodium acetate indicating that vicinal di-
hydroxy groups were not present in the molecule(75) in support
of its identity with isorhammnetin. This also seemed the most
reasonable conclusion on grounds of melting points (Table 8)
and uvltravioclet absorption spectra, for although the spectra
of rhamnetin and isorharmetin are very similar, the former has
a very broad minimum in the 300mu« region(ss) whereas the latter
has & sharp minimum near 290$#(68).

Confirmation of the identity of the flavone as isorhamnetin
required an authentic sample of this substance which has been
reported to be present in Red Squill(sg) but an attempt to iso-
late the pigment from this source using the published method

was not successful, Small samples of synthetic isorhammnetin
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and its tetraacetate were eventually obtained from Professor
G. Tappi(sl) and compared with those obtained from 4. retic-
ulata. The microblock melting point of isorhammetin was

318 - 320°C (with sublimation and decomposition after insert-
ing at 310°C) and its ultraviolet absorption spectrum and

that of the flavone were identical (Figure 10). Isorhamnetin
tetraacetate was a bulky white crystalline product which
fluoresced brillient green in ultraviolet light and which
melted at 210 - 211°C (microblock). Its ultraviolet absorpt-
ion spectrum had maxima at 240%# (€21,750) and 510q¢L(616,7OO)
in good agreement with the spectrum of the flavone tetra-
acetate which had. peaks at 239m/u (€20,650) and 310mpu (€16,050).

This evidence therefore confirmed the identity of the flavone

from A. reticulats as isorhamnetin.






Figure 10.
Ultraviolet absorption
of
Isorhammetin
Flavone from A. reticulata

Flavone from A. reticulata in
ethanolic sodium ethoxide
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HBther-soluble and chloroform~-soluble bases

A.reticulata

Hvaporation of the ether and chloroform extracts from A.
reticulata (scheme, page 53) produced negligible quantities
of a dark-brown oily base which gave weakly positive reactions
with alkaloidal reagents, and was not examined further. No
chloroform- or ether-soluble basic material was isolated from
the extract which had been obtained by treating the marc with

hot ethanol (page 35).

A. indica

From this species, greenish-yellow needle crystals
(0.0007%) were obtained on evaporating the dark red ether lay-
er (scheme, page 53) to small bulk. Removal of the solvent
from the filtrate gave only traces of an almost black non-
alkaloidal product which was therefore rejected. The crystals,
CosHoz010N , m.p. 339 - 342°C (decomp., microblock) were sol-
uble in concentrated sulphuric scid giving an orange solution,
and fluoresced both in the solid state and in solution. This
formula indicated that the base was not identical with that

15,35
isolated by the Indian Workers( ’ )but further work was not

possible due to the extremely small quantity isolated. No
(15,35)

trace of the base, 017H1903N, reported to be present ’

in 0.05% yield in A. indica, was found and for this reason two

further extractions of A. indica roots and rhizomes were
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wmdertaken. Once more, negative results were obtained and
a possible explanation of this contradiction of the Indian
workers! findings will be considered later. Chloroform-sol-
uble bases were not present in the samples of A. indicg in-

vestigated.

A. serpentaria

Two samples of A. gerpentaria were examined separately.

BEther-soluble bases were obtained from the first batch
of drug (scheme, page 53) as a dark red oil which partially
crystallised on standing. It gave positive tests with the
usual alkaloidal reagents and was partially soluble in ben-
zene; the benzene -insoluble portion which was free of alka=-
loids was discarded. Chromstography of the benzene-scluble
ﬁortion on alumina yielded two yellow fractions, the first be-
ing non-fluorescent and the second fluorescing blue-green,
wmder ultravioclet light.

The non-fluorescent base was recrystallised from ether,
benzene or chloroform/ethanol to the same melting point of 18200
(decomp., microblock), 178 = 179°¢ (decomp., tube) and was
insoluble in water or dilute hydrochloric acid though a sol-
ution in concentrated hydrochloric acid gave a very strong
positive reaction with Mayert's reagent. It was slightly sol-
uble in ethanol and very soluble in chloroform and benzeune.
These characters, particularly the melting point distinguish

the base from berberine, the melting point of which varies
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: (7o),
with solvent of crystallisation [14400 from ether R 160° C

(71) (71)]

from water , 145°C from chloroform ° Elementary

anzlysis 1nd1qated a formula 018H15010N and the uvltraviclet

absorption spectrum with maxima at 281-5%#-(@12,030) a?gz?Smg#

(€13,365) was indicative of a berberine-type structure o

No further work was done on this base because of the very small
quantities obtained, but the physical constants indicate that

it is not berberine, canadine or hydrastine, the three alkaloids

present in the main adulterant of this sample, H. canadensis.

The fluorescent base was obtained from methanol as almost
colourless prisms and was identified as hydrastine by its
melting point, elementary analysis, ultraviolet absorption
spectrum, solubilities and colour tests. However, it yielded
a picrate, m.p. 149°C (decomp., tube) which was not in agree-
ment with the reported values of 184°c(73) and 190°c(74). An
authentic sample of hydrastine, obtained from liquid Extract
of Hydrastis B.P.C. 1949, yielded a picrate which also melted
at 149°C. |

An ethereal solution of the basic material from the second

batch of A. serpentaris was cbtained as before and extracted

with dilute sulphuric acid. The aqueous layer, on standing,
deposited orange crystals (0.025%), m.p. 290°C (decomp., tube),
identified as berberine sulphate by analysis and ultraviolet
absorption spectrum, The filtrate on making alkaline, gave

an ether-soluble base in 0.027% yield, after chromatography

on alumina. The base was identified by its melting point,
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132°C (from methanol), 145°C (from aqueous methanol), as hyd-
rastine which is variously reported as melting at 1320, 1550,
145"0(74) .

No trace of the other base, 018H15010N' could be found
so it is not known whether this base is present in A. serpen-
tariag or is derived from some further contaminant. Apart
from the doubtful presence of this alkaloid, A. serpentarisa

has therefore been found to contain no ether- or chloroform-

soluble basic meterial.

A. longa

Removal of the ether or chloroform (scheme, page 53) pro-
duced a non-basic dar%-b§own 0il (0.015%), in agreement with
14
the findings of Hesse who reported the absence of alkaloids

in this speciss.

General Conclusion

The work on A. serpentaris demonstrates the ease with which
adulterants can still escape a careful screening and suggests
that earlier reports of the presence of small quantities of

basic material in various species of Aristolochia might well

have been due to adulteration. This may also explain the
very small quantity of alkaloid found in A. indica. It is
probable therefore that no ether- or chloroform-soluble bases

are produced by any of the fourspecies of Aristolochia examined,

though the time of collection of samples might possibly have
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an influence on the glkaloidal content and before final con-
clusions can be made, fresh samples collected at various seasons

would have to be examined systematically for alkaloids.
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Water-soluble bases

A, reticulata

The crude reineckate of the water-soluble basic material
(scheme, page 53) was obtained as a dark-brown solid which was
dissolved in dry acetone and filtered from a large amount of
amorphous non-alkaloidal impurity. Chromatography of the sol-
ution on a column of alumina and elution with acetone gave a
compact red zone showing only one fraction to be present.

The eluate was concentrated to small bulk and diluted with
water to precipitate a pink crystalline reineckate, m.pe. 20000 E
(decomp., tube), C 1 yHoq0 2N [Cr(SON)4(1\IH3)2].3H20. This pure |
reineckate was decomposed by treating a solution in acetone
successively with silver sulphate and barium chloride(76).
Removal of silver reineckate and barium sulphate by filtration
and evaporation of the filtrate and washings in vacuo yielded
the base chloride as é very hygroscopic, partially crystalline
solid. Repeated solution of the product in water removed

small quantities of green chromium salts, the presence of which
along with the hygroscopic properties of the compound, prob-
Ably explsins the poor analytical figures obtained for the

base chloride, CynHooO0zNCl, It was optically active, gxls

+50.830, and its ultraviolet absorption spectrum in ethanol
1%

1%
showed peaks at 228mu (E. 367) and 286mu (E,. 122).
/ . ) .

le

A picrate, aurichloride, and platinichloride of the base

were all obtained by conventional methods. The picrate was a



gunmy yellow precipitate but on recrystallisation from ethanol
a very small yield of crystals, m.p. 178 = 179.500 was ob-
tained, which was insufficient for analysis. The aurichlor-
ide and platinichloride were dark in colour and obviously im-
pure. Attempts to recrystallise them resulted in decomposit-

ion, while an sttempt to prepare 2 base iodide was unsuccess-

ful.
The molecular formula of ?his b?se corresponds to that of
15,35
the base reported in A. indica but the specific rotation

of the base chloride, the melting point of the picrate and the
method of isolation all confirm that the two substances are .
not identical. Shortage of materisl prevented further in-

vestigation of this substance.

A. indica, A. serpentarig and A. longa

Extracts from each of these Aristolochias yielded crude

reineckates as very dark amorphous solids which were almost
totally insoluble in dry acetone. Chromatography on alumina

in each case produced negligible guantities of pure reineckate.
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EXAMINATION OF NEUTRAL FRACTIOKNS

Neutral Solids

Concentration of the cold ethanol extract from one batch
of A. reticulata to a thick black oil and cooling at O C gave
a small yield (0.01%) of crystalline P-f%?Osteryl-F—D-glucoside,
confirming the observation by Williams that P-sitosterol
is present in the plant. The identity of the glucoside was
confirmed by conversion to the known tetra—acetate(SS) and
by hydrolysis with ethanolic hydrochloric acid to F-sitost-
erol and a reducing sugar, tentatively identified as glucose.

P-Sitosteryl-P-D-glucoside was obtained similarly from A.

gerpentariz in 0.044% yield in agreement with the findings of

(z8)
Kind and Celentano . ,
(15)
The presenc? of allantoin has been reported in A. indicsa
28
and A. cymbifera but it has not been found in other species.

A hot ethanolic extract of A. reticulata, however, deposited

pale yellow needles (in 0.04% yield) of this substance on

concentration, which were identified by comparison with an

authentic sample. ' o
These products formed only a small proportion of the

total neutral fractions which were viscous oils. Similar

oily neutral fractions were obtained from A. longa, A. irdica

and A. serpentaria and the source and yields of these fractions

are shown in Table 9. Only one neutral oil, that from a.

reticulata was further examined, as described below.
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Neutral Oil from A. reticulata

The neutral fraction B (Table 9) was fractionated by
chromatography in benzene and ethanol on alumina and subsequ-
ently by steam distillation to give fractions shown in Table
10 (page I11)s Attempts to prepare crystalline derivatives
from neutral fractions A, C and D all failed. They were sep-
arated into petrol-scluble and petrol-insoluble fractions
which were also submitted to steam distillation (Table 11,
page 112). Preliminary investigations of fractions I, III,
v, V, VI, VIII, 2nd X failed to yield crystalline or other
identifiable material, and these fractions were not investig-
ated further. Fraction VII deposited hexagonal crystals on
standing. The oil possessed the odour of borneol but be~
cause of the small quantity obtained, this indication of free
borneol in the plant could not be confirmed.

Fraction II was a pale yellow, very bright, slightly
laevorotatory oil, [“]io -1.11 (in chloroform), di: 0.963
It was distilled under reduced pressure and separated into
three volatile fractions and a residue which was not further
investigated (Table 12). Fraction IX was similarly treated

(Table 13).
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Table 12
Distillation Bath 20
Fraction|Temperature °C|Temp. °C n, [Weight (g) Remarks
(0.5mm Hg)

IIA 76 - 88 114 - 125(1.4806| 3.133 Colourless oil
which deposited
crystals.

IIB 88 -110 120 - 160 |1.4888] 1.843 - do ~-

I1C 102 -126 156 - 188(1.4980| 1.054 Yellow viscous
0il.

Residue | . 3.95
Table 13
Distillation |Bath 20
Fraction |Temperature °C [Temp. °C n, Weight (g) Remarks
(0.5mm Hg)
XA 74 - 85 120 ~ 132 |1.4785 3.211 Colgyrless cil
(«]y* -32.86,
df 0.973.
IXB 85 -102 132 - 153 (|1.4881] 2.810 Colggrless 0il
[o‘]j -12-75,
d*0.942.
20
IXC 102 -108 153 - 164 {1.4980 1.103 Pagle yellow oil
Residue 4,041




These results coapare vary favourably with those obtained
by Williams (Ref. 7, page 67) for his fractions C, D and E
which were found to be mixtures of bornyl esters and retic-
ulene and it was reasonable to suppose that the six fractions
(Tables 12 and 13) also consisted of such a mixture which had
not been fully extracted during percolation with light pet-
roleum.

The crystals from fractions ITA and IIB were filtered off,
recrystallised from ice-cold light petroleum and identified
as borneol by odour, melting point and mixed melting point
with autheantic borneol, and by preparation of the p-nitroben-
zoate. These findings established that free borneol is
present in the plant (see also fraction V11). The oily fil-
trates obtained after removal of the crystals were bulked with

fractions IIC, IXA, IXB, IXC and termed fraction X1l.

Fraction X1.

Saponification of the 0il with ethanolic potassium hydrox~
ide indicated the presence of 19.25% bornyl esters, calculated
as formate, assuming the remainder consisted of inert material.

’Neutral material was extracted with light petroleum after sap-
cnification as a deep yellow oil containing’borneol which cry-
stallised out. The aqueous liguors remaining after extraction
of the borneol-containing oil were gcidified and further ex-
tracted with light petroleum to give a water-insoluble gcid

(7)
corresponding to that obtained by Williams . It was reserved
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for future study. Chromatography of the borneol-containing

0il yielded four fractions (Table 14).

Table 14
j I
Volume of Wt. of Identi-
Eluate (ml.) Eluant Residue (g) fication Remarks
100  Light 3.575 XIA Dextro-rotatoTy col-
Petroleum ourless oil,
n¥ 1.4940
120 Light 0.420 XIB Laevo-rotatory col-
Petroleum ocurless oil,
nll 1.5022
80 Light - - -
Petroleum
360 Light: Pet.
+5% ethanol - - -
30 Light Pet. 0.327 XIC Sweet amelling laevo-
+5% ethanol ro@gtory 0il,
ny® 1.4863 which con-
tained no crystalline
material
150 Light Pet. 2.371 XID Borneol contaminated
+5% ethanol with sweet smelling
oil

Fraction XIA

The oil possessed the odour of reticulene and, with the
exception of specific rotation, the physical constants are in
agreement with those for reticulene. Redistillation failed

to alter the specific rotation (Table 15) but this discrepancy
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and the minor differencies in the respective infrared absorp-
tion spectra can be readily explained by the presence of some

volatile impurity.

Table 15
(7) Fraction XIA.
Reticulene 1st. Dist™* 2nd Dist®™ 3rd. Dist™

E'Z';_ 148 | 136 - -
n, | 1.4955 1.4956 1.4944 1.4942

de | 0.913 0.919 0.916 0.920

Lds | +1.6 +17.0 +7.4 +7.1

[RL]» 65.2 64.7 - -

Fraction XIB

This 0il also had an odour of reticulene but because it
had a negative rotation, it was kept as a separate fraction,
the small quarkity of which made further study impossible. In
a recent publication, Sorm and his co-workers(77 were able to

isolate two isomeric aromadendrenes from Eucalyptus globulus,

20
which they named aromadendrene ( [?13 +-24.5°) and allo-
aromadendrene ([le -21.5). Apart from the values for spec-
ific rotation, they had similar constants, and an explanation

based on isomerism is conceivable in this case.
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Fraction XIC

Bétween this fraction and the previous one, 440ml. of
eluate were collected which yielded nothing on evaporation
proving that fraction XIC was a separate one and not a mixture
of reticulene and borneol as suggested by Williams(V). Also
this fractions did not become yellow on standing as did retic-

ulene, and no p-nitrobenzoate could be prepared, indicating

the absence of borneocl.

Fraction XID, on recrystallisation from light petroleum

gave pure borneol.

The ability to separate fraction XI into four components
was confirmed by later work on reticulene (see Part II, page'36)
and the isolation of the laevorotatory fraction XIB, which
was not noted by Williams, could partly explain the difference
in Ex]b values for reticulene and fraction XIA. It was there-
fore apparent that the volatile portion of the neutral oil

from A. reticulata consisted of light petroleum-soluble fract-

ions which had not been fully extracted with that solvent.
"The light petroleum=-insoluble portion of the neutral oil has
been shown to be chemically unreactive and possibly consists

of mixtures of hydrocarbons and esters of long-chain alcohols.
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RELATIONSHIF BETWEEN ACIDIC AND BASIC SUBSTANCES 1IN

ARISTOLOCHIA SPECIES

(15, 35)
Although Krishnaswamy and his co-workers were

able to isolate a basic substance CynHig0zN from A. indica,
this was not confirmed in the present work. On theother

hand much higher yields of aristolochic acid have been obtain-
ed than were reported by the Indian workers (Table 3). It

is possible therefore that the yields of acids and bases may
be complementary and that the discrepancies which have been
noted can be explained in terms of seasonal variations. This
would imply some biogenetic relationship between acid and bese
in 4. indica, a hypothesis which is supported by the identicsal
carbon to nitrogén ratios of the base 017H1903N and aristo-
lochic acid 017H1197N . Further evidence for this possible
acid/base relationship is drawn from two scurces, (a) the
isolation of a base, C.. H.,0.N , as its reineckate,

1771973

C17Hop0 2N [Cr(SCN)4(NH3)2} .3H50, from A. reticulata, (b) th?lz)
presence of magnoflorine (XX111), 020H2404N » in A. kaempferi,

(
Al debilis(S)and A. g;gmg3;§;§\37), a base whose structure
bears a formal ressemblance to that of aristolochic acid
lactam (V111).
A proposed scheme for the preparation of a basic substance,

CiyH1g0zN , from aristolochic acid (1V) is shown below (page 8 )

The final product (XXXV1l) was considered to be of interest



not only because(its empirical formula is identical with that
15, 35
of aristolochine , but also with morphine (Xx«X11l) with

which, together with apomorphine (XXX1V), there are structural

similarities.

| NH
00/ OCH
=
0 0
\ /
c
Ho (V1i1i1)

CHz0 OH HO OCH,

. (xx111)
g |
/
HO 0 OH
(xoox111) (X 1v)

Attempts to prepare the bass (XXXV1l) by the proposed method

have so far failed due to the abnormal properties of the primary
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amine (X111) which is surprisingly non-reactive.

Decarboxylated aristolochic acid (V) was readily obtained
by the method previously reported but reduction of this com=-
pound to the primary amine proved difficult. This accords
with the findings of Pailer, Belohlav and Simonitsch(gl) who
obtained it by catalytic reduction as a labile compound, m.Dp.
17000, which required careful isclation. Catalytic hydro-
genation with platinum in dry benzene nearly always resulted
in incomplete reduction (the weight of catalyst may be crit-
ical) but a pale yellow crystalline solid, m.p. 125 - 126.508
(microblock), which fluoresced blue-green in the solid state
and in solution could be isolated. Recrystallisation of the
solid from aqueous methanol or ethanol gave a non-fluorescent
pale-brown solid, Ci1gH1202N , mep. 168 ~ %225500, in agreement
with the findings of the Austrian workers .

Due to the poor yields obtained by this reduction, other
methods of preparing the primary amine were attempted. Re~
duction of decarboxylated aristolochic acid (V) with zinc in
glacial acetic acid gave a colourless highly fluorescent sol=-
ution which gradually became red on cooling. The solution
was filtered from zinc and zinc acetate and carefully basified
with sodium hydroxide solution when a dark-brown precipitate
separated which could not be recrystallised from the wvarious
solvents used. A further reduction was attempted by reflux-
ing with 5% palladium on charcoal and hydrazine hydrate in

(78)
ethanol . This produced grey crystals, m.p. 166 - 16800
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(microblock) which on recrystallisation from squeous methancl
were identical with the pale-brown product obtained on cataly-
tic reduction. The yield of product in this case was even
less than in the catalytic method which seems the method of
choice.

The base (X111) gave a deep-red colour with concentrated
sulphuric acid, was insoluble in hot dilute hydrochloric acid
and only slightly soluble in warm concentrated hydrochloric
acid. Because of its non-reactivity with diazomethane (re-
ported later), together with these unusual solubilities, it
appeared doubtful if, in fact, the substance was a primary
gnine. It was finally proved to be so by preparation of a
hydrochloride, m.p. 169°C (decomp., microblock) which analysed
rather poorly to C;gH;z0zN. HC1l, and by a comparison of the
wltraviolet absorption spectra in both neutral and acid sol-
ution (Figure 11). The spectrum in neutral soluticn was
phenanthrenoid in type and in acid sclution a hypsochromic shift
of the maxima, especially the one at 330%ﬂ, together with the
introduction of fine structure above 540%ﬂ'is in agreement
with that displayed by 9-aminophenanthrene in neutral and acid
solution(79).

Attempts to methylate the base (X11l) by treating with
digzomethane in dry and moist ether, and with methyl iodide in
benzene were unsuccessful. Reaction with methyl iodide under
reflux and by heating in a sealed tube gave what was probably

the N~ methyl hydriodide in poor yield.
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Due to insufficient quantities of starting material and
poor yields of products, this aspect of the problem had to be
prematurely broken off at this point, but the results are
sufficiently interesting to permit further study, though on a

larger scale, when fresh supplies of the crude drug become

available.
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MICROBIOIOGICAL TESTING OF ARISTOLOCHIC ACID

A 1l : 1000 agueous solution (pH 6.96) of sodium aristo-
lochate (prepared by dissolving aristolochic acid in water con-
taining an exact equivalent of sodium hydroxide) was tested
by the trough-plate method against various bacteriz, moulds
and yeasts by Dr. E. O. MORRIS of the Royal College of Science
and Technology, Glasgow. Complete inhibition was not observed
in any case but moderate to marked restriction was apparent in
the case of three moulds. Table 16 shows the results after

2 days incubation.
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Table 16

Culture Iedium

Observation on and Incubation

Organism Organism Growth Temperature (®°C)
BACTERIA
i.Gram negative.
Proteus vulgaris No apparent restriction
Pseuvdomonas fluores-
cens |No apparent restriction o
E. coli No apparent restriction|\Nutrient agar,37 .
Samonella gallinarum|No apparent restriction
Shigella paradysen-
teriae|No apparent restriction o
Acetobacter sp. Very slight restriction|Malt-wort agar,25 .
ij.Gram positive.
Staphylococcus aur-
eusg| Slight restricticn 0
Staphylococcus albus| Slight restriction Nutrient agar,37 .
Streptococcus pyog-
enes|Moderate restriction
Bacillus cereus Slight restriction } . o,
Micrococcus citreus |Slight restriction Nutrient agar,Z25

YEASTS
Saccharomyces o
cerevisiae |Very slight restriction|iiglt-wort agar,25 .
Pichia membran-
aefaciens Very slight restriction
Candida utilis Very slight restriction }Malt—Wort agar, 25° .
Nadsonia fulvescens |Very slight restriction
MOULDS
Aspergillus oryzae Very slight restriction

- Penicillium notatum
Mucor sp.
Rhizopus nigricans

Moderate restriction
Marked restriction of
new transfers.

Czapek-Dox ‘
(3% glucose),25° .
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M.p.s8 are uncorrected. Rotations were determined in
absolute ethanol (unless otherwise stated) in a 1 dem. tube.
Ultraviolet absorption spectra were determined in absolute
ethanol on a Hilger Uvispek photoelectric spectrophotometer.
RF values were determined on Whatman No. 1 paper with 4 : 1
ethanol -5% formic acid as solvent. The guthor is indebted
to Mr; W. McCorkindale, Dr. A. C. Syme and Mr. W. Gardiner
for the microanalyses, to Mr. S. G. E. Stevens and Mr. A.

J. Cross of Smith, Kline and French Laboratories Limited for
the infrared spectra, and to the Pharmacognosy staff for the
identification and removal of adulterants.from the raw
drugs. The light petroleum used boiled over the range

40 - 60°C.



THE ETHANOL-SOLUBLE FRACTION OF A.RETICULATA LINN.
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ISOLATION CF THR FRACTION SOLUBIE IN COILD ETHANCOL

Preparation and extraction of the crude drug

Four samples of drug (total weight 34.8Kg.) were obtained
at intervals of several months and each satisfied the pharma-
cognostical description of A. reticulata. The dried roots
and rhizomes of each separate sample were reduced to a fine
powder (approx. 60-80 mesh), defatted with light petroleum(v)
and dried. The powder, in batches of 6 Kg., was macerated
overnight under ethanol in a large copper percolator, then per-
colated at room temperature with ethanol until the eluant was
almost colourless (7-14 days). Concentration of the percolate

uwder reduced pressure gave an almost black thick oil which

still contained some solvent.
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ISOLATION OF §§-SITOSTERYIrﬂ-D-GLUCOSIEE
r

The thick o0il obtained from one 6Kg. batch was concen-
trated further and set aside for 3-4 days when.F-sitosteryl-
p-D-glucoside (0.6g.) separated as = pale brown powder, m.p.
260-270°C (decomp.). Repeatéd crystallisation from large
volumes of ethanol (charcoal) gave a colourless product, m.p.
205-296 C (decomp., m?croblock), leO%ﬂ. (€1530, end absorption).

(38
Kind and Celentano = gave m.p. 295-297 C.

Found: C 72.3; H 10.5%.

Calculated for 035H6006 : C 72.9; H 10 05%‘-

ISOLATION _AND TREATMENT OF CRUDE ACIDIC FRACTIONS

The thick o0il was dissolved in ether and the almost black
solution extracted with dilute hydrochlcric acid (treatment of
this acid extract is reported on page 92). The ethereal sol-
ution was then extracted successively with 2% aqueous potassium

hydrogen carbonate, 5% aqueous sodium carbonate and 5% aqueous

gsodium hydroxide.

Treatment of potassium hydrogen carbonate solution

Acidification with either dilute hydrochloric acid or
acetic acid gave a crude mixture of acids (SOg.) as an amorph-

ous powder which varied in colour from yellow tc reddish-browm.
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Isclation of aristolochic acid

Recrystallisation of the crude acid fraction from either
dioxXan or glacial acetic acid gave aristolochic acid, m.pe.
275-277°C (decomp., tube), 284-285"C (decomp., microblock) in
various crystalline forms but mainly as yellow microcrystals.
Further recrystallisation from NN-dimethylformamide =— ethanol

(1 : 6) failed to raise the melting points but gave aristolo-

chic acid as orange-yellow needles, (total yield 7.2g.), RF 0.91-

0.94, Amax. 223(€30,000), 250(629,400)), 318(€13,100), 390m/u
(18
(€7,300)., Rosenmund and Heichstein gave ?.pj 274-278°C
: 21
(decomp.) and Pailer, Belohlav and Simonitsch gave m.p. 281-

286°C (decomp., microblock).

Found: C 60.2,59.6 ; H 3.3,3.2 ; N 4.1 ;
OCHz 9.15%

Calculated for 017H1197N W 59.8 s H 3.2 ; N 4.1 :
OCHz 9.1%

Igsolation of aristo-red

Repeated concentration of the mother-liquors remaining
after the isolation of aristolochic acid yielded mixtures of
aristo-red and aristolochic acid which could not be separated
on recrystallisation from ethanol, acetone, dioxan or glacial
acetic acid. Chromatography from ethanol or dioxan on a
column of acid-washed alumina (prepared by adding alumina to
acetic acid, leaving overnight then washing free from zcidé and

drying at 12000) was too slow to be of value in separation.
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Chromatography on a buffered silica gel column [prepared by
mixing a pH 7.2 buffer solution(BO) (5ml.) with silica gel
(lOg.)J using either chloroform or ether saturated with buffer
solution as eluant, was useless for the same reason. Separ-
ation was achieved eventually by suspending the mixture of
aristo-red and aristolochic acid in ethanol and gquickly decant-
ing the solvent which contained most of the less dense crystals
of aristolochic acid. The crude aristo-red was repeatedly
recrystallised from ethanol as red needles (50mg.), m.p.
236.5°C (microblock), RF 0.77-0.80 (fluorescent SPOt)"Xmax.
253(€42,400), 265(€31,500), 294(€19,350), 300(€19,100), 305

(€ 18,800), 395mu (€8,200) with inflections at 335(€5850) and

352m/:. (€5000) «

Found: C 64.6; H 4.2; N 3.8; OCH5 25.5, 26.1%

03N(OCH3)5
requires: C 64.6; H 4.3; N 3.95; OCHz 26.3%

1686

Further attempt to separate aristo-red from a mixture
with aristolochic acid

The mixture (0.400g.) was refluxed for 1 hour with pyrid-
ine (3.5ml.) and acetic anhydride (2ml.). On cooling and
adding water a black oily solid (decomposed aristolochic acid)
separated and was removed. The filtrate was extracted with
ether which gave an orange product (64mg.) on evaporation.
Attempts to recrystallise this solid from ethanol, ether, ethyl

acetate, light petroleum, glacial acetic acid, pyridine, benz-
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ene and various mixtures of these solvents all failed. Sube-

limation at 260°C/0.Ilmm. caused decomposition.

Treatment of sodium carbonate solution

Addition of either dilute hydrochloric acid or acetic
acid to this highly coloured (reddish-brown) solution gave neg-

ligible guantities of a red resinous solid.

Treatment of sodium hydroxide solution

This consisted of two layers, a viscous black oil and an
almost black agueous layer. Acidification (10% hydrochloric

acid) of the latter gave a reddish-yéllow solid which rapidly

became oily.
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EXAMINATION OF ACID EXTRACT

This was obtained as reported on page 88. The acidic
solﬁtion, after a few days, was basified (dilute ammonium hyd-
roxide) and extracted with ether which was in turn extracted
with dilute hydrochloric acid. This gave 3 fractions: an
ether solution, an aqueous acidic solution, and an agueous

basic solution.

Isolation of isorhamnetin

The ether solution was washed with water until free from
acid, dried (NagS0,) and evaporated to give yellow microcrystalk
of isorhammetin (0.54g.), m.p. 318-322°C (decomp., microblock)
(from dioxan), raised to 324°C on repeated sublimation at

300°C/0.5m.m. Ap,.. 255 (€21,150), 307(€7,950), svo-avzgﬂ,( )
61
(€22,100). A sample of isorhammetin obtained from G. Tappi

hed m.p. 318-320 C (decomp., microblock), X 255(€21,250),

maxe.
307(€8,150), 370-372%# (€22,120).

Found : C 60.8; H3.7; O 35.9; OCHz 11.5%.
Calculated for C 60.8; H3.8; O 35.45; OCHz  9.8%

C15Hg0g.0CHZ :

Ultraviolet absorption spectrum of isorhamnetin in
ethanolic sodium ethoxide

(55)
This was carried out by the method of Jurd and Horowitz

allowing one hour for the reaction. Anmz; 335(€21,200), 250-
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252;% (610,480 flat).

Ultraviolet absorption spectrum of isorhammetin in
the presence of boric acid and sodium acetate

(75) x

This was recorded using the method of Jurd .

nma.xe
255(€20,350), 307(€7,814), 370-3’?2111/- (€21,080).

Attempted isolation of water-insoluble bases.

The aqueous acidic solution was extracted successively
with ether then chlorofoim but removal of the organic solvents
gave only traces of dark brown oils which had slight positive

reactions with alkaloidal reagents.

Isolation of water~soluble base as reineckate

The aqueous basic solution was acidified to coango-red
(dilute sulphuric acid) and treated with a saturated solution
of ammonium reineckate in excess. The dark-brown crude base
reineckate (31.2g) was dissolved in dry acetone and filtered
from a large quantity of non-alkaloidal material. The deep
red acetone solution was chromatographed from dry acetone oa
alumina (20" x 1.3"), the single red band eluted in acetone,
and the scolution evaporated (water-bath, <50°C) to give = pink
crystalline reineckate which on recrystallisation from agueous

o o
acetone had m.p. 200 C (decomp., tube; insert at 195 C).

Found: C 37.8; H 4.8; N 14.8; OCHz 4.1, 4.0%

016H1702N(OCH3)[Cr(SGN)4(NH5)2].3H2Q requires:
C 38.3; H 4.9; N 14.9; OCH3  4.7%
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ISOLATION OF NEUTRAL OIL

The ethereal solution, obtained after successive extract-
ions with aqueous solutions of potassium hydrogen carbonate,
sodium carbonate and sodium hydroxide (see page 88), was
washed free of alkali with water, dried (NaoySOy) and evap-
orated to give a large yield of neutral oil (Total weight

2183.6g.) .

ISOLATION OF FRACTION SOILUBLE IN HOT ETHANOL

A portion (22%Kg.) of the marc remaining from the cold
percolate was continuously extracted in batches of 6Kg.
with hot ethanol (14-20 1.) until the percolate was pale
yellow (3-6 days). Concentration of the percolate and
cooling gave a bulky resinous precipitate, which was rejected
before further concentration of the liquid to a dark viscous

oil.

ISOLATION OF ALLANTOIN

The viscous oil obtained from one 6Kg. batch was further
conéantrated and on cooling allantoin separated as pale-
brown crystals. Recrystallisation from 80% agqueous ethanol
with charcoaling gave colourless needles (1.1g.) m.pe. and

mixed m.p. 232°C (decomp., tube).



Found: C 30.8; H 4.1: N 35.2%
Calculated for C HLO04N, : C 30.4; H 3.8: N 35.4%

ISOLATION OF CRUDE ACIDS, BASIC MATERTAL AND NEUTRAL
0IL

P

These fractions were obtained by methods similar to

those described under the cold ethanol-soluble fraction.

Acidic material

The crude acid fraction (approx. 8g.) was separated by
fractional crystallisation from.glacial acetic acid into
aristolochic acid (1.80g.), R_0.91, and aristo-red (108mg.),
RF 0.77, the latter being contaminated with aristolochic

acid.

Basgic material

The water-insoluble basic fraction was obtained as an
almost black o0il (0.5g.) which did not give positive tests
with the common alkaloidal reagents.

A bulky brown crude reineckate (4.3g.) was obtained.

It was almost completely insoluble in dry acetone.

Neutral oil
The neutral oil (40.lg.) was brown and frsgrant and

similar to that obtained from the extract with cold ethanol.
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ATTEMPTED _ISOLATION OF ISORHAMNETIN FROM RED SQUILL

e

The powdered drug (500g.) was macerated for 42 hours
with 2 1. of a mixture of water (7 parts), acetone (3 parts)
then centrifuged to give a dark-red agueous acetone extract
(1.40 1). The latter was extracted with ether (700, voo,>
30, 300ml.) and the ether removed giving a brown oil which
was repeatedly extracted with small volumes of ether
(6 x 30 ml.). These were bulked, dried (Nay S04) and ev-
aporated, and in this way, a yellow hygroscopic solid
(L.11g.) was obtained which started to melt at 5203 but con-
tinved to melt over a very wide rangee. It was not hydro-
lysed on heating with sulphuric acid (7%, 2 hours) and

showed no tendancy to sublime when heated to 320°C.
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BEACTIONS OF ARISTOIOCHIC ~ACID

Decarboxylation

The acid (102mg.) was refluxed for 10mins. with copper
powder (120mg.) and quinoline (16ml.). The mixture was
cooled and extracted with ether (40ml.), the ethereal solution
washed with dilute hydrochloric acid (50,50,25,25ml.), water
(2.x 25ml.), 5% aqueous sodium hydrogen carbonate (50,25,25ml.)
and water (2 x 25ml.), dried (Na2804) and evaporated. The
brown residue was chromatographed in benzene on alumina
(10cm. x l.2cm.) and the eluate evaporated. The residue
crystallised from chlecroform-ethanol and sublimed at EOOCC/
O.lmm., to yield orange needles (6lmg.) of l-methoxy-5,6-
methylenedioxy-9-nitrophenanthrene, m.p. 21300 (microblock),

) 247.5(€39,930), 286(612,510g, 310(e9970), 395qﬂ.(€4460).

max. (21
Pailer, Belohlav and Simonitsch  gave m.p. 212°C (microblock).

Found: C 64.9; H 4.1; N 4.5%

Calculated for 016H1195N : C 64.65 H 3.7; N 4.7%

Reduction

a) Many catalytic reductions were attempted and the follow-
ing is a typical example. (See also Table 2)

Aristolochic acid (52.0mg.) was hydrogenated in glacial
acetic acid (106 ml.) at a platinum oxide catalyst (50.5mg.).

Hydrogen uptake was complete after 80mins. with the absorption
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of 19.8ml. (at N.T.P.). Allowirg the appropriate volume for
reduction of the catalyst, the volume of hydrogen absorbed by
the acid was equivalent to 2.94 double bonds. The fluores-
cent solution was filtered and the glacial acetic acid re-
moved under reduced pressure to give a yellowish-brown crystal-
line solid. Repeated recrystallisation from glacial acetic
acid failed to give a product with a constant melting point.

The best sample melted at 280-282°C (decomp., microblcck).

D) Aristolochic acid (360mg.) was refluxed for 45mins.
with zinc powder (1.04g.) and glacial acetic acid (20ml.).
The fluorescent solution was filtered hot and on cooling de-
posited the bulk of the crude product (225mg.). The mother
liquors, treated with water (50ml.), yielded a further precip-
itate which was dissolved in chloroform, washed repeatedly
with water, dried (NagSO4) and evaporated to give a further
40mg. of crude product. Sublimation at 240-25000/b.1mm. gave
greenish-yellow crystals of 9~-amino-l-methoxy-5,6-methylene-
dioxy-8-phenanthroic lactam, m.p. 320 C(microblock, inserted at
315 C), Xmax, 222(€22,900), 242(€30,840), 250(€29,740), 260
(€36,130), 291(€15,050), 301(€15,450), 327(€9220), 346(€7190),

(19)
395mu (€8470). Pailer, Belohlav and Simonitsch gave
m.p. 319°C.

Found: C 69.8; E 4.2; N 4.8%

Calculated for 017H11°4N : C 69.6; H 3.8; N 4.8%
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Preparation of lactam acetate:

a) 9-amino-l-methoxy~5,6-methylenedioxy-8-phenanthroic
lactam (100mg.) was refluxed for 30mins. with acetic anhydride
(0.5ml.) and pyridine (lml.). The yellow precipitate which
separated during the reaction and on cooling (52mg.) sub-
limed at 250-26000/6.1mm. and yielded 9-acetamido-l-methoxy-
5,6-methylene-dioxy-8-phenanthroic lactam as a greenish-yellow
solid, which fluoresced under ultraviolet light both in the
solid state and in solution. It had m.p. 283-286 C (decomp.,
sesled tube), 295 C (decomp., microblock), Apax, 227 (€36,200),
242(€ 47,750), 252(€34,700), 288(€15,800), 300(€13,500), 328
(€8630), 344(e6,600), 388(€8,130), 406%ﬂ.(68650). Rosenmund
and Reichstein(ls) gave m.p. 292-296 C (decomp.) for the so-

called "diacetate".

Found: C 68.15; E 3.6; N 4.4; OCHgz 8.5%
C19H1505N ,
requires: C 68.1; H 3.8; N 4.2; OCHz 9.25%

b) Aristolochic acid (42mg.) was refluxed for lhr. with
acetic anhydride (2.5ml.), pyridine (lml.) and zinc powder
(102mg.) . The hot solution was filtered free of zinc powder
and zinc acetate and on cooling deposited crude lactam acetate
(14mg.) . The mother liquors were evaporated to give a further
20mg. of crude product. Sublimation at 260 C/0.lmm. gave

©
greenish-yellow crystals, m.p. 295 C (decomp., microblock).
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REACTIONS OF ARISTO=-RED

Acetylation

Aristo-red (15mg.) was refluxed for 30mins. with acetic
anhydride (0.25ml.) and pyridine (0.5ml.). The cooled mix~
ture was extracted with ether which slowly deposited pale
orange needles of 9-acetamido~l,x,X,~trimethoxy~5,6-methylene-~
dioxy~-8-phenanthroic lactam (6mg.). This fluoresced under
ulfraviolet light both in the solid state and in sclution znd
had m.p. 276-278°C (microblock), Ap.y, 240(€35,730), 250.5
(€¢38,860), 291(€17,960), 302(€15,690, shoulder), 330(€5,580,
inflection), 343(€4410), 385(€6680), 400mu (€6740).

Found: N 4.2 %

C21H1707N requires: N 5055%

Attempted Reduction

Aristo-red (28mg.) was dissolved in glacial acetic acid
(3ml.) and refluxed with zinc dust (68mg.). The solutiop
immediately turned dark brown so refluxing was stopped after
15mins.. The solution was flooded with water (100ml.) and
extracted with chloroform which removed all the colour. The
chloroform was dried (NagSO4) and evaporated to give a small
guantity of a reddish-brown material which could not be crystal-
lised from glacial acetic acid. Paper chromatography gave
2 spots, the main one fluorescent with RF value 0.80 (aristo-

red) .



REACTICNS _OF TISORHAMNETIN

Distillation with zinc dust

Isorhamnetin (50mg.) was intimately mixed with zinc dust
(Analar grade) (600mg.) placed in a pyrex tube (12" x 0.3")
and covered with a further layer of zinc dust (600mg.).

Heat was applied (microflame) and gave a yellow oily distill-
ate with a phenclic odour whose ultraviolet absorption spect-

rum (qualitative) had a maximum at 25&?a.

Preparation of tetraacetate

Isorhammetin (40mg.) was refluxed for 30mins. with acetic
anhydride (2ml.) and pyridine (2ml.). To the cooled mixture,
water was added dropwise to give white needles (72mg.) which
fluoresced brilliant green in ultraviolet light and when re-
crystallised from ethanol had m.p. 214-215 C (microblock),
)\max. 239(€20,650), 310:7L (€16,050). A sample ofeﬁorham-
netin-3,4',5,7-tetraacetate obtained from G. Tappi had

4]
mep. 210-211 C (microblock), )\max_ 240 (€21,750), 310::714

(€16,700) and displayed similar fluorescent properties.

Found.: C 60.2; H 4.5; OCHz 6.65%

Calculated for szﬂlgolo: C 59.7; E 4.1; 0CHg 7.0 %.

Preparation of quercetin-3,3',4',7-tetramethyl ether

Isorhamnetin (40mg.) was suspended in dry ether (12ml.)

and an excess of diazomethane in dry ether added but no re-
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(49)
acticn occurred until a drop of water was added as catalyst .
After 3 hours, the excess diszomethane and solvent were re-
moved giving long pale-yellow needles (19mg.) of quercetin-

3,3',4,7-tetramethyl ether, m.p. 159-160 C (tube), 160-161 C

(microblock) when recrystsllised from ethanol. xmax. 254

(log€ 4.33), 269(log€ 4.26), 553%g (log€ 4.305). Gomm and
{e1) A (54)

Nierenstein gave m.pe. 159-160 C. Briggs and Locker

gave Ap. .. 254(log€ 4.37), 269(log€ 4.29), 3520 (log€ 4.34).

Found.: C 63.5; H 5.4%

Calculated for C,gH,0n, ¢ C 63.7; K 5.1%

Attempted hydrolysis of acetate

The acetate (26.45mg.) was refluxed for 1 hour with 0.1 N
sodium hydroxide solution (5ml.) in ethanol (20ml.). A
blank determination wes also carried out, omitting the acetate.
On cooling, both solutions were titrated with O.1 N hydro=-
chloric acid using phenolphthalein (15 drops) as indicator.
The volume of 0.1 N solution (4.l2ml.) equivalent to the
acetate (26.45mg.) indicated an equivalent weight of 64.2
(assuming utilisation of 7 equivalents of alkali, calculated
equivalent weight feor isorhammetin tetraacetate is 63.2)
The slightly acidic aqueous solution was extracted with ether
and the latter washed with water, dried (NagSO4) and evapor-
ated to give a coclourless oil (22mg.) . Recrystallisation
from methanol/ether gave colourless crystals, m.p. 45-5100

(microblock), which showed benzenoid absorption in the ultra-
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violet (qualifative).

ISOLATION _AND TREATMENT OF WATER-SOLUBLE _BASE

Decomposition of base reineckate (page93)

The reineckate (0.79g) was dissolved in dry acetone
(20ml.) and excess solution of silver sulphate added (0.599%‘%,
35.0ml.), followed by an equivalent volume of a solution of
barium chloride (1.062% %BaClg.28o0, 15.50ml.) when pre-
cipitation of silver reineckate had ceased. The combined
precipitates of silver reineckate and barium sulphate were
filtered off and washed thoroughly with distilled water;
the combined filtrate and washings were evaporated to dryness
(water-pump) . This gave a very hygroscopic partizlly cry-
stalline solid of doubtful purity (0.216g.) from which in-
organic material, especially chromium sglts, could not be
completely removed. After repeated sclution in water, the

18 o %
yellow base had [«] +50.85 (C 0.6), A pox. 228(E,. 367),

9,

286mp ( E,, 122).

n

Found: C 61.0; H 9.2; N 5.6%
The expected base chloride, CqpHgoO3NC1l would require:
C 63.4; H 6.3.; N 4.4%

Preparation of base picrate

The base chloride (50mg.) was dissclved in water (2ml.)

and to this solution was added an agueous solution of picric
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acid (0.66%% ,4ml.). Recrystallisation of the bulky pro-
duct from ethanol was zccompanied by decomposition and gave

crystals (4mg.), m.p. 178-179.5 C (decomp., microbleck).

Attempted preparation of base aurichloride

The base chloride (82mg.) was dissolved in water (10ml )
and filtered from green insoluble material.

A slight excess of solution of auric chloride (Z%XZHAuCl4.
3Ho0) was added and a bulky brown precipitate obtained but
an attempted reprecipitation from hot water resulted in de-
composition and formation of a gold mirror. A further att-
empt to dry the initial crude precipitate at 60°C/l8mm. 2lso
caused decomposition.

Attempted preparation of base platinichloride

The base chloride (80mg.) was dissolved in water (10ml.)
and, once sgain, green insoluble materizl had to be removed.
Selution of platinum chloride (5%% HoPtClg.6H0) was added
dropwise until precipitation of the crude platinichloride
ceased. The pale brown precipitate (72mg.) partially de-
composed on attempted recrystallisation from hot water and
the dark yellow product obtained (lOmg.) was not sufficiently

pure for analysis.

Attempted preparation of base iodide

The base chloride (80mg.) was dissolved in water (4ml.)
filtered, and to the filtrate was added a solution of potass-

imm iodide (20%%%, 2ml.). The supernatent liquid was de-
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canted from the o0il which formed and the latter dried in
vacuo (water-pump). Attempted recrystallisations frouw

ethanol/ether mixtures alwsys produced a yellow oil.

REACTIONS OE‘kﬁ-SITOSTEBYLtﬁ-D-GLUCOSIDE
T

f-Sitosteryl-B-DLglucoside tetraacetate
[

P-Sitosteryl-F—D-glucoside (77mg.) and sodium acetate

(56mg.) were gently refluxed in acetic anhydride (2ml.) for

1l hdur. The solution was cooled, poured onto crushed ice
(lg.) and left for 30Omins., then carefully neutrslised
(lo%bk/sodium hydroxide). The crude acetate (93mg.) was
recrystallised from aqgueous ethagol as lustrous plates, m.m.
166.5-167.5 C (mingg%ock), [x’zc-23.91°(c=o.92 in chloroform)

(-]
Kind and Celentano gave MeDe 167.5-168.500, [kJ)-ZB.V

and -24.200
Found: C 69.1; H 9.2 %
Calculated for C,.H q044: C 69.35; H 2.2 %

Hydrolvsis to gfsitosterol

F-Sitosteryl-P—D~glucoside (165mg.) was refluxed for
9 hours in ethanol (15ml.) snd concentrated hydrochloric acid
(0.3ml.). The solution was concentrated to 4ml. and water
(8ml.) added to precipitate P-sitosterol. Recrystallisation
from agueous methanol gave needles, m.D. 139°¢C (tube), 140.5-

. ()
141°C (misroblock), mixed m.p. 139-140.5 C (tube),
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9c o (3¢
[Xl) -37.75 (c=0.5 in chloroform). Kind =snd Celentano

[es]
pa——

o : [ o
gave m.p. 140 C,[NJ) =37 and -38 .,

Found: C 82.4; H 12.1 %
Calculated for 029H500.%CH50H: C 82.2; H 12.2 %.

Attempted preparation of osazone

The filtrate (10ml.) obtained on removal oi‘F-sitosterol
was decolourised by boiling with charcoal. To a portion of
the filtrate (9ml.) was added phenylhydrazine hydrochloride
(84mg.) and sodium acetate (124mg.) and the mixture boiled
(water bath). After four minutes boiling, a distinct cloud-
iness Sng?nly developed, in agreement with the sugar being

glucose . Attempted recrystallisation of the small pre-

cipitate resulted in loss of the material.

Tegt for reducing sugar

To the boiling filtrate (1ml.), boiling Fehling's sol-
ution was added dropwise. The latter was decolourised and

a brick red precipitate formed.
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TREATMENT OF NEUTRAL OIL TFROM A. RETICULATA

Neutral Fraction A (Table 9) - Preliminary reactions

Attempted preparation of 2,4-dinitrophenylhydrazone

fhe oil (0.2g.) was dissolved in ethanol (2ml.) and a
solution of 2,4-dinitrophenylhydrazine (0.3g.) in ethanol
(10ml.) and sulphuric acid (0.5ml.) added. The red precip-
itate which formed immediately was filtered off. Attempted

recrystallisation from ethanol gave an o0ily product.

Attempted preparation of semicarbazone.

The oil (0.228g.) was mixed with a solution of semi-
carbazide hydrochloride (0.2g.) and sodium acetate (0.2g.)
in water (2ml.). The mixture was heated and ethanol added
to give a clear solution. The solution was gently refluxed
for 10mins. and cooled when a negligible quantity of a
flocculent product separated. An attempted recrystallisation

from acetone resulted in loss of material.

Attempted acetylation.

The oil (0.55g.) was refluxed for 15mins. with acetic
anhydride (5ml.), cooled and the solvent removed under re-
duced pressure. The resultant oil (0.58g.) failed to crys-
talliss. The acetylation was repeated but this time reflux-
ing was continued for 2 hourse. Again, no crystalline mater-

ial was obtained.
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Attempted preparation of azulene

The 0il (0.lg.) was gently refluxed in the presence of
palladium (20%) on charcoal. After one hour a distinctly
blue distillate was obtained which was not further investig-

ated.

Neutral Fraction B — (Table 9)

This fraction (85.2g.) was obtained from the third sample

of A. reticulata (12.8kg.) by the method reported on page % .

It was dissolved in benzene and chromatographed from this sol-
vent on alumina (220g., 33.5cm. x 3.3cm.). The narrow pale
vellow band preceding the main band was collected (25ml.).
HEvaporation gave an aromatic reddish-yellow mobile o0il
(4.33g., nf°1.5184), termed fraction I (Table 10). The
main band (1.28 1.) followed closely and on removing the
solvept a dark-red mobile oil (62.84g.) was obtained (fraction
a, Table 10). The eluate was then altered to include

ethanol and fractions b (200:1), ¢ (50:1), 4 (20:1) and

e (1:1) were successively removed with benzene - ethanol
mixtures in the ratios given in parentheses. Fractions b,

¢, d and e were completely immobile dark-red oils and not ex-

amined further (Table 10).

Fraction a

The o0il (62.84g.) was steam distilled and the distillate

collected in two main portions. A pale yellow o0il (11.06g.,
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i9.5€ 20¢ 20°c
ny  1.4924, dmﬂ:o.gss,[gﬁl -1.11 in chloroform) (fraction
II, Table 10) was separated from the first portion (700ml.)
of the distillate. An gdditional 1400ml. of distillate wers
collected, combined with the previous 700ml. and extracted
with ether. The ether was dried (NagSO4) and evaporated to

give an orsnge aromstic oil (4.00g., iy 1.5095) (fractiom III,

“Table 10 ).

The portion of fraction a which was not volatile in
steam was removed from aqﬁeous suspension into chloroform.
Removal of the solvent after drying (Na2804) gave g dark red
0il which was refluxed (1} hours) with 2§ ethanolic potassium
hydroxide (200ml.). The sclution was cooled, diluted with
water (600ml.) and extracted with ether (total 7COml.), the
ether dried (Na2804) and evaporated to give a dark-red vis-
cous oil (22.068g.) (fractiom IV, Table 10). The very dark
agueous layer was carefully acidified (dilute hydrochloric
acid) and again extracted with ether (total 500ml.) which,
after drying (Na2804), was removed to give an extremely vis-
cous very dark-red oil with a resinous odour (26.16g.)

(fraction V, Table 10).

Neutral Fractions A, C and D

These fractions were obtained by the method reported on
page M from different batches of A. reticulata (Table 9).

Fraoctions & and C were bulked and shaken with dry light petrol-
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eum (7 x 1COml.) which was evaporated to give a reddish-brown

o

mobile o0il (42.45¢., ﬁ:sc 1.5088). TIdentical treatment of
fractions D gave a similar oil (28.93g., ngyt 1.5084) . The
combined oils were steam distilled as before (see fraction a,
pagelo8 ) until 900ml. of distillate containing volatile oil
were collected. This was extracted with ether which was
dried (NaszQ and evagporated and gave a pale yellow oil
(13.41g., df% 1.4907, ;:; 0.935, [&If% +14.37) (frection IX,
Table 11) which contained hexsgonal crystals. The portion
not volatile in steam (fraction VIII, Table 11) was a viscous

o,

13
reddish-brown oil (52.95g., Ny  1.5171).

The light petroleum~-insoluble portion of fractions A and
¢ (39.5g.) was steam distil%Fd. A negligible quantity of
volatile material (O.86g.,ﬂ§6 1.4956) was obtained (fraction
VII, Table 11) together with a portion which was not steam-

volatile (fraction VI, Table 11). The light petroleum-

insoluble portion of Neutral Fraction D (10.50g.) was ex~

tremely viscous and very dark-red in colour (fraction X,

Table 11).
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Table 10

NEUTRAL FRACTION B

(85.2g.)
chromatography
4,33g a)62.84¢g b)6.46¢g c)5.42¢ d)l.75g e)0.4%g
o .
(n;)C 105184) | ; i —_— ~— J
T Completely immobile dark red oils.
Steam
distillation
Volatile portion Kon-volatile portion
Saponification
11.06g 4.00g
0 Q,
(nF%¢ 1.4024) (a2 1.5095) Alcohols and Resin Acids
o3 non-saponifiable (26.16g.)
material
IT 111 (22.07¢g.) V.

Iv



Table 11
NEUTRAL FRACTIONS A and C NEUTRAL FRACTION D
(98.4¢.) (40.0g.)

Light |petroleum Light | petroleum
Insoluble Soluble Soluble Insoluble
portion portion portion portion
_ N 9%

(39.5g) (42.45g,n')Cl.5088) (28.93¢g, nJ[ 1.5084) (10.50g.)
| X
Steam Bulked and steam distilled
distillation
Non-volsgtile Volatile portion
portion °

20
oS (13.41g. Ny 1.4907)
(52.95g.ny 1.5171)

VIII X

Non-volatile Volatile portion

Y . Q,
portion - (0.86g, Ny = 1.4956)
(36.75g) |

VI VII
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EXAMINATION OF FRACTIONS I - X

Frgctions I, III, V, VI, VIII, and X were left at room

temperature then at 0°c for a prolonged period of time but
no crystalline material separated so these fractions were

not examined further.

Fraction II ‘was fractionally distilled under reduced pressure

(0.5mm. Hg) and separated into three volatile portions IIA,
ITB and IIC, and a residue which was not further investigated.

Table 12 (page74) summarises these results.

Fraction IV  This fraction was partially soluble in light

petrolevm so the oil was suspended iﬁ that solvent and
chromatographed on alumina (115g; 18m. ¥ 3.5cm.) using var-
ious mixtures of light petroleum, benzene and ethanol as
eluants. HRight main fractions were obtained (Table 17), all
very viscous and red in colour, none of them showing any

tendancy to crystallise. They were not examined further.

fraction VII was a pale yellow oil (0.86g.) with an odour

ressembling that of borneol. On standing, hexagonal crystals
were deposited, but due to the small quantity, no further

work was done on them.

Fraction IX was separated into three volatile portions IX A,

IXB and IXC, and a residue by the method used for fraction II.

The residue was discarded. Table 13 (page74) summarises the

results.
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Treatment of fractions ITA, IIB, IIC, IXA, IXB, and IXC

Isclation of (-)-borneol.

Fractions IIsg and IiB deposited hexagonal plates of
(-)-borneol (150mg.) which, after recrystallisation from ice-
cold light petroleum, had m.p. 194-200"C (with sublimation),
raised to 196-202°C on admixture with a pure sample of borneol

(m.p. 20400) .

p=nitrobenzoate

The crystals (100mg.) were dissolved in pyridine (2ml.)
and refluxed gently for 25mins. with p-nitrobenzoyl chloride
(150mg;) The mixture was cooled and diluted with distilled
water (10ml.) and the bulky off-white precipitate collected,
washed with N sodium hydroxide solution (2 x 5ml.) water
(3 x 2ml.), and dried in vacuo. Recrystallisation from
light petroleum gave needles of (=)-bornyl-p-nitrobenzoate
(76mg.), mepe. 134-135°C. Huckel and Kaluba(BS)gave Mmep.
136 C.

The oily filtrates remsining after removal of (-)=-born-

eol were bulked with fractions IIC, IXA, IXB and IXC to give

fraction XI.



TREATMENT OF FRACTICN XI -~ NEUTRAL OIL

The oil (12.91g.) was r’eflu}:ed for 30mins. with ethan-
olic potassium hydroxide (0.66N, 50ml.) and neutralised with
0.5N hydrochloric acid. This indicated an equivalent
weight of 949, equivalent to 19.25% bornyl formate. The
solution was made slightly alkaline and extracted with light
petroleum which was washed with water until free of alkali,
dried (Na2804) and evaporated to give a deep yellow semi-
crystalline oil (11.47g.). The latter was treated as report-
ed below. The aqueous liquors remgining after removal of
the borneol-containing oil were acidified (dilute hydrochloric
acid) and again extracted with light petroleum which was
washed with water, dried (NaySO,) and evaporated to give a
water-insoluble acid (0.874g.) which was not further exam-

ined.

Chromatography of semi-crystalline oil

The o0il (11.47g.) was chromatographed on alumina (254g.,
338cm. ¥ 3cm.) and the eluate collected in 10ml. portions each
of which was examined for opticdl activity. The smeall
fractions were suitably bulked to give four main fractions
XIA, XIB, XIC and XID. Table 14, page 76 summarises the re-

sultse.

Fraction XIA

o
The oil (3.575g.) was distilled at O.5mm., 125-130 C



117,

()

i% °
(b§th temp.) and gave a colourless product Clﬁg +7.0(c=4.05),
i°C 0
20 C i%
al.“?C 0.919, n,  1.4956, E, . at 212 = 136) which possessed &
reticulene~like odour. Redistillations failed to alter

sppreciably these physical constants (see Table 15, page'TT).

Fraction XIB.,

o

19°¢C
This oil (0.420g.), N 1.5022, also possessed the odour
of reticulene but was slightly laevorotatory. It was not

exsmined further.

Fraction XIC. was a very bright, colourless, sweet-smelling

mobile 0il which did not become viscous, turn yellow or
deposit crystals on prolonged storage.

Attempted preparation of p-nitrobenzoate

The oil (80mg.) was dissolved in pyridine (2ml.) and
gently refluxed for 3Omins. with p-nitrobenzoyl chloride (1CO0mg.)
After cooling, the addition of water (10ml.) failed to pre-

cipitate any solid material.

Fraction XID, was recrystallised from ice-ccld light pet-

(o]
roleum and gave (~-)-borneol, m.p. 205 C.
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EXPERIVENTS ON _ ACID/BASE RELATIONSHIE

T AT

Preparation of l-methoxy-5,6-methylensdioxy~-9d-aminophen- t
pan sl - ROt Sousi
anthrene (+111).,

Tl L A % T ST e St

Method I

Decarboxylated aristolochic acid (l-methoxy-5,6~methyliecne-
dioxy-9-nitrophenanthrene) (0.11lg.) was refluxzed for 3Omins.
with zine powder (1l.3g.) and glacial acetic acid (25ml.) On
cooling, the colourless solution gradually darkened and gave
a red solution which flouresced blue-green in ultraviolet
light. The cold solution was filtered from zinc and zinc
acetate, basified (dilute sodium hydroxide) and the resultant
brown precipitate (42mg.) removed, washed with water and dried
in vacuog. Attempts were'made to recrystallise the preduct
from ethanol, methanol,water, light petroleuwn and mixtures of
these solvents without success, the product always being
amorphous. In an attempt to characterise the product as its
picrate, it was dissolved in ethanol and a saturated solution

of picric acid in ethanol added. No precipitate separasted.

Method IT

Decarboxylated aristolochic acid (51mg.), 5% palladium-
charcoal (2lmg.) 2nd hydrazine hydrate (0.5ml.) were refluxed
for 10mins. in ethaznol (20ml.). After filtering, the sol-
ution, still distinctly orange, was evaporated under reduced

(]
pressure but yielded starting material, m.p. 205-210 C.
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The residue was redissolved in ethanol (20ml.), 5% palladium-
charcoal (40mg.) and hydrazine hydrate (0.5ml.) added and re=-
fluxing continued for 7omins.. This time s yellow soluticn
was obtained. It was filtered and concentrated to 5ml.

Addition of water gave grey crystals (l4mg.), m.p. 166-168 C

(microblcek) .

Method IIT =2

Decarbozxylated aristolochic acid (0.357g.) was dissclved
in dry benzene (100ml.) and hydrogenated at a platinum catalyst
(72.8mg.) . Uptake of hydrogen appeared complete after 1 hour
at 19°¢C with the absorption of 58.1ml. of hydrogen (after de-
ducting the volume absorbed by the catalyst). Equivalent
uptake : 2.2mls. Filtration of the reaction mixture anc

eveporation of the filtrate in vacuo yielcded 2 mixture of

' [+
pale orange and yellow crystals m.p. 120-122 C (microblcck)

which was shaken with ethancl in which the yellow crystals dis-~

celved. The pale~orenge crystals turned yellow but remained

undissolved in the ethanocl. They were filtered off, repeat-

edly washed with ethanol and dried in vacuo (yield 131mg.,

m.p. 166-167 C). Recrystallisation from aqueous etliancl _sve

pvale-brown needle crystals, m.p. 168-169.5 C (microblocik).

)\ 253(1log€ 4.635), 297(log€ 3.835), 330(loge 4.10), 33&7u
maX.

(log€ 3.55) ~ in ethanol.

'Xmax. 245(1log€ 4.60, shoulder), 253(log€ 4.64), 300(log€ 4.21),

330(1log€ 3.95, shoulder), 352(log€ 3.71), 370(loge 3.72),
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395mp (logé 3.24) - in 2N hydrochloric acid/ethanol (equal

(21)
parts). Pailer, Belohlav and Simonitsch gave MePe 170°¢c.

Found: ) C 71.9; H 5.15; N 5.35%

Calculated for 016H1303N ¢t C 71.9; H 4.9 ; N 5.25%.

Method IIT b

The previous method was repeated by dissolving decarboxyl-
axed aristolochic acid (283mg.) in dry benzene (100ml.) and
and hydrogenating as before, this time a much larger proport-
ion of platinum catalyst (158mg.). Uptake of hydrogen was
complete after 1 hour at 1900 with the absorption of 65.2ml.
of hydrogen (after deducting the volume absorbed by the
catalyst) . Bquivalent uptake: 2.9mols. Filtration and ev-
aporation of the filtrate in vacuo yielded pale yellow needles
(200mg.), m.p. 125-126.5C (microblock) after recrystallisation
from benzene. Further recrystallisation from ethanol gave
pale-brown needles, m.p. 168 = 169 C (microblock) .
Hydrochloride l-methoxy-5,6-methylenedioXy=-9~aminophenanthrene
(20mg.) was dissolved in dry benzene (10ml.) and dry hydro=-
chloric acid passed through the solution for Smins. The
orange solution turned green. The solvent was removed and
the pale pink product obtained was recrystallised three times
from ethanol/ether as faintly pink needles (6mg.) m.p. 16900
(decomp., microblock).

Found: C 62.4; H 5.6
C16H1305N.HC1 requires: C 63.2; H 4.7

%%,
e



Methylation of 1 methoxy-5,6-methylenedioxy-9~aminophenanthrene

Method I

The base (X111) (50mg.) was dissolved in dry benzene
(50ml.) and an excess of diazomethane in dry ether added. No
evolution of nitrogen occurred. After 1bmins., the solvents
and excess diazomethane were removed and the product recrystal-
lised from aqueous ethanol as pale brown needles (35mg.) m.p.

166,5-168°C (i.e. starting material).

Method II

The base (X111) (60mg.) was suspended in dry ether (20ml.)
and an excess of diazomethsne in dry ether added. No re- .
action tbok place until.a drop of water was added as catalyéég).
The reaction was allowed to continue for 21 hours during which
time the base completely dissolved. The solution was filter-
ed, evaporated to dryness and the solid obtained recrystallised
from aqueous ethancl as pale brown needles, m.p. 167-169°C

(microblock), mixed m.p. with starting material 167-170°C

(microblock).

Methed IIX

The base (X111) (50mg.) waé dissolved in dry benzene (50ml.)
and refluxed for 30mins. with methyl iodide (1l48mg.). The
solvents were removed and the product recrystallised from aqu-

eous ethanol as pale brown crystals, m.p. 167°¢C (microblock).

Method 1V
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Method 1V
The previous method was repeated uvusing methyl iodide

(0.72g.) and refluxing for 90mins.. Again, starting mater-

ial was recovered.

Method V

The base (X111) (50mg.) was refluxed for 20mins. with
methyl iodide (5ml.). During the reaction, an off-white cry-
stalline precipitate separated which was removed and washed
with methyl iodide to give colourless needles (22mg.), m.p.

(]
205-207 C (decomp., microblock) after darkening at 160-170 C.

C17H1503 N.HI requires: C 49.9 ; H 3.92%

Method V1

The base (X111) (70mg.) and methyl iodide (2ml.) were
placed in a strong glass ampoule amd heated at 120°C for 1 hour.
The ampoule was cooled and the contents filtered and washed
with methyl iodide to give colourless needles, m.p. 200-202°C

(decomp., microblock) after preliminary darkening.

Found: C 51.5; H 4.40%
C1yH1503N.HI requires: C 49.9; H 3.92%



THE ETHANOL-SOLUBLE FRACTIONS OF A. SERPENTARIA LINN.,

A. INDICA LINN. AND A. IONGA LINN.




To avoid unnecessary repetition, only a brief descrip-
tion is given of the practical work done on these three
species when it is of a nature similar to that reported in
the section on A. reticulata. Other experiments are re-

ported in detail.



A, SERPENTARIA LINN.

ISOLATION AND TREATMENT OF THE FRACTION SOLUBLE 1IN COLD

ETHANOL

Two authentic samples of A. serpentaria were obtained

and examined separately.

Sample a.
The first sample of dried root snd rhizome (4.34Kg.), from

which appreciable quantities of Hydrastis canadensis root and

rhizome and other adulterants had been removed, was reduced to
a No. 60 powder, defatted with light petroleum (b.p. 40-60 C)
and percolated in the cold with ethanol until the percolate was
pale brown (7days). The thick black oil obtained on con-
centration was left at OC for 4 days during which time ﬁ-sitos-
teryl-F-D-glucoside (1.88g.) separated as a brown crystalline
solid m.p. 287-29500, which on repeated recrystallisations

from ethanol gave off-white microcrystals, m.p. 295-206°C.

The identity of the glucoside was confirmed by the preparation
of the tetraacetate, m.p. 166 C. [Kind and Celentano gave
m.ps. of 295-207 C, 167.5-168.5 C respectively for f-sitosteryl-
ﬁ-D-glucoside and its tetraacetate]. The oily filtrate was
dissolved in ether and the solution extracted with dilute
hydrochloric acid (treatment of this acid extract is reported
on page 124 ).

The crude acid fraction (3.64g.) obtained from the ether
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solution by the method used for A. reticulata, was recrystal-
lised from glacial acetic acid and gave aristolochic acid
(2.00g), m.p. 283°C (decomp., microblock), RF 0.915, identified
further by its ultraviolet absorption spectrum (identical with
that described under i. reticulata) and conversion to l-methoxy-
5,6-methylenedioxy-9-nitrophenanthrene, orange needles, m.p.
212°C (microblock) by the method previously reported. (page97).
Concentration of the glacial acetic acid mother liquors gave,
on repeated fractional recrystallisations from ethanol, red
needles of aristo-red (35mg.), m.p. 286.5-287.5 C (microblock),
R,. 0.78 (fluorescent spot in ultraviolet light). The ultra-

E
violet absorption spectrum agreed with that reported under

A. reticulata.

A neutral oil (25ﬁlg.) was obtained from the ether solution
after the removal of acidic material, by the method outlined

in the exXperimental section on A. reticulata (page94).

Examination of Acid Extract

This was obtained as reported on the previcus page. The
acidic solution was basified‘(dilute axmonium hydroxide) and
extracted with ether which on evaporation gave a dark-red
partially crystalline oil (500mg.) - The benzene-soluble por-
tion was chromatographed on alumina (5" x 0.5") from benzene
to give two fractions. The benzene-insoluble portion was non-
lalkaloidal.

Fraction 1. This fraction came through as a compact non-



fluorescent yellow band which on evaporation and recrystallis-~

eation from ether or benzene gave pale yellow prismatic crystals
©

(74mg.) of a base, m.p. 178-179 ¢ (decomp., tube), >‘max.

281.5(€ 12,030), 355m/l— (€ 13,356) .

Found: C 53.6; H 3.75; N 3.6%
C1gH1g0 10 Tequires: C 53.4; H 3.7 : N 3.5%

Fraction 2. Remova;l of benzene from the fluorescent
solution produced pale yellow prism crystals of hydrastine
(62mg.) which gave an olive-green colour with ammonium moly]:-
date in concentrated sulphuric acid (73). After recrystall-
isation from methanol the base had m.p. 132°C (tube), Apo..
297mp (E:‘iém'196). E1l Ridi, Khalife and Mamoon(84)gave D —

Q 1% e
20Tmu (€ 200), m.p. 132 C.
iem .

Found: C 65.6; H b5.5; N 3.7%

Calculated for Cle,lesN: C 65.8; H 5.5; N 3.7%.

Picrate

The picrate was prepared by dissolving the base (1l8mg.)
in methanol (1ml.) and adding a saturated solution of picric
acid in ethanol (O.5ml.). Recrystallisation from ethanol

gave hydrastine picrate (18mg.), m.p. 148-149°C (decomp., tube).

Found: C 53.2; H 4.25%

Calculated for 021321041.051{2(1%02)301{: C 52.95; H 3.95%.
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Sample D

The second sample of defatted root and rhizome (4.20Kg.,
No. 60 powder), on concentration of the ethanolic extract,
gave a thick black oil from which aristolochic acid, aristo-red

and the acid extract were obtained as before.

Examination of Acid Extract

The solution was basified (dilute sodium hydroxide) and
extracted into ether which was, in turn, shaken out with sul-
phuric acid (2.5%). On standing, the agueous layer deposited
orange crystals of berberine sulphate (1.037g.), m.p. 288~

200°C (decomp., microblock), after recrystallisation from
G,

. 1%
ethanol/ether. )\ in 88% ethanol 26'(7(E,
84

maxe cm

1%
(Ejcn. 609), Bl Ridi, Khalifa ond Mamoon  gave Mg, 270
19, 1% ‘

(,. 610), 3501174¢(E

648), 35 Lmp

600) for berberine hydrochloride.

icm fem.

Found: C 55.0; H 4.2; N 3.3; 8 7.2%

Calculated for 020H17O4N.H2804:C B5.4; H 4.4; N 3.2; S 7.4%

The ether layer gave yellow prism crystals on removal of
the solvent, and chromatography from benzene on alumina
(6" x 0.5") yielded only hydrastine (1.097g.), m.p. 132°C (tube)
(from methanol), 145°C (tube) (froméaqueous methanol). Both
melting points have been reported(7 ) for hydrastine. The

0
picrate prepared as before had m.p. 148-149 C (decomp., tube).

Attempted isolation of water-soluble bases.

The acid extracts from both samples of A. serpentaris,
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which had been basified and extracted with ether to remove

basic materisl, were re-acidified to congo red (dilute sulphuric
acid). Addition of g saturated agueous solution of ammonium
reineckate gave an amorphous dark brown solid (5.133g.) which
was only slightly soluble in dry acetone. Chromatography

from dry acetone on alumina (38g., 6.5" x 0.75") gave a negli-

gible quantity of pure reineckate.

- PREPARATION OF HYDRASTINE PICRATE

A sample of hydrastine (0.82g.), m.p. 152°C,'Was obtained
from Liquid Extract of Hydrastis B.P.C. 1949 (50ml.) using
the official assay method. The picrate was prepared by dis-
solving the base (O.lg.) in hot methanol (10ml.) and adding a
saturated solution of picric acid in ethanol (5ml.). It was
recrystallised from ethanol and had m.p. 149°C (decomp.,
tube) «



A, INDICA LINN.

ISOLATION AND TREATMENT OF THE FRACTION SOLUBLE _IN_ COID

ETHANOL.

The dried root (3Kg.), previously defatted with light
petroleum, was extracted with ethanol by cold percolation.
"The percolate was councentrated to 200ml., acidified with dilute
hydrochloric acid and extracted with ether. Treatment of the
acid extract is reported below. The ethereal solution was
extracted with 2% agueous potassium hydrogen carbonate and
the latter solution acidified to yield aristolochic acid (2.5g.)
as yellow needles after recrystallisation from dioxan, m.p.

284°C (decomp., microblock), 223(€29,300), 250(€32,300),

maXxe
317.5(€12,900), 391%f(66000). Reduction with zinc and glacial
acetic acid by the method previously reported (page 98) gave
O9-amino~-l-methoxy-5,6-methylenedioxy~-8-phenanthroic lactam,

m.p. and mixed m.p. 318°C (microblock) .

Examination of acid extract.

The acidic solution was basified (dilute sodium hydroxide)
and extracted with ether which was washed free of alkali, dried
(Na2804) and concentrated to give yellow needles (20mg.) which
fluoresced bright yellow in ultraviolet 1light and had m.p.

329-342°C (decomp., microblock).

Found: C 60.95; H 4.75; N 2.8z
CogHoz0 1o  requires: C 60.4 ; H 4.6 ; N 2.80%

































































































































