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SUMMARY.

The alkaloid content of the bqlbs of Boophone disticha

Herb., has been reinvestigated and five crystalline bases
isolated. Distichine and its sublimate have been
‘identified as hydrated forms of buphanidrine and Lewin's
derivatives of his "oily" haemanthine are shown to be
derivatives of buphanamine. "Crystalline" haemanthine has
been identified with Tutin's buphanitine and the formula

corrected to Cl7H2105N.

Buphanidrine, 018H2104N,'has been hydrogenated to the
dihydro base and a new derivative, the oxalate, prepared.
The base was degraded by the Hofmann reaction to give two
methines for which structures are proposed. A zinc dust
distillation of the methine mixture has afforded phenan-
-thridine which was coupared with a specimen synthesised
from carbazole. Ozonolysis of the methine mixture gave
formaldehyde which was isolated as a dimedone complex.
The hydrolysis of buphanidrine to powelline, previously
reported by Wildman, has been confirmed and poweliine was
degraded to powellane which was required for comparison

studies.

Buphanitine, C,,H,,0:N, has been shown to contain'an

aromatic methoxyl and methylenedioxy group. The aliphatic

hydroxyl groups were concluded to be 1 : 3 from a Meerwein
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Pondorff Verley reaction which gave buphanitenone. Godium
in boiling hutanol containing buphanitine gave demethoxy-
~buphanitine, Cl6H]9O4N’ for which two derivatives have

heen prepared.

A Hofmann degradation of Buphanitenone gave powellenone
methine. I'rom this observation and oxidafion and
degradation recactions it has benn conclusively proved that
the alkaloid contains the 5 : 1l0b-ethanophenanthridine
skeleton. However, further degradation to.the unsubstituted
aliphatic.skeleton gave a!compound which was not identical
with powellane or its mir;or‘image. .This compound was
named buphanitane and was concluded to have the previously
unknown cis B/C ring fusian as opposed td.the trans B/C ring
system of the crinane series of alkaloids. . Buphanitenone
has been reduced by way of buphanitenol and.buphanitanone to
a~buphanitan-~3-0l and directly to Q—buphahitan-}—ol.
Buphanitenol has been oxidised to buphanitenone with
manganese dioxide and thus it has been shown that no allylic
rearrangenent has occurred during the reduction. Hence a

structure for buphanitine has been proposéd.
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INTROBEHGH T O N
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The poisonous and medicinal properties of the

alkaloids of the Amaryllidaceae aroused an interest
25

in their study as far back as 1877 when Gerrard
isolated an alkaloid which he named "narcissa" from

the bulbs of Narcissus pseudonarcissus.L. Since

then a large number of workers have isolated over

fifty bases from wild, cultivated and hybrid plants

of this family. However, confusion has arisen, in
many caéeé, due to the complek néture of the.alkaloidal
mixture obtained from ma&y plants.  Often the same
alkaloid was obtained in different crystalline forﬁ

by different workers and jnsufficient éhafaCterisatipn

has led to the renaming of many alkaloids. Structural

studies are however eliminating many of these confusions.

The basic structures of the alkaloids of this
family have so far been divided into six fundamental
ring systems (Chart I). Within each ring_system'a
number of alkaloids may stem from simple variations in

the substitution of aliphatic and aromatic rings.
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THE SIX FUNDAMENTAL RING SYSTEMS OF
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THE PY.ROLO(DE)PHENANTHHIDINE ALKALOIDG.—— The

different alkaloids within this group may be grouped
as differently oxygenated compounds as shown in Chart 2.

Lycorine, Cl6H17O4N, the main alkaloid of this group

and of the Amaryllidaceae has been known for sixty years.

The most valuable evidence for its structure was published

in 1955 through joint efforts of research groups in Japan

30

and New Brunswick. They showed that the chemistry

can best be expressed by structure (VII) which was

18

originally'proposed by Cooke and Loudon. The proof of

OH
HO

this structure was formulated on the basis of Hofmann and
Emde degradations and the synthesis of the degradation
products. Purthermore lycorine was treated with a large
nunber of reagents and the degradation products which were
obtainéd proved useful in the inter-relation of these bases.
The main contribution was due to Fales, Warnhoff and

22

Wildman who studied a series of oxidation reactions.



The stereochemical structure advanced for this base is

either (VIII) or its mirror image. 50

lethylpseudolycorine, Cl7H2104N, was first isolated
in 1956 23 and was shown to possess a double bond, two
methoxyl and two hydroxyl groups. Periodic acid titration
snowed that the hydroxyl gfoups were vidiﬁal and no enolic
properties were observed. Preliminary characterisations
paralleled similar reactions of lycorine and it was suspected
that the alkaloid was the dimethoxy analog of lycorine.

Methylpseudolycorine was readily dehydrated to (IX) and so

X

established the ring system and location of two methoxyl
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VII Lycorine
XV Caranine
X4X Talcatine

XI Hethylpseudolycorine Me e OH
XIII Pseudolycorine H lie OH
XVIII Galanthine Me e OH
XXIVb Narcissidine ile e OH
XIX Pluviine He Me OH
XXVII Norpluviine H Lle OH

THE PYRROLO(DE)PHENANTHRIDINE
OF ALKALOIDS
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groups. Oxidation of methylpseudolycorine with selenium
dioxide gave hydroxyphenanthridium chloride (X) which

showed similar physical and spectral properties with

OH
CHSO
4
CHSO N
cr

X

those of the lycorine products. =

The positions of the
hydroxyl groups and double bond were assigned'on similar
evidence for that presented for lycorine >0 and furthermore
molecular rotation correlations justified the formula (XI)

for methylpseudolycorine.

OH
HO

CH0

CH.O N



Pseudolycorine -8 was established as a phenolic

23

alkaloid which on treatment with diazomethane .gave a

product which was identical with methylpseudolycorine.

In a recent paper the Japanese workers Uyeo and Yanaihara 61
proposed that the formula for pseudolycofiné be changed from

N to 016H19O4N' The position of the phenolic
44

C168179%

hydroxyl group was found by ethylating this position

with diazoethane and chlorinating the product which was
oxidised to a:phenanthridone (XI1), which formula was

confirmed by synthesis.

o
C2H5

Hence the structure (XIII) was established for pseudolycorine.

OH

HO

CH.O , N

g



Caranine, a minor alkaloid of the Amaryllidaceae,

T to be a

was shown by Mason, Fuschett and Wildman
pentacyclic base of molecular formula 016H1703N’

Compound (XIV) was formed as the sole product of a
modified Cpenauer oxidation of this base and since

compound (XIV) was formed from lycorine the basic skelcton

<o | <o .
o NZ o N
X1V

of caranine was established. Later experinments 66

substantiated the structure (XV) for this alkaloid. 1In

fact even the absolute configurztion has now been advanced.




Galanthine was first isolated by the Russian workers 24

12

who later revised its formula to 018H2304N. While

galanthine appears to undergo Hofmann and Emde degradations

o4 as in the

with the formation of a second aromatic ring,
case of lycorine, no chemical proof of the double bond or
hydroxyl group was given although such groups are usually
present on fing C if aromatisation occurs. = The Imde
jegradation of galanthine gave (XVI) which product was

identical with the Imde degradation of lycorine and

subsequent removal of the methylene group followed by

CH.O
H3
CHO N
3 I
CH3 CH3
XVl
methylation.63 An alternate proof of the galanthine

ring system and the position of the aromatic methoxyl
groups was found in the pyrolysis of galanthine which

gave product (XVII). This product (XVII) was identical

with a product obtained by a similar treatment of

methylpseudolycorine. Oxidation and spectral studies
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CH.O

CHO N

f

XVII

established the position of the double bond as 3 : 3a
and the hydroxyl group was placed in the l-position.

Hence the structure of galanthine was formulated as (XVIII).

OCH3
CHO
3
CHéD
N
CHé)

XVt

Narcissidine was first isolated by Boit 6 who expanded

the formula to CycHy,N(0CH;),(0I), and also established the

presence of a reduceable double bond. Further studies by

2l

Fales and Wildman established the pyrrolo(de)phenan-



LX.

-thridine ring system beyond doubt. They observed that

the infrared spectrum of narcissidine showed many bands

in common with methylpséudolycorine (XI) and it>also‘turned
yellow in the presence of light and air.' Hofmann and Emde
degradations under conditioﬁs by which lycorine gave anhydro
compounds were unsuccessful but like methylpseudolycorine
and galanthine, narcissidine was oxidised by selenium
dioxlide and mercuric acetate but the initial yellow products
soon resinified to intractible material. However, 0, O=
diacetyi-dihydronarcissidine was‘oxidiéed by potassium
permanganate to a neutrai conjugated lactam.. This type of
reaction‘ié characteristic 6f alkaloids derived from
pyrrolo(de)phenanthridinq and does not oCCur'in alkaloids

of the 5 : 10b-ethanophenanthridine ring system. Fﬁrther—
more, upon treatment with sodium and amyl alqohol-
narcissidine gave pluviine (XIX) and products (XX) and

(XXI). Hence it was concluded that narcissidine contains

HO
CHO
Hg CHP \
N N HO
CHO , CHP -
e gl CH.O
XX HS
c N
HP



the 9 : 10-dimethoxypyrrolo(de)phenanthridine nucleus
and a hydroxyl group in the l-position. Since the
hydroxyl groups in dihydronarcissidine and therefore
narcissidine are vicinal the second hydroxyl group must
be in the 2- or llb-position. The latter position 1s
unlikely since narcissidine 1is stable towards acid and
catalytic hydrogenolysis, and it forms a diacetate with
ease. The position of the third methoxyl group is
ambiguous since 1t was shown that aliphatie and aromatio
methoxyl groups may be removed with sodium and amyl alcohol.
The ultraviolet spectrum is identical with that of
methylpseudolycorine (XI) and the difference between the
spectra of these alkéloids‘and fhat.of anhaline (XXII)
is quite small.  Since narcissidine gave metahemibinic

acid (XXIII) on oxidation with potassium permanganate the

CH2.(3H2.N(CH3)2

COOH
COOH
=
CF&;)
OH OCH3
XXII XX

aromatic methoxyl groups are in the 9- and 10- positions.

Therefore the two hydroxyl groups and aromatic methoxyl



groups are in the same position as in methylpseudolycorine
{XI). Hence the possible structures for narcissidine

are (XXIVa) or (XXIVb). The position of the double

OH OH
HO OCH3 HO
CH30 \' CH3O OCH3
CH3° L CHéD “N
(a) (b)
XXV

bond and aliphatic methoxyl group weére placed by infrared
and biogenetic considerations. Furthe:, only structure
(XXIVb) could give structures (XIX) and (XX) upon
treatment with.sodium and.amyl alcohol and (XXIVb) would
be expected to be stable to dilute acid whereas (XXIVa)
would isomerise. Hence structure (XXIVb) was proposed

for narcissidine.

Pluviine was studied by Boit, Ehmke, Uyeo and

Yajima 7 who found that this base gave metahemipinic
acid (XXIII) when oxidised with potassium permanganate.
Hence it was suspécted that pluviine was a dimethoxy
analog of caranine (XV). Openauer oxidation of pluviine

gave a red phenol betaine which had an identical ultra-



violet curve with that of caranine betaine and different
from the lycorine betaine curve. Following the Jépanese
workers investigation of lycorine, pluviine was acetylate¢
and the diacetylpluviine separated from the chloroform
insoluble material which formed a hydrochloride,
017H1602N.Cl. This product was identical with anhydro-
-methylpseudolycorinium chloride. The hydrochloride

was oxidised to the known phenanthridone (XXV) which
product was also prepared from lycorine by consecutive
demethylation and methylation of the methylenedioxy-
wphenanthridone. Reduction of the phenanthridone (XXV)
and subsequent dehydration gave, on treatment with
hydrochloric acid, anhydromethylpseudolycorinium chloride

(XXVI). Prom spectral sfudies the double bond was

CHQ
N
CHO
o .
XXV XXVl

placed in the 3 :3a-position and hence structure (XIX)

was proposed for pluviine.



HO
CHON A
CHO N
XX

Recently, in the Osaka laboratory, tetrahydromolycorine

was transformed-to pluviline éndAa new alkaloid norpluviine

was isolated.

Norpluviine, a phenqlic'alkaloid, with molecular

formula 015H1602N.0Me, was isolated fromlLycoris radiata. 61

Diazomethane treatment of this base affordéd the non-
phenolic pluviine (XIX). The position of the aromatic
methoxyl and hydroxyl groups was established by degradation
of O-ethyl-norpluviine to the phenanthridone (XII) which
was previously isolated from pseudolycorine and synthesised.
Hence the structure for norpluviine may be represented by

(XXVII).
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HO

CHO

XXVIT

Falcatine, Cl7H1904N,.was 1solated by Wildman and

72 who noted that it was Lsomeric with powelline.

Further studies 21 showed that the alkaloid possessed one

Kaufman.

hydroiyl group and a'double'bond._ *The'aromatic ring
contains both a methylenedioxy énd a methoxyl group.
Degradative stﬁdies, however, éhowed that falcatine had

a different basic skeleton to powelline. Oxidafion with
selenium dioxide afforded a phenanthridinium nitrate (XXVIII)
which was oxidised to the phenanthridone (XXIX). Analytical

data and spectral comparisons of (XXVIII) and (XXIX) with

i
OCHy; O
XXVIII , X XTX



T

compounds of analogous structure derived from lycorine 72

23 supported the assignment of-the‘

methylpseﬁdolycorine
pyrrolo(de)phenanthridine'system to falcatine. Due to
similar infrared spectra, comparable rotations and occurrence
in N. falcata and N. lacticoma, Wildman éostulated that
falcatine was ar-methoxycaranine. - This postulation was
supported by the fact that both alkaloids decomposed in

light end air and both did not react with manganese dioxide.
Hence falcatine (XXX) was treated with sodium and isoamyl

alcohol and caranine (XV) was isolated. . This -experiment

is convinecing evidence that falcatine is'ggfmethoxycaranine.

HO

x
x
x

In studying the scope of the sodium and amyl alcohol

reaction Wildman ot

converted lycorine (VII)and its
0,0-diacetyl derivative to caranine (XV), lycorene (XXXI)
and dehydrolycorine (XXXII). Catalytic reduction of

lycorene (XXXI) gave the saturated basic ring system,



lycorane (XXXIII), and lycorene was readily dehydrogenated
to the.indole (XXXIV). Furthermore a solution of
dehydrolycorine in n amyl alcohol gave caranine (xXv)

and lycorene.(XXXI) (see Chart 3). A similar series

of reactions on galanthine (XVIII) gave plufiine s o B
methylpseudolycorene (XXXV) and dehydfomethylpseudolycorene
(XXXYI). The known phenanthridone (XXV).was obtained
when‘methylpseudolyéorene was heated above its melting

point in air (see Chart 4).
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THE LACTONE OR SEMIACETAL GROUP OF ALKALOIDS.—— The

varying oxygenation observed in this group is exactly
similar to that found in the previous group already
described, namely (i) dimethoxy in place of'methylenedioxy
group, together with a possible further methoxylation in
the aromatic ring, (ii) hydroxylation or methoxylation in
ring C, and (iii) lactone of semiacetal grouping replace

ring B of‘the previously considered.strﬁcture. (Chart 5).

Homolycorine wae isolated twenty five years ago by
Kondo and Tomimura. 39 Recently Boilt " corrected the
formula to 018H2104N, which was confirmed by the Japanese

36 The latter authors " found that homolycorine

workers,
was insoluble in cold sodium carbohate‘or sodium hydroxide
but dissolved in hot sodium hydroxide to yield a saelt which
could not be extracted from aqueous solution with organic
solvents. After acidiiication homolycorine was isolated
ags its hydrochloride in quantitative yield. In order to
explain this they proposed that two oxygen atoms were
present in a lactone. This proposition found support

. from ultraviolet and infrared determinations which

indicated & 8-lactone system. Hence structure (XXXVII)

was proposed for homolycorine,
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6
O
CH3
N
ch.
CHéD co 3
XXXVII
Lxcorenine,40’4l’42’43 018H23O4N, was reduced
electrolytically to desokylycorenine (XXXVIII) by Kondo

40

arnd Ikeda. This cyclic ether was identical to the

O 2
CHSO
N
CHéO
CH3

XXXVit

product obtained from tetrahydrohomolycorine (XXXIX) by
recyclisation with acid. Tetrahydrohomolycorine (XXXIX)
was obtained as the lithium aluminium hydride reduction

product of homolycorine (XXXVII). Further experiments



25.

— CHERT 5 —
Ro
(®
(@]
( !
(@]
co M3
Ry
Rl R Rl R2
XXXVII Homolycorine H H LV Clivonine ¥
(no. at 38~4) B CH
LIIT Albomaculine OMe " Hippeastrine H OH
LVI Nivaline H Olle
TxI Urminine OMe H XLI Neronine > OH
(0}
O
< N
(o]
cHoH “M3
Ry
Rl R2 Rl R2
XL Lycorenine H. H XLVIII Krigeine Olie OH
LVII Nerinine ONle H*
IX Urceoline OMe H

[ * indicates stereoisomers ]
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OF ALKALOIDS
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HO
CH 0
N
&H
GEg® CH,0H 3
XXXTX

showed a close relation btetweer these alkaloids. Lithium
aluminium hydride reduction of lycorenine gavé tetrahydro-
—hdmolycorine (XXXIX) and although lycoreniné_was stable to
potassium.ferricyanide oxidation, it readily oxidised with
chromic acid to homolycortine (ZXXVII). Furthermore, when
lycorenine was treated with hot QICOholic.potassium
hydroxide it underwent diéproportionatioh_té homolycorine
and tetrahydrohomolycorine. Hence lycorenine has a cyclic

hemiacetal structure (XL). The last experiment, however,

CHOH
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suggested that homolycorine could be produced from
lycorenine during the isolation procedure.

The American group =7

extracted a series of plants
and isolated five new alkaloids, four of which contained
the lactone group and were thus related to homolycorine.
The fifth new base was named Krigeine and contained a
hemiacetal group which could readily be oxidised to a
lactone. The facile identification of the iactone groups
in'these alkaloids was accomplished by spectrographic and
chemical means. The presence of a lactone rather than an
ester function in the readily abundant albomaculine,
clivonine and neronine Was:demonstratéd'by their ready
solution in warm alkali apd relacfonisation'upon acidification,
and the hydrochlorides of the baseé,were extracted into
chléroform. Similar solubility of homolycorine was

reported by Kitagawa, Taylor, Uyeo and Yajima.36

Neronine showed a maxima at 228 mp (log € 4.41) and
285 mp (log € 3.85) and a shoulder at 310 mu (log € 3.55).
The first two bands arelgood evidence for the lactone
structuré proposed in (XLI). Thelébsence of a distinct
maximum near 305 mp and the shifted wévelength of the 285 my
band differentiate neronine from the possible spectral model

(XLI1). The spectral model shows three distinct maxima
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OH
o) o)
)
o) o) e
( 0 R
OCH,
XLI XL

at 225 mp (log € 4.39), 263 mp (log € 3.72) and 307 mu
(Tof £ 8.T7) - These studies fogether with the infrared

spectral analysis allowed tﬂe assignment of the methoxyl

group to the 8-position of the aromatic ring.
[

. If neronine has the homolycorine ring system only the
double bond and the hydroxyl group remain to be. located.
From the chemical and spectral properties of neronine and
its derivatives it may not be formulated as either an
aldehyde-ammonia or an enol. Reduction of neronine with
lithium aluminium hydride gave tetrahydroneronine which
showed no carbonyl absorption in the infrared spectrum and
the ultraviolet absorption curve was similar to that of
falcatine (XXX), ambelline (XLIII) and hydrocotarnine (XLIV).
This spectral relation in conjunction with the strong

avsorption at 6.2 u, affords more evidence that the aromatic
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HO

ring is substituted with both the methylenedioxy and
methoxy groups. A qualitativebtest showed the presence

of & vicinal glycol function in tetrahydroneronine and this
was confirmed by the quantitative method of Siggia. o1
Henoé tetrahydroneronine may be represented by structure
(XLV). The alternate 6 : 7-dihydroxy structure is
exéluded from considerations of acetylafibn and oxidation

experiments on the pafent alkaloid.

OH
HO

<CD o :
[ ] | < | N
o N o N
N H
CH.O
CH3 H o Hn 3

OCHy
XLV XLV




A manganese dioxide oxidation of neronine gave a
compoqnd, 018H1706N’ which was found to contain no hydroxyl
group and an absorption at 5.95 u appeared. Purther
evidence for the a,p-unsaturated function in oxoneronine
(XLVI) was found in its ultraviolet Spéctrum. The difference
between the extinction coefficient of oxoneronine and
neronine showed a maximum of 10800 at 245 mu. Hence these
considerations place the hydroxyl group in the 5-position
and the double bond at 3a : 4-position.

Krigeine, 018H2106Nf was disproportionated by an
alkaline column of alumiha to neronine (XLI) and tetrahydro-
neronine . (XLV). A similar conversion of lycorenine (XL)
occurred, the products baing homdlycoriﬁe (XXXVII) and
tetrahydrolycorine. The ultraviolet abSorption curve for
krigeine showed a broad maximum of low inténsity similar to

that found for tetrahydroneronine (XLv), falecatine (XXX)

and ambelline. vince it seemed possible‘that krigeine
1
O
<£)
N
n co ¢y
OCH, 3
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was a hemiacetal type of dihydroneronine, Wildman et al.
oxidised it with manganese dioxide and isolated oxoneronine
(XLVI) which was previously obtained.from neronine (XLI).
This reaction oxidised first the allylic hydroxyl group to

give compound (XLVII) and then the benzylic hydroxyl group

o
)

O

< y
O

CHoH M3
OCH3
XLVII
to give oxoneronine (XLVI). Hence krigeine may be

represented as structure (XLVIII).

CH
(@)
0]
{ N
O CHOH CH3
(DCkh

XLVII
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Albomaculine, 019H2305N, has three methox,yl'}group-c

two of which are placed on the aromatic ring since its

infrared spectrum shows a'strong band at 6.28 p in contrast
to the'monomethoxyi aromatic substituted alkaloids of this
family viz. galanthamine (CXXXVII) and lycoramine (CXXXIX)
and their derivatives which invariably show a doublet near

6.125 end 6.27 u. The third methoxyl group was also placed

OH
o
CHZ0
N—|
\
CHy
CXXXVII

on the aromatic ring since the ultraviolet spectrum of
albomaculine was not similar to.thaf of homolycorine (EXVIT),
Furthermore, the ultraviolet spectrum of tetrahydro-
-albomaculine resembled the curves. of mescaline.(LI) and

2 : 3 : 4A-trimethoxybenzsuberane-=5 : 6-diol (LII) and was
dissimilar to the cufve obtained for lycorenine (XL) or its
dihydrodesoxy derivatives. Wildman does however recognise
that this argument does not exclude the alternate 9,10,11

arrangement of the three methoxyl groups. Hence; if the
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CH 0 CHy CHO
OCH, CHO HO OH

bas1c ring system of homolycorine is cons1dered to be

rrneent in albomaculine then it may be represented as (LIII).

OCH4

Litl

Clivonine, Cl7H1905N, has no methoxyl groups and the

methylenedioxy function is placed in the 9-10 poSition

since its ultraviolet absorption curve is nearly identical
with that of the spectral model (XLII). Catalytic
hydrogenation of clivonine with either palladium or platinum

as catalysts failed but the base was reduced with lithium



aluminium hydride to tetrahydroclivonine (LIV).

Tetrahydroclivonine shows no carbonyl absorption in the

OH
HO
O
< N
o CH
CHOH 3
2
LIV
infrared and the vicinal glycol was confirmed by periodic
acid titration, By analogy with neronine (XLI) and

krigeine (XLVIII) the hydroxyl groups were placed in the
5- and 6- positions. It is of interest to note that
the dihydroxy system of tetrahydroclivonine (LIV) would
relate clivonine to dihydrolycorine for dihydrolycorine
would result from a hypothetical ring closure involving
the benzylic hydroxyl group and the N-H of nor-clivonine

(LIVD). Hence structure (LV) was proposed for clivonine

OH

HO 4

HO
O o)

4 =

o N
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Nivaline, C,gH,o0-N, has been obtained in low yield
and since its ultraviolet spectrum could almost he
superimposed on that of clivonine it is likely that the
methoxyl group is on position 3 or 5 or 11(b). Wildmah
favours the 5-position since this position is oxygenated in
krigeine (XLVIII), neronine (XLI) and clivonine (LV). Hence
structure (LVI) was proposed for this base but as yet

nothing has been conclusively proved.

OH ' ‘ OCH

Nerinine, ClSHl2O(OH)(OCH3)3(NCH3) was plausibly

L since both

suggested to be methoxylycorenine by Boit
alkaloids gave intense yellow colourations with mineral
acids and furthermore.both bases gave lactones when oxidised
‘with chromic acid. Briggs, Highnet, Highnet and Wildmanl7
proposed structure (LIII) for albomaculine and suggested it
was related to nerinine in the same manner as homolycorine

(AXXVII) was related to lycorenine (XL). Support for this



suggestion was found by comparison of molecular rotational
differences. Boit 29 oxidised nerinine and identified the
product with albomaculine'(LIII). Hence the semiacetal

structure (LVII) was proposed for'nerinine.

0
CH.O
o
N
By CcHoH “P3
OCH,
LV I

Hippeastrine, Cl7H1705N, was compared with clivonine
' 7

(LV) by the American workers since it_was suggested that

the only difference was the presence of a double bond in
hippeastrine. Hydrogenation of hippeaétrine, however,
afforded a dihydro base (LVIII) which was similar but not

identical with clivonine (LV). Boit 9

suggested that
dihydrohippeastrine was possibly a diastereoisomer of

clivonine.
OH

B
O @
O—=z

co
LViil
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Demethylhomolycorine, 017H1904N, a phenolic alkaloid

recently isolated by the Osaka group 61 was converted to
homolycorine (XXXVII) by methylation.‘ In order to

establish the positions of the aromatic methoxyl and hydroxyl
groups, demethylhomolycorine was ethylated and reduced with
lithium aluminium hydride. The d101 product was treated
with p-toluenesulphonyl chloride and the product processed
in the manner used for the conversion.of tetrahydrohomo-

~lycorine (XXXIX) into pluviine (XIX).°! Distillation in

HO
CH.O
A
CHO
CH,OH Hy
XX XIX XTX

vacuo of the crude methochloride and purification of the

C2H$O

N
CH30

| o=

x
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distillate did not give, as expected, ethylnorpluviine
but the only isolable product being the phenanthridone (XII).
Hence the structure of demethylhomolycorine.may be

represented by (LIX).

o
HO
y
CHso co CH3
LI

Recently Boit Z proyesed that Urceoline (LX) and

Urminine (LXI) are stercoisomers of nerinine (LVII) and

albomaculine (LIII) respectively.
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— CHART 6 —
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LXXII Crinine H H LXXXVI Undulatine
CXIX Vittatine H OH H
LXXXV Buphanisine H H
‘XCIV Crinamidine H
LiXXI Powelline OCH3 o B
LXXXIV Buphanidrine OCH3 OCH3 H

R2

R

( :

o N
Ry

i ty Rz
CXV . Haemultine. H L S -
ACVI Haemanthamine H OMe OH
CVIII Crinamine H OMe OH
CXI Haemanthidine OH OMe OH

THE 5!0b—ETHANOPHENANTHRIDINE
ALKALOIDS
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THE 5 : 10b-ETHANOPHENANTHRIDINE ALKALOIDS.—— The

different alkaloids of the 5 lObrethanophenanthridine
group are, as in the previous groups, variations of aliphatic
and aromatic substitution, and-in'addition optical antipodes

and possibly diastereoisomeric forms are encountered.

Crinine is a structural isomer of cafanine Cl6Hl703N’

and hence could be.depicted és,(LXII) pY (lLEE e

70

Wildman, however, found that the reactions, which were

"
X
~
oy

invaluable for the characterisation of many alkaloids in

the pyrrolp(de)phenanthridine group were negative when
applied to crinine. The structure of crinine thus had an
inherent factor which preventéd aromatisation of ring C and
the obvious conclusion was a sSpiro-ring system as in (LXIII).

This ring system was suggested by Robinson 58

for lycorine
on blogenetic grounds. In order to test this hypothesis

crinine was degraded to an unsubstituted ring C product,
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crinane (LXIV), and compared with a synthetic specimen.

X1V

This degradation was'accomplished by bxidising the

i gllylic hydroxyl group to a kétdne.bj the selective
okidising agent manganese Qioxide and-then‘reducing the
double bond catalytically. The oafbonyl oxygen was
fepléced'by two_hydrogen atoms in a modified Wdlff—kishner
reductioh and the product Crinahe wés ébtained._ The
Stérting product (LXV) for the synthesis Qas obtained from
4—(3,4—methy1enedioxypheny1)-S-nitrocyélohexene by the Nef
reaction. In the presence of acrylonitrite and Jriton B
catalyst, (LXV) afforded a monocyandethyl derivative which
-e¢ould be assgigned structure (LXVi). Mefhénoly#is of this
 §roduct gave.fhe corresponding methyl ester (LXVII) which
.was converted to the hydrazone ﬁydfazide on refluxing with
80% hydrazine hydrate. The action of m'.tious acid on the
hydrazone hydrazide gave 2,3;4,5,6,7—hexahydro-3é;(3,4_

methylenedipxyphenyl)-indole (LXVIII), Catalytic
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hydrogenation of (LXVIII) gave an octahydra-indole (LXIX)
which was cyclic1sed in good yield. %0 (LXIV) by the
Pictet- bpengler method (Chart 7).

The infrared spectrum of'synthetio (LXIV).and
(-)-crinane obtained by the Wolff-Kishner reduction of
dihydro—oxocrinine were identical.' Alsoithe,infrared
spectra‘of.their respective pi~rates in'chioroform solution
were superimposaoie. Furthermore, the subsequent
preparution of lycorane by: Fales and Wlldman and Takeda 29
et al and 1ts non 1dent;ty with (- )-crinane may be
considered as additional evidence that orinine has the
ethano-5 : lOb—phenanthridine type of skeleton. With the
basic ring system of criﬂtne three possible-struotures,
(IXX), (IXXT) and (LXXII) are compatible w1th the require—
-ments that the doutble bond and hydroxyl group are allylic
and the carbon atoms adjacent to the hydroxyl group are

unsubstituted. Hofmann degradation of crinenone (LXXIII)

or; . a
_<o " (

LXX LXXI . LXXil

o
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— CHART 7 —

LXVIT ZLXVITT

o

(

THE - SYNTHESIS OF CRINANE

N
o) | /
LXIX
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gave a methine (L{XIV) which absorbed two equivalents of
hydrogen to give an optically inactive dihydrocrinanone
methine (LXXV). Similariy, crinanone (LKXVi) ga&e a
methine (LKXVII) ﬁhiéh absorbed one equivaient of hydrogen
to.give the same optically inactive méfhiné (LXXV) {Chart 8).
Hence structures (LXX) and (LXXI) were eliminated and

(LXXI1) was proposed for crinine.

Powelline and crinine possess very s;miiar infrared
sbectra and differ mainly in’thé bands which‘can be
attributed to the methyl?nedi@ky and methoxyl substituents
on the benzene ring in p£welline. - Supp1ementary evidence
about the differences was‘obtéined frém ultraviolet spectral
éomparisons. The cﬁrve;of crinine.resémbies that of
lycorine (VII) but the powelline curve'fesembles more closely
that of hydrocotarnine.(XLIV). Howevef, fhe similarity in
the basic skelefon of crinine and powelline was corroborated
by chemical evidence in that'powellenone,.powellanone,
epipowelline, dihydroepipowelline, éﬁd (+)-poweliahe were
prepared in yields comparable with thosé of the crinine
series. Furthermore this basic skeletal similafity
hypothesis_was enhanced by exéellent moleéular rotational
differences at 589 mu. dince the difference between
powelliné and érihine'(LXXII) seems to be the aromatic

methoxyl substituent in powelline, it was treated with
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s CHAKE - B —

<o
& N
TXXII LXXIV
/O
<o
(®) N
\CH
XXV “
Y
<: lilll < :[::j:{%zgg
LXXVI COTLXXVIT

HOFMANN DEGRADATION OF CRINENONE
AND CRINANONE
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sodium and amyl alecohol.  Thg_crude reacinnrmixture had
& vkl bEnd 8 a2 p in the inffaféa spectrdm but no crinine
was isolated. The most s%réhgly édsorbed substanée was
identified as .dihydro_gmt_crinine"f(.LKXVIII) and preceding this
material, two.isomeric‘non—crystalline substancesr Cl6H O,N

; , ; =g
(LXXIX), were eluted. : Each of these isomers gave

_ ..-OH
<s3 <f)
(o} . (o)

LXXVil] LXXIX

(&) o-isomer
(b) B-isomer
(-)-crinane upon absorption of one equivalent of hydrogen

Utider catalytic conditions. The nature.of these products
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is chemical evidence that (i) powelline is derived from
the 5 : lOb-ethanophenanthridine ring system of crinine,
(ii) the methylenedioxylgroup is attached to the 8 : 9-
position as in crinine, and (§i%) - the hydroxyl group of
powelline is in the same position as in crinine. The
isomeric desoxycrinines (LXXIX(a) and (b)) may be derived
from the hydrogenolysis of the allylic 3-0OH group. The

formation of the intermediate radical (ILXXX, R = OCH3 or H)

H
o
< , e
SS
o N
R
LXXX

followed by reduction of the resonance hybrid would explain
the formation of two isomers; However, dihydroepipowelline
on treatment with sodium and isoamyl alcohol gave
dihydroepicrinine (this supports the mechanism proposed for
the formation of the desoxycrinines) and the position of the
hydroxyl group in powelline was established beyond doubt when
it was observed that oxopowelline methine as well as the
tetrahydro- derivative were optically inactive. Hence

structure (LXXXI) was proposed for powelline.
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(JCHS
LXXXI
Buphanidrine was first isolated by Rens et gl.56 who
established the formula CygH,)0,¥. The ultraviolet

spectrun of thl baee is very: s1m11ar to hydrocotarnlne
(;LIV) and hence it was asSuned the molecule had -a methylene-
—dloxy and a methoxyl group subbtltuted on the benzene ring.
The'constltutlon'of this base was readlly shown since

7O-'renmved'the methyl from the

hydrochloric acid hydrolysis
aliphatic methoxyl group and the product was found to be

powelline (LXXXI)

The poseibility that the hydrelyeis was- accompanied by
allylic rearrangement has been minimised by the discovery
that the dihydro derivative (LKXAII) of dihydrobuphanldrlne
methine (LXXXIII) was optlcally 1nactive. Hence buphanidrine

is methoxypowelline and has structure (LXXXIV).
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OCH3

o o
-

O
Ha

o N
~g

TXXXIT TRXXIT

<o | Q OCH,

LXXXIV

Buphanisine, 017H1904N, a companion alkaloid of

buphanidrine, in B. fischeri,60 was isolated from the sodium
;ggémyl alcohol reaction mixture of buphanidrine. Hence
the de-Ar-methoxybuphanidrine structure (LXXXV) was proposed
for buphanisine. Further evidence for the structure of
buphanidrine (LXXXIV) and buphanisine (LXXXV) was obtained
from the hydrochloric acid hydrolysis of buphanisine which

gave crinine (LXXII) as product.
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71 to have structure

Undulatine, 018H2105N, was shown
(LXXXVI) since the epoxide ring could be opened with lithium
aluniﬁium hydride to give a-dihydroundulatine (LXXXVII)

which was oxidised to the ketone (LXXXVIII) which had the

OCH,
<o
o N
OCH4
LXXXVI!
OH ﬁ
OCH, OCH3
<C) 1<o‘
o N o N
OCHg OCH,
LXXXVII LXXXVIl

a-configuration for the methoxyl group. The B-methoxyl
keétone formed when the o-isomer was ffeated with alkali
and- it was reduced by the Wolff-Kishner reaction to give
22 powellene (LXXXIX). 12-Powellene was catalytidally

reduced to (+)-powellane (XC). Furthermore, the mesylate
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OCH

3
TXXXIX X<

of a-dihydroundulatine (XCI) upon treatment with.potassium

tert-amyl alcohol gave'ah almost quéntitatiVe_yield of

buphanidrine (LXXXIV).

0S0,CH

3
<f> F <:0 : ‘1";
(o} I N o N
OCH, OCHg4
XClI LXXXIV
Crinamidine was first isolated by Boit who studied it
rurther.16 - The base formed mono and diacetyl derivatives,

hence the formula wgs expanded to C15H12(0H)2(OCH3)(02CH2)(EN).
vince the infrared spectrum was similar to that of powelline,

which was thought to have structure (XCII), structure (XCIII)
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was proposed for crinamidine. In the light of recent worlk
which established the structure (LXXXI) for powelline,

crinamidine would more likely have structure (XCIV).

H
HO
<f)
o N
“cHS
XCtl XClHli

OH

<° OH

o N
OCH3
XCIV
Haemanthamine (Natalensine), 017H1904N, did not contain

an allylic hydroxyl group or belong to the pyrro(de)phenan-
-thridine group since it was not oxidised by either manganese
‘dioxide or selenium dioxide. Dilute hydrochloric acid
converted haemanthanine té the demethoxy ether,

apohaemanthamine (XCV) which was reduced catalytically to
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dihydroapohaemanthanine. I'rom this reaction it was
concluded that the methoxyl group was not on the benzene
ring, which conclusion found support from spectral analysis.
Haemanthamine (XCVI) and its dihydro derivative (XCVII)
were oxidised to their respective five ring ketones (XCVIII)
and (XUIX). vodium borohydride reduction of the ketone
(XCVIII) derived from haemanthamine, affofded the epimeric
aléohol (C) and the C ring of the ketone (XCVIII) was
aromatised upon treatment with potassium-tertiary butoxide
to givé N—(6-phenylpiperonylifglyciné (c1) which was
synthesised from ethylgl&cinate.and C—phcnyipiperonaldehyde.
thylation of N-(6—phenylpi§eronyl)—glycine with
formaldehyde and formic acid gaﬁé the Namethyl base (CVII)
which was also obtained from the ketone (XCVIII), by
Hofmann degradation. Analogous to.the transformation of
tazettine 49 tazettine methiodide 71,29,40 and dihydro-
-tazettine methiodide 71,29 to 6-phenylpiperonyl alcohol,
N FRSE N—dimethyl—6—phenylpiper6nylg1y«inate and cowmpound (CII)
respectively, the methiodide of (KCIX) was degraded by
alkalt 4o (CIIT). The structure of (CIII) was proved by
catalytic hydrogenation and hydrogenolysis to (CIV) which
was aléo obtained from dihydrotazettine methine (CII) under

similar conditions. The isolation of compound (CIV) from

these two sources and the formation of the methine (CLIL)
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and (CII) indicates identical stereochemistry of ring C
in tazettine (CV) and haemanthamine (XCVI) (Chart 9).

Crinamine, Cl7H1904N, is isomeric with_haemanthamine
and possesées the same expanded formula.47 Since
crinamine is also converted to apohaeﬁanthamine X0V by
acid and is not identical with the epiﬁer of haeménthamine
(C) it may be postulated as eithef.the 3 methoxy epimer

(CVIII) or the l-methoxy-dz;allylib isomer (CIX) of

haemanthamine.
OCFb
OH
( &
0 N 0
CVill CIX

Haemanthidine,-017H1905N, upon treatment with methyl

iodide and formaldehyde gave tazettine (cv). Hence Boit

~and Wildman 68

_ concluded that its structure may be
represented as (CX). Later, however, Wildman 64 2% Bi.
revised his structure to (CXI) which forms an 0,0-diacetate
and not a O,N-acetate as was previously reported. I'urthermore,
6N hYdrochloric acid at 90o converted haemanthidine to

apohaemanthidine (CXII). Catalytic hydrogenation of
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— CHART 9 —
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OCH

N-H % on?

OH
CX CXl

apohaemanthidine gave the dihydro base (CXIII). The benzylic

hydroxyl group of dihydroapohaémanthidine (CXIII) was removed

a4 o
¥ o

CXIil C X1

by chlorination and subscquent reduction with lithium

aluminium hydride to give a base which was identical with

dihydroapohaemanthamine (CXIV), prepared from haemanthamine

by ‘.’Iildman.24



I

CXIV

Haemultine, C16H1703N, was studied by the German group15

who demonstrated the presence of a tertiary nitrogen atom,
# double bond, a methylehedioxj'funétion‘and an acetylatable
hydroxyl group. The h;drOXyl groﬁp_was sgcondary gince
oxidation of dihydrohaemultine gave a'ketoné; C1gHy703N-
Haemultine was isolated ;ith dihydrohaémanthine from the
gsodium and amyl alcohol reaction on-haemantham;no CXCVI) .
The same reaction on crinamihe (CVIII) gave heemultine and
dihydrocrinamine as products. Hence it followed that
haemultine as well as ﬁaeman%hamine and crinaminé‘contain
the crinane basic skeleton. The double bond was placed
dn the same position as that of haemanthamine and crinamine,
hence structure (CXV) was proposed for haemultine.

It was found that haemanthamine 24 (XCVI) and
haemanthidine 64 (CXI) although possessing the 5, 10b-
¢thanophenanthridine nucleus are devold of such activity.

These alkaloids must possess the nucleus represented by
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C XVl cxvlii

(CXVI) to permit the formation of apohaemanthamine (CXVII,

R = H) and apohaemanthidine (CXVII, R = OH). It has been
shown thet all alkaloids known to possess the 5 : 10b-
ethanophenanthridine nucleus are based on the stereostructure
(CXVI) and its mirror image. Dihydrohaemanthamine (CXVIII,
R = OH) upon treatment with thionyl chloride and the

product hydrogenated with lithium aluminium hydride gave
desoxydihydrohaemanthamine which was found. to be the optical
isomer of dihydrobuphanisine (CXVIII, R = H). This

transformation identifies the alkaloids hydroxylated in the
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CXVill

5 membered D ring [haemanthamine (XCVI),. haemanthidine

(0XI), crinamine (CVIII), and haemul tine (CXV)], vitn the
(+)=crinane nucleus (CXVIB while thefalkaloids not
hydroxylated in this position, crininef(LXXIi); powelline
(LXXXI), buphanidrine (LXIXIV), buphanisine (LXX&V),
undulatine (LXXXVI) and buphanamine with the ( )=erinane
nucleus. These observatlons should not however, be
interpreted as a general rule since the occurrence of
vittatine 10 (CXIX), the optical antipode of crinine
(LXXII) has been reported.
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= CHART 10 ——voH

Galanthemine CH3O H OH GH3

Lycoramine (no |*) CH.),O H OH CH3 "

Irenine (no |F) CH;0 H OH = CHy .
Conmimgred)

Narwedine CH3O 0 CH3

Chlidanthine HO H CH3U CH3

Narcissamine CH.),O H OH H

*
diastereoisomers

THE SPIROHEXANETETRAHYDROBENZAZEPINE
ALKALOIDS



THE 5-SPIROHEXANETETRAHYDROBENZAZEPINE ALKALOIDS.— As in

the previous groups of alkaloids'in'this family the alkaloids
of this group ‘are the different oxygenated, methylated and
hydrogenated members of 5-spirohexanetetrahydrobenzazepine

ring systen.

Galanthamine (lycoramine), 17 Hyy 3N, upon treatment

with hydrobromic acid gave a dihydric phenol, apogalanthamine.
which structure was elucidated by Emde degradation of 0 : O-
dimethyl derivative followed by oxidation to galanthamic
acid, 016H1496’ - On the ‘basis: of. structure (CXXIX) for

this acid Prosktrnlna and Yakovleva, 51 proposed structure

(CXXX) for apogalanthaminé and hence structure (CXXXI) for

CH cna O COOH ‘ CH2.CH3
N/CH3 _~CH

3
P N
I ah | i
HO CH&D CHéD
CXXX CXXIX CXXXI
galanthamine. This series of experiments was repeated by

Kobayashi, Shingu and Uyeo ! who obtained two acids from
the oxidation. . The synthesis of gélanthamic acid revealed
that 1t is 2 : 3-dimethoxydiphenyl-6 :2”-dicarboxylic acid
(CXXXII). On this basis it was concluded that the Emde
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base and apogalanthamine are structures (CXXXIII) and

(CXXXIV) respectively. Therefore galanthamine must be

COOH CH CH N(CH )
CFIC) CCNDH
CH O CH O

CXXXI| CXXXITI CXXXIV
structure (CXXXV) if treatment with hydrobromic acid is
not accompanied by rearrangement. If rearrangement does

occur then (CXXXVI) must be considered. Re_cently,lo

CXXXV CXXXVI
however, 1t was established that the structure of

‘galanthamine may be represented by (CXXXVII).
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CXXXVII

Lycoramine, 017 2503N was isolated from Lxcoris
radiata by Kondo 38 in 1932. On the basis of a series of

degradation studies Kondo proposed struéture (CXXXVIII) for

this base. Wwildman ©9 synthesised desethylycoramine and
H
OH
CH.O
3
N
\CHCHa
3
CXXXVIII

related compounds which confirmed the above structure.
Furtherm re it was established that lycoramine (CXXXVIII) had
the trans diol system. Later, however, Uyeo and Koizumi,62

found that lycoramine contained only one hydroxyl group



62.

replaceable by hydrogen using hydrogen bromide followed by
reduction with zine-alkali or by reducing with Raney nickel
the mercaptol from the ketone obtained by Openauer oxidation
of the hydroxyl group. The inert oxygen atom in the
alkaloid appeared to exist in an oxide ring fused to the
C~ring of the hydrophenanthridine skeleton. Later,
however, since the structure of galanthine was elucidated
and it was known that lycoramine wés dihydrogalanthamine

the structure (CXXXIX) was proposed for this base.

CXXXIX

Narwedine,lO

017H23O3N, was found to be identical

with the oxidation product of galanthamine (CXL). Hence
since galanthamine has been established as structure
(CXXXVII), narwedine must have structure (CXL). Hydrogenation
of narwedine (CXL) gave as products lycoramine (CXXXIX) and
Irenine (CXLI). Hence Irenine is identical with

lycoramine (dihydrogalanthamine)(CXXXIX) except for the
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configuration of the hydroxyl group.

0
I
& |
CHO~ # l
SN N—
Criy
CXL

Chlidanthine, 017H2103N, is a phenolic base of this

=
Kobayashi, Shingu and Uyeo 37

family. gave evidence for

(8

2 double bond and ether linkage, Proskurnina and

Jakowlawa 66 hydrolysed chlidanthine with bromine water and
isolated a compound which was identical with apogalanthamine
(CXXXIV). since the structure of apogalanthamine was

proved Boit 3 proposed structure (CXLII)for chlidanthine.

CXLH
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Narcissamine was isolated by Boit and Ehmke 14 and its

formula established as CjgHyo0zN by Wildmen et al. 23 who
expanded it to 015H14O(OCH3)(NH)(OH), On this basis
narcissamine was suspected to be either N- demethylgalanth-
~amine or N- demethylbase 9 (Base 9 ié an unnamed alkaloid
of this family). Comparison of N- méthylnércissidine
methiodide and perchlorate with the”correspondihg salts of
galanthamine confirmed that narcissidine was N- desmethyl-

—gélanthamine and according1y has'structure (CXLIII).

OH

CXLI
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MISCELLANEOUS ALKALOIDS WITH DIFFERENT RING SYSTEMS.

Belladine,67 019H2503N, was degraded by -the Hofmann
reaction to p-methoxystyrene (CXX) which was readily
oxidised to p-anisic acid (CXXI). Another product

CH=CH, COOH
OCH
3 OCH3
CXX CXXI

from the Hofmann reaction was identified as N : N

dimethylveratrylamine (CXXII). Hence structure (CXXIII)

CHéD
(:Hé) (:Hé)
CH :
CHO N~ 3 cHoO N
3 NcH 3 \CH
3 3
CXXIl CXXIII
was proposed for belladine. This structure (CXXIII) is

consistent with the absence of optical asymmetry. Belladine

is a simple structure from which other Amaryllidaceae
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alkaloids could be constructed, according to the biogenetic

postulates of Barton and Cohen.?

An interesting consequence
of Barton and Cohen's suggestions is that in those

Amaryllidaceae alkaloids with three oxygehs attached to the

aromatic ring, the position of these atoms should always be
as is shown in (CXXIV), (CXXV) and (CXXVI) (even Af (O3XVI)
were formed by oxidative coupling of two separate molecules)

since the aromatic ring of the alkaloid will be derived from

o)
o e
N
e /o C
C XXIV CXXVI] s
s
R
4
Ry ©
R N
1 _
\R/
CXXVi | CXXVII

a fragment containing skeleton (CXXVII). The intermediate
postulated may be represented as (CXXVIII)(R = H or OH;R”= H).
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CXLIV

Tazettine, 018H2105N; recently had its structure

elucidated by the combinkd efforts of thé Canadian and

Japanese workers.32 Wenkert 65

cprrelated the work of
previous investigators and proposed a structure (CXLIV).
This structure, however, could not accdunt for the methine,

c O4N. Ffom the investigation. of the Hofmann reaction

-1

18M19
on deoxytazettine Ikeda, Taylor, Tsuda, Uyeo and Yajima

proposed structure (CV) for tazettine which satisfactorily

OCH3

o
( on
o o
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explained the reactions of this base. Wildman arrived at
.the saﬁe conclusioh‘by‘investigation of the'degradation

products of dihydrotazettamide,

In a recent communication Ihrie, Tsuda andeyeo 49

synthesised (CXLIV) by a sterecspecific route (Chart 11)

and. ddentiried 14 with-thé‘Emde,dégradétiOniprbdﬁct bf an
amine derived from tazettamidq (CXLV)'(Chart 12) an& hence
prévided fﬁrther éonfirmatibn of}the:defaried_structhe of

tazettine (CV). : Furthermore, it was found that two\more
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compounds were formed during the initial oxidation of
tazettine viz., 6—(p-hydroxypheny#~p1perona1dehyde (CXLVI)
and N- demethyltazettamide (CXLVII), which was identical

*"NH.CHO
=0

CXLVII

with the product obtained by manganese dioxide oxidation of
nortazettine (CXLVIII) which in turn was prepared by

alkaline rearrangement of haemanthidine (CXI).

CXLVIII
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THE STEREOSPECIFIC SYNTHESIS OF A
TAZETTINE PRODUCT
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"-N(CHS).CHO
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CXLIV

DEGRADATION OF TAZETTAMIDE TO
COMPOUND  CXLIV
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The first chemical study of the bulbs of Boophone
disticha woas performed by Juritz 35-Who showed that these
bulbs contained alkaloids. However the isolation of the
constituents of the mixture has proved extremely difficult.
since 1910 many different workers have iéolated different
individuals from the complex mixture of alkaloids. The
author has reinvestigated this mixture and isolated the
alkaloidu which are found to exist iﬁ sevefal different
forms and thus correlated the findings of the previous

investigators.

EXTRACTION.—— The bulbs.and roots are not easily dried
because the tough outer shells prevent-dryiﬁgland if the
bulbs are sliced they begome mouidy. Eﬁe’bulbs were
stripped of the outer dry shells.siﬁée-a previous study
reportéd that these contained only arsméll amount of lycorine.
The fleshy portion was sliced and extfacfed with boiling
ethanol which stopped enzyme, action and prevented
decomposition. The once extracted bulbs were easily dried,
by exposure to the sun, crushed and re-extracted with
ethanol.

The combined alcohol extracts were flash evaporated
and stéam distilled to remove the remaining alcohol and
volatile compounds, reported by Tutin 60‘to be furfuraldehyde

gnd valeric acid. The cooled solution, which was acid due
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to the presence of plant acids, was filtered and extracted
with ether to remove the fats. The bases were liberated
with sodium carbonate and extracted with chloroform (A4).
The precipitate which formed at the interface was filtered
off, dissolved in acid and filtered. The filtrate which
contained the alkaloidal material was washed with ether
basified and exfracted with butanol which was concentrated
to a solid. The solid in ethanol deposited colourless

prisms of lycorine, m. p. 2535—4q

The coloured phenolic impurities were washed from the
chloroform extract (A) with aqueous sodium hydroxide.
Carbon dioxidé was passed into fhe sodium hydroxide washing
in erder to liberate phenolic basés Which were extracted
with chloroform (B). An acetone solution of the dark brown
gum; obtained by evaporatiﬂg off chloroform (B), deposited
crystals which recrystallised from the same solvent as
prisms of alkaloid I, m. p. 263° (Found: C, 66.9; H, 5.9.
016H17O4N requires C, 66.9; H, 6.0%). Alkaloid I was
insoluble in carbon tetrachloride and chloroform and a nujol
mull showed no free hydroxyl absorption in the 3p region of
the infrared. Hence if a phenolic hydroxyl were present
it would be expected to be strongly hydrogen bonded but a
ferric chloride test for phenols was negative.. ‘This water
Eolubie alkaloid I developed an intense purple colouration

with 80% sulphuric acid and chromotropic acid, characteristic
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of a methylenediocxy group.

The .chloroform extract (A) on concentration to a small
volume deposited crystals which were separated and
recrystallised from ethanol to give a fqrfher Quantity of
lycorine, m. p. 253——40. .The remaining aikaloids were
cdntained in the chloroform filtrate which was concentrated
to a gum. . The constituents of this gum was separated by

various procedures.

Alumina column adsorption chromatography,provided a
partial separation of a guﬁ which cr&stailised from methanol
water, m. p. ca. 130° (c}ude-"distichiﬁé“),_a small amount
of material which crystallissd from wet ether, m. p. ca.
110—120° and partialiy érystalline gums) m. P. gg.'l?So
(crﬁde_buﬁhanaﬁiﬂe) and m. p. ca. 225°.(érude crystalline
"haemanthine"), but most of the fractidns'wére'infractible

gums.,

A fraqtional hydrochloric acid extraction of a
chloroform solution of the bases was proved to be impractic-
-able because "distichine" hydrochloride was éoluble in
chloroform. Therefore it seemed likeiy‘that 8 separation
might be obtained if the chloroform solution of the bases
be made turbid with ether prior to each hydrochloric acid
extraction. "Distichine" hydrochloride would fhen readily

be extracted in the final stages from a solvent which would
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be mainly ether. However, investigation of this process
gave mainly intractible gums except for the first few
fractions which on regeneration gave crystals m. p. ca. 225°

(crude crystalline "haemanthine")

Since hydrochloric acid proved unsuccessful a fractional
sulphuric acid extraction was attempted but as in the previous

case it proved unsuccessful.

;The failure of the chromatographic separetion seemed to
be due to the close similarity and the number of comoonents
present.‘ Therefore the chloroform‘soluble‘and insoluble
hydrochlorides were separated by extracting a hydrochloric
acid solution of the bases with chloroform. The chloroform
insoluble hydrochlorides which were‘contained‘in the aqueous
acld solution were regenerated witn'sodium carbonate and
extracted with chloroform which in turn.ﬁas‘fractionally
extracted.with enough sulphuric acid to remove half the
alkaloidal material. The base from the sulphuric acid
extract crystallised from acetone m. p.‘ca. 225 (erude
crystalline "haemanthine"). ‘The residue from the chloroform
solution was chromatographed to give a series of gums, some
of which crystallised from acetone; n.‘p, ca. 175° (crude
buphanamine). The chloroform soluble hydrochlorides were
regenerated by shaking the solution with EQueouszsodium

carbonate. Chromatography of the gum gave, in the early
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fractions, alkaloid m. p. ca. 130o (crude "distichine") and
the létter fractions gave a small quantity of crystals
. P..C8. 175° (crude buphanamine).

In order to obtain further pértial separation the

elegant method of. Renz 56

was followed. The concentrated
acetone solution of the crude alkaloid mi#ture déposited
crystals m. p. ca. 225° (crude "haemanthiné").  The gum
from the decénted'acetone solution inlchloroqum was
extracted with hydrochloric acid to fem0ve}the chloroform
insoluble‘hydrOchlorides; The.regenerafed,base'from the
chlérbform solufion was'chromatographéa‘to give a séries of
gums,'some of-whiéh crystallised‘froﬁlméthanqifwater, Me Do
ca. 130° (crude,"disfichihe").‘-. The hydrachlbric acid
extréct was basified and-extracted'witﬁfchiofoform‘which on
concentfation gave a gum. 'Thé gum in bengéﬁe’was shaken
out with bufféf.solutions pH.6;l-andjs.fespéétively. On
concentration the benzene sdlﬁtion gévé‘a.small ambunt of
gum which crystallised from methanol-water, m. p. ca. 130°
(brude "distichine"). The base from buffer solution

pPH 6.1 on chromatography gave a series.of gums, some of which
crystallised upon trituration With acetone, m. p. ca. 175O
(crude buphanamine) and m. p. ca. 225°(crude "haemanthine")
respectively. The gum from the buffer solution pH 5 in

acetone deposited a few crystals m. p. ca. 225° (crude
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crystalline "haementhine"”) and gave on chromaetography a
series of gums, some of which crystallised, m. p. ca.
112——120°, and m. p. ga. 175° (crude buphsnamine). The
crystals M. p. Ca. 112——120 had the same infrared spectrum
as those of m. p.‘lca° llO——120 but since thls material was
present in very low yleld it was 8et aglde‘and not investlg-
~ated further. .This method proved satisfactpry but no
undulétiné or'buphanidrine was sepafatéd. These bases

67 statéd that

were expected to be. prebent because Wildman
"Dlstichine" was in all pvobability a mixture of buphanidrine
and uwuhlatlne. The author therefore de01ded'to modify the
x*raction for the ready separation of crude "distlchine"
M. pu_ca. 130° 5 crude "haemanthine", m. p. c8. 225 ; and
srude buphanamine, m. p. gg. 175 - andkinvestigate these
crude compounds. HA
The modified procedure éonsisted'qf the initial

separation.of the chloroform goluble hydroéhlorides which
were -regenerated and chromatographed. to give gums, some of
which crystalllsed, m. p. ca. 130° (crude ”distiohine").

The gums which could not be,induced to crystallise or give
the crystalline derivatives of "distichine™ were not étudied
further. The mixed bases which constituted the chloroform
insoluble hydrochlorides were taken up in aceténe%aﬁd set

aside. The solution deposited crystals, m. p. ca. 225°



(ecrude crystalline "haemanthine") and the gum from the
decanted acetone was chromatographed into fractions, The
early fractions gave cryctals, m. p. ca. 1750 (erude
buphanamine) and the later crystals, m. p. ca. 2250

(crude crystalline "haemanthine"), The initial
crystallisation from acetone removed most of the crystalline
"haemanthine" and thus only a small amount was eluted from

the column.,

BUPHANIDRINE,—— Buphanidrine, 018H2104N’ was first reported
85" o

as a gum from B. fischeri and characterised as the hydro-
perchlorate, m. p. 240—-1}4-2o and hydrobromidé, m. p. 195—
1970. Undulatine, 018H2105N, m. p..148——l49o, was first
isolated by Boit ll who reported an N-CH3 for this base but
did not characterise it further. Aware of this existing

% published the existence of a new alkaloid

knowledge we
"distichine", 019H2105N.iH20, M. P 144O which we presumed
sublimed to the anhydrous semi-crystalline gum, 019H2105N,

i D 90——920. The analytical figures of the picrate,
styphnate, perchlorate, methiodide and platinichloride fitted
well the calculated figures 4 (Table 1). Later, Boit
reported the absence of an N—CH3 group in undulatine and

buphanidrine was obtained as crystals, m. p. 88-—890. 31

Jarnhoff and Wildman 67 however suggested that "distichine"
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TABLE I.

Analytical Figures Qbtained for
"DISTICHINE"

Derivative vFound Cl9HélOSN requires:
Solvent of
C H Crystallisation. C H

Methiodide 49.7 5.2 - 49:9 Bl
Picrate 52,9 4.5 - 52.5 4.2
Perchlorate 51.8 4.9 - 51.4 5.0
Styphnate 50.5 4.2 - SHESORSE L |
Platinichloride 40.7 4.4 ‘ H20 40.9 4.2
(Pt. 18.7%) | (Pt. 17.5%)

is in all probability undulatine contaminated with traces

of buphanidrine since the infrared spectirum of a specimen
(supplied by ug) was identical with a 3 : 1 mixture of
undulatine GlHHEIOSN’ and buphanidrine." Furthermore, in

a private dommunication Wildman stated that undulatine and
buphanidrine were readily separated by alumina chromatography.
In an effort to resolve this the author chromatographed a
specimen of crude "distichine", m. p. ca. 130° and found

that the first few fractions gave crystals m. p. 135O and

the latter fractions contained crystals which melted

progressively lower and finally gums. Rechromatography of
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the first few crystalline fractions gave a simllar series

of eluates., This process repeated gave the same results,
successive recrystallisations of the crystals m. p. ca. 130"
(crude "distichine") rgﬂsed the melting point to 1440 which
was unchanged by recrystallisation from ether; but when an
ethereal solution wes seeded with a sample of buphanidrine,
kindly supplied by br. W#¥ildman, it crystallised in prisms,
m.np. 90——920. Purthermore, when Dr. Wildman's sample of
anhydrous buphanidrine was crystallisgd_frbm agueous methanol
the melting point was raised, but once the anhydrous form had

been obtained three or fgur CP)utdllloat101q were necesgary

: 0 .
to reobtain m. p. 144" . Hence it was concluded that
"distichine" is a hydrated form of buphanidrine. The

analytical figures of "distichine", m. p. 1440 and the

sublimed "distichine", fit the formula C O N.1% H ,C and

18 L4
Q18H2104N.%H20 respectively (see Table 2). Qur analytical
figures for the previously reported 4 derivatives of
"distichine" as well as the recently prepared oxalate,27
M. P. 187—188° fit equally well as derivatives of
buphanidrine (see Table 2). Furthermore, the infrared
spectra of the perchlorate,picrate and methiodide of

buphanidrine (kindly supplied by Dr. Wildman) and of

"distichine" all respectively were identical.
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TABLE 2.

ANALYTICAL FIGURi&s OBTAINED FOR'"DIdTICHINE?.

Found. - Formula. ' Requires.

Do S LS s+ e
Distichine 64.2 6.8 CjgH, 0,N. 1&320 _ 64.3 7.1
Distichine ' R =F:

('sublimed) 66.8 6.4 C,gH, 0,N. %Hzo A 66.6 - 6.8
Methiodide ~ 49.7 5.2 CpgH,,0NI - 49.9 5.3
Picrate 52.9 4.5 024Hé¢ollﬁ .' PR T

| | o5
Perchlorate 51.8 ;.9 018H2208N01' R0 B
Styphnate  50.5 4.1 24H24012N %H 5 e 50.6 4.4

Platinichloride 40.7 4.4 036H4408I2Pt,Q;6.H20 40.9 4.3
(Pt. 18.7%) T . h T

Oxalate 59:0 547 C20H23O N - 59.25 5.7

Buphanidrine ("distichine"), C18H2l 4N, in 80% sulphuric
acid was treated with chromotropic acid. The purple
colouration which developed is indicative of a methylenedioxy
group. Zeisel determination indicated the presence of two

methoxyl groups. The alkaloid showed no characteristic

N-H or OH absorption in the 3u region of the infrared
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spectrum and readily formed a methiodide. One equivalent
of hydrogen was absorbed when buphanidrine was hydrogenated
over 10% palladium on charcoal catélyst. However, it 1is
interesfing to note that reduction did not'pccur with
Adems's catalyst.

Buphanidrine may now be formulated as :

- Cy3Hy5( C = C)(EN)(0,CH,)(0CHs),

! strohg infrared absorption at 1622 em.”! was evidence
for a substituted aromatic ring. - Hence one of the methoxyl
gfoups was placed on the ardmafic nucleus. 'Erom the above
data it was concluded that the compound is teiracyclic
excluding £he methylénediéiy rihg. " This conclusion found

support from a Kuhn-Roth determiﬁation which'indicéted the

absence'of-é C—CH3 group.

The possible structures are therefore the
pyrrolo(de)phenanthridine type (I) or the 5 : 1lOb-ethano-
-phenanthridine type (II). The aromatic methoxyl group was

placed according to the bilogenetic poétulétea'of Earton and
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A Hofmann degradation of buphanidrine methiodide gave
a gunny methine which with ozone gave formaldehyde. This
aldehyde did not come from the methylenedioxy group, as is
possible, because ozonisation of the alkalold itself gave
no detectable amount of formaldehyde. This experiment is
indicative of the group C = CH2 which could be accommodated

in both the above formulae as shown in structures (I1I) and (IV).

I v

—_—

Part of the methine was distilled over zinc dust to give

phenanthridine (V) which was isolated as its mercuric

/

5

chloride double salt. The base from the mercuriec chloride
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double salt was converted to a pilcrate which infrared
spectrum was ildentical with the corresponding curve of an
authentic specimen of phenanthridine picrate, prepared from
carbazole (Chart 1), and a mixed melt showed no depression.

Again this product could arise from either (I) or (II).

A second product from the zinc‘dust distillation was
a compound, 022H2207N4 ire@ 016H19N’06H307N3’ from which
all the oxygen atoms had seemingly been eliminated but the
skeleton Clé remained. Again this_ébuld be accounted for
by both (I) and (II) giving rise to (VI) &nd (VII)

respectively, neither of whidh could be expected.

Vi B |

A third product isolated also as a picrate,
024H24011N4, e B 2290, was seeming}y the original alkaloid
picrate, m. p. 2350. The fission of the methoxyl group
with the elimination of methanol was indicative of .the
5 :+ lOb-ethanophenanthridine type (II) since the

pyrrolo(de)phenanthridine alkaloids are known in all cases
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to undergo the Hofmann degradation. In fact a portion of
the residue from the Hofmann reaction with hydriodic acid
gave buphanidrine methiodide so that the reaction proceeded
only with difficulty and partially with the elimination of

methanol (Chart 2).

_grBuphanidrine methine (VIII), Cl7H2104N, has resulted
from the elimination of the 02 grouping from‘Efbuphanidrine
methine (IX), 019H2304N, isolated as its hydrochloride.

This elimination has not previously been encountered in this
group of alkaloids. The Hofmann reactioﬂ.normally proceeds
by the fission of the p&rrole ring in the pyrrole(de)phenan-

~thridines with aromatisation of ring C as in 1ycorine30 bE )

HO

X

The present reaction was explicable as in the series shown

in Chart 2.

The compound (VIII) was obtained as a crystalline solid,
M. Po 117-—119o and was characterised as the hydrochloride,

Cl7H2104N.H01.H20, m. p. 236°, and perchlorate,
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€y,H,,0,N.HC10,, m. p. 230°. Further, the product was
reduced catalytically to the dihydro form, 017H2304N.&H20,
M. Ds 154-—1560, which was again characterised as the
hydrochloride, CyqHys0,N.HC1.H,0, m. p. 200—205°, the
perchlorate; Cy4Hy50,N.HC10, . H,0, m. p. 220—230° (dec.),

and the methiodide, Cl7H23O4N.CH3I.H20, m. p. 292=300" (dec.).

. Attempts to degradé-furthef compound (VIII) or its
dihydro dérivativé by both Hofmann agd,Emde reactiohs_on
thé hethohydroxide‘and methochloride respeetively gave baek
the startiﬁg material with the eliminétionnbf the methyl
group (Chart 3). ' : |

The seocond product from the ;nitiai Hofmann reaotion
gave a hygroscopioc B-methine h&droohloride, m.‘p.‘1'60o in

which the original number of‘carbon'atbms in the skeleton

had been preserved and'accordingly is assigned structure (IX).
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At this stage of the investigation a paper appeared by
Wildman in which he established the structural formula for
buphaﬁidrine. His work, however, gave further evidence
that the author fissioned the C-N bond of the pyrrole ring
during the Hofmann reaction since Wildman performed the
degradation on dihydrobuphanidrine (XI) and obtained a
methine7o (XII) which absorbed an'equivalent of hydrogen to
become.optically inactive. Hence thé_position of the

aliphatic methoxyl group was,éstablished. Further evidence

for the structure of‘bﬁphanidrinel(XIII) waé obtained by its
intérconversion ?o powelline (XXIX)'by dilﬁte'acid hydrolysis.
This experiment was cdnfirmed.by the authér in Grder to
6btain powelline for degradation to powellane which was
rgquired for comparison with the‘bésic'skeleton of

buphanitine (see later).
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BUPHANITIRE, m. p. 240o was isolated from B. disticha
by Tutin 60 who reported,a hydrochloride,_m, D. 2650, and

a methiodide, m. p. 278%, Lewin 45

held that buphanitine
was a mixture, one component of which he repofted as an oll
haemanthine which gave aihydrochioride_m; p. 1750, and a
hydronitrate, m. p. 125°, The reisolation e bf these
salts confirmed the chemical individuality of Lewin's
haemanthine. Confusion arose when_Buﬁhanifine (crystalline
"haemanthine") was obtained in a crystaliine'form, M. D. 2300,
since the derivatives of Lewin's oily "haemanthine" were

associated with this crystalline base.3 Later, e

this
crystalline base, buphanitine, erroneouély called "haemanthineg"
was obtained as solvated crystals, m. p. 2400, and thus
identified with Tutin's buphanitine. The formula was
corrected to_018H2105N.%H20 gince it sublimed to a compound

thought to be the anhydrous form, m. p. Y9 T==196% This
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sublimate is best obtained by sublimation from alumina
under reduced pressure, and does not give the crystalline
"haemanthine" (buphanitine) derivatives. Purther
investigation of buphanitine showed that this base
crystallises from chloroform in needles which change
crystalline form at 210° and m. De 2340, or prisms m.p. 2320.
It is of interest to note that the above needles and
rhombohedra sublime at 1800/O.lmm. to needles and rhombohedra
respectively without changing their characteristio melting
habits, Both forms when cryetallised from amcetone gave
risma m. p. 232°. Furthermbre. both formes crystallise
from ethanol in prisms which lose this solvent of
crystallisation at 140° aﬁd m. p.‘240°. Buphaenitine
hydrochloride and hydronitrate have m.p.'s 265 and 222—224°

respectively. A new formula for buphéhitine, Cy7Hy 0N, is

adcordingly proposed which fits well the reported analyses 26
(Table 3) as well as its degradation products. It is
60 0

probable that Tutin's "buphanitiné" methiodide, m. p. 278",
is probably buphanidrine methiodide; m. P. 2710. This

conclusion finds some‘support from Tutin's anal&tical figures
for "buphanitine" methiodide (Found: C, 50.7; H, 5.2%) which
approximate more closely to buphénidrine methiodide (C, 49.9;

H, 5.3) than buphanitine methiodide (C, 46.7; H, 5.2).

Buphanitine, (crystalline "haemanthine") Cl7H2105N,



BAELE 5.
ANALYTICAL IFIGURES FOR BUPHANITINE AND ITS-DERIVATIVES.

Cl6H19O4H

COMPGUND. FORMULA. REQUIRES
C H N C H N
Buphanitine 64.0, 6.4, 4.5 017H2105N 63.9, 6.6, 4.4
Buphanitine (sublimed
from alumina) 65.4, 6.8 034H4OOQN2 65.8, 6.5
‘Hydroperchlorate 46.8, 5.8 Cl7H2209NCl.H2O 46.6, 5.5
Methiodide 45270 ,-- 58526 ‘318H24U5NI 46T, Hady sl
Hydrochloride 57 o 45 Gad 0.l SO NTED 579, Bl
(01, 10.0) LT o (C1. 10.0)
Hydronitrate 551, 5%9 Cl7H2208N2 £ sllies, By
Diacetylbuphanitine 62.2, 6.2 021H2507N §2.5; 6.3
(coMe 21.3) ' (2 COMe 21.3)
Demethoxybuphanitine 66.3%, 6.8, 5.0 66.4, 6.6, 4.8

*¥6
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contains a tertiary nitrogen atom since 1t readlly forms a
methiodide. The alkaloid in 80% sulphuric acid gave, upon
treatment with chromotropic acid, a pﬁfple colour which is
indicative of a methylenedioxy function. Acetylation of the
alkaloid gave a diacetate which could‘be hydrolysed back to
the original base. This experiment indicated that the
alkalold contained two aliphatic hydroxyl'groups since 1t
possessed no phenolic properties. Absorptions at 3550 and
3485 bms._l.in the ihfrared‘gave suppért for this deduction.
Hence the formula was expanded to 0 gHy, (EX)(0,C K,)(00H,) (OH),.
The methoxyl and methylenedioxy groups were seemingly in the
benzene ring since the alkaloid showed a strong infrared
absorption at 1622 cm._l. 21 Proof of this was obtained by
treatmenf of buphénitine with sodium and_gfbutahol to give
demethoxybuphénitine, Cl6Hl9O4N’ characférised further as a
hydrochloride, m. p. 304——3080, ahd hydroperchlorate, m. p.
285——2870. - Furthermore the ultraviolet absorption curves
of buphanitine and buphanidrine (XIV), which was reported

by Wildman to be gimilar to hydrocotérhinel(xv),lafe

similar and different fo‘the curve of lycorine (X) (Chart 4).
The aromatic methoxyl groupgis placed on the 1l0-position to
‘fit‘the biogenetic postulates of Barton and Cohen who
suggésted'that the alkaloids of this family.containing

three oxygen atoms attached to the aromatic ring



should always be in the positions as shown in (XVI), (XVLI)
and (XVI1I) (even if (XVIII) were formed by oxidative coupling

of two separate molecules).

CH.O

3
(o) _ O
O N\\ O
. CH3
(:HéD ' .
XV XV v &

These skeletons, (4VI), (XVII) and (XVIII) were suggested
to be derived from a fragment containing skeleton (XIX)

and thus the intermediate may be represented as (XX).




97.

The compound was not reduced by hydrogen and Adams'se
cetalyst and hence it is tetracyclic'excluding the
methylenedioxy ring. From a Kuhn-Rothvdetermination it
was established that; excluding.the methylenedioxy and
methoxyl carbon atoms, all the carbon atoms are cyclic.
Since all the oxygen atoms have been accounted for the
compound possesses either the pyrrolo(dé)phenanfhridine

(XXI) or the 5 : 1lOb-ethanophenanthridine structure (XXII).
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The alkaloid seemingly had not the pyrrolo(de)phenan-
—-thridine structure (XXI) since 1t was stable to oxidation
with potassium ferricyanide and mercuric acetate 28 and
both the Hofmann and von Braun reactlons gave back the

starting material. Hence it was suspected that buphanitine

possessed the 5 : lOb-ethanophenanthridine structure (XXII).

The hydroxyl groups in buphanitine were secondary in
that the alkaloid gave a diacetate and it was not readily
dehydrated with phosphorus pentoxide in bengzene. The
hydroxyl groups were not on adjacent carbdh atoms since
Bates 2 reported that the compound was unattacked by periodic

acid.

In order to establish the ring system it seemed
desirable to oxidise the hydroxyl groups and then eliminate
the oxygen atoms with a Wolff-Kishner reduction, Buphanitine
was oxidised with the Meerwein-Pondorff-Verley reaction to
buphanitenone which showed in the infrared an absorption at
1670 cm.—1 indicative of a conjugated carbonyl. Catalytic

hydrogenation of buphanitenone over 10% palladium on

—CHOH.CH, .CHOH— —— —CHOH.CHQ.CO—

!

——CH2,CH2.CO— < —CH=CH—CO—

charcoal gave buphanitanone which showed in the infrared,
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a strong absorption at 1718 cm.-l, characteristic of a six

50 Hence it was concluded that buphanitine

ring ketone.
possessed a 1 :3-dihydroky'group and the possible
structures are shown on Chart 5. Structure (XXIV) may be
eliminated since it contains a tertiary'hydroxyl group and
structure (XXVIII) would not be expected to undergo this

reaction with the elimination of a hydroxyl group.

The Huang-Minlon modification of the Wolff-Kiahner
reaction on buphanitanone gave-buphanitane which‘ehowed no
absorptlon in the 6 and BP regions of the infrared
Buphanitane was isolated as a picrate, m. p. 210——213 ,
which seemed to be identical with powellane picrate.7o
However, the base, regenerated by passing a chloroform
solution of the picrate through an alumina column, gave a
substance m, p. 143—144°, which.waS'not identical with
powellane, m, p. 1351167 The powéliane was prepared
from buphanidrine (XIII) which was hydrolysed with 10%
hydrochloric acid to powelline (XXIX). Powelline was
oxidised with manganese dioxide to powellenone (XXX) which
was catalytically reduced to powellanone (XXXI). Reduction
of powellanone with the Huang—Minlon reaction gave
powellane (XXXII) (Chart 6). A mixed melt of buphanitane

and powellane gave m. p. 102——1130. Furthermore,

powellane needles were different from buphanitane laminae
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DEGRADATION OF BUPHANIDRINE TO
POWELL ANE
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and all efforts to obtain the same crystal shape failed.
The rotation of buphanitane is +4.6o and hence it is not

the optical antipode of powellane [a]D L T A

A comparative study of the molecular rotations of
powellane and crinane with their derivatives revealed the
expected similarity between these two compoﬁnds. When
molecular rotation differences for buphanitane and its
derivatives were compared with those of powellane or
criﬁane and their derivatives a similarity in sign was

observed, as shown in Table 4.

TABLE . 4.

COMPOUND. [a]D  FORMULA M MR
(P) Powellane +11.1 Cq,Hy 05N 287 +31
(C) Crinane -6.3 C16H1902N‘ 257 -16
(B) Buphanitane +4.6 Cl7H2103N 287 +13
(OH2P) Powellanone =42 Cl7ngo4N 302 -126
(OHZC) Crinanone - =67.7 Cl6Hl703N 271 . -183
(OH,B) guphanitanone 5.6 CyqH g0,§ 302 -17

P—————-4’OH2P AMR = =157
¢ —— OH,C AMR = =142

B———> OH,B AMR = =30
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There is, 1 wever, a change in sign on conversion of the
ap-unsaturated ketone to the saturated ketoné as shown in

Table 5. This is indicative of a different asymmetric

TABLE 5.

'COMPOUND. . [al,  FORMULA.. - MW MR
(0P)\Powg11ep§ne u--‘-?SB : 917H1104N: | 1299- =TT2
(0C) Crinenone T I5307, _q16H1503n ._{'r269 824
(QB) Buphanitenone  +34 917H1704N : 299 #4102

LOP——OH2 - AMR = 4641

0C——»0H,C AR = +646
0B ——> OH,B * AMR = -119

configuration on a carbon vicinal to the dbublg bond and
probably in‘the y-position to thefcarbbﬁyl éinéé a similar
effect is obsefved on passing from cryptan~(XXXIII) to
dihydrocryptan (XXXIV).48

H

ZY T  Sm—
& T ——r

XXX111
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Therefore it seemed likely that buphanitine possessed
the 5 : lOb-ethanophenanthridine skeleton with the previous
unknown cis B/C ring fusion. In order to elucidate this
problem buphanitenone was treated with methyl iodide and
the methiodide warmed with sodium hydroxide. The product
from this reactién, buphanitenone methine, m. p..131——132°,
was optlieally inactive and showed a streng band at 1663 em, ™
in the infrared which indioétes a eonjugated carbonyl zroup.
The optical inactivity of the methlné eliminates structures
(XXIII), (XXV) and (XXVI) since the oxldation product of
these compounds could not undérgo the Hofmann degradation
to furnish an‘optically inactive methine. The methine has
the same properties as powéllenone methine which has

70

recently been.assigned‘structure (XXXV)., The structure

XXXV

(XXXV) for buphanitenone methine necessitates structure

(XXXVI) for buphanitenone and hence (XXXVII) for buphanitine.
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0
CHO / CH,0 HQ OH
<o <) <o
o} N o) N

XXXVI XXXV

However, structure (XXXVI) is also the structure of
powellenone and since buphanitenone is not identical with
this ketone or its mirror image the only possible
explénation is the difference in  the B/C ring fusion. The
stereochemistry of powellenone has recently been defined
as (XXXVIII)34 and the Hofmann reaction destroys the
asymmetry to yield (XXXV). The structure of powellenone

(XXXV) necessitates that buphanitenone is structure (XXXIX)

XXXV
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or its mirror image. Hence buphanitine is 1 : 3-dihydroxy-

-buphanitane (XL) or its mirror image.

H on

HO

The reduction of buphanitenone (XLI) with lithium
aluminium hydride gave a-buphanitenol (XLII) which was
reoxidised to buphanitenone with manganese dioxide so thal
the reduction process was not accompanied by an allylic
rearrangement. Reduction of buphanitanone (ZLIII). with
lithium aluminium hydride or catalytic reduction of

a-buphanitenol (XLII) gave a-buphanitanol (XLIVv). The one
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stage catalytic reduction of buphanitenone in the presence
of platinum gave f-buphanitanol (XLV). (Chart 7). Neither
a- or B~ buphanitanol were identical with dihydrobuphanamine
or‘dihydrogpipowelline or dihydropowelline, This
observation provides further evidence for the cis B/C ring
fusion in buphanitine as opposed to the trans fusion in the

alkaloids which contain the.crinane skeleton.

B, i, p, 184-—=18E7
56

BUPHANAMINE.—— Buphanamine,

o g L

was isolated by Renz, Stauffacher and Seebeck from

B. fischeri and characterised as a hydroperchlorate,

He~0=NCY ;" @i L1 S35 The unnamed alkaloid,

C17820%

fl= e 1890, which formed a hydroperchlorate,‘Cl7H2008N01.

3 L]
1480, = p- 1190, previously isolated from B. disticha by
2 ] e e T
31

i3

Humber and Taylor was shown by Wildman to be identical

with buphanamine. The author also isolated this base,
m. p. 192—194°, from B. disticha and prepared its hydro-
~chloride, m. p. 1800, which was identical to the derivative

prepared by Bates 3

and erroneously thought to be a
derivative of buphanitine (crystalline "haemanthine").
Buphanamine formed a hydronitrate, m. p. 1300, and thus it
seems likely that the hydronitrate and hydrochloride of

buphanamine are identical with Lewin's 46 salts from his

"oily haemanthine" and are not derivatives of buphanitine



(crystalline "haemanthine") as was previously reported.
In view of the confusion which has been associated with
he name haemanthine it is proposed that Lewin's "oil-

£

haemanthine" be known as buphanamine.

4,2t
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BExtraction.

Seventy bulbs of Boophone disticha Herb. collected

on the outskirts of Pietermaritzburg were stripped of the
outer dry shells, sliced and extracted with ethanol in a
Soxhlet extractor. The once extracted bulbs were dried
(7 kg.), milled and re-extracted with ethanol. The
combined extracts were flash evaporated under reduced
préssure and the concentrate (4 litres) steam distilled
for four hours. The cooled solution was filtered, washed
with ether (3 x 1 litre), rendered alkaline with sodium
carbonate and extracted With chloroform (5 x 1 litre).

The extract was concentrated to one-tenth of its original
volume and the precipitated material (2 g.) filtered off.
Recrystallisation of the solid from ethanol gave colourless

crystals of 1xcorine, m. p. 253——40.

Analysis:
Found: ¢, 67.3; H, 6.0

016H1704N requires €, 66.8; H, 6.0%
. 60 0 :
Tutin gives m. p. 267 for lycorine.

The filtrate was extracted with 10% sodium hydroxide
(3 x 100 ml.), washed with water and concentrated to a gum

A 468 g3+

Carbon dioxide was passed into the sodium hydroxide

solution for 2 hours and the resultant carbonate solution



extracted with chlovatorm (3 x 100 ml.) "he extract
washed with water (100 ml.)}, dried over anhydrous so
sulphate and concentrated to a dors brown sum. The

in acetone slcowly deposited rhombohedra (14 mg.), m.p.

Found: G, @692 B, 5.9

CW6HLYUFN requires C, 66.9; H, 5.9%

]

-
i
1
—

The compound was ccmpletely soluble in a smal
cald water and insoluble in chloroform snd carbon
=chlorida, A few erystals of the sample in 80% g
aclid gave, on treatmeni with chromotropic aeid,

colouraticn which did not develop. with
golutione of the sample in 80% sulphuric acid, and

~tropic acid in 80% sulphuric acid.

separation of the Constituenls of Cum A,

(1) The alkaloid mixture (5 g.) in benzene was chron
-graphed on alumina (140 g; grade 1) and eluted
benzene-ethyl acetate mixtures, chloroferm and methanol

50 ml. fractions of each being taken. he first few

benzene fractions eluted amorphous non-alkaloidal mat

which was discarded. The eluates of 1 ethyl acet:
benzene gave gums (crude buphanidrine, {ecrude "distichi

The 50% ethyl acetate in benzene fractions contalned o
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amount of crystalline material, which recrystallised from
wet ether, m. p. 110—120°. The 70% ethyl acetate in
benzene and pure ethyl acetate in benzene gave partially
crystalline gums, m. p. ca. 170° and ca. 225°,respectively
(crude buphanamine and crude buphanitine [crude crystalline

"haemanthine"] respectively).

(i1) A chloroform solution of the bases (5 g.) was made
turbid with ether and extracted with N/5 hydrochloric acid
(1% ml.), The above process was continued until the
solution could no longer be made turbid with ether. The
fractional hydrochloric acid extraction was then continued,
without further addition of ether, until the solvent layer

was negative to a Mayers test.

Each acid extract was basified, extracted with
chloroform which was washed with a small volume of water,
dried over anhydrous sodium sulphate and concentrated to a
gum, The first few gums crystallised from chloroform-
ether mixtures but all efforts to crystallise the other
fractions falled. The crystals obtained.showed m. p. ca.

225° (crude buphanitine [crude crystalline "haemanthine"]).

(1i1) The gum (5 g.) in chloroform (50 ml.) was fractionally
extracted with N/10 sulphuric acid (10 x 30 ml.). The

bases from the first few aliquots gave partially crystalline



gums, m. p. ca. 2250, (crude buphanitine [crude crystalline
"haemanthine"]). The bases from the other fractions could

not be induced to crystallise.

(iv) The mixed bases (5 g.) in 2N hydrochloric acid

(50 ml.) were extracted with chloroform B (5 x 10 ml.). The
aqueous solution was basified with sodium carbonate and the
free bases extracted with chloroform, dried over anhydrous
sodium sulphate and concentrated to a gum D. The chloroform
solution B was shaken with aqueous sodium carbonate, dried

over anhydrous sodium sulphate and concentrated to a gum E.

Gum D in chloroform (50 ml.) was fractionally extracted
with N/10 sulphuric acid (3 x 30 ml.). The chloroform
solution was concentrated to a gum and chrométographed on
alumina, Elution with benzene, benzene-ethyl acetate
mixtures, chloroform and methanol gave gums. The gums from
the 60% ethyl acetate-benzene fractions in acetone deposited
crystals, m. p. ca. 170° (crude buphanamine). The acid
extract was basified and extracted with chloroform which
was dried over anhydrous sodium sulphate and concentrated
to a gum, The gum in acetone deposited prisms m. p. ca.

2250,'(crude buphanitine [erude crystalline "haemanthine"]).

Gum E in benzene was adsorbed on alumina and eluted
as above., The bénzéne fractions eluted non-alkaloidal

material which was discarded. The 10% ethyl acetate in



116,

benzene fractions on concentraticn, gave gums {(C:.
buphanidrine [crude "distichine"]). The 60% ethyl acetate
in benzene fractions gave partially crystalline material,

i PGB« 170° (crude buphanamine).

56

(v) Following the elegant method used by Renz the

mixed bases were dissolved in acetone and carefully set

aside. The solution deposited crystals, m. p. ca. 225°
(crude buphanitine). The liguor was concentrated to a

gum which was dissolved in chloroform (50 ml.) and vigorously
shaken with N hydrochloric acid (50 ml.), washed with water
(10 ml.) and dried over anhydrous sodium sulphate. The

gum thus obtained was dissolved in benzene and chromato-
-graphed on alumina (100 g.). The column was washed with
benzene and eluted with 10% ethyl acetate in benzene. All
the fractions on concentration gave gums (crude buphanidrine
[crude "distichine"]).

The hydrochloric acid extract was combined with the
water washing, basified with sodium carbonate and extracted
with chloroform (5 x 50 ml.). The chloroform solution was
washed with a little water and concentrated to a gum which
was diésolved in benzene (100 ml.) and extracted with
buffers pH 6.1 (3 £ 50 ml.) and 5 (3 x 80 m}.).

The gum from the benzene solution in methanol was

treated with one drop of 70% perchloric acid. Ether was
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added and the solid which precipitated, recrystallised
from the same solvents to give needles of buphanidrine

("distichine") perchlorate, m. p. 2529,

Analysis:
Found: ¢, 51«83 H, 4.9
018H2104N requires ¢, 52.0; H, 5.3%

The infrared spectrum was identical to the spectrum of

an authentic sample of buphanidrine perchlorate.

The buffer extract (pH 6.1) was.réndered alkaline with
sodium carbonate and extracted with chloroform (4 x 50 ml.),
which was dried over anhydrous sodium sulphate and concen-
-trated to a gum. The gum in acetone deposited crystals,
m. p. ca. 2250-(§rude buphanitine [crude crystalline
"haémanthine"]).. T T L Ty decanted off and
concentrated to é gum which was dissolved in benzéne and
chromatographed on alumina (100 g.). The column was eluted
with benzene and benzene-ethyl acetate mixtures. The 60%
ethyl acetate in benzene fractions gaVe semi—crysfalline
gums, m. p. ca. AT ol (crude buphanamine). Later fractions
eluted small amounts of crystalline material, m. p. ca. 225O

(crude buphanitine [crude crystalline "haemanthine]).

The buffer extract (pH 5) was rendered alkaline with
sodium carbonate and extracted with chloroform (4 x 50 ml.)

which was dried over anhydrous sodium sulphate and
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concentrated to a gum (0.7 g.). The gum in ether

deposited a few crystals m. p. ca. 225° (crude buphanitine
[crude crystalline "haemanthine]). The residue, from the
decanted ether, in benzene was chromatographed on alumina.
The column was eluted as in the previous cases. The 5%
ethyl acetate in benzene fractions gave a small amount of
material which crystallised from wet ether, m. P 1] e 2%
These crystals had the same infrared spectrum as the
compound, m. p. 110—120° isolated in separation (LY. A
small quantity of crystals m. p. gg..l700 (cfude buphanamine)

was ‘also isolated from the later fractions.

(vi) The alkaloidal.mixture (10 g.) in chloroform (50 ml.)
was extracted with 0.2N hydrochloric acid (4 x 25 ml.) and
washed with & small volume of water, whioh'washing was
oombined with the‘hydroéhloric_aoid extract P The
chloroform solution was shaken with aqueous sodium carbonate
which in turn was extracted Qith chloroform. The combined
chloroform extract was dried over‘anhydrous sodium sulphate,
concentrated to a gum, and taken up-in'O.SN-hydrochloric
acid (50 ml.). The ether extract, washed with a small
volume of water, was concentrated under reduced pressure.
The resulting gum, which pertially solidified, was dissolved

in benzene and chromatographed on alumina (100 £438
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Benzene, benzene-ethyl acetate mixtures and methanocl wers
used as eluates, The 5% ethyl acetate in benzene fractions
gave gums (crude buphanidrine [crude "distichine]). The
later fractions contained non-crystalline material which

was not studied further.

The hydrochloric acid extract ¥ was basified with
aqueous sodium carbonate and extracted with chloroform
(4 2.30 mla.}). The extract, washed with a small volume of
water and dried over anhydrous sodium sulphate, gave a gum.
The gﬁm in acetone slowly deposited crystals, m. p. 2300
(crude buphanitine [crude crystalline "haemanthine"]).
The liquor was decanted off, concentrated to a gum and
chromatographed on alumina (150 g.) using as eluates,
benzene, henzene-ethyl acetate mixtures and ethyl acetate.
All fractions were crystallised from acetone. The earlier
fractions gave a substance, m. p. ca. 170° (crude buphanamine)
and the latter fractions gave a substance m. p. ca. 225°

(crude buphanitine [crude crystalline "haemanthine"]).

Dihydrolycorine,—

Lycorine (2 g.) in glacial acetic acid (70 ml.) was
hydrogenated at atmospheric pressure over Adams' catalyst.
After three hours the hydrogenation was complete, one mole

of hydrogen per mole of lycorine. The solution was

filtered, concentrated and poured into water. The agueous



120.

solution was washed with ether, basified with sodium
carbonate and extracted with amyl alcohol (4 x 50 ml.)
which was dried over anhydrous sodium sulphate, filtered
and concentrated, under reduced pressure, to a gum. The
gum crystallised from hot ethanol in colourless prisms of

)
dihydrolycorine, m. p. 247 (1.4 g.).

(Literature : m. p. 246° and 247°)

Diacetyldihydfolycorine.———

A solution of dihydrolycorine (1.4 g.) in acetic
anhydride (50 ml.) was réfluxed for one hour, concentrated
and poured into water. The'aqueoué'solutidn'was basified
with a saturafed solution of sodium carbonaté and extracted
with chloroform (4 x 50 ml.). The chloroform extract was
dried over anhydrous sodium sulphate, filtéred and concen-
-trated to a gum, The gum solidified upon trituration with
ethanol. | The solid crystallised from hot ethanol in
colourless plates of diacetyldihydrolycorine, M. P 17i—=5"
(=T &<}

Buphanidrine ("distichine"),—
(a) Crude buphanidrine in methénol, treated with water
until the solution was turbid, gave colourless needles.

After five such operations the needles showed m. p. 145°
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Analysis:
Found: C, 64.2,\54.2, 63.73
H, 6.8, 6.4, 6.8
018H2104N.1iH20 requires C, 64.3;

H, 7.1%

Sublimation of the crystals, m. p. 1450, gave a semi-

crystalline mass.

Found C, 66.8, 66.7; H, 6.4, 6.2
018H2104N.iH20 requires C, 66.6;  H, 6.8%

(NOTE: The sublimate formed a picrate identical
‘to'the picrate formed from the crystals,
m. p. i45°, by comparison of analyses,
infrared spectra and mixed melting point

determinations).

Buphanidrine, m. p. 1450, in ether was concentrated
and seeded with a sample of anhydrous buphanidrine, m. p.
90—92°%, kindly supplied by Dr. Wildman. On setting aside,
the solution deposited large prismelof-unhydrated
buphanidrine, m. p. 90——920.

Analysisﬁ
Found: ¢, 68.13 H, 6.6
018H2104N'requires Q, 68.5; H, 6.7%

The infrared spectrum of the unhydrated buphanidrine and
the spectrum of buphanidrine supplied by Dr. Wildman were
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identical.

The hydrated buphanidrine crystals, m. p. 1450, in
ether were dried over anhydrous sodium sulphate and
filtered into a sublimation tube. The ether was removed
on a steambath and the base sublimed to give the hemi-
hydrated form. The experiment was repeated using

chloroform aé solvent but the result was unaltered.

(B) Pure buphanidrine pigréte in hof water was cooled,

the base regenerated by thé addition of 2N sodium hydroxide
and extfacted with ether. The ethereal solution was
washed with water, dried o?er anhydrous sodium suiphate,
filtered and evapdrated under reducéd pfessure at room
temperature to-give é palé yellow gum. The gum in
ethdnol was treated with piéric acid and the picrate

M. Po é35°, did not depress when admixed with buphaﬁidrine
picrate, m. p. 234°,

The gum was distilled at 140°/0.2 mm. [a]22 -34.5°

(concentration 1, in chloroform).

Analysis:
Found: C, 68.9% 'H, 7.0
018H2104N requires €, 68.5; H, 6.7%

It was noticed that on leaving the gum open to the

atmosphere it changed from colourless to a silky, semi-
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colourless gum.

Analysis:
Found: c, 67.43 H, 7.0
018H2104N requires C, 68.5; H, 6.7%

Buphanidrine Styphnate.,—

An alcoholic solution (1.5 ml.) of buphanidrine (0.0l g.)
was treated with a few drops of seturated ethanollc
étyphnic acid. The yellow precipitate which formed
immediately was filtered off and recfystalliéed from ethanol
to give yellow recfangular laminae of'buﬁhaﬁidfine
styphnate, m. p. 239-—2410.

Analysis: =
Found: 0y 50.:5; 50068 < By 4.1, 3
CpyHp4 09,84+ #H,0 requires C, 50.63 H, 4.4%

Buphanidrine Platinichloride.—

Buphanidrine (0.0l g.) in 2N hydrochloric acid was
treated with an excess of an aqueoﬁs solution of platinum
chloride. The yellow precipitate which formed was
filtered off, washed with cold water and recrystallised
frpm hbt water. - The solution deposited orange-yellow rods

of buphanidrine platinichloride, m. p. 223°.
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Analysis:
Found: C, 40.7, 40.8;
H, 4.4, 4.2;
¥4, 18:7, 187
018H2104N.Pt016.H20 requires C, 40.9;
H, 4.2
Pt, 18.4%

Hydrogenation of Buphanidrine.—

Method A: An ethanolic solution (20 ml.) of
buphanidrine (200 mg.) absorbed one mole of‘hydrogen per
mole of buphanidrine when stirred at room temperature and
atmospﬁeric pressure with 10% palladium.on'charcoal (100 mgs ).
The catalyst was filfered'dff and the filtrate concentrated
to a gum. .The gum inAethénol was treated with saturated
picric.aéid and the amqrphous precipitate crystallised from
acetone—ethanol. Regrystalliéation'ffom‘acetoneeethanol

gave yellow prisms of dihydrobuphanidrine picrate, m. p. 286%

Analysis:
Found: C, 52.63 H, 4.5
018H2304N.C6H307N3 requires C, 52.73 H, 4.75%

Method B: Buphanidrine (100 mg.) in distilled
methanol was treated with a few milligrams-of platinum
-oxide. The mixture was shaken in an atmosphere of
hydfogen for 36 hours. The suspension was filtered off

and the methanol removed under reduced pressure to give a
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gum which was identified as buphanidrine by comparison
of the infrared spectra of its picrate, m. p. 2340, and
perchldrate, m. p. 2520, with the authentic curves of

buphanidrine picrate and perchlorate respectively.

The experiment was repeated usihg glacial acetic acid,
N hydrochloric acid and methanol cdntainihg a few drops of
concentrated hydrochloric acid as solvents.  In all eases

unchanged buphanidrine was recovered.

Buphanidrine Methiodide.f—-

| To a solution of buphanidrine (0.5 g€.) in methanol

(25 ml.), methyl iodide,(a ml.) was édded. The solution
was refluxed 6n a ateam;bath for .30 minuteé;: The
condenser was removed ané the excess ﬁéthy1‘iodide distilled
off. On setting aside fhe solufion depbsited ﬁeedle
crystals which_wefe_recfystailised‘ffompmefhénol to give

colourless needles of buphanidrine methiodide, m. p. 275°.

Analysis:
Found: C, 49.6, 49.9; H, 5.4, 5.5
018H2104N.CH3I requires C, 49.9; LBy 5. 9%

The salt crystallised from acetone, m. p. 286°.

Found: C, 49.4; H, 5.4%
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Buphanidrine Picrate.,—

A few drops of saturated alcoholic picric acld was
added to a solution of buphanidrine (100 mg,) in ethanol
{5.md.), The amorphous mass which precipitated was
dissolved in boiling ethanol and set aside. The solution

deposited yellow needles of buphanidrine picrate, m. p. 2350.

Analysié:

Found : ©52,6, 52,7 52473
H, 4.6, 4.0, 4.4;
N, 10.1; .OMe, 10.4

018H2104N.06H307N3 requires C, 52.9;
H, 4.4;

N, 10.3; OMe, 11.2%

Buphanidrine Hydroperchlo.ate .——

Buphanidrine (100 mg.) in methan01 (2 ml.) was treated
with a few drops of 70% perchloric aéid and the solution
made turbid with ether. On setting aéide the solution
deposited a mass of fine needle crystals} Recrystallisation
from the methenol-ether gave colourless needles of

buphanidrine hydroperchlorate, m. o8 2520.

Analysis:

Found: €, 52.9, 52:2, 51.83
By 9.4, 5=y S8

018H2104N.H0104 requires C, 52.0;
H, 5.3%
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Colour Reactions of Buphanidrine.—

A few milligrams of buphanidrine was dissolved in a
few drops of concentrated sulphuric aclid and a magenta

colour was obtained.

The experiment was repeated using concentrated nitric

acid and a bright yellow coclour developed.

Buphanidrine Oxalate.—

A saturated ethereal solution ( 7 ml.) of dihydrated
oxalic acid was added to an ethereal solution (1 ml.) of
buphanidrine (50 mg.). The white amorphous solid which
immediately precipitated was washed with ether, dissolved
in acetone and light petwoleum added until the solution
was turbid. On setting aside the solution deposited

needles of buphanidriné oxalate, m. p. 187——1880.

Analysis:
Found: G BYLE0 HLr 55T
018H2104N.02H204 requires G, 59525;H, 5.7%

Hofmann Degradation of Buphanidrine.

Buphanidrine methiodide (7.4 g.) in hot distilled
water, was cooled and treated with freshly precipitated
silver oxide prepared from silver nitrate (9 g.). The
solution was stirred for thirty minutes, filtered and

concentrated on a steam-bath to a brown, very hygroscopic,
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semi-crystalline gum. The gum was heated at 105°/40 mm.,
until bubbling ceased, cooled and lixiviated with ether.
This process was fepeated four times; The remaining
dark brown residue in water was treated wifh one drop of
hydriodic acid. On setting aside crystals deposited.

The aqueous liquor was decanted off and the solid
recrystallised from methanol in needles, m. p. 275°. The
inffared spectra of these crystals and buphanidrine

methiodide were identical.

The ether solutions were shaken with a small volume of
water, dried over anhydrous sodium sulphate and concentrated
o agum (3 g.). The gum in benzene was chromatographed
on alumina (100 g.). The column was eluted with benzene
(7 x 50 ml.), 5% ethyl acetate in benzene (3 x 50 ml.), 10%
ethyl acetate in benzene (4 x 50 ml.), 15% ethyl acetate in
benzene (6 x 50 ml.), 20% ethyl acetate in benzene (5 x 30
ml.) and finally with methanol (500 ml.). The fluorescent

benzene eluates gave gums B—buphanidrine methine. PFracticns

15 to 21 on concentration gave gums which solidified upon
lixiviation with ether. The so0lid in a small volume of
ether deposited prisms of a-buphanidrine methine (0. 9 g.)
m. p. 117=9°,
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Analysis:
Found: G BS54y By o8, Nontdhe2
OMe, 20.l1l; N-Me, 4.8
Cl7H2104N.%H20 requires U, 65.43y H, T.1} N, 4.5;
20Me, 19.3; ©N-Me, 4.7%
17 19 4N.2H 6l vequireas €, 65.87 H; 6553 B, £:5%

OMe, 19.4; N-Me, 4.7%

Ozonolysis of Buphanidrine Metliine,—

A solution of crude buphanidrine methlne (Gl Fadin
chloroform was cooled in lce and a steady stream of ozone
was passed through the solution for 3 hours. The yellow
gum which separated was dissolved in hot water and trans-
-ferred to a distillation flask. The distillate was
collected in a test tube‘containing an agueous solution of
dimedone and the needle crystals which formed, m. p. 188——90
did not depress when admixed with a specimen of formaldehyde

dimedone.

Buphanidrine methine (0.2 g.) was ozonised as above,
but the product was decomposed by reduction. The solid
which separated in ethanol (25 ml.) was hydrogenated over
platinum oxide for 30 hours. The solution was evaporated
under reduced pressure at room temperature to a gum, which
was taken up in alcohol and again evaporated to dryness.
The residue which gave positive aldehyde tests with

Fehling's solution and Schiff's base, failed to crystallise.
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Zine Dust Distillation of Buphanidrine Methine.—

Impure buphanidrine methine (1 g.) in ether was
stirred with zinc dust (15 g.) until the mixture was a
hohogeneous paste. The ether was removed by evaporation
in a vacuum dessicator. The resulting solid was crushed
to a powder and packed into a combustion tube which
contained zinc dust (50 g.). The organic¢ material was
distilled iﬁ a slow stream of hydrogen at red heat. The
product in chloroform was chrbmatographed on alumina (25 g.)
and eluted with ether (6 x 150 ml.) and finally with
methanol (3 x 150 ml.). A1l thé ether fractions gave
white<precipitates upon treatment with'aqueoué mercuric
chloride. The mercuric chloride'double salt froh‘the
secbnd fraction was dissolved in hqt‘water and hydrogen
sulbhide was buBbled through the solutioh_for fifteen
minutes. The mercuric sulphidé.was reﬁoved by filtration
snd the TAltrEte rendered alialie with asdiwn carbonate.
The precipitated matérial was extracted with ether (4 x
15 ml.), washed with a small volume of water and dried over
anhydrous sodium sulphate. The filtered extract gave on
cqncentrétion a gum which was dissolVed in ethanol and
treated with a few drops of a saturated éthanolic solution
of picric acid. The amorphous precipitate'crystailised again
from ethanol in yellow prisms of phenanthridine picrate,

. p. 229°,
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Analysis:
Found G il W, 505
019H1207N requires C, 55.9; H, 3.0%

The sample did not depress the melting point of an
authentic specimen of phenanthridine picrate, m. p. 2300,
prepared from carbazole, and the infrared spectra were

identical. (Chart 1).

The mercuric chloride double salt of the fifth fraction
was processed as above. The picrate crystallised from

ethanol as needles, m. P. 2350.

Analysis:
Found c, 58.2; H, 5.3.

022H24O7N requires C, 57.9; H,; 5.3.

C N, requires C, 58.,1; H, 4.8,

2T Crly
C,oH,,0,N, requires C, 58.4; H, 4.5%
The first chloroform fraction gave a mercuric chloride
double salt which was regenerated as above. The gum in
ethanol was treated with a few drops of ethanolic picric

acid and the precipitate crystallised from ethanol in

yellow needles of buphanidrine picrate, m. p. 2290.

Analysis:
Found Cs 2Ty  H;.559.

024H24011N4 requires C, 52.6; H, 4.6%
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a—Buphanidrine Methine Hydrochloride.——

To a solution of a-buphanidrine methine (0.0% mg.) in
methanol (1 ml.) one drop of concentrated hydrochloric acid
was added and the solution made turbid with ether. On
setting aside needles deposited. The solution was decanted
off and the solid recrystallised from methanol-ether, gave

needles of a-buphanidrine methine hydrochloride, m. p. 236°.

The salt also crystallised from acetone in needles m. p. 236°.
Analysis:
Found 0, 58.5, 56444
¥; 6+5; 6.73 G5 Gele
Cl7H2204NCl.H20 requires C, 56.9;
H, 6.7; 61, 9.9%

a-Buphanidrine Methine Hydroperchlorate.—

One drop of 70% perchloric acid was added to a
methanolic solution (1 ml.) of g-buphanidrine methine
(0.02 mg.). The solution was made turbid with ether and
agitated. The mass of fine needles was separated by
centrifuging'and decantation of the liquor. Recrystallis-
-ation from methanol-ether gave colourless needles of

a-buphanidrine methine hydroperchlorate, m. p. 2300.

Analysis:
FPound Ly SNt By 5.5,
Cl7H2208NCl requires C, 50.43 H, 5.4%
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Catalytic Hydrogenation of a-Buphanidrine Methine.

a—Buphanidrine methine (0.5 g.) in methanol (25 ml.)
was hydrogenated at atmospheric presSure in the presence of
platinum catalyst (20 mg.). The‘absorption.of_hydrogen
was rapid andlthe reduction mas complete‘in one'hour; one
mole of hydrogen per mole of'gfbuphanidrine methine having
been absorbed. The platinum catalyst'waS'removed by
filtration and the filtrate concentrated to. a gum under
reduced pressure. The gum solidified on lixiviation with
acetone. The solid in acetone on setting aside slowly

deposited.prisms of a-dikydrobuphanidrine methine, M. Do

1541562,
Analysis:
Found C, 65.0; H, 7.50

Ci7H2304N.&H20 requires C, 65.03 H, 7.7%

a-Dihydrobuphanidrine Methine.Methiodide.f——

To a solution of a~dihydrobuphanidrine methinel(O.l g.)
in methanol (2 ml.), methyl iodide (0;5 ml.)‘Was added. The
solution was refluxed.on-a steam-bath'for 3 hours and
concentrated to a'gum'under reduCed pressure; Lixiviation
of the gum with acetone gave a solid mass mhich was
recrystallised twice from acetone to give colourless needles

of a-dihydrobuphanidrine methine methiodide, which

discoloured at 214—216° and m. p. 292—300° (dec.).
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Analysis:
Found C” 47-0; I{, 5.7.
018H2604NI.H20 requires C, 47.2; H, 6.0%

a=Dihydrobuphanidrine Methine Hydrochloride.,.—

a—Dihydrobuphanidrine methine (O 03 g. ) in methanol
(1 ml ) was treated with one drop of concentrated hydro-
-chloric acid and agitated. The solid Wthh immediately
separated, recrystalllsed from methanol—ether in a mass of

fine colourless needles of a—dlhydrobuphanidrine methine

hydrochloride, m. p. 200— 205 with recry tallisation and

m. P. 240-—3-.

Analysis:
Found Gy B0L8y 5623
P TR % o
Cl7H24 4NCl H 0 regulves 0;.56.7;

H, 7.3%

a-Dihydrobuphanidrine Methine Hydroperchlorate.—

A solution of g-dihydrobuphanidrine methine (30 mg.)
in methanol (l3nl,) wae treated with one drop of 70%
perchloric acid and made turbid with ether.‘ On eetting
aside the solution deposited cryStais which recryStallised

from methanol-ether in fine needles of a~dihydrobuphanidrine

methine hydroperchlorate, m.'p. 2204—230o (dec.).
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.Analysis:
Found oAl .08 " Hy  6a8s
017H2408NleH20 requires €, 48.2; H, 6.2%

p-Buphanidrine Methine Hydrochloride.—

Concentrated hydrochloric acid (0.1 ml ) was added to
a solutlon of g-buphanldrine methine (0. 1 g ) in methanol
(2 ml.). - Ether was added until the solution was turbid.
The solid which separated, recrybtallided twice from
methanol-ether, gave colourless hygroscopld needles of

B- buphanidrlne methine hydrochloride, m. Pe 1600.

Analysis:
Cl, 8040

l 1 g .'l‘_... .
Cl9 24 4NCl 13 H20 requires. C{}SZ,Q,._H, 6.8;

a-Buphanidrine Methine Methiodide.,—

_ To a solution of g¢buphanidrihe'methine fL &) in
methaﬁoiu(IO ml.), methyl iodide (1 ml.) was added and the
solution refluxed on a steam-bath for th hoﬁrs. - The solvent
was removéd under reduced preséure and the residue dissolved
in pot acetone. On set%ing aside the solution deposited
:Bigurless crystals éf «-buphanidrine methine methiodide,

g thbse Ay .

m.'ST"Elﬁu‘Ilon'




136.

Hofmann Degredation of a-Buphanidrine Methine.—

Buphanidrine methine methiodide (1 g.) in hot water
was treated with silver oxide,'freshly prepared from silvez
nitrate‘(2 g.), and the mixture stirred at room temperature
for‘BOminutes. The solid material was filtered off and
the filtrate, which gave a negative iodide téét,‘was
concehtrﬁted under reduéed‘pressure on a_steam—bath. The
concentréte‘deposited:a white powder which was‘fiitered off
and ‘dissolved in ether. On setting aside thé so1utioh

déposited.OOIOurless rhombohedra of<d4bupﬁanidrinejmethine,

m. p. 127° A mixture of the pr~duct and an authentic
specimen df‘g}buphanidrine;methinéishoWed»no melting point

depression,

Emde Degradation of a-Buphanidrine Methine.———

An aqﬁeous solution of g-buphanidrine methine
.methiodide'(0.7 g.) was stirred for 30 minutes with an
excess_of.freShiy prepared, acid free ;silver chloride. The
precipitate was filtered off and the solution concentrated
under reducéd pressure on a steam bath. ‘The 'white powder
which deposited recrystallised from ether as rhombohedra of

a-buphanidrine methine, m. p. 5 kg The infrared spectra

of.thé regenerated base and authentic a-buphanidrine

methine were identical.
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Sodium Hydroxide Treatment of a-Buphanidrine Methine.—

a-Buphanidrine methine methiodide (1 g.) was refluxed
with 10% sodium hydroxide (20 ml.) for one hour. The cooled
solution was extracted with ether E, (4 = 10 ml.), acidifisd
with hydrochloric acid and extracted with ether E2 (4 x 10

mds T The ether extract L. was extracted with 1N hydro-

3.
-chloric acid (4 x 10 ml.), washed with a small volume of
water, dried over anhydrous sodium sulphate and on
concentration gave a neglible amount of material. The
hydrochloric acid extract was rendered alkaline with sodium
carbonate and extracted with ether (4 x 10 ml,). The ether
extract was dried and concentrated to a gum, The gum in
methanol was treatéd with a few‘drope‘of concentrated hydro-
-chloric acid and the solution made turbid'with ether. The

8o0lid which precipitated was recrystallised from the methanol

—-ether to give colourless needles of a-buphanidrine methine

hydrochloride, m. p. 2360. The infrared spectrum of this

sample was ldentical to the infrared specfrum of an

authentic specimen oflgrbuphanidrine methine hydrochloride.

The ether extract E2 was washed with a small volume
of water, dried over anhydrous sodium sulphate and
concentrated to give a small amount of gum which could not

be induced to crystallise.



Hofmann Degradation of a-Dihydrobuphanidrine Methine,-—-

a-Dihydrobuphanidrine methine methiodide (1 g.) in
hot water (30 ml.) was filtered, ccoled rapidly and well

washed silver oxide, prepared from silver nitrate (2 g.),

added. The mixture was stirred for 20 minutes, filtered and
concentrated under reduced pressure on a steam-bath to
15 ml. The white powder which deposited was filtered off

and the filtrate concenirated under the above conditions to
5 ml. A further quantity of white solid which precipitated
wag filtered off and combined with the previously obtained
material. An acetone solution of the solid gave prisms of

a-dihydrobuphanidrine methine, m. p. 154——60. The infrared

gpectra of an authentic specimen of_grdihydrobuphanidrine
methine and the end product from the reaction, were

identical.

Emde Degradation of a—Dihydrobuphanidrine Methine.
a-Dihydrobuphanidrine methine methiodide (0.5 g.) in
hot water (20 ml.) was stirred with an excess of freshly
prepared, acld free, silver chloride for 30 minutes. The
solid was filtered off and the solution concentrated under
reduced pressure on a steam-bath. The white solid was
removed by filtration and the filtrate on concentration
deposited a further quantity of white material. The

combined precipitates in acetone slowly deposited prisms of
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a-dihydrobuphanidrine methine, m. p. 154—6°. The infrared

spectrum of the regenerated base was identical with the

spectrum of authentic a—dihydrobuphanidrine‘methine.

'Hydrochloric Acid Hydrolysis of Buphanidrine.-—

A solution of buphanidrine (1 g.) 1n 4N hydrochloric
acid (35 ml.) was refluxed for one nhour. = The cooled
golution was diluted mith watecr, washed with ether (2 x 25
ml.), rendered alkaline with concentrated ammonium hydroxide
and extracted with chloroform (4 x 25 ml, ) . The chloroform
extract was washed with a small’ volume of water, dried over
anhydrous sodium sulphate ahd conceﬁtrated_to a gum. The

gum in benzene was chromatographed on-alumlna (esig. ).

The 10% ethyl acetate b+ benzene eluates gave gums
which were dlssolved in methanol and treated w1th a few
drops of 70% perchlorlc acid. Ltherfwas'added until the
solutions were turbid. On.setting'aside.the solutions
deposited prisms which were recrystallised from methanol-
ether. The'prisms were identified‘by mixed melting point

determinations and comparison of infrared spectra as

buphanidrine perchlorate, M. p. 7529,

The first few chloroform fractions eluted gums which
crystallised upon lixiviation with acetone. The solid
material was recrystallised twice from ethyl acetate to

give colourless prisms of powelline, m. p. 199-—2010.

Wildman ® gives m. p. 200—201 .
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The latter chlorcform fractions gave gums which could

not be induced to crystallise.

Powellenone , =—

" To a stirred solution of powelline (0.5 g.) in
chloroform (200 ml.) was added active manganese dioxide
=T B The reaction mixture was stirred at room temper-
-ature fqr 6 hours, filtered and the precipitate washed
with a warm (1 : 1) ethanol-chloroform solution. - The
combined filtrates were concentrated under reduced pressure

to give a colourless oil.

Powellanone.-;—

Powellenone (0.2 g.) in ethanol (20 ml.) was hydrogen-
-ated over pre-reduced 10% palladium on charcoal (100 mg.)
at étmbspheric-pfessure and room temperature, The compound
rapidly absorbed hydrogen (ca. 15 ml.). . The catalyst was
£11tered off, washed with ethanol and the combined filtrates
concentrated under reduced preSsureg' The residual.oil
crystallised from benzene—cyclohexandneﬁin colouriees prisms

of powellanone, m. p. 150—152°, Further recrystallisations

from the'same solvents raised the'm.-p.'to-157-—9°.

. (wildman "0 gives m. p. 158—9°.)
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Powellane.——

Powellanone (50 mg.) was treated with 85% hydrazine
hydrate (0.55 ml.). A warm solution of potassium
hydroxide (300 mg.) in diethylene glycol (2 ml.) was added
to the reaction mixture. The reactants were heated to
150—160° in an o0il bath held at 175—185° for 2 hours.

The cooled solution, diluted with water was extracted with
ether (3 x 7 ml.?). The ethereal solution was washed with
a small volume of water, dried over anhydrous sodium
sulphate, filtered and concentrated to an oil. The o0il in
ethanol was treated withia few drops of saturated ethanolic
picric solution. The yellow solid which precipitated was

recrystallised twice frop ethanol to give needles of

powellane picrate, m. p. 210——2130.

Powellane picrate in chloroform was chromatographed
on alumina (5 g.). Elution with ohioroform gave an oil
which was sublimed on a Kofler hotplate. The oily
sublimate readily crystallised upon agitation to give

rhombohedra of powellane, m. p. TYEHR.

(Wildman 70 gives powellane picrate, m. p. 213——2150,

and powellane, m. p. 113.5——1150).
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Buphanitine ("Haemanthine"),—

The crude buphanitine, m. p. ca. 2250, in chloroform
was tfeated with ether until the solution was turbid. After
a few hours the solution deposited ne_edles,.[a]D —lO2°,
ahd'a.small amdunt of prisms. fhe'solution was decanted
off, seeded with prisms, and set asidé. After a few hours

‘the,solufion deposited prisms, [a] <1057, The infrared

D
spectra of the needle and rhgmbohedral forms were similar
but éhowéd'differences in the'infrafed. The peedleé
éhanged crystalline form at 210° éndffihéliy melted at 230°.
The prisms showed m. p. 230° and a mixture of the two forms

did not depress the melting point. ‘The samples were dried

at room temperature under high_Vacuum for 12 hours.,

Anglysis:
Pound for needles C, 64.0, 64.0;. H, 6.4, 6.4;
Active H, 0:63.
C17Hy 05N requires C, 63.9 ; Hy, 6.6 ;
Active 2H, 0.65%

Found for prisms € 8.4y 63.53:-H, 64y 65
Ci7H2105N requires C, 63.9 5 By 656

The needles and prisms sublimed at 175—-1800/Q.l mm.
to give needles, which changed cfystalline form at 210° and
m.'p. 2300, and rhombohedra, m. . 2300, respectively. The

sublimates were submitted for analysis.



143.

Analysis:
Found for needles Gy G440 -85.5%  H; Hady Talls

017H2105N requires €, 63.9 ; B, 6.6%
Found for prisms Cy 63.5 5 Hy 585
CyqHy1OgN requires C, 63.9 b Hf 6.6%

The needles were converted to rhombohedra by
crjstallisation from lesser turbid solutions of chloroform
and ether and the rhombohedra gave needles from more turbid

solutions of chloroform and- ether.

- The crude buphanitipe crystall;sed‘froﬁ a concentrated
ethanolilc sdlution in coloufieSs prismé.Which'lost solvent
of crystallisation at 1390 and‘ﬁ. p. é40°.#ll0n setting &
aside the colourless rhombohedra graduéliy;changed fo opaque
white crystals.  The sample was dried at 100°,under high

vacuum for 12 hours and submitted for anelysis.

~ Analysis:
Found C, 63:8; H, 6.7.
017H2105N requires C, 63.9; H, 6.6%

A concentrated solution of buphanitine'in acetone
deposited colourless prisms, m. p. 230°, Both needles
and rhombohedra crystallised from acetone as colourless
prisms, m. p. 230° and all the forms of.haemanthine gave

identical hydrochlorides.
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‘Buphanitine Hydroperchlorate,—

A solution of buphanitine (0.1 g.) in methanol was
treatéd'with two drops of 70% perchloric acid and ether
added until the solution was turbid. All'efforts to
inQuoe orystalliesation falled, A léig@ volume of ether
was added and preocipltated salt £iltered off, The solid-
orystallised frdm hot water in colourless flat needles of
bupganitine hydroperohlorate, m, p; 99-—1000. A pample
was dried under high vacuum at room'temperature and

submitted for analysis.

Analysisst
Found ‘ - .0y 46.84:. Hy 5.8.
C17Hy50gNC1.Hy0 requires €, 46.6; °H, 5.5%

Buphanitine Methiodide.—

Buphanitine (1 g,) in methanol (25 ml.) was treated
with methyl iodide (5 ml.) and the sblution'refluxéd on a
sfeam—bath for two hours. The crystals which separated

recrystallised from methanol in fine colourless needles of

buphanitine methiodide, M. P 248°.

‘Analysiss
Found C, 46.7; H, 5.8; N, 2.6.
€,gHps05NI requires C, 46.7; H, 5.2; N, 3.0%
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Dehydrobuphanitine ,—

Buphanitine (0.2 g.) was crushed in a mortar with
alumina (1 g.) and then sublimed at 175——1800/0.1 mm.,
The sublimate was.in the form of colourless needles of

dehydrobuphanitine, m. p. Yysg®,

Analysis:
Found [ eyt N R o) e

C34H4009N2 requires C, 65.8; H, 6.5%

Buphanitine Hydrochloride.—

To a solution of buphanitine (50 mg.) in methanol
(1 ml.) a few drops of concentrated hydrochloric acid was
added and the solution made turbid with'ethéf. Immediately
fine needle crystals deposited. _Recryétallisation from

methanol-ether gave colourless needle crystals of
0

buphanitine hydrochloride, m. p. 2659, [a]%e 13T oy 1 &n
chloroform).
Analysis:

Found @y DTady B Bids Oy L0

Cl7H2105N.H01.requires By 57:35 Ry 683 €1, 1609

Buphanitine Hydronitrate,——

Buphanitine (80 mg.) was dissolved in methanol and a
few drops of concentrated nitric acid added to the solution.

Ether was added until the solution was turbid and on setting
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aside a mass of fine needles deposited. The solid was
recrystallised from methanol-ether to give colourless

needles of buphanitine hydronitrate, m. p. 234——60.

Analysis:
Found O 5852y H, 5.9.

N, requires C, 53.4; H, 5.8%

C17H550g
46

2

Lewin gives oily "haemanthine" hydronitrate

(unanalysed) m. p. 118°.

Acetylation of Buphanitine,—

A solution of buphanitine (0.5 g.), benzene (20 ml.),
acetyl chloride‘(4 ml.) and acetic anhydride (10 ml.) was
refluxed for 40 minutes, cooled andlpoured into water. The
organic layer wéa separated and disoamded. The aqueous
solution was made alkaline with a eoturotad sodium carbonate
aolution and extracted with chloroform (4 x 25 | kA The
extract was washed with a small volume of water and concen-
—trated under reduced pressure. ‘The crude,gum in chloroform
waé chromatographed on alumina (15 é;)-amd the oolumn eluted
with benzene_(4 % 25.ml.) and chloroform (3 x 25 ml.). The
chloroform fractions were ooncontroted to gums which were
dissolved in methanol, treated mith one drop of hydrochloric
acid and the solutions made turbid with efhér. Tho orystals
which deposited had m. p. 263° and the melting points did
not depress when the samples were mixed with buphanitine

hydrochloride.
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The concentrated benzene fractions were made turbid
with light petroleum and set aside. The solutions deposited

an amorphous white solid of diacetylbuphanitine.

Analysis:
Found g, 622, 6.1 B, 4.8, 512
COMe, 21.3.
021H2507N requires (6l FRE R H, 6.3 3

2C0Me, 21.3%%
On one occasion a turbid light petroleum-ether solution
of the gums from the latter benzene fractions deposited
colourless needle crystals of monoagetylbuphanitine,

M g EueY.

Analysis:
Found ¢, 62.9; H, 6.%; COMe, 10.6.
C1gH,30gN Tequires ¢, 63.1; H, 6.43 L COMe, 11.9%

Hydrolysis of Diacetylbuphanitine.—

Diacetylbuphanitine (0.6 g.) was refluxed with 15%
ethanolic potassium hydroxide (50 ml.) for one hour. The
ethanol was distilled off under reduced pressure, water
added and the basic solution extracted with‘chloroform.

The washed extract was dried over anhydrous sodium sulphate,
filtered and concentrated to a gum, The gum crystallised

from chloroform~ether in needles of buphanitine, m. p. 2300.
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Analysis:
Found €y 658y . H, 6t
Cy7Hy, 04N requires g, 63.9;_ Hf 6.6%

The infrared spectrum was identical to the spectrum of an

authentic specimen of buphanitine,

enation o hanitine , =
* A solution of buphanitine (0.2 g.) in methanol (30 ml,)
waa'hydrogenated ét aﬁmoaphefic pressure over‘Adams'a
catalyst for 12 hours. The platinum was removed by
filtration and the methanol distilled off under reduced
pressure: The gum crystaliiéed from chloroform—ether in

néedles of buphenitine, m: p. 250°. " The infrared spectrum

was identical to the infrared spectrum of the starting

material.

Mercuric Acetate Oxidation of dehanifine.———

Mercuric acetate (5 g.) was added to.a solution of
buphanitine (1 g.) in 5% acetic acid (40 ml.) and the
solution was stirred at 60° for 2 hours, at 70° for 90
minutes and finally set aside for four days. No deposit

of mercurous acetate formed.

Von Braun Degradation of Buphanitine,——
Diacetylbuphanitine (2 g.) in benzene was treated with
excess cyanogen bromide and the solution refluxed on a

steam-bath for 75 minutes, washed with 1N hydrochloric acid,
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water, dried over anhydrous sodium sulphate and concen-
-trated to a gum (2.3 g.). A small portion of the gum in
2N nitric acid gave a pale yellow precipitate on treatment
with a solution of silver nitrate. The gum in 5% sodium
hydroxide (30 ml.) waes refluxed for one hour. Oarbon
dioxide was bubbled through the solution for three hours,
The solution was extracoted with chloroform whioch wae dried
over anhydrous sodium sulphgte, filtéred and. ooncentrated
to a gum. The gum crystallised from chlbroform-ether in

fine colourless needles of unchanged buphanifine, M. Ds 236°,

Analysis:
Found G, Ba.-Op 6431l Hpe F0 /i
| | N, 4.7.
Cy7Hy 05N requires C, 63.9 s+ H, 6.6 :
N, 4.4%

The infrared spectra of the end product and starting

material were identical.

Phosphorus Pentoxide Dehydration of Buphanitine.—

Buphanitine (0.5 g.), benzene (40‘ml.)_and phosphorus
pentoxide (5 g.) were refluxed for one hour. The mixture,
which darkened in colour, was cooléd, poured into water and
the organic layer separated. The aqueous solution was
rendered alkaline with sodium carbonate and extracted with

chloroform (3 x 75 ml.). The extract was dried over
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anhydrous sodium sulphate, filtered and concentrated to a
gum which solidified on lixiviation with acetone. The

s0lid recrystallised from acetone in prisms of buphanitine,

m. p. 236° (0.2 g.).
The infrared spectra and melting points of the starting

material and the end product were identical.

6N Hydrochloric Acid llydrolysis of Buphanitine,—

A solution of buphanitine (0.5 g.) in 6N.hydrochloric
acid (50 ml.) was heated at 90° for 150 minutes. The
reaction mixture was basified with a saturated sodium
carbonate solution and extracted with chloroform (4 x 30 ml.).
The wéshed extract was dried over anhydrous sodium sulphate,
filtered and concentrated,to a gum which crystallised from
acetone, The sblid recrystallised.from acetone in colour-

-less prisms of buphanitine, m. p. 2360;

The infrared spectrum was identical to the spectrum

of authentic buphanitine.

Ar-demethoxybuphanitine., —

Buphanitine (1 g;) in n-butanol (150 ml.) was heated
to boiling and sodium (9.7 g.) added over a period of one
hour. The cooled solution was treated with a solution of
ammonium chloride (25 g.) in water (75 ml.), and then steam
distilled. The remaining aqueous solution was rendered

alkaline with sodium carbonate and extracted wifh chloroform
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(5 x 50 ml.). - The chloroform extract was washed with
small volume of water, dried over anhydrous sodium sulphate
and concentrated under feduced préssure. The gum thus
obtained was chromatographed on alumina (10 g.). Elution
with chloroform gave first a pale yellow ether-soluble gum
(0.05 g.) which failed to crystallise. Later eluates gave
on evaporation to drynéss, almost colourless, ether-
inéoluble gums, which were Qiséolvediin chloroform and ether
added until the solution waé,just turbid. On setting aside
a mass 6f'fine crystais depdéited. lThe SOlvént was
decanted off and the solid'recrysta%iiSed ffom the same

solvents in colourless needles of Agfdemethoxxebuphanitinq,

m. p. 258°, [a]y -105°.

Analysis:
Found o 8 66,3;¢H,.6.8§. N, 5.0 OMe, O.
C,gH 904N requires C, 66.4; H, 6.6; N, 4.8%

Ar-demethoxybuphanitine hydrochloride,—

A methanol solution (0.5 ml.) of Ar-demethoxy-
~buphanitine was treated with one drop of concentrated
hydrochloric acid and made turbid with ether. The mass of
‘fine needles which formed recrystallised from methanol-

ether in colourless needles of Ar-demethoxybuphanitine

hydrochloride, m. p. 304—308°.
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Anelysis:
Found G 58,9 Hy 6.7.

Cl6H1904N.H01 requires C, 58.8; H, 6.2%

AEfDemethoxybuphanitine Hydroperchlorate ,—

One drop of 70% perchloric acid was added to a
solution of Ar-demethoxybuphanitine (50 mg,) in methanol
(L ml.)s Ether was added until the solution was . turbid
and crystallisation was initiated by agitation with a glass
rod. The solid material-Whiéh_fOrmed;recrystallised from

methanol-ether in needles bffg;fdemethoxybuphanitine hydro-

perchlorate, m. p. 285——2870.

Analysis:
Pound Q¢ i48+83%- . H;' /BeSs

Buphanitenone ,—

A mixture of buphanitine (0.5 g-), freshly distilled
aluminium isopropoxide (3 g.) and cyclohexanone (16 ml.)
was heated under reflux in an étmosphere of hitrogen.
After heating for half an hour the solution gelled and
cyclohexanone (5 ml.) was added.- The resultant solution
was refluxed for 18 houfs, cooled; poured into water (50 ml.),
treated with 6N sodium hydroxide'(ZO ml.) and extracted
with chloroform (4 x 30 ml.). The chloroform solution was

washed with a small volume of water and extracted with 2N
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hydrochloric acid (4 x 30 ml.). The acid solution was
washed with ether (2 X 30 ml.), bagified with a saturated
gsodium carbonate solutidn and the precipitated material
extracted with chlordform (4 %-40 'ml. ), which was washed
with a small volume of Water,ldried over anhydrous sodium
sulphate and concentrated to a gum. This intractible
ma?erial in 2N hydrochloric acid (20 ml.) was filtered,
washed with ether (3 x 10 ml.) énd extracted -with chloro-
~-form (3 i'20'ml.)'which‘wasswgshed'with-water‘énd dried
over anhydfous sodium'sulphafel‘ The gum thus obtalned
solidified upon trlturation w1th ether.- An acetone
solution of the solid was decolourlsed w1th active charcoal

and concentrated to a smqll volume. On settlng 381de the

solution deposited rhombohedra‘of buphanltenone, Me Do
184—5° [aly +34° (¢, 0.5 in chloroform).
Analysis:

Found Oy B8LEYJHIVE Q48 Wy Bl

Cy7H)70,N requires C, 68.2; B B0y Byr e

The infrared absorption curve (nujol mull) showed =&

strong band at 1670 cm.—l. A solution of buphanitenone
in 80% sulphuric. acid gave upon treatment w1th chromotropic
ac1d a magenta colour which did not develop with a control

solution of buphanitenone in 80% sulphuric acid.
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Buphanitenone Methiodide.—

To a solution of buphanitenone (200 mg.) in methanol

(10 ml.) methyl ibdide (1 ml.) was added. The reaction
mixture was refluxed for half an hour and the excess methyl
iodide distilled off. On cooling the solution deposited
a thte precipitate which fecrystalliéed from methanol to

give fine colourless needles of buphanitenone

methiodide, as needles m. p. 241=~3".

Analysis:
Found G 481y B Bl

Coall, »O; N UK

1781702 3I.%HZOrequires c, 47.9; H, 4.9%

Lithium Aluminium Hydride Reduction of Buphanitenone.—

To .a suspension of lithium aluminium hydride (1 g.) in
sodium dry ether (100 ml.) buphanitenone (300 mg.) was
added. The réaction mixture was boiled under reflux for
12 hours.. The excess 1ithium aluminium hydride was
decomposed with ethyi acetate and the heterogeneous mixture
hydrolysed with 6N sodium hydroxide (50 ml.). .During this

process the organic solvents were distilled off. The

aqueous solution was diluted and extracted with chloroform
(4 x 50 ml,) which was washed with water, dried over
anhydrous sodium sulphate and concentrated under reduced
preésure. The residue crystallised when triturated with

acetone. Recrystallisation from acetone gave rhombohedra
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of a-buphanitenol, m. p. 167—170°.

Analysis:
- Found 5 AETLGY LH5: 65,
Cl7H1904N requires C, 67.76; H,-6.4%

The sample in carbon tetrachloride showed an infrared

ébsorption band at 3650 B,

Manganese Dioxide Oxidation of a-Buphanitenol.—
Attenburrow 1 okide (1.5 g.) was‘addéd'to a stirred
solution of a~buphanitenol (100 mg.) in éhlofbform {100 ml. ).

The reaction mixture was, stirred at room femperature for

6 hours.‘ The_precipitate was;filtered.éff_and washed twice
with chloroform.  The washings.Were combiﬁediwith the
filtrate and the solvent removed‘by.fe&uéedipreésure
distillation. The resultant gum-Was disSblved in acetone
and solidified when the solution Qa§ agitated. The solid

was recrystallised twice from acetone to give colourless

rhombohedra of buphanitenone, m. p.'184;;5°.

The infrared spectrum was identicallto the spectrum

of an authentic specimen of buphanitenone.

a-Buphani tanol,—

- a-Buphanitenol (200 mg.) in methanol (30 ml.) was
hydrogenated at atmospheric préssure over Adams's catalyst.
After three hours the hydrogen absorption was complete.

The catalyst was filtered off, washed with methanol and
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the combined filtrates concentrated to a gum. The gum

crystallised from acetone in rhombohedra of a-buphanitanol,

m, P éll-—213°, [a]g2 100 (e, 1 in ethanol).
Analysis:
.FPound 0, 63,6; Hy 6.7¢

017H2104NrH20 requires c,'63.5; CHy T.2%

Catalytic Hydrogenation of Buphanitenone.———

(A) Platinum Catalyst:

Buphanitenone (iOO mg. ) in methanol wag hydrogenated
at room temperature and pressure over Adams g’ catalyst.
After the hydrogen absorption oeased the catalyst ‘was
filtered off and washed twice with methanol.‘ The combined
filtrates were concentrated under reduced pressure.‘ The
gum crystallised from acetone to give oolourless rhombohedre

of B-buphanitanol, m. p. 130——140o with recrystallisation

and m. p. 209-—212 AL £ ]22 (c, 1 in ethanol) ‘A sample
wae,dried at room temperature under high vacuum and
submitted for analysis.
Analyeis:
Found O 63,6; By T.44
‘017H2104N:H20 requires C, 63.5; H, 7.2%
A sample'sublimed at 170° under high vacuum showed m. p.
209—212°,



snalysis:

Found N S < T =
N.H-O reguires .5: 3 20‘5
C17H2104J.H20 require ChemSiets Sl TR

g ; -1
A pnujol mull showed an absorption at 3650 em. ~.,

(B) 10% Palladium on Charcoal Catalyst:

Pre-reduced 10% palladium on charcoal (100 mg.) was
added to a ethanolic solution (40 ml.j of buphanitenone
(200 mg.) and the mixture was shaken in an atmosphere of
hydrogen at room temperature and pressure. Thé solution
rapidly absorkted a mole of hydrogen per mblevof buphanitenone,

The catalyst was removed by filtration and washed with

ethanol. The ethanol fi%trates were combined and
concentrated to .a gum. - The gum was crystallised from

acetone to give colourless rhombohedra of buphanitanone,

N By O bt [a]D -5:6° (e, 1'in chlbrdform).
Analysis:
Found @5 ra8 o0 R G
Cq7Hy 0,0 requires C, 67.8; H, 6.4%

The infrared spectrum in a nujol paste showed a strong
¥l

absorption band at 1718 cm.
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Lithium Aluminium Hydride Reduction of Buphanitanone.—

A solution of buphanitanone (70 mg.) in ether was
t~eated with lithium aluminium hydride (200 mg.). The
mixture was refluxed for 12 hours, treated with ethyl acetate
to deooﬁpbse the excess lithium aluminium hydride and the
contents hydrolysed with 6N sodium hydroxide (30 ml.). The
organic solvents were removed by distillation and the diluted
aqueous layer extracted with chloroform (4 x 15 ml.) which
was washed with water and dried over ahhydrous sodium
sulphate. The filtered extract was concentrated under
reduced pressure to a gum which solidified upon trituration
with acetone. .The solid recrystallised from acetone in

rhombohedra of a—buphanitanol, m P 211—-2130, which melting

point was undepressed on admixture with g-buphanitanol
obtained by catalytic reduction of g-buphanitenol. Iurthermorse,

the infrared spectra were ldentical.

Buphanitenone Methine.—

Buphanitenone methiodide (300 mg:) in hot water (10 ml.)
was treated with 10% sodium hydroxide (5 ml.). The mixture
waé heated on a-waterbath for 10 minutes énd the precipitated
base removed by benzene extraction (3 i & ml.). This process
was repéated until the aqueous solufion was mnegative to a
Mayers test. ‘The benzene extract was washed with water,

dried over anhydrous sodium sulphate and concentrated to a



gum which solidified on trituration with acetone., The solid
was recrystallised twice from acetone to give colourless

L ’ : : 0
rhombohedra of buphanitenone methine, m. p. 131—27,

o
[Q]BU +0 (C, 1 in chloroform).

Analysis:
Found 05, WBENSeE By 6.1

018H1904N requires C, 6£.99; H, 6.1%
The infrared absorption curve of the sample in nujol showed

= -1
, strong band at 1663 cm.

Buphanitane.—

Oxobuphanitane (140 mg.) and 85% hydrazine hydrate
(1.5 ml.) were added tc a warm solution of potassium hydroxide
(D8 m: ) 38 diethylene glycol (5 ml.). The reaction flask
was placed in an oil bath, which wés maihtaiﬂed at 175—185°,
and the solution refluxed at l504—160o for -2 hours. The
reaction mixture was cooled, poured into water (20 ml.) and
extracted with ether (3 x 10 ml.), énd chloroform (3 x 10 ml.),
(A). The basic solution was acidified with 2N hydrochloric
acid, then rendered aikaline with a saturated sodium carbonate

solution and extracted with chloroform (3 x 15 ml.) (B).

The ethereal extract was washed with a small volume of
water, dried over anhydrous sodium sulphate and concentrated

to a gum. Alcoholic picric acid was added to the gum in
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ethanol and the amorphous picrate, which precipitated
immediately, separated. Three recrystallisations from

ethanol gave pure buphanitane picrate, m. p. 210——2130,

[a]D +3 (¢, L in chloroform).

Analysis:
Found G aEbG . Hy Aeds

Cl7H21O5N.C6H307N3 regives 0, 5355 Hy 4.8

The chloroform solutions (A) and (B) were separately
washed with small volumes of water, dried over anhydrous
sodium sulphate and concentrated to gums (A) and (B). The
negligible quantity of gum (A) was discarded and gum (B)

proved to be intractible.

Buphanitane picrate in chloroform was chromatographed
on alumina (5 g.). Elution with chloroform gave an oil which
so0lidified upon lixiviation with ether, The solid sublimed

at 140°/0.1 mm. to give buphanitane as laminae, m. p. 143—

144°, [a]%B +4.6 {ey L in cthloroform).

Analysis:
Found Gy 1Oy By Tl
C,7Hy, 05N requires ¢, 71.05; H, 7.4%

A mixture of buphanitane and powellane (needles, m. pP.

113——1150) prepared from buphanidrine showed melting point
102=113°
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quhanamine.-f

Crude buphanamine crystallised from hot acetone in

colourless prisﬁs, m. P 192——40.

Analysis:
Found ¢, 67.7% Hs 65505
Cl7H1904N requires €, 67.76; H, 6.36%

Buphanamine Hydrochloride.—

Buphanamine (0.01 g.) in methanol (1 ml,) was treated
with two drops of concentrated hydrochloric acid. The
solution was made turbid with ether and on setting aside

deposited a mass of fine needle crystals of buphanamine

hydrochloride, m. p. 180°.

Analysis:
017H2004N01.2H20 requires ¢, 54.6; H, 6,5%

Buphanamine Hydronitrate.,—

To a solution of buphanamine (0.0l g.) in methanol
(1 ml.) a few drops of concentrated nitric aeid was added.

Ether was added until the solution was turbid amnd on setting

aside colourless prisms of buphanamine'hydronitrate, Me Do
128—130°, deposited.
Analysis:

Founa C, 51l.:43 H, 5.8.
A 017H2007N2.2H2O requires C, 51.0; H, 6.0%
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Dihydrobuphanamine , ——

Buphanamine (150 mg.) in methanol (25 ml.) was
hydrogenated over Adams's catalyst at atmospheric pressure.
When the hydrogen absorption was complete the catalyst was
filtered off and the filtrate cencentrated under reduced
pressure. The gum solidified when triturated with acetone.,

The solid recrystallised from acetone in colourless prisms

of dihydrobuphanamine, M. Do 2000.
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