—22-

1.2 BIOSYNTHESIS OF TRITERPENES

Triterpenoids belong to a group of natural products
which are widely distributed througphout the plant kingdom.
They usually contain thirty carbon atams formed by the
combination of six isoprene units. Many however contain
more or less carbons atoms and some which do not strictly
follow the isoprene rule have also been isolated and chorac-

terized during recent years.

The biosynthesis of terpenoids can be sub-

divided into three steps.

1. The formation of isopentene unit from acetate.

2, The condensation of this unit to form acyclic ter-
penoids.

3. The conversion of acyclic terpenoids into cyclic
terpencids.

The conversion of acetate to mevalonic acid (51)
proceeds according to Scheme (20). The isopentene unit is
in fact formed from mevalonic acid (51) by the loss of one
carbon. Labellinpg experiments have shown that it is the
carbonyl group which is lost during the formation of the

isopentene unit (Scheme 21),
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- Phosphorylation of mevalonic acid (51) first
produces mevalonic acid-5-phosphate (52, P=P03H2) and
this is followed by a second phosphorylation to give me-
valonic acid-5-pyrophosphate (53, PP=P206H3). Subsequent
loss of a molecule of water affords 3-mthyl but-3_enyl
pyrophosphate (54). The isoprene unit is in the form of
3-methyl but-3—enyl pyrophosphate but in the presence of
an appropriate enzyme isomerises to 3 methyl but-2-enyl
(8,8-dimethylallyl) pyrophosphate (05). The isomerisation
of unit (54) and unit (535) is stereospecific, Ha being
the proton that is eliminated. Moreover, the newly for-
med methyl group is trans to the CHZOPP group in (53)
Scheme (21),

Geranyl pyrophosphate (56) arises by the combi-
nation of (54) and (355) 3-methyl bat-3-enyvl pyrophosphate
acts as a nucleophile and 3-methyl but-2-enyl pyropltosphate
as the electrophile +to afford head-to-tail union as indi-
cated in Scheme (22). This route is supported by biosyn-
thetic experiments witli labelled acetatc leading to citro-
nellal (57) as present in Scheme(?3). Geranyl pyrosphos-
phate reacts with 3 methyl but-3-enyl pyrophosphate to pive

farnesyl pyrophosphate (59) (Scheme 24).
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. . , 22 .23
d Squalene (60) is formed by the linkage™ '

of two molecules of farnocsyl pyrophosphate (59) joined
tail-to-tail as shown in (fcheme 25). Squalene (60)

is the biological precursor of all triterpenoids and its
stereochemistry was cstablished by an x-ruay investigation
of its urea adduct.24 Different types of tetra- and
pentacyclic triterpenoids are formed according to tte
conformation that squalene cpoxide adopis. a-Amyrin (61:;5
and taraxasterol (62)26 are formed as outlined in

27,28

Scheme (26) and S-amyrin (63) arises according to

Scheme (27) .
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sgqualene epoxide

HO

Scheme-26



29—

HO

“a—amyrin

(61)

HO

Scheme-26

taraxasterol

(62)



=30-

Squalene epoxide

B-amyrin (63)

Scheme-27
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2.1 INTRODUCTTION

Berberis, family Berberidacene is a large
genus with nearly 400 species found mostly in Asia,
America and the Mediterranean region. It is represented
in Pakistan by 20 species distributed largely in the mou n-
tainous areas.29 The plants belonging to the genus Ber-
beris are reputed for thelr curative properties and hence
have played a vital role in folkloric medicine for the last
few centuries, particularly in the Indo-lukistan sub-con-
tinent.30 %he Berberis genus is a rich source of diff-
erent types of isoquinoline alkaloids. These are highly

complex organlc molecules and include many physiclogical-

ly active compounds such as codeine, narcotine and emetine.

Codeine was first isolated from opium by Robi-
quet in 1832 and is used clinically for the relief of cough,
chronic cough as ia tuberculosis and as a mild analgesic,

codeine resembles movrphine but is less toxic.

Narcotine has been found to possess antitussive
activity., The alkaloid has only a mild narcotic action
and is a much weaker analgesic than morphine or codeine.

Ethyl narceinate 1is used as a narcotic, analgesic and
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antitussive agent. Fmnetine is used clinically against
amoebic inféctiong1 but because of its toxicity and cumu-
lative affects its use is not recommended beyond a 9-10

day period.

Simple tetrahydroisogquinoline alkaloids such as
anhalonidine, anhalidine and pellotine have little activi-
ty as anticonvulsants, tranquilizers or muscl: relaxants

and possess no significant hillucinogenic action.32

Papaverine hydrochloride has been used for the
relaxation of smooth muscles.33 It also has coronary
vasodilator properties, but it is not as effective aAs ni-
troglycerine in the treatment of angina pectoris. Papa-
verine hydrochloride has been used in vasospasm accompa-
nying peripheral arterial cembolism, pulmonary embolism
and cerebrovascular thrombos;is.?’(1 The drug exhibits a
distinct local anaesthetic activity. Papaverine hydro-
chloride is not a narcotic and is not addictive but its

side effects are drowsiness, constipation, increased re-

flex excitability and gastric distress.

A phenethylisoquincline alkaloid, methopholine,

1s a safe analgesic. The effectiveness of rnethOpho{;ine is similar
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to that of c¢odelne but unlike codeine methopholine does

not lead to physical addiction, sedation, or constipation.35

4 large number of tetrahydroprotoberberin:s
substituted in ring A and D have shown promising tranqui-
lizing properties in initial tests.36 Berberine, which has
some antibacterial and antiprotozoal activity, has been
shown to form a complex witl. DNA. The alkaloid is probably
intercalated into supercoiled mitochondrial DNA to produce
configurational changes in the DNA.37 It is also active in
vitro against Mycobacterium semegmaris ATcc 607 and is

thus of potential importance as an antitubercular drug.38

The bisbenzylisoquinoline alkaloid (+)-tubo-
curarine chloride is used in very small doses in abdominal
surgery as a complement to anesthetics since it causes
paralysis of the abdominal muscles without! stopping the
natural movement of the intestines.39 The alkaloids cis-
sampareine,40 thalidasine41 ani tetrandrin042 have shown
promising tumour-inhibiting properties in initial tests.
The oxyacanthine-type alkaloic (+)-cepharanthine is claimed
to be highly effective against human tuberculosis and
leprosy.43

A list of the different types of isoquinoline alkaloids

isolated from variaus species of Berberis is given in Table 1.
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TABLE -1
PLANTS _ . ALKALOIDS e emmen REF.NO .
Berberig acanthi-  Berberine, palmatine 44
folium
B.anurensis Ruper  Berberine, berbamunine, berbamine, 45,46,47
palmatine, oxyberberine, {(berlam-
bine}, jattrorrhizine, maynoflo-
rine, base {m.p. 190-191}, isoter-
trandrine.
B.aq tfolium Berbamine, oxyacanthine, berberine, 48,49
Pursch. carypalmine, canadine. 50
B.aristata Oxyacanthine, berbamine, jatro- 51,116,127
{B. floribundal rrhizine, berberine, epiberberine,
palmatine, dehydrecarboline,
columbamine,
B.astatics Berbamine, berberine, palmatine, 52
Roxb. enDe. jatrorrhizine, berbamine.
B.baluchigtanica Pakistanine, pakistanamine 53,54
Baluchistanamine 55
Baluchistine 56
Diaydrosecoqguettamine, secoguetta- 57
mine, secoqucttamine, gquettamine
chloride, (+}-armepavine methochlo-
ride, oblengine chloride.
B.buxifolia Catafacine 58
Calafatimine 59

Contd. .



TABLE- (1] Contd.

B.ealliobotrys

B.coriaria

B.chilensis

B.darwinit

B.empetrifolia

B. fortunei Lindi

B.gracilis

B.hakeoides

B.heteropoda
Schrenk.
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Khyberine, pakistanamine, 1-0-
methyl pakistanine, pakistanine,
chitraline, kalashine.

Berberine

{+)-Reticulinaz
O-Methylisothalicberine, iso-
thalicberine, 7-0-desmethyliso-
thalickerine

Protopine

Berberine

Berberine, paguistanine, igotet-
randrine, protopine, berlambine.

1, "4-dioxo-2-hydroxy-7,8, methy-
lenedioxy-12, l3-dimethoxyapor-
hoeadane.

Pakisgtanine

Berbamine, oxyacanthine

60

61
62

63

63
" 69

64

64

65

66

Berberine, jatrorrhizine, palmatine,

berbamine, magnoflorine.

Canadine, berberine, cryptopine,
protopine.

Pronuciferine
Berbamine

Oxyacanthine

Berberine, columbamine, palmatine,
berbamine, isotetandrine, oxyacan-

thine, bervuleine, vulracine,

67

68

62
70
71

72

Contd. ..
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TABLE-H') Contd.

Jatrorrhizine, columbamine, 73
berbe.rubine.

N
C19t5,0M, 74
B.himalatea Himanthir.e 75
Ahrendt.
B.integerrima Berberine 76
Berbamunie 76,77
Oxyacanthine, magnoflorine 76
Isoboldine, thalicmidine 78
N-~oxide, reticuline, isocorydine,
N-oxide.
Isocorydine, thalicmidine, 79
glaucine, oxyacanthine.
B.japaniea R.Br. Berbamine 66
Isotertrandine 66,80
Iszoterine, berbamine, jatrorrhi- 8l
zine, berberine, palmatine.
B.julianae Berbamine, oxyacanthine 82
Schneid.
Magnoflorine 82,86
Pakistanamine 83,84,85
Berberine, jatrorrhizine 85,86
GLaucine, palmatine 87
B. kawakamii Berbamine, isotetrandrine 88
Hayata.
Berberine, jatrorrhizine, 89

palmatine, berbamine, isotetran-
drine, magnoflorine.

Contd. ...
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B.koreana

B.lamberti
R.N.Paker.

B.laurina
{Thumb) Billb.

B.lycium Royle

B.mingetsengis
Hayata.

B.morrisonensis
Hayata.

-3 7=

Berberine, palmatine, magno-

flurine.

Berbamine, oxyacanthine

Berberine, columbamine, dihydro-
berberine, jatrorrhizine, oxy-

berberine {(berlambine}.
Belarine

Espinidine, espinine
Lauberine

O-methyl isothalicberine,
obaberinc.

Berbzrine, hydrastine
Umbellatine, neprotine
Belarine

Berbamine

Umbellatine

Berberine

Palmatine, oxyberberine

Berbericina:
Berbamine, Isotetrandrine
Berbamine

Isotetrandrine, berbamunine

90

91,52

92

23
94
95

93,95

96

27

98,99
100,101

101
101,102,103
102

103

104

105

106

Contd. ....
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B.

B.

E.

oblonga

.orthobotrys

petiolaris

swasey:
Buckey.

. thunbergii DC

.tinetoria
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2'-n-Methylberbamine
Oblongamine, oxyacanthine

Berberine, berbamunine,
magnoflorine, palmatine.

Columbamine, yatrorizine,
berbamine.

Oblongine
6-hydroxy-7-methoxy-N-methyliso-
quinoliuium, 6-hydroxy-7-

me thoxy-N-methyl 3-4-dihydro-

isoguinolinium.

Kalashine

107
106

106,108

109’

110

111

112,113

l-0-methylpakistanine, chitraline, 113

pakistanamine, pakistanine, ber-
bamine, oxyacanthine, aromoline.

Berbamine
Berbamine
Berberine, berbamine

Jatrorrhizine

Berbamine, isotetrandrine,
oxyacanthine.

Jatrorrhizine, columbamine,
palmatine, shobakunine,

berberine.

Berbamine

114
115
115,117

115,118

119

120,121



TABLE (1) Contd.

B. tsehonoskyana
Regel.

B, tsechonoskyma
regel.

B.vulgaris Linn

B. zebiliana

-30-

Obaberine, obamnegine, oxyacan- 122
thine.

Berberine, jatrorrhizine, oxyber- 123,124
berine, {(berbambine), palmatine,
magnoflorine, obamegine.

Base {m.p. 89-92) 123,124
Berbamine 125
Oxyacanthine, berberine, colum- 126
bamine, palmatine, berbamine,
isotetandrine, oxyacanthine,

bervuleine,

Vulracine 72
Jatrorrhizine 128
Berberrubine 73
C19H220N2 m.p. 216 74
Berbamine, oxoberberine 129
Berberine 130




_40_

. . 131 | .
Berberis aristata is an erect spinons shrub

6-18 ft. high, often forming gregarious patches. It has
a pale yellowish-brown bark, which is deeply furrowed. The
flowers are golden yellow. It occurs on the Himalayas

from 6,000-10,500ft and also in Nilgiri Hills, and in Ceylon.

The roots of Berberis aristata are used as a
bitter tonic, alternative, astringent, diaphoretic and
as a curative of »iles., "Rasaut'" {(root bark extract) is
highly esteemed in the indigenous medicine. Mixed with
butter and alum or with opium and lime juice it is :i.pplied
over the eyelids as a useful household remedy for the
treatment of acute coniunctivitis and in c¢hromic opthalmia.
Washing of unhealthy ulicers and sores with "rasaut’ decoc-
tion is an ancient practicc both in India and in Pakistan.132
Rasaut is also used in the treatment of skin discases,

menorrhagia, jaundice, and malarial fevur.lal

The protoberberine and bisbenzylisoguinoline types
of alkaloids have been isolated from Berberis aristata DC.
More than fifty different types of protoberberine alkaloids
are known in nature. They have the general structure shown
in structure (64). Substituents are usually present in them

at C-2 and C-3 and either at C-9 and C-10 or at C-10 and
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C-11. 1In some instances a hydroxyl or methoxyl substi-
tuent may be present at C-1. A methyl group 1is some-

times found at C-13 while in a few cases a hyaroxyl is

located at C-13 >r at C-5,

The benzylisoquinolines occupy a paramount po-
sition in alkaloid chemistry because they act as precursors
to many of the naturally occurring isogquincline alkaloids,
The benzylisoguincline alkaloids are cither of the 1,2,3,4-
tetrahydro-type, such as coclaurine (65) and N-nororientaline
(66) or of the fully aromatised type as in the cases of
papaverine (68), palaudine (69) and escholamine (67). Pseu-
dobenzyliscquinoline alkaleoids are benzylisoquinolines
which incorporate three oxygenated substituents in the
bot :om aromatic ring. Three different types of pseudoben-
zylisoquinoline alkaloids are known, The group includes

. 4,125
polycarpine (70),133‘13 1 rugosinone (7]}36and (-3~

ledecorine (72).137 The bisbenzylisoquinolines constitute
the larpest group of the isoquinoline alkaloids. They are
dimeric bases which for purposes of clussification, can he
subdivided into 28 subgroups.138 The aromatic substituents
may be hydroxyl, m:thoxyl or methylenedioxy. 7Two asymmetiric
centers are present in the bisbenzylisoguinoline alkaloids

except when one or both of the nitrogen atoms are in the

form of an imine,
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polycarpine (70)
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ledecorine (72)
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Investigation of the alkaloids in the roots of
Berberis aristata DC (Berberidaceae) has been carried out
by a number of groups, ER.P.Chatterjee and co—workersgz3
have reported the isolation of eight alkaloids from its
roots. These are oxyacanthine, berbamine, berberine,
epiberberine, palmatine, dehydrocarboline, jatrorrhizine
and columbamine. Investigationson Berberis aristata have zls
been carried out by Ray and Roy88 who reported the pre-
sence of the major alkaloid berberine in 2,23% yield. Later
a systematic study of the alkaloidal constituents of this
species was carried out by K.K.Chakraverti99 who isolated
two major alkaloids in the form of their hydrochloride
salts, one of which was the previously reported alkaloid

berberine while the other was palmatine,
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2.2 RESULTS AND DISCUSSION

Berberis aristata has been reputed as a medi-

cinal plant in scientific and folkloric literature but

only a limited chemical investigation with particular ref-
erence to its tertiary alkaloidal contents has been carried
out. In this section of the thesis, the isolation and struc-
ture elucidation of the tertiary alkaloids isolated from the
root bark extract of B.artstata is presented. As a result

of present work six different alkaloids have been isolated.
These alkaloids belong to three different classes namely
protoberberine type, bisbhenzylisoquinoline type and pseu-

dobenzylisoquinoline type,

ISOLATION AND STRUCTURAL STUDIES ON TERTIARY ALKALOIDS OF BERBERIS ARISTATA

"Rasaut' (root bark extract of i.aristata) was
extracted with hot ethanol. The extract was evaporated
to a brown residue and acidified with 20% acetic acid. The
acidic aqueous sclution was then extracted exhaustively
with chloroform. The acidic aqueous extract was then basitied
with 20% ammonium hydroxide solution to p'-9 and extracted
with chloroform to obtain the tertiary bases., The chloro-
form layer was separated, dried (anhydrous Na2304) and eva-
porated to a brown gum which consisted of the alkaloidal

fraction (Fl).
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i) Isolation and Structure of "Karachine'' {73)

The alkaloidal fraction (Fl) was chromato-
graphed on a neutral aluminium oxide column. The

column was packed in petroleum-ether and elution was
carried out with petroleum-ether, petroleum ether-
chloroform, chloroform-methanol and finally with me-
thanol. The fractions eluted with petroleum ether-
chloroform (FTl) afforded apr oily mass. 'The oily mass
from the petroleum ether-chloroform was rechromato-
graphed on a silica gel coiumn which was packed in petro-
leum-ether followed by increasingly polar mixtures of
petroleum ether-chloroform. A small quantity (8mg) of a
colourless and optically inactive alkaloid named
"Karachine" (73) m.p.146—148°C was obtained which
afforded its M° at m/e = 433.1881 in agrcement with

the formula 026H2705N' The ultraviolet spectrum of
"Karachine" (73) showed abusorption maxima at 285 n.m.,
and 226 (sh) and minima at 255 n.m. The positions of
absorption showed the presence of a tetrahydroprotober-
berine nucleus. The i.r. spectrum (CHC]S) gave an ab-
sorption band at 1710 cm_1 indicating thce presence of a
nonconjugated carbonyl group. The nuclcar magnetic resonance

spectrum (360 Miz, FT) in CDCl, (recorded by Prof.M.Shamma

3

at Pennsylvania State University) showed a one-proton

quartet centered at § 1.11 (Jax=1.8Hz, qu=12.6Hz)due to
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Ha’ another one-proton quartet at § 2.08 (be=4.0Hz,

J a=12.6Hz) due to H The protons of C-y and C-¢

b b’
gave two sets of two proton doublet of doublets at § 2.46
and & 2.48 (Jgem=14.0Hz) and at § 2.70 and § 2.72
(Jgem=14'3HZ) respectively. The one proton quartet at

§ 4.12 (Jxa=1.8Hz, Jx =4 . 0Hz) is assignel to H-8, A

b
singlet at § 0.82 is due to the bridgehead methyl group
attacked to C~-f . A nuclear overheauser enhancement

study was carried out by Prof.M.Shamma and co-workers .n
order to(find out the substitution pattern in the aromatic
rings A and D of “karachine' (73). Irradiation of the

C-10 methoxy singlet at § 3.77 resulted in an overall

11.6% increase in the area of the § 6.52 and § 6.55 ring

D aromatic doublet of doublets. Irradiation of H-1 sing-
let at § 6.73 gave a 2.8% increase of the § 2.70 and § 2.72
doublet of doublets assigned to the C-¢ protons as well

gs to a & 5.6% increase of the signal at § 3.07 due to
H~13., S8ignificantly irradiation of eithcr the H-1 or H-4

singlets at § 6.73 and § 6.17 respectively led to no obser-

vable NOE for the methoxyl absorptions.

The mass spectrum of "karachine'" (73) shows a
molecular ion at m/e = 433 and a base peak at m/e = 336,

The base peak ¢xactly fits the molecular ion of berberine
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m/e/; 336 (M+). The loss of 27 mass units from the mole-
cular ion occurs via cleavage o to the nitrogen atom
(C-14 to C-e bond) followed bv a retro-Diels Alder

process (Scheme 28). The m/>» = 97 fragment corresponds to
C HQO or more specifically to two moles of acetone minus
fhe elements of water, other fragments occur at m/e = 118
{(19%), 390 (23%), 375 (4%), 336 (100%), 321 (27%), 292 (16%),

278 (21%), 263 (3%), 189 (21%) and 174 (3%).

In order to gain further insight into the struc-
ture for "karachinoe" (73), it was reducced by Prof.Maurice
Shamma and co-workers with sodium borohydride. Reduction
was carried out in methanol, to afford amorphous dihydro-
karachine (74). It is assumed that reducing agent has
approached from the less hind ered side of carbonyl. The
nuclear magnetic resonance spectrum (360 MHz, FT) in CDCi3
shows a one-proton quartet at ¢ 0.96 (Jax=l.8Hz, Jab=12.6Hz)
due to Ha on C~a. There is a complex multiplet in the
region § 1.60 - § 2.30 consisting of twc ABX systems due
to the Cx¥. and C-¢ protons coupled to the C-§ proton.
Irradiation of the C-§ proton at § 4.16 gave the much
simpler spin-decoupled pattern of two overlapping AB sys-

tems at § 1.67 and § 2.29 (Jg =14.0 Hz) and 6 1.88

em
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berberine (80)

Scheme-28
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and § 2.22 (Jgem=14.0Hz) due to the methylene protons at
C-y and C-e. A three-proton upfield singlet at & 0.73

is dve to the bridgehead methyl group attached to C-3.

The mass spectrum of dihydrokarachine (74) shows
a molecular ion at m/e = 435, the base pegak at m/e = 336
and other fragments are at 420 ( 6%), 390 (4%), 336 (100%),
321 (15%), 292 (8%), 278 (9%), 263 (1%), 189 (16%) and
174 (2%). On the basis of these data structures (73) and
(74) are assigned to "karachine" and "dihvdrokarachine”

respectively.

It appears that "karachine™ (73) is formed in the
plant by the condensation of berberine (80) with 2 mol. of
acetone and loss of water as showed in Scheme 29. To make
sure that "karachine'" (73) is a true alkaloid not an arti-
fact of isolation, berberine was condenscd with acetone at
varying pH but "karachine" (73) was not observed to be tfor-
med. The isolation procedu.'e was repeated with purified
acetone-free solvents which led to the reisclation of
“karachine” {(73). Racemic "karachine™ {(73) is the first
naturally occurring berbinoid incorporating acetone units.
The alkaloid "karachine" (73) is the most complex of more

than fifty protoberberine alkaloids presently known.
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dihydrokarachine (74)
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Acetone

berberine (80)

karachine (73)

Scheme-29
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it) Isolation and ldentification of Oxyberberine (75)

Another protoberberine alkaloid has been iso-
lated from B.aristata. "Rasaut" was soaked overnight in
20% acetic acid filtered, and the extract was basified
with 20% NH4OH solution to pH-10, It was extracted with
chloroform and the chloroform layer was evaporated to
afford the tertiary alkaloidal fraction (Fz) as a brownish
gum. This fraction was chromatographed on a neutral alumi-
nium oxide column., I ution was carried out with petroleum-
ether, petroleum ether-ethylacetate, ethylacetate, ethyl-
acetate-methanol and finally with methanol!. The petroleum
ether-ethylacetate fraction (FP) afforded two alkaloids "Cv
and "D". Alkaloid "C" was purified by repeated preparative
thin layer chromatography uasing silica gel (G 60) plates in
ethylacetate: petroleum-eth>r (80:20). TFinal purification
of alkaloid (C) was carried out by preparative thin layer
chromatography on silica gel (G 60) plates using CHC13:
MeOH (100:5). The ultraviolet spectrum of ulkaloid “C"
showed absorption maxima at 233, 2980 and 340 n.m. and minima
at 285 and 292.5 n.m. The absorptions were characteristic
for a tetrahydroprotoberberine system. An accurate mans
measurement of the molecular ion afforded 1= 351.1110

(C 05N requires 351.1106). The nuclear magnetic resonance

2017
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spectrum of alkaloid 'C"in CDCl, showed two singlets at

6§ 3.96 and & 4.02 indicating the presence of two OCH3
groups. A peak at § 6.2 is assigned to the methyl-
enedioxy protons. Tﬁe protons of C-11 and C-12 gave two
doublets at & 7.35 and § 7.32 respectively (J = 7,3Hz).

A one-proton singlet at § 7.23 is assigned to C-13. The
two-protons adjacent to the nitrogen resonated as a triplet
at 4 4.30 (t, H-6, J=6.0Hz), while another triplet at

§ 2.90 is assigned to H-5, (J=6,0Hz). The mass spectrum
showed the molecular ion at m/e = 351 (M+, 55%) and
other major peaks were at 336 (62%), 322 (61%), 292 (30%) and
168 (13%). Alkaloid "C" was identified s oxyberberine
(75) on the basis of the above spectroscopy data. The
structure was confimmed by direct chromatographic and

spectroscopic comparisons with an authentic sample.

iii) lsolation and Structure of Taxilamine {(76)

In continuation of our work on the isolation
and structure elucidation of minor alkaloids of B.aristata,
a new pseudobenzylisoquinoline alkalold named as "taxila-

mine" (76) has been isolated.
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Taxilamine (alkaloid "D") obtained as des-
cribed above from the petroleum ether — ethylacetate
fraction (Fﬁ) was further purified by repeated preparative
thin layer chromatography. The substance afforded maxima
at 238 n.m. and 299 n.m. with a shoulder at 330 n.m.,
and a minimum at 255 n.m. in its ultraviolet spectrum.

On addition of alkali (aqueous sodium hydroxide) a batho-
chromic shift occurred and bands were observed at 237,

292, 328 and 380 n.m. The nuclear magnetic resonance

(360 MHz,FT) in CDCl3 (recorded by Prof .Maurice Shamma

at Pennsylvania State Univer:ity) showed the H-3 and H-4
protons in (76) as a doublet of doublets at § 8.46 and

§ 7.66 (Jvic=5.5Hz); H-5' and H-6' as another doub-
let of doublets at ¢ 6G.44 and ¢ 7.28 (Jvic=9.1Hz); two
singlets of H-5 and H-8 were found to be present at § 7.15
and § 7.40 respectively. Four singlets at § 3.92, & 3.96,
§ 3.97 and 6 4.06 confirmed the presence of four methoxvl
groups in the molecule. The nuclear magnetic resonance
spectrum resembled +ihe spectrum of rugosinone (71). Accu-
rate mass measurement on MY of taxilamine afforded the

molecular formula C O.N, showing molecular ion mje =

H
2071978
3692.1213 while other fragments were present at mfe = 354
(14%), 352 (15%), 326 (14%), 310 (B8 %), 295 (33%), 188 (57%),

181 (13%), 149 (75%), 86 (50%), S84 (74%) and 49 (100%).
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axyberberine (75) laxilamine (76)

berberine (80) palmutine (46)
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The m/e = 181 and 188 fragments may arise by cleavage of
C-1 to C-a bond (&cheme 30)., On the basis of these spectral

data structure (7G) is assigned to taxilamine.

"Taxilamine'"(76) is probably formed in nature
through oxidative rearrangement of palmatine (46) to poly-
carpine (70)., Hydrolytic N-deformylation followed by
further oxidation would then afford "taxilamine™ (76)

{Scheme 31),.

iv) lsolation and Structure of Bisbenzylisogquinoline Alkaloids

A part from the protoberberine and pseudobenzyl-
isogquinoline alkaloids described above, dimeric bisbenzyl-
isoquinoline alkaloids have also been isolated from rasaut
namely oxyacathine, berbamine and aromoline. These belong

to a group containing two diphenyl ether linkages.

The tertiary alkaloidal fraction (Fl) was chro-
matographed on a neutral aluminium oxide column. Elution
was carried out with petrcleum-ether foilowed by increasingly
polar mixtures of petroleum-ether and ethylacetate, ethylace-
tate, ethylacetate-methanol and finally with methanol. The
ethylacetate fraction (FBl) afforded a mixture of alkaloids
{E) and (F). The ethylacetate and methanol fraction (FBQ)

afforded yet another alkalsid (G).



CH Om
Q\OCH:3

OCH; m/e = 181

CH o:©:>

m/e = 188

(76y  OCHj

Scheme-30



palmatine (46)

=53

o

i) N-deformylation
i} oxidation

cnaof\ l
CH 07y

taxilanine (76)
Scheme-31
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The alkaloid (E) was further purified by
separation on precoated t.l.c. sheets of neutral aluminium
oxide (type E) in acetone:methanol (85:15). Alkaloid (E)
melted at 212°C. The ultraviolet spectrum showed the ab-
sorption maxima at 206 and 282 n.m. with a shoulder at
238 n.m. and minima at 265 n.m. The positions of absorp-
tions coincide with those observed for bishenzylisoquino-
line alkaloids. An accurate mass measurcment of the mole-
cular ion afforded M =608.2874 in agreement with the for-
mula C37H4006N2. The proton magnetic rescnance spectrum
{60 MHz) of alkaloid (E) in CDCl3 gave two sharp singlets
at 6 2.55 and § 2.60 integrating for three protons each of
which were assigned to the two N-methyl groups. Three
sharp singlets at § 3.15, § 3.65 and § 3.75 were present
which were assigned to the three OCH3 groups. The mass
spectrum gave the molecular ion peak at m/e = 608 (M+,
50%) while other peaks were observed at GO7 (30%),

501 (20%), 417 (17%), 416 (10%), 396 (60%), 393 (20%),
381 (30%), 335 (20%), 198 (++, 100%)& 192 (40%). On the
basis of these spectral data, the alkaloid (E)}) was iden-

tified as oxyacanthine (79).
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Alkaleid (F) was purified frwun fraction (FBl)

by separation on precoated t.l.c. sheets of neutral alumi-
nium oxide type (E) in acelone: methanol (85:15). It mel-
ted at 15400. The ultraviol=t spectrum of the alkaloid (F)
showed absorption maxima at U84 n.m. and minima at 252 n.m.,
characteristic of bisbenzylisoquinclinc alkaloids. An
accurate mass measurement on the molecular ion afforded T
0

608.2877 in agreement with the formula C The

37140%2 -
proton magnetic resonance spectrum (60 !iz) of alkaloid (F)
in CDCl3 exhibited two singlets at § 2.24 and § 2.58 indi-
cating the presence of two N-methyl groups. Three sinplets
at 6 3.20, 5 3.60 and s 3.73 indicated the presence of
three OCH3 groups. The mass spectrum ol the substance gave
the molecular ion peak at m/e = GO8 (M+, 79%)while other
peaks were observed at G607 (50%), 485 (2%), 417 (7%),

395 (68%), 381 (34%)& 198 (++, 100%). On the basis of

these spectral data the substance was identified as berba-

mine (77).

The fraction (FB2) was further purified on a
basi¢ aluminium oxide column. The column was eluted with
ethylacetate and ethylacetate-methanol. The ethylacecate-~
methanol eluates gave the pure alkaloid (G) on evaporation,

m.p. 174°C. The ultraviolet spectrum showed maxima at



2083:285 n.m.,shouider at 228 n.m.,and minimum &t 263 n.m.
These values were simi’ar to those observed for other bis-
benzylisoquinoline nlkaleids. 4n accurate mass measure-
ment on the molecular ion afforded M'= 594.2738 in agree-
ment with formula C_,_H,_ C_.N The proton magnetic resonance

3673876 2°

spectrum (60 MHz) of alkalrad (G) in CDCl, gave two singlets

3
at § 2.54 and § 2,56 showing the presence of two N-methyl
groups. Two singlets at § 3.56 and § 3.76 indicated the

' presance of two OCII3 groups. The mass spectrum of alka-
loid (G) gave the molecular ion peak at m/e = 594 (M , 100%)
and other peaks were observed at 593 (53%), 382 (46%),

381 (85%), 368 (8%), 367 (40%), 364 (8%), 297 (3%), 192 (17%),

191 (75%), 174 (17%), 168 /14%). On the basis of these
spectral data, the alkaloid (G) was ildentified to be aro-

moline (78).
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- EXPERIMENTAL GENERAL NOTES

Mass gpectra were recorded on VG Micro mass-MM12
mass spectrometer and Varian MAT 1l12-5 mass spectro-
meter coupled to the spectrosystem 188 camputer. High
resolution mass spectra were recorded on Varian MAT 312
mass spectrometer. Infrared spectra were recorded on
Pye Unicam SP-200G or a Jasco IRA~I sapectrophotameter.
Nuclear magnetic resonance sgpectra were recorded on
Jeol JMM-PMX 60, Jeol FT100 MHz, Bruker FT240 MHz or
FT400 MHz MMR spectrameters.

GLC wag performed on a glass column (190x0.150 m)
packed with 3% of OV-225 on gas chrom Q (100-120 mesh)
GC/MS was performed at an ionization potential of 70 ew
Column chramatography was generally carried out using

silica gel~60 F {70-230 or 120-230 mesh) and alumi-

254
nium oxide {90, neutral).
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2.3 EXPERIMENTAL

i) Extraction of Root Bark Extract of Berberis arigtata('Rasaut!)

lumps of "rasaut' (concentrated root bark ex-
tract of Berberis aristata, 3 Kg) were crushed and soa-
ked in hot ethyl alcohol (10 litre). The extract was
drawn after every fifteen days. After three extractions,
the extracts were concentrated in a cyclone evaporator
under reduced pressure, *he temperature being maintained
between 50-55°C. A dark brown coloured semisolid was ob-
tained which was acidified with 20% acetic acid (1 litre)
to pH-2. The solution was then extracled exhaustivel:r
with chloroform (5 1litre). The acidic agqueous extract
was basified with 20% ammonium hydroxide solution to pH-9
and extracted with chloroform (7 litre) to obtain the ter-
tiary bases. The chloroform layer was separated, dried
{anhydrous Na2804,40g) and evaporated to a brown residue.
The alkaloidal fraction (Fl, 12g) were chromatpgraphed
on a neutral aluminium oxide column (4!10g) to isolate

the tertiary bases

ii) tsolation of"Karachine'(73)

The alkaloidal fraction (Fl, 12g) was chromato-

graphed on a neutral aluminium oxide column (410g). The
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column was packed in petroleum-ether. Elution was car-

ried out with petroleum-ether (2 litre) followed by in-
creasingly polar mixtures of petroleum ether-chloroform

(3 litre), chloroform (1 litre), chloroform-methanol (2
litre), and finally with pure methanol (1 litre). The
fractions eluted with petroleum ether-chloroform afforded

an o0ily mass which was further purified on a silica gel
column (25.0g).Flution was carried out with petroleum-

ether (2 litre) followed by increasingly polar mixtures of
petroleum ether-chloroform (500 ml) and ultimately with

pure chloroform. A new alkaloid, named “"karachine! (8 mg)
was isolated from the petroleum ether-chloroform eluates.
The alkaloid was further purified by repeated crystallisa-
tion in ethylacetate m.p. 146—1480C, optically inactive.
Exact mass of the molecular ion was recorded at M+= 433 .1881
in agreement with the molecular formula C_,.H 05N (requires

26727
433.1889).

U.V.Spectrum (EtOH): Amax285 and 226 (sh) n.m. (log = 3.82
and 3.90).

2
Amin25511Jn. (log € 2.12)

1

I.R.Spectrum (CHClS):vmax1710 cm (C=0 stretching) .



1H-N.MfR.(CD013, 360 Mz, ¥'.T.): (Recorded by Prof.'aurice

Shamma, Pennsylvania State University):

' 1
6 0.82 (3U, s, CrCHy),

= =10
6 1.11 (q, H,, J,,=1.8Hz, J  =12.GHz),
= r =192
§ 2,08 (q, Hy, J, =4.0Hz, J, =12.6Hz),
§ 2.46 (d, 2H, J =14.0Hz, Cy)
gem
§ 2.48 (d, 2H, J_=14.04z, Cy
gem
§ 2.70 (d, 2H, Jgem=14.3 Hz  Ce)

§ 2.72 (d, 2H, J 14,34z, Ce)

gem

2 ‘ = =
§ 4.12 (q, Hg Jxa 1.8Hz, J_,=4.01z).

b
Mass Spectrum: m/e = 433 (M', 73%), 418 /19%), 390 (23%),
375 (4%), 336 (100%). 321 (27%), 292 (16%), 278 (21%),

263 (3%), 189 (21%) and 174 (3%9).

Dihydrokarachine (74): Dihydrokarachine (74)
was prepared by Prof.Maurice Shamma's group by reduction

of karachine in methanol with sodium borchydride.

L-N.M.R. (CDCl,, 360 MHz, FT):

§ 0.73 (34, s, CgCHy),

5 0.96 (q, Iy, J_ =1.8Hz, J  =12.6Hz),

a,b

§ 1.60- § 2.30 (complex multiplets C-y and C-¢

protons coupled to the C-§ proton),
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Mass Spectrum: m/e = 435 (M', 21%), 420 (G6%), 1290 (4%),

336 (100%), 321 (15%), 292 (8%), 278 (9%), 263 (1%),

189 (16%) and 174 (27).

iii) Extraction of Minor Alkalo.ds from Root Bark Extract of
B.artstata(''Rasaut'")

Rasaut (2 Kg) was percolated with 10% acetic
acid at room temperature for ten hours. The resulting
extract was filtered and basified with 207 ammonium hydro-
xide to pH-10. It was extracted with chloroform (20 litre)
to obtain the tertiary bases. The chloroform layer was se-
parated, dried (anhydrous_NO2SO4,?0g) and concentrated,
in a cyclone evaporator under reduced pressure, the tempera-
ture being maintained between 50-55°C. A dark brown co-
loured semisolid tertiary alkaloidal residue was obtained.
The alkaloidal fraction (Fz, 8g) was chromatographed on a
neutral aluminium oxide column to isolate the minor ter-

tiary bases,

iv) Isolation of Oxyberberine and Taxilamine

The tertiary alkaloidal fraction (Fz,Sg) was
chromatographed on a netural aluminium oxide column
(280 g) which was packed in petroleum-ether. Elution was

carried out with petroleum-ether (2 litre) followed by
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petroleum ether-ethylacetate (2 litre), cthylacetate

(2 litre), ethylacetate-methanol (2 litre) and ultimately
with pure methanol (1 litre). The fraction (FP) eluted
with petroleum ethzar-ethylacetate gave on evaporation a
light yellow coloured mixture of two alkaloids (C) and
(D). The alkaloids (C) and (D) were further purified by
repeated thin layer chromatography on precoated thian layer
chromatography sheets of silica gel (G 60) in ethylace-

tate and petroleum ether (80:20),

The alkaloid “C) wvas identified as a oxyberberine,.
The alkaloid (D) was identifled as a new alkaloid and named
as "taxilamine''. Oxyberberine was purificd by preparative

t.1.c. in CHCl3 : MeOH (100:5) system.

Oxyberberine (75): Exact mass of the molecular

ion was recorded at M'=351.1110 C, 4, .O.N (requires 351.1106).

U.V.8pectrum (EtOH): Amax233, 290 and 340 n.m. (log e 4.71,

401, and 4.46)

A

min285 and 292.5 (log e 3.90 and 3.94).
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pE

1

H-N.M.R.(CDCl 360 Mllz T.T.):

3)
§ 2.90 (t, H-5, J=6.0Hz),

§ 4.30 (t, H-6, H=6.0Hz),
5§ 3.96 (3H, s, OCH,),
s 4.02 (3H, s, OCH,),
§ 6.73 (s, H-4),
§ 6.72 (s, H-1),
§ 7.32 (d, U-12, J=7.3Hz),
§ 7.35 (d, H-11, J=7.3 Hz).
§ 7.23 (s, H-13).
Mass Spectrum: m/e = 351(M,55%), 336(62%) 322 (61%),

292 (30%), 168 (13%

"Faxilamine'(76): Exact mass of the molecular
+
ion was recorded at M =3698.1213 in agreemecnt with the mo-

lecular formula C20H1906N {requires 364.1212),

U.V.Spectrum (MeOll): Amax238, 299 and 330 (sh) n.m.
{log « 4.48, 4.02 and 3.85).

A . 255 n.m.
min

MeOH OH . 237, 202, 328 (sh) and 380 n.m.

(log e 4.53, 3.97, 3.80 and 3.77).
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1H-N.H.R.(CDC13, 360 MHz F,T.): (Recorded by Prof.M.

Shamma, Pennsylvania State University)

§ 7.15 (s, 4-5),

6§ 7.40 (s, H-8),

6 8.46 (d, H-3, J_, =5.5Hz),
5 7.66 (d, li-4, J=5,LHz),

§ 6.44 (d, 1-5 | 3, =9 1Hz),
§ 7.28 (d, H-6 J_. -3 1Hz),

§ 3.92 (34, s, OCH,),

5 3.96 (34, s, OCH,),

§ 3.97 (34, s, OCH,),

§ 4.06 (3H, s, OCH,).

Mass Spectrum: m/e = 369 (M', 31%), 354 (14%), 352 (15%

1l

326 (14%), 310 (68%), 296 (33%), 188 (577), 181 (13%),

149 (75%), 86 (50%), 84 (74%) and 49 (100%),

v) Isolation of Bisbenzyliscquinolines Alkaloids

The alkaloidal fraction (F1,12g) was chromato-
graphed on a neutral aluminium oxide colwnin (410g). The
column was packed in petroleum-ether. Elution was carried
out with petroleum-ether (2 litre) followed by increasing-

ly polar mixtures of petroleum ether-ethylacetate (3 litre),
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ethylacetaté (2 litre), ethylacetate-methanol (2 litre)

and ultimately with pure methanol (1 litre)}. The fractions
eluted with ethylacetate was designated as (FBl) and that
eluted with ethylacetate-methanol was designated as (FBZ).
The fraction (FBl) on 2vaporation gave a light yellow col-
oured mixture of two alkalcids (E) and (7) which were sepa-
rated on preccated thin layer chromatography sheets of
neutral aluminium oxide (type Z) in acetone and metha-
nol(85:15). Alkaloid (E) wa:s identified as oxyacanthine and

alkaloid (F) was identified as berbamine.

Oxyacanthine (79): m.p. 211-212°C. Exact
mass of the molecular ion was recorded al M+=608.2874 in

agreement with the molecular formula C HdOOGNZ (requires

37

608.2880),

U.V.Spectrum (MeOH): imaxggg gsg)(lgzizg.gé)(log £ 3.45,3.92)
min ' ' s

I.R.Spectrum (CHCl,): A _ 3435 em™ (OH, stretching)

2801 cm”t (N-Cli,,y stretching)

H-N.M.R, (CDClS, GOMHZ ) :

5 2,55 (34, s, NCHY,

§ 2.60 (34, s, NCIL,),
5 3.15 (34, s, OCHy),
§ 3.65 (3H, s, OCl,),
& 3.75 (3H, s, ocgs). )
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Mass Spectrum: m/e = 608 (M', 50%), 607 (30%), 501 (20%),
417 (17%), 416 (10%), 396 (60%), 393 (20%), 381 (30%),

335 (20%), 198 (++, 100%), 192 (40%).

Berbamine (77): m.p. 154-155°C. Exact mass
of the molecular ion was recorded at M+=608.2877 in agree-

ment with the molecular formula C requires 608 2880).

3714006, (
U.V.8pectrum (MeOH): Amax284 n.m. (log ¢ 3.79).

A,;n262 n.m. (log ¢ 2.3)

I.R.Spectrum (CHClz):v 3440 cm™' (OH, stretching),

2808 cm ™t (N~-CHl,,, stretching),

3

lH-N.M.R. (CDCl., 6OMHz):

3!
§ 2.24 (3H, s, N-CHj),
6§ 2.58 (3H, s, N-CH,),

§ 3.20 (3H, 4

[ OCES ) ]
§ 3.60 (3i, s, OCH,),

§°3.73 (3H, s. OCH,).

Mass Spectrum m/e = 608 (M', 79%), 607 (50%), 485 (2%),

417 (7%), 395 (68%), 381 (34%), 198 (++, 100%).
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Aromoline (78): m.p. 174°C. The fraction
(FB2, 1.5¢g) afforded impure aromoline. Aromoline was fur-
ther purified on a basic aluminium oxide column (60g). The
column was eluted with ethylaretate and ethylacetate-methanol.
The fraction eluted with ethylacetate-methanol gave aromo-
lineocnevaporation. Exact mass of the molecular ion was
recerded at M+=594.2738 in agreement with molecular for-

mula C Q N2 {requires 0594,2742),

36"38%
U.V.Spectrum (MeOH): Amax208, 228 (sh), 285 n.m (log ¢ 4.94,
4,69, 3.95),

: 9
Amin263 n.m. (log ¢ 2.1)

I.R.Spectrum (CHCL):y 3440 cm™’ (OH, stretching)

1

2808 cm~ (N-CH,, stretching)

1

H-N.M.R. (CDC1 60 MHz):

3 ?

§ 2.54 (3H, s, NCH,),

§ 2.56 (3H, s, NCH,),
i

§ 3.56 (3H, s, OCLS)’

§ 3.76 (3H, s, OCH;).
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TABLE - VII

13C—N.M.R. CHEMICAL SHIFT VALUES OF PROSAPOGENIN “PR"

T T N L e N e e s S E T e m e e e e

Carbon Chemical Carbon Chemical
Shift{s) (ppn} Shift(s)[pgw
C(1) 38.5 C({16) 23.1
Cc(2) 26.0 C(17) 47.2
C(3) 82.0 C(18) 41.5
C(4) 42 4 C(19) 46.1
C(5) 48 .4 C(20) 30.5
C(6) 1t.5 C(21) 33.7
C(7) 32.4 C(22) 32.5
C(8) 39.9 C(23) 66.1
C(9) 47 .6 C(24) 13.5
C(10) °7.1 C(2oy 15.9
C(11) 23.5 C(26) 17.2
c(12) 122.2 C(27) 26.0
C(13) 143.5 c(28) 176 .0
C(14) 41.9 C(29) 33.0
C(15) 28.1 C(30) 23.8
Glc c(l) 105.40
c(2) 75.3
c{3) 78 .4
Ccl4) 71.6
c(s) 75.6
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