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The structure and stereochemistry of biologically active alkaloids isolated from Croton sparsifiorus, Cocculus laurifolius, C.
pendulus, Corydalis meifolia and Stephania glabra were established. Biosynthetic studies were carried out on proaporphine
and dihydroproaporph.ne alkaloids, crotsparine and crotsparinine, and abnormal aporphine alkaloid sparsifiorine; abnor-
mal Erythrina alkaloid isococculidine; morphinan-dienone alkaloid sebiferine; quaternary aporphine bases magnoflorine and
laurifoline; bisbenzylisoquinoline alkaloids, pendulin, cocsulinin, (x)-hayatin, (S,R)-hayatidin, (R,R)-isochondrodendrine and
(R,R)-bebeerine; biphenylbisbenzylisoquinoline alkaloids tiliacorine, tiliacorinine and tiliageine; aporphine-1-benzylisoquinoline
alkaloid thalicarpine; aporphine alkaloid glaucine; and Ipecac-S-carboline alkaloid tubulosine. Synthesis of (+)-ophicarpinone,
crotsparine, sparsiflorine, tetrahydroprotoberberine alkaloids, () scoulerine, (x)-tetrahydropalmatine and their bromo de-
rivatives and biogenetic type synthesis of phenanthroindolizidine alkaloid, tylophorine, seco-phenanthroindolizidine alkaloid,

septicin, antofine and alkaloid C, are presented.

The chemical investigation of plants has been a favourite
area of research in India for several decades. Several distin-
guished chemists in India have worked on plants. Their con-
tributions to the chemistry of natural products have been
recognized nationally and internationally. However, most
of the work on plants has been of an academic natural with
little attempt at biological evaluation of compounds iso-
lated.

At Central Drug Research Institute, Lucknow, we had
excellent fascilities for biological evaluation. Some years
ago, my group at the Institute initiated a programme to study
the alkaloidal constituents of the plants which either had a
reputation in folklore medicine or the extract of which
showed consistent biological activity when evaluated. De-
tailed chemical investigation of only those plants were un-
dertaken in which the biological activity was concentrated
in the alkaloidal fraction of the alcoholic extract in the fol-
low-up studies.

A search for hypotensive agent(s) in the active alkaloi-
dal fraction of the alcoholic extract of the leaves and stems
of Croton sparsiflorus, a weed that grows in the plains of
India, led to the isolation of proaporphine alkaloids
crotsparine (1), N-methylcrotsparine (2), N,O-dimethyl-
crotsparine (3), dihydroproaporphine alkaloids crotsparinine
(4) and N-methylcrotsparinine (5) and the known aporphine
alkaloid sparsiflorine (6). The structure and stereochemis-
try of these alkaloids were assigned1 (Scheme 1).

Crotsparine, N-methylcrotsparine and N-methylcrots-
parinine are hypotensive agents. N-Methylcrotsparinine pro-

ol

6 1,Rz=Hu
8 ,R=Hm

Scheme 1. Alkalowds of Croton sparsiflorus

duces a sharp but short lived fall in blood pressure which
could be antagonized by atropine to a large extent suggest-
ing, thus, a cholinergic mechanism of action. N-Methyl-
sparsiflorine methodide is a potent neuromuscular blocking
agent. At 5-10 mg/kg (i.v.) dose in cats it produces 100%
blockage of neuromuscular transmission for 30—60 min.
Glaziovine, an enantiomer of (S)-N-methylcrotsparine, is a
potent tranquilizer devoid of depressent effects.

Crotsparine (1) and crotsparinine (4) had opposite con-
figuration at C-6a while sparsiflorine (6) and crotsparine
(1) had the same configuration at the corresponding asym-
metric centre. If crotsparine is the biological precursor of
crotsparinine, a change in configuration should occur at
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position C-6a of the proaporphine during the course of
biotransformation Alternately crotsparine (1) and
crotsparinine (4) could be biosynthesized in plants by inde-
pendent routes. Tracer experiments conducted by us in Cro-
ton sparsiflorus confirmed that the latter route is followed
in the biosynthesis of these enantiomeric alkaloids?.

It is interesting to mention that proaporphine alkaloids
such as crotsparine (1) were hypothetical intermediates in
the biogenetic scheme proposed by Barton?. It is gratifying
that after several years, crotonosine, the first member of this
hypothetical group, was isolated from Croton linearis* and
a number of other bases by us from C sparsiflorus!. Today
there are more than 40 members in this group and most of
them exhibit biological activities.

Cocculus laurifolius DC (Menispermaceae), an ever-
green shrub, grows in tropical and subtropical regions of
the world. A 50% ethanolic extract of the leaves of the plant
when subjected to a broad biological screening by us at
C.D.R.I, Lucknow, hypotensive and neuromuscular block-
ing activities were observed. In the follow-up studies, these
activities were concentrated in the alkaloidal mixture of the
alcoholic extract. A thorough investigation of the active al-
kaloidal fraction by us led to the isolation of ten new abnor-
mal Erythrina alkaloids. Prominent of these are cocculidine
(9) and isococculidine (10), and three new dibenz[d f]-
azonines laurifonine (11), laurifine (12) and laurifinine (13).
In addition to these new bases, known morphinan-dienone
alkaloid sebiferine (14); two proaporphines stephanine (15)
and N-methylstephanine; five quaternary aporphines
magnoflorine (16), laurifoline chlorides, isocorydine, O-
methylisocorydine and boldine, methochlorides and 1-
benzylisoquinolines, coclaurine, N-methylcoclaurine,
reticuline and laudanidine and aporphine base, boldine. The
structures of the new bases were determined and stereochem-
istry assigned- (Scheme 2).

Isococculidine (9), the major alkaloid of the leaves of C
laurifolius, displayed neuromuscular blocking and
hypotensive activities. Cocculidine (10) and cocculine ex-
hibited hypotensive activity. This activity was found due to
ganglionic blocking action. The quaternary aporphines, O-
methylisocorydine, isocorydine, boldine methochlorides,
exhibited d-tubocurarine-like cuvarising action on sciatic
skeletal muscles. These quaternary bases also induced
hypotensive effects in dogs, cats and rabbits. This activity
was found due to ganglionic blocking action on various sym-
pathetic and parasympathetic ganglia.

We then turned our attention towards the biosynthetic
studies of these biologically active alkaloids. Tracer experi-
ments with plausible precursors showed that (%)-
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Scheme 2. Alkaloids of Cocculus laurifolius

norprotosinomenine is an efficient precursor of the abnor-
mal Erythrina alkaloid isococculidine (9). Parallel experi-
ments with (+)- and (-)-norprotosinomenines showed that
bioconversion of 1-benzylisoquinoline precursor is ste-
reospecific, and isococculidine (9) in C laurifolius is
biosynthesized from (+)-norprotosinomenine’. Tracer experi-
ments were then conducted on dibenz[d,f]azonine alkaloid
laurifinine (13) and the following sequence was established :
tyrosine — norlaudanosoline — (S)-N-norprotosinomenine
- laurifinine (13)8.

A synthesis of laurifonine (11) from 4,4’-5-trimethoxy-
2,2’-bisphenylaldehyde was achieved®.

The absolute configuration of morphinan-dienone alka-
loid sebiferine (17) isolated by us from C laurifolius was
not known. It was then determined as follows. Tritium la-
beled (£)-, (+)-, and (-)-reticuline were synthesized and then
separately oxidized with potassium ferricyanide in a two-
phase system. The product, so obtained, in each case was
treated with diazomethane to give O-Me derivatives.
Sebiferine (17) from the mixture was isolated by dilution
technique. Sebiferrine (17) was obtained only from (+)- and
(9)-(R)-reticulines. The absolute configuration of sebiferine
(17) is therefore, that of (=)-(R)-reticuline (18)!9.

Sebiferine (17) could be biosynthesized in C laurifolius
from suitably substituted 1-benzyltetrahydroisoquinoline
precursors through alternative biosynthetic routes. Feeding
experiments demonstrated that (£)-reticuline is an efficient
precursor of sebiferine (17). The precursor used, however,
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was racemic. The enzyme system which carries out the oxi-
dative coupling step would be expected to be steroespecific,
and only one of the enantiomers of reticuline should nor-
mally act as a direct substrate. Parallel feeding of (-)-
reticuline (18) and (+)-reticuline (20) demonstrated that (+)-
reticuline (20) was incorporated almost as efficiently as the
(-)-enantiomer (18). The evidence established the presence
of a highly active oxidation-reduction system in C.
laurifolius, as had been observed in poppy!!. Sobiferine
(17) was isolated in (—)-form from the bark of Nemuaron
virillardii'? and in (+)-form and (=)-form from the roots of
Rhigiocarya racemosa'3-14. The occurrence of the racemic
form in the plant was most probably due to the presence of
an active oxidation-reduction system.

The foregoing results strongly support the following se-
quence for the biosynthesis of sebiferine (17) in C.
laurifoliu:;]5 : nor-reticuline — (+)-reticuline (20) &
didehydroreticuline (19) <> (-)-reticuline (18) — sebiferine
(17) (Scheme 3).

Scheme 3. Absolute configuration and biosynthesis of sebiferine (7).

Tracer experiments conducted by us in C. laurifolius
supported the following sequence for the biosynthesis of
magnoflorine (21) and laurifoline (22) : tyrosine —
norlaudanosoline — (S)-reticuline (18) — magnoflorine (21)
and laurifoline!® (22) (Scheme 4).

Search for hypotensive and anticancer principles in the
alkaloidal fraction of the 50% alcoholic extracts of the leaves
and stems of Cocculus pendulus Diels, a shrub which grows
in the dry parts of North and Western India, resulted in the
isolation of five bisbenzylisoquinoline alkaloids, namely,
pendulin, cocsulin, cocsolin, pendulinin and pendin. The
structure and stereochemistry of these new bases were as-
signed!”. Of the isolated bases pendulin (23) showed

Scheme 4. Magnoflorine (21), laurifoline (22), pendulin (23) and
cocsulinin (24).

hypotensive activity and cocsulinin (24) was found active
against cells derived from human carcinoma of the nasophar-
ynx (9 KB).

Tracer experiments conducted by us strongly supported
the following sequence for the biosynthesis of cocsulinin
(24) in C. laurifolins'® : norcoclaurine —> coclaurine —
(+)-(S)-N-methylcoclaurine — dimerization — (+)-(S,S)-O-
methylcocsulinin — (+)-(§,5)-cocsulinin.

(+)-Ophiocarpinone (25), a minor alkaloid isolated from
the stems and leaves of C. pendulus, was assigned by us the
structure and stereochemistry as shown in 25. A synthesis
of (+)-ophiocarpinone from berberine was also achieved!?.

(-)-Sinactine and (+)-sinactine had been isolated from
several plant species. (+)-Sinactine (26), however, was iso-
lated by us for the first time from Corydalis meifolia Wall.
We determined its absolute configuration by biosynthetic
approach. Feeding of (+)-[1-3H, 3-1*C]nor-reticuline and
degradation of biosynthetic sinactine established that the
regiospecificity is maintained in the bioconversion of 1-
benzyltetrahydroisoquinoline precursor into the tetrahydro-
protoberberine alkaloid. Further, feeding of doubly labeled
precursor demonstrated that the H-atom at the asymmetric
center in reticuline is retained in the bioconversion into
sinactine. Parallel feedings of (R)- (18) and (S)-reticulines
and chemical conversion of (+)-sinactine (26) into (R)-
tetrahydropalmatine established that (+)-sinactine (26)
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had R-configuration at the asymmetric center C-134%
(Scheme 5).

2_1'. R=Hll»
28,R =He=
29;,R=H N

Scheme 5. Ophiocarpinone (25), (+)-sinactine (26), (-)-tetrahydro-
palmatine (27), (+)-tetrahydropalmatine (28), didehydro-
reticuline.

Tetrahydropalmatine is a representative of tetrahydro-
protoberberine alkaloids which are important biosynthetic
intermediates in the formation of a large number of 1-
benzyltetrahydroisoquinoline derived alkaloids. The occur-
rence of the base in Nature in both the enantiomeric and
racemic forms was of interest. We had studied this aspect
and demonstrated that (--)-(S)-tetrahydropalmatine (27) is
stereospecifically biosynthesized from (+)-(S)-reticuline21 .
Further, it was shown that (+)-(R)-tetrahydropalmatine (28)
was stereospecifically biosynthesized from (-)-(R)-reticuline.
Feeding of [1->H, 4’-methoxy-'C]reticuline suggested that
reticuline was not converted in the plant into didehydro-
reticuline (30) and racemisation of optically active forms of
tetrahydropalmatine does not take place via dehydrotetra-

hydropalmatine?2.

Corydalis meifolia Wall. (Papaveraceae), a perennial
herb, grows at an altitude of 12000-15000 in the Hima-
layan region!. The extract of the plant is used by the natives
in the treatment of various ailments. Thorough investiga-
tion of the alkaloidal fraction of the alcoholic extract of the
plant by us resulted in the isolation of known tetrahydro-
protoberberines, (+)-sinactine, stylopine, cheilanthifoline,
(+)-cavidine, apocavidine, and dehydrocavidine; spiroben-
zylisoquinolines, yenhusomine and yenhusomidine;
phthalideisoquinoline, corlumine; benzophenanthridine,
dihydrosanguinarine and protopine.

(+)-Cavidine (31), protopine, corlumine (32), yenhuso-
mine (33) and dehydrocavidine exhibited spasmolytic
activity. Tracer experiments conducted by us showed that
(+)-cavidine (31), corlumine (32) and yenhusomine (33) are
stereospecifically biosynthesized from (R)-(-)-reticuline
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(34)2 (Scheme 6).

Stephania glabra (Roxb.) Miers, a glabrous climber in-
digenous to the Lower Himalayas of India, has long been
used by the natives in the treatment of various ailments.
The plant has been extensively investigated for its alkaloi-
dal constituents. The alkaloids isolated from the rhizome,

Scheme 6. Alkaloids of Corydalis meifolia Wall.

leaves and stems of the plant are tetrahydroprotoberberines,
stepholidine (35), corydalmine (36), capaurine (37) and
corynoxidine (38); the quaternary protoberberines palmatine
(39), dehydrocorydalmine; jatrorrhizine and stepharanine;
bisbenzylisoquinolines, cycleanine (40), N-desmethyl-
cycleanine (41) and the proaporphine alkaloids pronuciferine
(42) and stepharine (43) (Scheme 7).

Tracer experiments conducted by us showed that 35, 36,
38 and 39 are stereospecifically biosynthesized from (S)-
reticuline, whereas 40, 41, 42 and 43 were derived from N-
methylcoclaurine in young S. glabra plants. The quaternary
protoberberine alkaloids such as 39 were formed in the plants
by dehydrogenation of the corresponding tetrahydropro-
toberberine alkaloids24.

Glaucine (46), the antithrombotic, anti-inflammatory and
analgesic principle of several plant species, had been iso-
lated both in (+)- and (-)-forms. (-)-Glaucine (46) has been
isolated from Corydalis tubers. Glaucine could be formed
in Nature from 1-benzyltetrahydroisoquinoline precursors,
such as reticuline, protosinomenine and orientaline by al-
ternative biosynthetic routes. We conducted tracer experi-
ments using labeled reticuline, protosinomenine, orientaline,
laudanosine, isoboldine, boldine, thaliporphine and
dicentrine in young Litsea glutinosa var. glabraria plants.
The results provided evidence that (S)-reticuline (44) is con-
verted by oxidative coupling into (S)-isoboldine (45). Se-
lective O-methylation of 45 gives (S)-thaliporphine (47) and
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Scheme 7. Alkaloids of Stephama glabra
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Scheme 8. Biosynthesis of glaucme 46)

finally O-methylation of 47 furnishes (S)-glaucine (46)%
(Scheme 8). ’

Cissampelos pariera Linn., a perennial shrub found in
the plains of India, was one of the earliest plants investi-
gated at C.D.R.L,, Lucknow?®. Its roots are used in heart
ailments, asthma, dysentery and intestinal tuberculosis. Wa-

ter-soluble fraction of the total alkaloidal mixture possessed
neuromuscular blocking activity?°. (+)-Hayatin was isolated
from this active fraction. Its methiodide showed neuromus-
cular blocking activity comparable to that of d-tubocurarine
chloride?8. However, it could not be developed as drug be-
cause it produced a transient but at times steep fall in blood
pressure in clinical trials.

Several other biologically active alkaloids, such as (S,S)-
4"”-O-methylbebeerine, (S,R)-hayatidin, (R,R)-bebeerine,
(R,R)-isochondrodendrine, (R,R)-cycleanine, (dl)-hayatin,
(dD)-hayatinin, cissamparein, insularine and sepeerine had
been isolated from the plant. We studied the biosynthesis of
some of these alkaloids. Trace experiments showed that
(S,R)-hayatidin (48) is stereospecifically biosynthesized in
young C pareira Linn. plants by intermolecular oxidative
coupling of (S)- and (R)-N-methylcoclaurines, whereas
(R,R)-isochondrodendrine (50) and (R,R)-bebeerine (51) are
formed in the plants by oxidative dimerization of (R)-N-
methylcoclaurine?? (Scheme 9).
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Scheme 9. Alkaloids of Cissampelps pareira

Tumor inhibitory base, thalicarpine (56) which also ex-
hibited hypotensive activity, is a representative of aporphine-
1-benzylisoquinoline alkaloids. Biogenetically thalicarpine
is unique. It is one of the rare dimeric alkaloids which can
derive in Nature from two reticuline units. We studied the
biosynthesis of thalicarpine and demonstrated specific in-
corporation of (x)-reticuline into thalicarpine (56) in
Cocculus laurifolius. The precursor used, however, was ra-
cemic. The enzyme system involved in the relevant biotrans-
formation would be expected to be stereospecific. Parallel
feeding with (R)- and (S)-reticuline (44) showed that the
configuration at C-1 is maintained in the oxidative dimeri-
zation of reticuline into 52 and in subsequent transforma-
tion into thalicarpine (56). (S)-Reticuline (44) was incor-
porated about 100 times more efficiently than (R)-reticuline
into thalicarpine (56). A double-labeling experiment with
&)-[1-3H, 4’-0—14CH3]norreticuline showed that the me-
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thy! function of 4’-OMe of a norreticuline unit is lost in the
biotransformation into thalicarpine. Feeding experiments
also revealed that the plants can take up (S)-boldine (55)
and (S)-isoboldine (45) to form thalicurpine (56). The re-
sults thus strongly support the following sequence for the
biosynthesis of thalicarpine in C laurifolius® : norreticuline
—> (8)-reticuline (44) — (dimerization) — (selective O-
demethylation) — thalicarpine (56) (Scheme 10).

Scheme 10. Biosynthesis of thalicarpine (56)

Cocsulinin, the anticancer agent isolated by us from the
leaves and stems of Cocculus pendulus'? was assigned the
structure and stereochemistry as shown in 58. We then stud-
ied its biosynthesis. Intermolecular oxidative coupling of
two N-methylcoclaurine (57) units could generate first the
ether 'bridge’ between benzylic portion of the base. Further
intermolecular oxidative coupling could then form the two
ether 'bridges' in the benzylic half of the base

Tracer experiments demonstrated specific utilization of
the (+)-N-methylcoclaurine to form cocsulinin (58). Experi-
ments with (+)-N-[ "*C]methyl[ 1-3H]coclaurine showed that
the hydrogen atom at asymmetric centre in the precursor
was retained in the bioconversion into 58. Parallel feedings
of labeled (+)-(S)- and (-)-(R)-N-methylcoclaurines revealed
that the configuration at C-1 is maintained in the biosynthe-
sis of cocsulinin (58) from the 1-benzylisoquinoline pre-
cursor. A double labeling experiment with (x)-N-methyl[ 1-
3H, 6-0-methyl-'*C]coclaurine showed that the methy! func-
tion of 6-O-Me of an N-methylcoclaurine unit was lost in
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the biotransformation into 58. Incorporation of (+)-(S.5)-
O-methylcocsulinin (59) into 58 established that de-O-me-
thylation is the terminal step in the biosynthesis of cocsulinin
(58)%! (Scheme 11).

CC
OH

MeN

60

Scheme 11. Biosynthesis of tilacorine + tiacorinine and cocsulinine

Govindachari et al 32 isolated two biphenylbis-
benzylisoquinoline alkaloids, namely, tiliacorinine and
tiliacorine from Tiliacora racemosa and assigned their struc-
tures. However, the absolute configuration of both the bases
at the asymmetric centre remained undefined because the
benzylic halves of these bases were linked through a direct
carbon-to-carbon bond, rather than through the common
diaryl ether bridge and due to this, sodium ammonia cleav-
age method was not applicable. Using (R)- and (S)-N-
methylcoclaurines in tracer experiments we established that
tiliacorine (60) had the (S)- and (R)-configurations at the
asymmetric centres C-1 and C-1’, respectively, and
tiliacorinine had the (S,S)-configuration at both the asym-
metric centres33. Tiliacorine (60) and tiliacorinine had a 1,4-
dioxin bridge in the isoquinoline portions. Double-labeling
experiments conducted by us with (£)-N-methyl[1-3H, 6-
O-methyl-4C]coclaurine showed that the O-methyl func-
tion from one of the N-methylcoclaurine units was lost in
the formation of 1,4-dioxin bridge probably as formalde-
hyde or its equivalent34.

Isomeric bases nortiliacorinine A and B had been iso-
lated from Tiliacora species. The position of N-Me func-
tion and absolute configuration at the asymmetric centres in
these bases remained undefined. Using tracer experiments
we established the structure and absolute configuration of
these bases.
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Tracer experiments conducted by us established that
tiliageine (62) from Tiliacora dinklagei had S- and R- con-
figurations at the asymmetric centers C and C,, respectively.
Further the experiments demonstrated that 62 is biosynthe-
sized in the plants from (R)-N-methylcoclaurine (57) and
(S)-N-methylcoclaurine (61)°¢ (Scheme 12).

Scheme 12. Tiliageine (62) and tubulosine (63).

Tubulosine (63), an amoebicidal agent, was first iso-
lated from the Argentinian plant Pogonopus tubulosus. Sub-
sequently, the base was isolated from the South Aftican plant
Cassinopsis ilicifolia and by Pakrashi et al 37 from
Alangium lamarckii.

- We studied the biosynthesis of tubulosine (63) in young
Alangium lamarckii. Tracer experiments demonstrated spe-
cific utilization of desacetylisoipecoside into 63. Parallel
experiment with didemethyldeoxytubulosine and deoxytubu-
losine provided evidence for the late stages of biosynthesis
of 63. Biosynthetic status of tubulosine (63) in 4. lamackii
is : tyrosine — dopamine + secologanin — desacetyliso-
ipecoside —> deoxytubulosine — tubulosine (63)*8.

Phenanthroindolizidine alkaloids tylophorine (66),
tylphorinine, tylophorinidine and tylocrebrine, and closely
related base cryptopleurine from Tylophora and Crypto-
carpa species were known for their wide range of biologi-
cal activities. 6,7-Diphenylhexahydroindolizidines such as
64 were seco-analogs of Tylophora alkaloids (Scheme 13).
We achieved the synthesis of some of these alkaloids.

6,7-Diphenyl-1,2,3,5,8, 8a-hexahydroindolizidines were
synthesized by two methods. In one, condensation of sub-
stituted 2-phenacylpyrrolidines with substituted phenylacetyl
chlorides afforded substituted 2-phenacyl-N-phenyl-
acetylpyrrolidines (yields 90-93%) which underwent cy-
clization with alkali to the corresponding lactams in 70—
80% yields. Reduction with LAH-AICI, gave the protected
6,7-diphenylhexahydroindolizidines in 65-72% yields.

Acid-catalyzed hydrogenolysis finally afforded the desired
phenolic bases®.

We developed a convenient synthesis of septicine (64)
by which 4C-label can be introduced at position-5 in the
indolizidine system*0. A biogenetic type synthesis of

OR3 OR
64; Ry =Rp=R3=Me 65;R=H
R = OMe 66, R=Me

Scheme 13. Synthesis of Tylophora alkaloids.

tylophorine (66) from 6,7-di(3-hydroxy-4-methoxyphenyl)-
6,7-dehydroindolizidine (64, R; =R, = Me, R;=H and R
= OH) was achieved*!. We also synthesized*? the
phenanthroindolizidine alkaloid-C and tetrahydroprotober-

berines, (x)-scoularine, (£)-coreximine and (z)-tetrahydro-
palmatine®3,

The studies carried out by us showed that the Indian
medicinal plants which either have a reputation in folklore
medicine or the extracts of plants which exhibit biological
activities are good source of biologically active alkaloids.

The biosynthetic studies of biologically active alkaloids are
fascinating and rewarding.
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