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Abstract—The incorporation of ( + ), N-norprotosinomenine, N-nor-orientaline, N-nor-reticuline, norlaudanosoline,
protosinomenine, and N-{2-(3-hydroxy-4-methoxyphenyl)ethyi}-2(4-hydroxyphenyl) ethylamine into coccuvine has

been studied, and the s

pecific utilisation of the (*)-norprotosinomenine demonstrated. A double labelling

experiment with ( +)-{1°H,4"-methoxy-'4C}-N-norprotosinomenine showed that the 4'-0-Me group of the precursor
is retained in the bioconversion and the erythrinan ring system is not formed by addition of secondary amino
tunction onto an ortho-quinone system. Feeding of (= ){1-°H, 7-methoxy-"“Clnorprotosinomenine established that
O-demethylation is the terminal step in the biosynthesis of coccuvine. Feeding of labelled abnormal Erythrina
alkaloids revealed that isococculidine is converted into coccoline via coccuvinine and isococculine into coccolinine

Abnormal Erythrina alkaloids cocculidine'? (2), coc-
culine' (1), isococculidine? (5), isococculine® (6), coc-
cuvinine* (9), coccuvine® (18), coccoline®> (7), coc-
colinine® (8) and cocculitine’ (4) have been isolated from
the leaves of Cocculus laurifolius DC (Menispermaceac).
The early stages of the biosynthesis of cocculidine® (2),
cocculine® (1) and isococculidine® (5) have been studied.
It has been demonstrated that cocculidine (2) and coc-
culine (1) and isococculidine (5) in C. laurifolius are
stereospecifically biosynthesised from (+)-(S)-nor-
protosinomenine (3). We have examined the late stages
of biosynthesis of abnormal Erythrina alkaloids. The
results of these studies and also of tracer experiments
which define the biosynthesis of coccuvine (10) are now
presented.

(L)-Tyrosine (Experiment 1; Table 1) was initially fed
to young cut branches of C. laurifolius DC and it was
found that the plants were actively biosynthesising the
alkaloids of interest. Parallel feedings of (+)-N-nor-
laudanosoline (11; Exp 2), norprotosinomenine (12; Exp
3), N-nor-recticuline (13; Exp 4), N-nor-orientaline (14;
Exp ), protosinomenine (15; Exp 6) and N-[2(3-
hydroxy-4-methoxyphenyl) ethyl}-2-(4-hydroxyphenyl)-
ethylamine (16; Exp 7) demonstrated that only 11
and 12 are efficiently incorporated (Table 1) into coccu-
vine (10) in C. laurifolius plants. Feeding of (+)-{1-*H,
7-methoxy-'“C] norprotosinomenine (12; Exp 8) gave
coccuvine (10) labelled essentially with tritium. The
results demonstrated that the OMe group at position 7 in
norprotosinomenine (12) is demethylated in the biocon-
version of 12 into 10. Feeding of (+)-{1-°’H,4"-methoxy-
1CIN-norprotosinomenine (12; Exp 9) gave coccuvine
(10) labelled with *“C and >H. The “C:*H ratio in the
precursor was 32:1 and in the biosynthetic coccuvine
30:1. Cleavage of the OMe group of 10 by the Ziezel
method afforded radio active methyl iodide trapped as
trimethylammonium iodide which had essentially the
same molar activity as that of 10. The results thus
established intact incorporation of 12 into 10 and
demonstrated that the OMe group at position 7 and the H
atom at the asymmetric centre C, in norprotosinomenine
are retained in the bioconversion of 12 into 10.

Paralle] feedings with (+)-N-norprotosinomenine (3;
Exp 11) and (-)}-N-norprotosinomenine (Exp 10) demon-
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strated that the stereospecificity is maintained in the
bioconversion of norprotosinomenine (3) into coccuvine
(10). The former was incorporated into 10 about 83 times
more efficiently than the latter.



Fig. 1.

The bio-interconversions of isococculidine (5), coc-
culidine (2), and cocculine (1) have been studied carlier
in C. laurifolius? 2 is O-demethylated to give cocculine
(1). The plants also convert isococculidine (5) into coc-
culidine (2) with very high efficiency.

In the present study (Table 2) labelled isococculidine
(5; Exp 2) coccuvinine (9; Exp 6) and cocculine (7; Exp
4) were fed to young cut branches of C, laurifolius and it
was found that 8, 9 and 7 were efficiently incorporated
into isococculine (6), coccuvine (16) and coccolinine (8)
respectively. When labelled isococculine (6; Exp 3),
coccuvine (10; Exp 7) and coccolinine (8; Exp 5) were
fed to the plants, these were very poorly metabolised to
formnsococcuhdme(S),ooccuvmme(’)andcocctﬂme(‘f)
respectively. These results, thus established that 5, 9 and
7 are O-demethylated in the plants to give isococculine
(6), coccuvine (10) and coccolinine (8) respectively.

Coccuvinine () and coccuvine (16) have a conjugated
diene system (C,_- and C,-,) whereas isococculidine (5)
andcoccuhdme(Z)lnveanlsolateddoublebondman
erythrinan ring system at C,.; and C,_, respectively.
Paralle! feedings of labelled isococculidine (8; Exp 2) and
cocculidine (2; Exp 1) demonstrated that 5 was incor-

D. S. BRAKUNI and S. JAN

porated with high efficiency into 9 and 10. The incor:
poration of 2 into 9 and 10 was relatively very pooi
(Table 2). Coccoline (7) and coccolinine (8) both have s
CO function at Cs conjugated with the diene system
(Ca3, Ci7). Parallel feedings of labelled coccuvine (10,
Exp 6) revealed that 10 and 9 were efficiently incor-
porated into coccolinine (8) and coccoline (7) respec-
tively. When labelled coccoline (7; Exp 4) and coc-
colinine (8; Exp 5) were fed to the plants, these were not
metabolised to form coccuvinine (9) and coccuvine (10;
Table 2). The results thus established that in C. lauri-
folius coccoline (7) and coccolinine (8) are formed by
oxidation of coccuvinine (9) and coccuvine (10) respec
tively.

Poor incorporation of labelled cocculidine (2; Exp 1)
into cocculitine (4) in the plants showed that 4 is nol
formed by hydroxylation of 2.

The late stages of biosynthetic pathways of abnormal
Erythrina alkaloids in C. laurifolius, confirmed by trace:
experiments are shown in Fig. 1.

EXPERIMENTAL

For general directions (spectroscopy details and counting
method) see Ref. 8.

Synthesis of precursors. The racemic 12, 11," 14,2 13, 14
and 16’ were prepared by known procedures.

Resolution. (:)-OO-Dibenzyl-N-not-protomomenme
resolved by (+)- and (- )-dibenzoyltartaric acids! to give (+)
and (- )-00-dibenzyl-N-norprotosinomenines respectively.

(-)-N-Nommlomomdu. (+)-00-Dibenzyl-N-norproto
sinomenine (150 mg) in MeOH (Sml) was heated at 100° for
1hr with 12 N HCI (3ml) to give (-)-N-norprotosinomenine
hy%blmﬂe(wnu) ; [alp-18.2°(c, 1.6 in EtOH) (it.”* ~18°, ¢, 1.7
in EtOH).

(+)-N-Norpmtomoma|m (3). (—)00-Dibenzyl-N-nor-
protosinomenine (130 mg) was I:ydmgenolysed with 12 N HCl
(3 ml) to give (+)- 3 hydrochloride, [alp +17.2° (¢, 1.6 in EtOH)
(tit." 16°, ¢, 1.7 in EtOH).

Labelling of precursors

Tritiation. (+)- 14 (125 mg) in tritiated water (0.5 ml), activity
80 mCi) containing t-BuOK (200 mg) was heated under N, (sealed
tube) for 110 br at 100°. The resulting mixture was diluted with
water, ammonium chloride was added (pH) and the liberated
base was extracted with CHCl, (4x10ml). The extract was
washed with water and solvent removed. The crude product, sc
obtained, was passed through a column of alumina, Elution with
CHCl;-MeOH (96:4) gave the tritiated base which was treated
with ethereal HC to give (£ )-[3' 8-°H,] 14. (£ M2/, 8-*H, 13 way

similarly prepared.
{Aryl"HIN-2(3-hydroxy-4-methoxyphenylyethyl}-2-4'-hydroxy-

phenyl)ethylamine (16). SOCL, (0.1ml) was added to tri

tiated water (0.5 ml, activity 80 mCi). To this was added 1(

Table 1. Tracer experiments on C. laurifolius

Incorporation
Expt. Precursor fed % into (16)
L. @WHU-*CITyrosine 0.11
2 (£ )-[1-*H]Noriaudanosotine (11) 0.20
3. (xH1-HIN-Norprotosinomenine (12) 038
4. (+H?2'.6' 8-*H,]N-Nor-reticuline (13) 0.004
L (£ )H3',8°H,IN-Nor-orientaline (14) 0.002
6. (tHAmyl- i nine (15) 0.005
7. [Aryl’HIN{2-(3-hydroxy-4-methoxyphenyl)ethyl}-
-2-(4’-hydmxypheny|)ethyhnnne (16) 0.003
8. (M1, 7-OCH,-*CIN-Norprotosinomenine (12) 0.35
9. (:)-[l-’H #-OCHr"C}N-Nor-plotounomem 12 042
10. (— HRH{ Aryl-*HIN-Norprotosinomenine 0,007
1. (+)SHAn- ’H]N-Norpmtotmomenim 3 0.66
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Table 2. Tracer experiment on C. lawrifolius

Incorporation (%) into alkaloids
Expt. Alkaloid fed (£)] ® Y] ® ® e
LA ¢ . ¢t LA ¢
1:28 1:30 1:27
1. Cocculidine (2) —_ _ — -— 0.14 0.16
L ] f * * - f L ] 1
1:32 1:30 1:33
2. Isococcmidine {8 — — 4.10 337 425 387
t * st
l 26 1:28
3 Isococculine (6) 0.02 — 0005 356 007 420
4 Cocculine (7) 0.005  0.006 - 6.5 — —
5 Coccolinine (8) £.006 0005 0.06 — —_ —
* ? t * *®
1:29 1:28
6. Coccuvinine(9) — 4.2 480 320 — —
* 1 * *
1:28
7 Coccuvine (10) 0005 0004 0074 55 — —
*HC activity.
+H activity.
¢ $4C:%H matio

(120 mg) and the resulting mixture was heated under N, (sealed
tube) at 100° for 100 hr. Water was added to the resulting mixture
and basified with NaHCO,aq. The liberated base was extracted
with CHCl,, washed with water, dried (N8,SO,) and the solvent
removed. The residue was dissolved in EtOH and treated with
ethereal HCl to give ( + }{aryl-*H] 16 hydrochloride (70 mg) m.p.
184-185° (lit.* 184-185%).

(£ HAryl-*H]Protosinomenine, (+)- and (- ){aryl-’HIN-nor-
protosmomenmu were prepared by acid catalysed tritiation as

(+)~{1~’H] 12, (+){1-°H] 11 were prepared by | reduction of the
corresponding dihydroisoquinoline derivatives in dry dimethyl
'ormamide with dride.

f sodium-{*H]borohy:
(::HL’H] 12, and {+){1-°*H] 12 were prepared by reduction
the corresponding dihydroisoquinoline derivatives in dry
d:methyl formamide with sodium[*H]borohydride.

(2 H7-OCH;-“CIN-Nor-protosinomenine and (+){4-OCH,-
“CIN-norprotosinomenine were prepared by complete syn-
theses, (+)-{l-’H 7-OCH;-"C]N-norprotosinomenine was pre-
pared by mnung {(£)H{7-OCH-"“C]N-norprotosinomenine and (1)
-N-nor{1-’Hlprotosinomenine. (+M1-H, 4-0CHy-“CIN-Nor-
protosinomenine was prepared by mixing (£ )-{4-OCH;-*CIN-
norprotosinomenine and { + )-{1-*H}-N-norprotosinomenine.

[4-OCH;-“C)coccoline (1) and [4-0(2H,-"C]coccolinin¢ @)
-[7-OCH;-“C] 12 hydrochloride dissolved in water (1 ml) con-
taining tartaric acid (12 mg) was fed to young cut branches of C.
{aurifolius, After 8 days the plants were worked up and radioac-
tive [4-OCH;-"C] 7 and [4-OCH;-'C] 8 were isolated by dilution
technique. [4-OCH,-'C, 8-°H] 8, [4-OCH;-C, 8-*H] ¢, [4OCH;-
WC,8°H] 9 and 140CH,-C, 8-’H] 18 were prepared by feeding
{2 H1-°H, 4-OCH;-"C} 12 and [15-OCH;-*C,8-*H] 2 was pre-
pared by feeding (+)4{1-°H, 7-0CH;-'“C] 12 to young cut bran-
ches of C. laurifolius.

Feeding  experiments.  For feedmg purposes,  nor-
protomomenme. norreticuline and protosmomenme were dis-
solved in water (I ml) containing tartaric acid (15mg). Nor-
orientaline, nordaudanosoline, N-{2-(3-hydroxy-4-methoxy-
phenylethyl]-2-(4"-hydroxyphenyl)ethylamine, compounds 2, §, 6,
9, 10, 7 and 8 were dissolved in dimethyl sulphoxide (0.2 ml) and
water (1 ml). Freshly cut young branches of C. laurifolius plants
were dipped into the solns of the precursors. When up-take was
complete water was added for washing the precursor. The plants
were then dipped into water, left for 7 to 8 days and worked up for
the alkaloids of interest,

Isolation and purification
Isococculidine (). Young branches and leaves (120g wet wi)

of C. laurifolius plants were macerated in EtOH (250 ml) with
inactive isococculidine (110 mg) and left for 18 hr, The EtOH was
then decanted and the plant material was percolated with EtOH
(4x200). The combined ethanolic extract was concentrated in
vacuo to afford a greenish viscous residue which was extracted
with 5% HCI (4 X 15 ml). The acidic extract was defatted with
petroleum cther (4 15mi) and basified (pH 10) with Na,CO,.
The liberated bases were extracted with CHCl, (5x20ml),
washed with water, dried and solvent removed. The crude bases
(115 mg), so obtained, were purified on neutral alumina column
and then subjected to preparative tic (plates: silica; solvent:
CHCly: EtOH, 97:3). The desired band was cut and ehuated with
CHCly: MeOH (90: 10) to give § (80 mg) m.p. 94-95° (lit? 95-96%).
The radio chemical purity of the biosynthetic isococculidine was
checked by dilution method.

Coccuvinine (9). Young cut branches of C. laurifolius plants
(130 g wet wt) were macerated in EtOH (250 ml) with 9 (90 mg).
The plant material was worked-up as above to give crude bases
(85 mg) which were subjected to tic (plates: silica gel; solvent:
CHCl;: MeOH, 96:4) to give 9 (60 mg) m.p. 102-103° (lit* 103~
104°).

Coccuvine (16). Young cut branches of C. laurifolins plants
(110g wt, wet) were macerated in EtOH (250 ml) with inactive 10
(85 mg) and worked up as above to give crude bases (80 mg)
which were chromatographed on preparanvethmhyenilmpl
plates (solvent: CHCl;: MeOH, 94:6) to give 18 (60 mg) m.p.
217-218° (it® 216-217°). The base was crystallized from benzene-
petroleum ether to constant activity,

Coccoline (7). Young cut branches of C. laxrifolins plants
(143 g, wt. wet) were macerated in EtOH (300 ml) with inactive 7
(Q’ng)andworkednpasabovetomvecnﬁehammw
which were purified by prepamnve tic (plates: silica; solvent:
CHCl,: MeOH, 98:2) to give coccoline (63 mg) m.p. 246-247'([1!’
2A5-246).

Coccolinine (). Young cut branches of C. lawrifolius plants
(127, wt. wet) were macerated with inactive 8 (93 mg) in EtOH
(&d}aﬁwoﬁdtmaabovemmemmmw
which were subjected to preparative tic (plates: silica gel;
solvent: CHCl;: MeOH, 96:4) to give 8 (58 mg) m.p. 173-174° (tir®
174-175°) crystallised from benzene:hexane to constant activity.

Cocculitine (4). Young cut branches of C. lourifolius plants
(132g wt. wet) were macerated with inactive 4 (93 mg) in EtOH
(mm!).mephntnmcxialmwodedupinthenmlmm
to give the crude bases (100 mg), which were subjected to tic
(plates: silica; solvent: CHCl,: MeOH, 96:4) to give 4 (0 mg)
m.p. 142-143° (ht’ 142-143%), crystallised from EtOAc: petroleum
ether to constant activity.
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Isococculine (6). Young cut branches of C._laurifolius plants
(145 g wt. wet) were macerated with inactive 6 (80 mg) in EtOH
(250 ml). The plant material was worked up as above to give the
crude bases (89 mg) which were subjected to preparative tlc
(plates: silica; solvent: CHCl;: MeOH, 94:6), to give 6 (48 mg)
m.p. 183-185° (lit® 182-184°).
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