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Abstract. The mcorporation of ( 2 )-norlaudanosoline. norprotosinomenine, nororientaline, 
norlaudamdine. reticuline and laudanosine into tctrahydropalmatine and palmatine has been studied, and 
specllic utilization of reticulinc demonstrated. Feeding of ( k)-[N-methyl-‘4C] reticuline showed that C 
atom 8 of tetrahydropalmatmc and palmatine are formed by oxidative cyclisation of the N-Me group of 
reticuline. Parallel experiments with (R)-. and (S)-, reticulines demonstrated specific incorporation of(R)- 
isomer into these bases. Feedinn exocriments also revealed that the plants can convert tetrahydropalmatine - . 
Into palmatine with high efticlcncy. 

Tetrahydropalmatine (18) and palmatine (20) are 
representatives of protoberberine alkaloids.’ ’ These 
bases occur in nature either as tetrahydroprotober- 
berines or quaternary protoberbcrine salts. Tetra- 
hydroprotoberberines arc important intermediates in 
the biosynthesis of a large number of l-benzyl- 
tetrahydroisoquinolinc derived alkaloids.’ Recent 
tracer experiments have shown that tetrahydropro- 
toberberberine alkaloids give rise in nature to 
benzophcnanthridine, spirobenzylisoquinoline, pro- 
topine. phthalidcisoquinoline, rhocadine and retro- 
protoberberine alkaloids. 

A biogenetic connection between the 
benzylisoquinoline and berberine group of alkaloids4 
recognised quite early has been firmly confirmed by 
tracer experiments.’ ’ It has been demonstrated that 
the C atom 8 of berberine group of alkaloids is derived 
from the N-Me group of I-benzyl-isoquinoline 
precursors.“- ’ 2 Negligible incorporation of reticuline 
into tetrahydropalmatinc m Papurer somnijerum’” is 
recorded. 

According to classical theory’l tetrahydropalma- 
tine’& (18) and palmatine” (20) can be formed in 
nature from I-benzyltetrahydroisoquinoline pre- 
cursors by condensation with one carbon unit. The 
current view.“-‘” however, suggests that the C atom 8 
of thcsc alkaloids can be derived from N-.Me group of 
1-benzyltetrahydroisoquinoline precursors. Tetra- 
hydropalmatinc (18) and palmatine (IO) can thus be 
formed from these precursors by alternate biosynthetic 
pathways as follows: 

( + )-Rcticulinc (1) can oxidise to lminium salt 6 
which can cyclise to form tetrahydroprotoberberine 
nucleus of scoularine (10) type. Tetrahydropalmatinc 
(18) can then form by 0-methylation via columbamine 
(11) or schetlerine (12). Dehydrogenation of 18 can 
finally yield palmatine (20). In the second possibility 
protosinomenine (2) can oxidise to iminium salt 7 
which can cyclise to give tetrahydroprotoberberine 
system of aequaline (14) type. Compound 18 can form 
from 14 by 0-methylation via schefferme (12) or 
corypalminc (13). In the third possibility orientaline 
(3) can oxidisc to iminium salt 19 which can cyclise to 
form the dlenone 9. Dienone-phenol rearrangement as 
shown in 9 can then afford tetrahydroprotobcrberine 

nucleus of stepholidine (15) type. Compound 18 can 
then form from 15 by 0-methylation via columbamine 
(11) or cycemanine (17). 

Tetrahydropalmatine (18) and palmatine (19) can 
also form m plants from laudanidine (4) via 8 and 12 
and from laudanosine (5). N-Nor bases of these l- 
benzyltetrahydroisoquinoline precursors can also 
serve as precursors of 18 and 20. 

(1. )-Tyrosine (experiment I) was initially fed to 

young cut branches of Coccu1u.s laurijblius 
(Menispermaceae) and to young plants of Cissampelos 
parieru (Menispermaceae) and it was found that the 
plants in both cases were biosynthesising tetrahydro- 
palmatine (18) and palmatine (20). Incorporation of 
tyrosine into protoberberine alkaloids was. however, 
slightly higher in C. laurifolius. In subsequent 
experiments labelled hypothetical precursors were, 
therefore, fed to young cut branches of C. laurijblius 
plants. The results of several feedings are recorded in 
the Table 1. 

Feeding ( + )-tyrosine in parallel with ( +)-, 
nororintaline (25: experiment 7), norprotosinomenine 
(24: cxperimcnt 6). and nor-laudanidine (26: 
experiment 8) revealed that these l-benzyltetra- 
hydroisoquinoline derivatives are very poorly 
metabolised by the plants. Feeding with (i-)-, 
norlaudanosoline (24: experiment 9) and rcticuline 
(23: experiment 3) showed that 24 and 23 are efficient 
precursors of tetrahydropalmatine (18) and palmatine 
(20). The completely methylated I-benzyltetra- 
hydroisoquinoline, (rf: )-laudanosine (27; experiment 
1 I) was not incorporated. 

Biosynthetic tetrahydropalmatine (18) derived from 
( + j- [3-l‘%] reticuline (23, experiment 2) was treated 
with methyl iodide to give tetrahydropalmatine 
methiodide (28) which had essentially the same radio- 
activity as the parent base. Compound 28 was 
converted into its methohydroxide (29) by IR-410 
anion exchange resin. Hofmann degradation of 29 
gave the methine 30 with essentially no loss of radio- 
activity. Ozonolysis of 30 gave radio-active 
formaldehyde (dimedone derivative, 98 ‘1’0 of original 
activity). 

Biosynthetic palmatine (20) derived from ( k )- [3- 
‘“Cl reticulinc (23: experiment 2) was reduced with 
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Table 1. Tracer experiments on C. luurijolius 

Incorporation( %) into 
alkaloids 

Exp1. Precursor (W (20) 

t 
2 

3 ( i )- [2’,6’.8-JH,] Reticuline (23) 
4 ( + I- [2’.6’,8-‘H,S] Rcticuline 

; 
7 
8 
9 

IO 
II 
12 
13 
14 
15 
16 

(L)-[U-‘JC] Tyrosine 
[2-Y] Dopamine 

methiodide (21) 
( k )- [N-methyl-“Cl Reticuline (23) 
( + )- [Aryl-ZH ] Norprotosinomeninc (24) 
( k )- [Aryl-‘H] Nororientaline (25) 
( f )- [2’.6’.JH,] Norlaudanidine (26) 
( + )- 11 -‘H ] Norlaudanosoline (22) 
( 2 )-[l-‘H, 4’-methoxy-‘*Cl Reticuline (23) 
( + )- [2’.6’,8-JH, ] Laudanosine (27) 
( + )-[2’,6’,8--‘H,] Reticuline (1) 
( .- )- [2’.6’,8-‘H,] Reticuline 
( ,)-[3-1JC] Nor-reticuhne 
[6-‘JC] Palmatme (20) 
(- )-f6-‘4C] Tetrahydropa~matine (18) 

0.028, 0.013 t 0.032, 0.018t 
0.018:: 0.02: 
0.18 0.20 
0.34 0.48 
0.00376 0.006 

0.90 
0.00147 
0.0026 
0.0033 
0.24 
0.80 
0.0045 
1.22 
0.0126 
0.72 
0.00% 

0.82 
0.0026 
0.0032 
0.0042 
0.32 

- 
0.0052 
1.26 
0.02 
0.70 

- 
7.52 

tFecdmg in ~lssu~~e~u.~ parieru 
ZFeeding in Srephaniu &bru. 

i: R=Rs=Me;Rt=Rz=H 
2: R, = RJ = Me; R = R, = H 
3: R = R&&Y; R, = Rf = H 
4: R, = R, = RS = Me; F&H 
5: R = R, = Rp = Ra = Me 

6: R=&=Me;R,=H 
7: R, = R, = Me; R = H 
8: R = R, = RJ = Me 

IO: R=R=Me;R,=R,=H 
11: R=Rt=Rs=Me;R1=t-i 
12: R = R, = RJ = Me; Ra = H 
$3: R,=Rz=RzMe:R=H 
$4: R,=Rs=Me;R=&=ti 
15: R = Rz = Me; R, = RJ = H 
16: R = R, = R? = Me; R, = H 
17: R = R, = Ra = Me; k = H 
18: R = R, = R* = R3 = Me 

Me0 0 
no \ I X8 

NZ$l 
“\Z ’ CH2 

% 

/c OMe 

\I 
‘E 
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28: x=1 
2% X=OH 

I 

22: R = R, = R2 = R) = FL = H 
23: R=R~=R,=M~:R,=R,=H 
24: R = R1 = f$ = H; R, = R. = Me 
25: R=Ra=Me;R,=Rz=R.=H 
26: Ra=Rz=H;R=R,=R.=hb 
27; R=R,=R2=R,=R,=hk 

Me0 

MI0 

Sn/HCI to give DL-tetrahydropalmatine which had 
essentially the same radio-activity as the parent base. It 
was then subjected to Hofmann degradation as above 
to give the corresponding methine which on ozonolysis 
afforded radio-active formaldehyde (dimedone 
derivative, 97% of the original activity). The results 
thus established specific incorporation of reticuline 
(23) into tetrabydropalmatine (IS) and palmatine (20) 
in C. luwifolias. Reticuhne (23) is incorporated intact 
into 18 was shown by double labelling experiment as 
follows: 

( &)- [f -‘H, 4’-methoxy-‘?Z J Reticuiine (23: 
experiment IO} was fed to young cut branches of C. 
fuurfoiius plants and biosynthetic tetrahydropalma- 
tine (18) was isolated. The ratios of 14C?H in the 
precursor was 1:38 and in the biosynthetic base 1:37. 

The C atoms 8 in tetrahydropaimatine (18f and 
paimatine (20) are formed by oxidative cyclisation of 
N-Me group of reticuline and shown as follows: ( + )- 
[N-methyl-*4C] Reticuline (23: experiment 5) was fed 
to young cut branches of C. Iaurijblius plants and 
biosynthetic 18 and 20 were isolated. Biosynthetic 
palmatine (20) was treated with phenylmagnesium 
bromide to give 8-phenyldihydropalmatine (31). 

Chromic acid oxidation of 31 in the usual way 
(Kuhn-~0th~ gave radio-active hcnzotc acid (102 I’;, 
original activity. 

Biosynthetic tetrahydropalmatinc (18)derived from 
( -+ )- [N-methyl-‘4C] reticuline feeding was dehy- 
drogenated to give radio-active palmatine (20) which 
was degraded as above to give radio active benzoic 
acid (98 ‘::, original activity). 

The foregoing experiments established that 
reticuline (23) is a specific precursor of tctra- 
hydropalmatine (18) and palmatine (20) in C. 
laurijdius. The precursors used, however, were racemic 
It would be expected that in the biot~nsformation 
only one of the two optical isomers should act as a 
direct substrate. Parallel feedings with ( + )-reticulrne 
(1) and ( - )-reticuhne demonstrated that stereo- 
specificity is maintained in the bioconversion of l- 
~nzyftetrahydroisoquinoline precursors into letra- 
hydropalmatine (18) and palmatine (20). (+)- 
Reticuline (1) was incorporated about 70 times 
more efficiently than the f - )-cnantromer. 

Feeding of labellcd tetrahydr~paimatine (18; 
experiment 15) and palmatine (20: experiment 14) 
showed that 18 was very clficicntly incorporated into 
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