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Absbrd--The incorporation of ( 2 )_norcoclaurine, ( + J-coclaurine, ( + )-N-methylcoclaurine and dehydro-N- 
methykoclaurine into nortilicorinine A in 7Xacora racemosa colebr has been studied and specific utilisation of 
the (k )-coclaurine demonstrated. The evidence supports oxidative dimerization of two cockurine units to give 
nortiliicorinine A. Experiments with ( 2 j-N-methykoclaurine and ( f HI-‘H, N-%Hs]N-methykockurine 
established that only one N-methylcoclaurine unit is specifically utilised 10 constitute that “W of the base which 
had phenolic OH group in the benzylic portion and further demonstrated that the H atom at the asymmetric centre 
in the l-benzylisoquinoline precursor is retained in the bioconversion into nortiliacorinine A. Doubk labelling 
experiment with ( + )-(L3H, 6,0-“CHJN-methylcoclaurine showed that O-Me function of the precursor is lost in 
the biocoaversion into nortiliicorinine A. Parallel feedings of ( t j-(S)- and (- )-(R)-N-methylcoclaurines and 
(-)-(S)-. and (t )-(R)-cochines revealed that the stereo-spcci6city is maintamed in the biosynthesis of nor- 
tiliacorinine A from I-benzylisoquinoline precursors and established ‘S,S-co&uration at the hvo asymmetric centres 
innortiliacorinine A. _ _ 

Isomeric bases nortiliirinine A and nortiliacorinine 
B isolated from Tifiucoru species’-’ were assigned the 
structure (9 or 10, without stereochemistry). The position 
of N-Me group and stereochemistry at the two asym- 
metric centres in these bases were not defined. Both the 
bases, however, when treated separately with formalde- 
hyde-formic acid furnished the same N-Me derivative 
identical with tiliacorinine.’ The absolute configuration at 
the asymmetric centres in nortiliacorinine A type bases 
can not be determined by the usual sodium/liquid am- 
monia fission method’ because the lower rings of these 
biphenyl bisbenzylisoquinoline alkaloids are linked 
through a direct C-C bond, rather than through the much 
common diiryl ether bridge. This unusual structural fea- 
ture present in these alkaloids precludes facile chemical 
interrelationship between nortiliacorinine type bases and 
other bisbenzylisoquinolines of established structure and 
stereochemistry.6 

It has been shown by tracer experiments that the 
bisbenzylisoquinoline alkaloids epistephanine,’ cocsulin.8 
cocsuliine,9 tiliacorine,” tiliacorinine’” and tiliageine” 
are formed in nature from coclaurine derivatives. Nor- 
tiliacorinine A and nortiliacorinine B can similarly form 
in nature from coclaurine derivatives. Oxidative 
dimerization” of coclaurine (1) can give the dimeric base 
(5). Compound 5 can undergo intramolecular oxidative 
coupling to give 6. Elimination of the OMe group from 
the isoquinoline portion of 6, probably as formaldehyde 
or its equivalent, can then generate dibenzo-pdioxin 
system. Finally selective N-, and 0-, methylation can 
yield nortiliacorinine A and nortiliacorinine B. Alter- 
natively intermolecular oxidative coupling of coclaurine 
(1) and N-methylcoclaurine (2) can Rive the dimeric 
intermediate (4) which can modify as above to form 
nortiliacorinine A and nortiliacorinine B. In the third 
possibility N-methylcoclaurine (2) can undergo oxidative 
dimerization to give the dimeric intermediate. Inter- 
molecular oxidative coupling, selective Ndemethylation 
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and elimiition of OMe group from the isoquinoline par- 
tion as above can yield bases of nortiliacorinine A type. 

Initially labelkd tyrosine was fed to young Tiliacora 
racemosa colebr (menispermaceae) and it was found that 
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Table 1. Tracer exDeriment on ‘F. raccmosa 

m*. Reouracr ?rd 

1 (L)_[P”Cj Tyrogino 0.094 

0 (z)-[l-3E-j I@ aUFtio(13) 0.14 

3 (2)~[3’ r5’, P 8- Ii33 Coolauriae(l4) o.zO 

4 @-3’,5’, “3833 lLMnthylooolaUrinO(l5) 024 

5 (+p’*5’, s-~E~J MO-Trimothylooolaurino 0.0005 

6 0.15 

7 (+)- fi-‘H, ~osthJ1-“C~~~t~oool~~inr(l5) 
rF&tio(“& 1150) 

S (+[,-3H, 6:msthoqr-14Cl I?-wthylooolaurino( 15) 
ratio(“Cl3H 1824) 

9 

10 

11 

1e 

G)-(R)_&‘. S-la33 EUbthylooola~ino 

(*)-(8)-l3’,5’, 8-q IFMethYlooolauwlo(q 

(-)-(S)-[3v,5g, S-31132 Coolnurina(1) 

(+)_W+‘,5 t &‘E3J Cool aurino 

0.w 
(“W3H 1144) , 

o.OCC6 

0.30 

0.36 

0.0036 

nortiliacorinine A was being actively biosynthesised by 
the plants. In subsequent experiments labelled hypo- 
thetical l-benzyltetrahydroisoquinoline precursors were 
fed to young T. racemosa. The results of several feed- 
ings are recorded in the Table 1. Feeding of ( +_ )-nor- 
coclaurine (13, Expt 2), (+)-coclaurine (14, Expt. 3), 
(+)-N-methylcoclaurine (15, Expt. 4) demonstrated that 
13, 14 and 15 were metabolised by the plants to form 
nortiliacorinine A. The completely methylated I-benzyl- 
tetrahydroisoquinoline, ( ? )-NOO-tri-methylcoclaurine 
(Expt. 5), as expected, was not utilized by the plants to 
form nortiliacorinine A. 

Labelled nortiliacorinine A derived from ( 2 )-[3’,5’,8- 
‘H,] coclaurine (14, Expt. 3) was treated with formalde- 
hyde-formic acid to give tiliacorinine (8) which had 
essentially the same radioactivity as the parent base. 
Treatment of radioactive 8 with Mel in the presence of 
sodium methoxide furnished 0-methyltiliacorinine 
dimethiodide with essentially no loss of radioactivity. 
Oxidation of the radioactive dimethiodide with alkaline 
permanganate followed by methylation of the acids, thus 
formed, by diazomethane yielded 5,5’ - dicarbomethoxy - 
2,2’ - dimethoxydiphenyl (11) and 3,4,7,8 - tetracar- 
bomethoxy - I - methoxydibenzo - p - dioxin (12). The 
former had essentially 2/3 and the latter l/3 radioac- 
tivities of the parent base. The results, thus, established 
that both the “halves” of nortiliacorinine A were formed 
from coclaurine in T. racemosa plants. 

The specific incorporation of N-methylcoclaurine (15) 
into nortiliacorinine A was demonstrated as follows: 
biosynthetic nortiliacorinine A derived from ( 2 )-[3’,5’,8- 
‘H,] N-methylcoclaurine (Expt. 4) was treated with 
formaldehyde-formic acid to give tiliacorinine A (8) with 
essentially no loss of radioactivity. Treatment of 
radioactive 8 with Me1 gave tiliacorinine dimethiodide. 
Alkaline permanganate oxidation of the radioactive 
dimethiodide which destroyed the benzene ring contain- 
ing phenolic OH groups yielded the acids. Methylation of 
the acids with diazomethane afforded dimethyl 4- 
methoxyisophthalate (16) and 12. Compound 12 had 
essentially one half the radioactivity of the parent base 

whereas 16. was practically radioinactive. The results 
established that only one N-methylcoclaurine (15) unit 
was specifically utilised by the plants to form nor- 
tiliacorinine A. The results further demonstrated that the 
N-Me and phenolic OH groups were on the same “half” 
of the molecule. The structure of nortiliacorinine A 
should, therefore be, 9 (without stereochemistry) and 
that of nortiliacorinine B as 10 (without stereochemistry). 
The structure 9 for nortiliacorinine A was further 
confirmed by experiments with double labelled pre- 
cursors. Feeding of (+ I-[ l-3H, N-“CH,] N-methyl- 
coclaurine (15, Expt. 7) gave nortiliacorinine A labelled 
both with “C and ‘H. Moreover, the “C and ‘H ratios in 
the precursor and biosynthetic base were essentially 
unchanged. Obviously N-methylcoclaurine (15) was not 
being Ndemethylated to give coclaurine (14) to con- 
struct the other “half” of the molecule. 

Nortiliacorinine A had a dibenzo-p-dioxin system. 
According 10 the biogenetic proposals6*‘3 the OMe func- 
tion from the N-methylcoclaurine (15) unit should be 
eliminated during the biotransformation of the precursor 
into the product. Feeding of (2 )-[l-3H, 6-methoxy-“Cl 
N-methylcoclaurine (Expt. 8) yielded nortiliacorinine A 
labelled only with tritium. The results were thus in 
conformity with the biogenetic proposal. 

The foregoing experiments established the structure 9 
(without stereochemistry) for nortiliacorinine A. Nor- 
tiliacorinine A had two asymmetric centres. The 
configuration at these centres can be either “R,S” or 
“S,S” or “S,R” or “R.R”. Tracer experiments with 
(I-‘H, N-“CHJ N-methylcoclaurine (Expt. 8) revealed 
that the H atom at the asymmetric centre in l-benzyl- 
tetrahydroisoquinoline precursor was not touched in the 
biotransformation of the precursor into nortiliacorinine 
A. Parallel feedings with (+ )-(S)-N-methylcoclaurine (2, 
Expt. 10) and (-HR)-N-methylcoclaurine (Expt. 9) 
demonstrated that 2 was exclusively incorporated into 
nortiliacroinine A. Parallel feedings with f-)-(S)- 
coclaurine (1, Expt. 11) and (t )-(R)-coclaurine (Expt. 
12) confirmed that nortiliacorinine A was 
stereospecifically biosynthesised from (-)-(S)_ 
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0: R=R,=Me 
9: R = Me; R, = Ii 

10: R=H;R,=Me 
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13: R=R, =H 
14: R = Ii; R,Me 
15: R = RI = Me 

coclaurine (1). The results, thus, confirmed “S,s”- 
configuration at the asymmetric centres in 
nortiliacorinine A. 

Coclaurine (1) was stereospecifkally incorporated into 
nortiliacorinine A in T. rucemosa. The presence of 1 in 
the plants was established by trapping experiments. 
Coclaurine (1) was, thus, the true precursor of nor- 
tiliacorinine A (9) in T. rucemoso. The foregoing results 
strongly supported the following sequence for the 
biosynthesis of nortiliacorinine A in T. racemosa: 
Tyrosine --) norcoclaurine -P (S)-coclaurine-(dimeriza- 
tion) -P nortiliacorinine A. 

E-AL. 

For general directions (spectroscopy details and counting 
method) see Ref. 9. 

Synthesis of precursors. The racemates of norcoclaurine. 
compounds 14 and 15 were prepared by the known procedures. 

Resolution. The salt of ( 2 )-O,Odibenzylcoclaurine (I .75 g) 
and (+ )di-p-toluoyhartaric acid (1.45 g) was fractionally crys- 
tallized from EtOH-EtxO, EtOH and MeOH to give the salt 
(1Jg) m.p. 156-158”; [aID 86” (c, 1.0). This salt was treated with 
4N NaOH and the ( + )-O,Odibenzylcoclaurine, so obtained, was 
chromatographed over AlxOr. The pure product was crystallised 
from EtOH as plates m.p. 89#; [aJo + Is” (c, 0.5 in MeOH) and 
- 26” (c, 0.5 in CHCI,) (lit.” SW; [alo - 25” in CHCI,). 
( - )-(S)-Coclaurine hydrochloride. ( + )-0,ODibenzylcoclaurine 
was heated with 30% HCI in EtOH at loo” for I hr. The resulting 
(- )_coclourine HCI crystallised from EtOH as needles, m.p. 
166-W. After drying at loo” in uacuo had m.p. 262-263”; [a]n 
- IS” (c, 1.2 MeOH). The free base had m.p. 264-265”; [ah, 
- 18” (c, 1.0 in MeOH) (lit.” 263-264”; [alo - 13” in M&H). 

( - ~,O-~benzy/coc/orrine. O,O-Dibcnzylcoclaurine (0.9 g) 
enriched with the (- )-enantiomer was treated with (- )di-p- 
toluoyl-d-tartaric acid (0.78 mg) to give (- )-O,O-dibenzyl- 
coclaurine (325 mg), as plates m.p. 86-8P. [a]n - 16” (c, 0.5 in 
MeOH); [alo + 23” (c, 0.6 in CHCI,) (lit.” 87-88”, [(I]~ - IS” (c, 
0.5 in MeOH). 
( t )-(R)-Co&urine hydrochloride. (- ) - 0.0 - Diknzyl- 

coclaurine (3lOmn) was hvdronenolvsed with 38% HCI in the 
usual way to giv;( + )-co&&e HCI (135 mg) m.p. 262-264”; 
[aID t IS” (c, 1.2 in MeOH) (lit.” 261-263”). 

Tritiation lube//& of precursors. ( T )-Coclaurine hydro- 
chloride (130 mg) in tritiated HZ0 (0.5 ml. 80 mCi) containing 
f-BuOK (220 mg) was heated under N2 (sealed tube) for 100 hr at 
loo” to aive ( ? )_13’5’. S-‘H.1 co&urine which was ourified as its 
hydrochloride (90 mg) and crystallized from MeOH to constant 
activity. The other I-benzyltetrahydroisoquinoline precursors 
were tritiated in the similar manner. 

(-c )-[L’H] Norcoclaurine and (2 )-[I-‘H] N-methylcoclaurine 
were prepared by reduction of the corresponding dihy- 
droisoquinolines with potassium-[‘HI-borohydride in dry DMF. 
( f MN-“CH3] N-Methylcoclaurine and dehydro - N - [“Clmethyl 
- coclaurinium salt were prepared by treating the corresponding 
dihydroisoquinolines x with [“Cl Mel and subsequent reduction 
of the methiodide with NaBH,. ( 2 I-M-methoxv-‘Cl coclaurine 
was prepared by complete synthesis. (?h[3’,- 5’, 8 - ‘H,] N- 
Methylcoclaurine was treated with diazomethane to give (+ ) - 
13’. 5’, 8 - ‘H3] NOO-trimethylcoclaurine. 

Doubly labelled ( -c ) - [I - ‘H, 6 - methoxy - “Cc) N-methyl- 
coclaurine was prepared by mixing ( 2 j-N-Methyl[ L’H] 
coclaurine and (2 )-[dmethoxy - “Cl N-methylcoclaurine. (2 ) - 
[N - methyl - “Cl N-methyl11 - ‘H] coclaurine was prepared by 
mixing ( t ) - N - methyl(l-‘H] coclaurine and (+ )-[N-methyl-“Cl 
N-methylcoclaurine. 

Feeding experiments. N-Methylcoclaurine and N.O,O- 
trimethylcoclaurine were dissolved in Hz0 (I ml) containing tar- 
taric acid (IO mg). Coclaurine hydrochloride, dehydro-N-methyl- 
coclaurinium iodide and norcoclaurine hydrochlorides were dis- 
solved in HZ0 (I ml) containing DMSO (0.2 ml). The soln of the 
precursors was introduced into young T. racemosa plants by 
wick feeding. When uptake was complete the plants were left for 
8 to IO days to metabolise the precursor and then worked up for 
nortiliacorinine A. 

Isolation and purification of noriiliacorinine A. Young plants 
(typically l2Og wet wt) of T. racemosa fed with precursor were 
macerated in- EtOH (3OOml. containing 1%. AcOH) with 
radioinactive nortiliacorinine A (88 ma) and left for 12 hr. The 
plant material was extracted with EtcH (6xZWml, containing 
I% AcOH). The ethanolic extract was concentrated in D(ICUO to 
afford a greenish viscous mass which was extracted with HZ0 
(3 x IO ml). The residual material was further extracted with 2% 
AcOH (3 x IO ml). The aqueous acidic extract was defatted with 
Et,0 (4 x 20 ml). basified with Na2C03 and the liberated bases 
extracted with CHCI, (5 x I5 ml). The CHC13 extract was washed 
with HrO. dried (Na,SO,) and the solvent removed. The crude 
bases (9Omg). so obtained, were chromatographed over neutral 
Also,. Elution with C&CHC13 (I : I) gave a product which was 
subjected to preparative tic on SiOr plates (Solvent: CHClr 
MeOH, 95 :5) to give 9 (68 mg) m.p. 252-253” (lit.’ 252-253”). The 
base was crystallised from CHCI,-acetone to constant activity. 

Degradation of nortiliacorinine A derived from ( z )-13’. 5’. 8 - 
‘Hrl coclaurine. Labelled 9 (3&l mg; molar. activity 6.93 x iOm2 
lrCi mmol-‘) (Expt. 3) was treated with HCO,H (BX!%. 5 ml) and 
HCHO (38%, 3 ml) to give radioactive 8 i258 mg) m.p. ‘l$t’ 
(molar activity 6.90x IO-’ FCi mmol-I), (lit.’ 195”). 

A suspension of the preceding radioactive 8 (250 mg) in MeOH 
(50 ml) was heated with MeONa and Mel (3 ml) to give radioac- 
tive 0-methyltiliacorinine dimethiodide (300 mg) m.p. 272-275” 
(lit.’ 270-275” (molar activity 6.86 x IO-’ FCi mmol-I). 

An aqueous soln of KMnO, (4%. 108 ml) was added dropwise 
to a stirred soln of the preceding radioactive O-methyl- 
tifiacorinine dimethiodide (30 mg) in H20 at 7M)(p. The mixture 
was kept at 70-88” for 5 hr. The Mn& ppt from the resulting 
mixture was filtered off. The filtrate was concentrated under 
reduced pressure to 5 ml and acidified with cone HCI. The 
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Table 2. Radioactivity of the degradation products of the biosynthetic nortiliacorinine A (Expt. 10) 

compourd 

Nortili~~ooria~A (9) 

Tiliaoarinins(8) 

Till oorinlne diwthlodlde 
3,4,B,aT~traoerbomctho~-l- 

methoxydibenao-~dioxidn(i2) 

Dimethyl-~~thorYiaophthnlat8 

7.7%10’8 

7.60~10-~ 

7.55*10-g 

3.s7X10-2 

llleatlV0 

Table 3. Radioactivity of the degradation products of the biosynthetic nortiliacorinine A (Expt. I I) 

Compound 

Nortiliocorinlne A (9) 

Tiliaoorinlne A (8) 

0-hWhyltili~corl.nlnne dimethiodldr 

Mol# ectivlty 

(nci m ao1-’ I 

lo.39ao-2 

10.Joxlo-e 

lo.eoxlo-2 

5’ ,5~-Ulcerbomethoxy-2,2’-dfmrtho~diphenyl 

(11) 
6.82~tO’~ 

3,),7,8_Tetrpoerbolnrtho~-l- 
methoxydibeneo-pdiotiSn( 12) 

3.38X10-2 

liberated acid A (6Omg) was filtered off. The filtrate was kept for 
the isolation of the acid B. 

The crude radioactive acid A (58 mg) in MeOH (2 ml) was 
treated with an excess of ethereal CH2N2 to give the radioactive 
SS’-dicarbomethoxy-25’-dimethoxydiplunyl 11 (2.5 mg), m.p. 
173-174” (lit.’ 172-173”) (molar activity 4.58 x lo-’ pCi mmol-‘). 
Water from the filtrate containing the acid B was removed in 
uucuo. The residue, so obtained, was suspended in MeOH (2 ml) 
and to it was added an excess of ethereal CH2N2 to give 
radioactive 3,4,7,8 - tetracarbomethoxy - I - methoxy - dibenzo - 
p - dioxin 12 (IO mg). m.p. 179-180” (lit.’ 180-181”) (molar activity 
2.22 X IO-* pCi mmol-‘). 

Degradation of nortihacotinine A derived from ( -t )-[3’$‘,8- 
‘If,] N-methykoclaurine. Labelled nortiliacorinine A (380 mg) 
(molar activity 21.60x IO-* FCi mmol-‘) (Expt. 4) was treated 
with HCO,H-HCHO as above to give radioactive 8 (350mg; 
molar activity 21.50 X IO-’ pCi mmol-‘). 

A mixture of the preceding radioactive 8 (350mg) and Mel 
(2ml) in CHCIj (IOml) was left at room temp for 30 hr to give 
radioactive ~iliucorinine dimethiodide (370 mg) m.p. > 300” (lit.’ 
> 300”) (molar activity 21.61 x IO-' pCi mmol-‘). 

The preceding radioactive tiliacorinine dimethiodide (360 mg) 
in H20 (25 ml) at 75” to 80” was oxidised with 4% KMnO, aq. 
(60 ml) as above to give dimethyl - 4 - mefhoxyisophtholote (16) 
m.p. 94” (lit.’ 95”) which was essentially radioinactive and 3,4,7,8 
- tetracorbomelhoxy - I - methoxydibenzo - p - dioxin 12 (IO mg) 
(molar activity 10.42 x IO-’ PCi mmol-‘). 

Degradation of noriiliacon’nine A derived from (+ )-(S)_(3’,5’,8- 
‘H,] N-methy/coc/uurine. Labelled nortiliacorinine A (Expt. IO) 
was converted into radioactive tihucorinine dimethiodide and 
then oxidised with KMnO,, as above, to give radioinactive 16 and 
12. The radioactivity of the degradation products is given in the 
Table 2. 

Degradation of norliliacorinine A derived from (- )-(S)-[3’,5’,8- 
‘HI] coclaurine. Labelled nortiliacorinine A (364lmg) (Expt. II) 
was converted into radioactive 0-methylfiliucorinine 
dimethiodide which was oxidised with KMnO, to give radioac- 
tive 3,4,7,8 - tetracorbomethoxy - I - mefhoxy - dibenzo - p - 
dioxin 12 (I5 mg) and S,S - dicarbomethoxy - 2.2’ - dimethoxy- 

diphenyl 11. The radioactivity of the degradation products is 
given in the Table 3. 

Trapping experiments. (L)-[U-“C] Tyrosine (activity 0.1 mCi) 
in Hz0 (I ml) was fed to young T. racemosa. The plants were 
kept alive for 8 days and then harvested. (5)N-Methyl- 
co&wine 15 (110 mg) was added to the macerated plant material 
and kept in EtOH containing I% AcGH (250 ml) for 12 hr. The 
EtOH was decanted and the plant material was percolated with 
fresh EtOH containing 2% AcGH (6 X 200 ml). The ethanolic 
extract was concentrated in uacno to give a greenish viscous 
mass which was extracted with 3% AcOH (6 x IOml). The 
aqueous acidic extract was defatted with Et20 and basihed with 
NaHCO, aq. The liberated bases were extracted with CHCls 
(5 x IS ml), washed with H20 and solvent removed. The crude 
base, so obtained, was subjected to preparative tic on SiG2 plates 
to give (+_ )-N-mefhylcochzurine 15 (600mg) (molar activity 
1.01).&i mmol-‘); incorporation 0.43%. 

In another experiment, (Lj-HI-‘Q tyrosine (activity 0.1 mCi) 
was fed to young T. racemosa. After 10 days the plants were 
killed and harvested. (2 ) 14 (123 mg) was added and reisolated 
as above to give radioactive (k)- 14 (72mg; molar activity 
10.27 x IO-’ PCi mmol-‘); incorporation 0.32%. 
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