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Abstract-Feedmg experiments with (S)-[1-‘3C]-norcoclaurme demonstrate that this trlhydroxylated precursor IS 
specifically incorporated mto protoberberme, aporphme and benzophenanthrldme alkaloids m cell suspension 
cultures, as well as mto pavme and benzophenanthrldme alkaloids m whole plants The rates of mcorporatlon ranged 
from 2 5 to 36% This reveals that tyrosme IS metabohzed to dopamme and p-hydroxyphenylacetaldehyde which then 
condense to form norcoclaurme, thus explammg the lack of mcorporatlon of DOPA or dopamme mto the benzyhc 
portion of reticuline derived alkaloids. 

INTRODUCTION 

Numerous tracer experiments pomt to the fact that both 

C,-C, units comprlsmg the benzyhsoqumohne skeleton 
are derived from tyrosme [I]. Norlaudanosohne (I) has 
been predicted [2, 31 to be the central intermediate for a 
multitude of lsoqumohne alkaloids, a hypothesis which 
was later based on tracer experiments mvolvmg speclfi- 
tally labelled norlaudanosoline [4, 51. The metabohtes 
dopamme, DOPA and dopamine derived 3,4-dlhydroxy- 
phenylacetaldehyde have always been assumed as logic- 
intermediates m the tyroslne-norlaudanosohne pathway. 
However, mcorporatlon of labelled DOPA or dopamme 
mto the alkaloids m question showed that only the 
lsoqumoline and not the benzyhc portions are labelled 
[see ref. 11. These experiments also proved that the two 
C,-C, units derived from tyrosme differ from one 
another 

Recently, we resolved this discrepancy with feeding 
experiments, mvolvmg both trltlated and 14C labelled 
precursors, which demonstrated that both coclaurme as 
well as retlcuhne (2) have one and the same biogenetic 
origin [6] This central intermediate was proposed by us 
to be norcoclaurme (3, demethylcoclaurme, hlgenamine) 
Indeed, apphcatlon of this trlhydroxylated compound to 
Papauer somniferum seedlings led to specific mcorpor- 
atlon into thebaine [7]. However, m several other plant 
species feeding led to browning of the leaf or stem, thereby 
mactlvatmg these metabolites as potential precursors 

To circumvent this problem and to establish the role 
of norcoclaurme (3) m benzylisoquinohne blosynthesls, 
we fed enantlomerlcally pure (R)- and (S)-[1-‘3C]-norco- 
claurine to high alkaldd producing plant cell suspension 
cultures. Apphcatlon of this methodology proved beyond 
doubt that (S)-norcoclaurme 1s indeed the precursor of 
different biogenetic types of retlcuhne derived alkaloids 

RESULTS AND DISCUSSION 

(R)- and (S)-[1-‘3C]-norcoclaurine were synthesized 
and fed to cell suspension cultures of Berberis stolomfera, 

which are a fruitful source of protoberbermes [S]. Apph- 
catlon of even substantial amounts of norcoclaurine 
(0 5 mM) to the growth medium did not induce dlscolor- 
atlon (browning) of the culture, which was probably due 
to both the slightly acidic pH of the medium and the rapid 
uptake of the precursor. 

The crude alkaloidal extract was subJected to 
13C NMR analysis, and exhibited isotopic enrichment m 
the downfield region of the spectrum (6 140.09 and 139.9) 
These enhanced resonances could be attributed to the 
two malor protoberberme alkaloids of Berberls stoloni- 
fera, namely jatrorrhlzme and columbamme, respectively. 

An excerpt of the proton-decoupled 13CNMR spec- 
trum of (S)-[ 1-l ‘Cl-norcoclaurine labelled columbamine 
is given m Fig. 1. The carbon atom at C-14 is distinctly 
enriched, proving a specific and unambiguous mcorpor- 
atlon of (S)-norcoclaurme mto the protoberberine class of 
alkaloids. A 19 5% 13C-atom excess was determined by 
EIMS 

We also investigated the mcorporatlon of (S)-norco- 
claurme mto a pavme-type compound. Cell cultures 

1 R’ = RZ = R4 = H, R3 = OH 

2 Rl = R2 = R4 = Me, R3 = OH 

3 R,= R2’ R,’ R‘,’ H 

1-H = (I = (S), I-H =P = CR) 
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Plant matertals. All plant cell cultures were provided by our 

cell culture laboratory They were grown m Lmsmater-Skoog 

medium [15] Typically, cultures were m 11 Erlenmeyer flasks 
containing 250 ml of medium Filter sterthzed (R)- or (S)-[l- 

“Cl-norcoclaurme solutton (final cone 0 5 mM) was added at 

day 3 of growth to the cultures, which were then allowed to grow 

for another 5 days, after which period the cells were harvested 

and the alkalotds m question Isolated A hrsprda was grown 

outdoors from seeds The labelled norcoclaurme was apphed by 

the cotton wtck method A total of 3 mg m 0 5 ml H,O was 

supplied to each plant Typtcally, three plants were allowed to 

metabohze for 4 days after which time the plants were depotted 

and extracted Macleaya cordata plants were hkewtse grown 

outdoors from seeds Norcoclaurme was supplied through the 

root system Forty-eight plantlets 2-5 months old were each 
administered 0 5 mg norcoclaurme m 400 ~1 H,O Metabolism 

was allowed to proceed for 2 days whereupon the plantlets were 

extracted exhausttvely m bothng 80% MeOH 

Isolatron of alkalords Columhamme Ca 80 g fr wt cells were 

suspended m 250ml MeOH and disintegrated by dtsruptton 

with an Ultraturrax blendor at room temp The resultmg extract 

was filtered and applied to a Servachrome XAD 3Of&500~ 

column (2 5 x 10 cm) on which the alkalotds were absorbed 

The column was washed wtth H,O and subsequently the alka- 

loids desorbed with MeOH The alkaloids were purtfied by prep 

TLC (a) and (b) on sthca gel 60 F2s4 plates, (c) on Al,O, sheets 

wtth the followmg solvent systems (a) CH,CI,-MeOH-NH,OH 

(90 9 1), (b) CHCI,-MeOH-NH,OH (340 90.3), (c) cyclo- 

hexane-CHCl,-HOAc (9 9 2) RI-columbamme was 
0 10, 0 18 and 0 33, respecttvely Pure columbdmme 
(8 mg) was isolated “CNMR signals were asstgned wtth 
the atd of c, H-heteronuclear correlated ZD-NMR 
spectra, namely HETCOR (C-H correlation for 
direct C-H connecttvtttes) and COLOC for correlated long- 

rangecouphngs EIMSm/z(rel mt) 341 [M]’ (24), l76(13), 164 

(88), 149 (100). I35 (19) ‘H NMR (CD,OD) 63 30 (2H, t, H-5), 

3.89 (3H, s, 3-OMe), 404 (3H, s, IO-OMe), 4 17 (3H, s, 9-OMe), 

493(2H,t,H-6),692(1H,s,H-4),748(1H,s,H-l),793(1H,d, 

H-12) 801 (IH, d, H-11), 849 (IH, s, H-13), 969 (IH, F, H-8) 

13C NMR (CD,OD) 627 67 (C-5), 56 76 (O-3-Me), 57 49 (C-6), 
57.82 (O-lo-Me), 62 74 (O-9-Me), 11223 (C-4), 113 15 (C-l), 

12048 (C-la), 12094 (C-13), 123O(C-8a), 12466(C-l2), 12777 

(C-l I), 128 42 (C-4a), 134 87 (C-12a). 139 90 (C-14), 145.29 (C-9). 

146 34 (C-8), 147 92 (C-2), 151 70 (C-IO), 152.16 (C-3) 

Norboldme (laurolrtsme) Norboldme was isolated essentially 

the same way as described for columbamme TLC was conduc- 

ted m solvents (a) and (b) (RI norboldme 0 18 and 0.52, 

respecttvely) 5 mg of norboldme was recovered i3CNMR as- 

signments are based on literature values 1161 EIMS m/z (rel 

mt) 314 [M]’ (56), 313 [M-l]+ (IOO), 298 (24) 283 (17), 282 

(18),270(13),254(17) ‘H NMR(CD,OD) 62.54296(6H,m,H- 
4, H-5, H-7), 3 57 (3H, s, 1-OMe), 3 85 (3H, s, IO-Me), 6 55 (lH, s, 

H-3), 6 69 (lH, s, H-8), 7 97 (lH, s, H-l I) i3C NMR (CD,OD) 

628 75 (C-4), 36.68 (C-7). 43.67 (C-5), 54.82 (C-6a), 56 55 (O-lO- 

Me), 6031 (O-l-Me), 11283 (C-II), 1155 (C-3), 11579 (C-8), 

l2476(C-lla),l2658(C-lb),l2763(C-la),13004(C-3a),13029 
(C-7a), 144 42 (C-l), 147 16 (C-9), 147 8 (C-lo), 150 88 (C-2) 

Dthydromacarprne and macnrptne The filtered cells from E 
callfornrca cultures were suspended m MeOH and refluxed for 

30mm Both alkaloids were purified on a Sephadex LH-20 

column (5 5 x 52cm) and subsequently by TLC, (d) 

tolueneeMe,CO-EtOAc (7 2. I) macarpme (R, 0 14) was then 

reduced to dthydromacarpme (BHJ and rerun m solvent, (e) n- 
hexane-Et,0 (6 l), (R, 0 28) Dthydromacarpme isolated from 

the culture (IO mg) and the reduced compound from the macar- 

pme tsolatton (5 mg) yielded tdentrcal *sCNMR and ‘H NMR 

spectra The quaternary carbons of the 13C NMR spectrum were 

assigned wtth the atd of ZD-COLOC experiments. EIMS m/z 
(rel. mt.) 393 [M]’ (86), 378 (100). 363 (28). 348 (25), 333 (22) 197 

(20) ‘H NMR (CDCI,) 62 52 (3H, s, N-Me), 3 87 (3H, s, IO- 

OMe), 3 99 (3H, 5, 12-OMe), 4 08 (2H, s, H-6), 6 00 (2H, s, 7,8- 

OCH,O), 604(2H,s, 2,3-OCH,O), 6 61 (lH, F, H-9). 7 53 (lH, F, 

H-l), 7 66 (IH, s, H-4), 7 82 (lH, s, H-l I) 13CNMR (CDCI,) 

641 47 (N-Me), 49.89 (C-6), 56 20 (O-l2-Me), 57 51 (O-lo-Me), 

95 75 (C-9), 99 65 (C-l), 101 28 (C-4). 102 27 (2,3-OCH,O), 102 59 

(7.8-OCH,O), 104 79 (C-11), 114 82 (C-lOa), 116 I9 (C-6a), 
122 32 (C-12a), 12477 (C-lob), 12791 (C-4a), 13644 (C-4b), 

139 82 (C-7), 148 29 (C-2), 148 53 (C-8), 149.27 (C-3), 151.87 

(C-12), 153.16 (C-10) 

Bwmraryemonme Three plants of A hlsplda were worked-up 

as follows The plant (I 3 8 g fr wt mcludmg the root system) was ex- 

tracted wtth hot MeOH The extract was subjected to TLC m sol- 

vent systems (f) (cyclohexaneCHCl,dtethylamme 7 2 I), (a), and 

(g) EtOAc-CHCl,-EtOHdtethylamme (14 3.2 I) Btsnorar- 

gemonme was the major pavme alkaloid and ytelded the follow- 

ing R/-values (f) 0 29, (a) 0 38, (g) 0 28 A total of 4 mg of the 

target compound was isolated 13CNMR asstgnments were 

made possible wrth the help of ZD-NMR experiments (HET- 

COR, COLOC) EIMS m/z (rel mt ) 327 [M]’ (l8), 312 (4) 190 

(100) 175(X), 147(6) ‘HNMR(CD,OD) 6236(lH,d),237(3H, 

s,N-Me),250(1H.d),320(1H,dd),326(1H,dd),367(3H,s, 3- 
OMe),3 75(3H, s, 8-OMe), 3 83 (lH, d), 3 90 (IH, d), 6.35 (lH, s, 

H-IO), 647 (lH, 7, H-4), 655 (IH, s, H-l), 670 (IH, s, H-7) 

13C NMR (CD,OD) 634 28 (C-l l), 34 68 (C-5). 40 64 (N-Me), 

56 35 (O-3-Me), 56 47 (O-8-Me), 57 69 (C-12) 57.92 (C-6), I I I 35 

(C-7), 11265 (C-4), 11455 (C-l), 11598 (C-IO), 123 82 (C-4a), 

125 16(C-IOa), 129 79(C-6a), I31 08(C-12a). 14602(C-2), 14645 

(C-9), 147 86 (C-8), 148 22 (C-3) 

Sangumarrnr Macleaya cordata plants (23 g fr wt) were 

extracted exhaustively m botlmg 80% MeOH The crude extract 

was fractionated by TLC m the followmg systems (h) 

CHCl,-hexane-MeOH (9 IO 1) sangumarme R, 0 47 and (1) n- 

PrOH-HCO,H-H,O (90 I 9) sangumarme R, 0 22 
Sangumarme purtficatton was achieved by repeated TLC 

using both solvent systems Partial assignment of the i3C NMR 

spectrum was made by compartson to ref [I71 

Synthesis of (R)- and (S)-[l-‘3C]-norcoclaurme HBr The 

enanttomers of(R)- and (S)-[l-i3C]-coclaurme were prepared by 

standard procedures [18] The opttcally pure [1-‘3C]- 

coclaurmes (200 mg,O 62 mmol) were refluxed with 47% aq HBr 

for 20 mm The reaction mixture was cooled to room temp, 

diluted wtth EtOH and evapd under red pres (40”) The 

crystalline restdue was washed wtth cold EtOH and EtOAc and 

then left to dry rn tacuo (40”) 

(R)-[I-‘sC]-Norcoclaurme hydrobromtde 202 mg, 0 58 mmol 

(93% yield), mp 2699270” (Ltt [I93 27&272”), a, = + 27 6”, 

(MeOH, c 0 25) 

(S)-[l-‘3C]-Norcoclaurrne hydrobromrde 194 mg, 0 55 mmol 

(89% yield). mp 269-270“, a,= -254, (MeOH, c 025) The 

enantiomertc purity of each form was further checked by dert- 

vattzatton wtth the acid chloride of MTPA (a-methoxy-a-trt- 
fluoromethylphenylacetic acid) and subsequent 13C NMR 

analysis (solvent CDCI,) The (R)-enanttomer revealed only one 

enriched signal at 6 52 63, whereas the (S)-enanttomer showed an 

intense resonance at 54.86, wtth no resonance m the 52 ppm 

region which could have corresponded to the (R)-enanttomer 

With thts method we were able to assign an enanttomertc purity 

of at least 99% and probably more to our thus purified chtral 

norcoclaurmes 
(R)- and (S)-[l-‘3C]-Norcoclaurrne HCl The opttcally pure [l- 

‘3C]-norcoclaurme hydrobromtdes (100 mg, 0 28 mmol) were 

dissolved in 20 ml H,O-MeOH and stirred on an me-water bath 
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Thx mw&x&on ~*XLI~LXS was a~& aL!al~ne. (#I 8 0) w&h q 

NH,OH and rapidly extracted with 30 ml portions of EtOAc (3 

x ) The combined orgamc layers were dried over anhydrous 

Na,SO, and coned rn xx,uo (40°C) The white ppt (base) was 

subsequently taken up rn MeOH-HCI and agam coned under 

red pres (40”) The (R)- and (S)-norcoclaurme hydrochlorldes 

were re-crystalhzed from EtOH and atr-dned (R)-[l-‘%I- 

!Klrrnc~l~~Kli% HCI 6.2 mg, 0 z m_m.QI. {71”4, Inpl 249-254 
(Lit [20] 256-263”) (S)-[1-‘3C]-norcoclaurme HCI 58 mg, 

0 I9 mmol(69%), mp 250-254 The apectroscoplc data (NMR, 

EIMS, UV) of the enriched alkaloids were ldentlcal to authenttc 

U!nplc5 
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