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Abstract-The blosynthesls of 3,4_dlmethoxyphenylethylamme and salsohne m ,?%himcereus merkeri has 
been studled using o,L-2’-‘YXyrosme, 1’,2’-3Hdopamme Rmg-(G)-3H-3-hydroxy-4-methoxyphenyl- 
ethylamme and l-methyl-l-‘4G6-hydroxy-7-methoxy-l,2,3,4-tetrahydro~soqumolme-lcarboxyltc acld The 
first three were mcorporated mto 3,4&nethoxyphenylethylamme but only the last two were incorporated 
into salsohne 

INTRODUCTION 

THE ALKALOIDS produced by Echznocereus merkerz fall mto three groups, tyramme den- 
vatrves, dopamme derivatrves and the 1,2,3,4-tetrahydrorsoqumolme, salsolme l This 
diversity must mean that their biosynthesis mvolves problems common to many more 
complex systems but the simple structures of the E merkerz alkaloids makes this plant a 
good system for mvesttgatton 2 ‘-14C-tyrosme, 1’,2’-3H-dopamme, rmg-(G)-3H-3-hydroxy- 
4-methoxyphenylethylamme and 1-14C-l-methyl-6,7-d~methoxy-l,2,3,4-tetrahydro~so- 
qumohne-I-carboxyhc acid were available, and the present paper gives the mformatton 
obtained about alkaloid btosynthests m E merkerz using these substrates m classtcal feeding 
experiments 

RESULTS AND DISCUSSION 

Table 1 provides a summary of the feeding experiments and Table 2 records the results 
of degradation expenments carried out to confirm the mcorporatton of precursors The 
results of feeding and degradation expenments are conststent with the scheme presented m 
Fig 1 

The essentials of this scheme are that tyramme (II) 1s a branch point for hordenme (III) 
and all the other alkaloids, and dopamme (IV) is a branch point for 3,4dtmethoxyphenyl- 
ethylamme (VI) and salsohne (IX). Further, the methyltransferases necessary for the 
conversion of tyramme to hordenme and for the conversion of dopamme to 3-hydroxy4 
methoxyphenylethylamme (VII) appear to be blocked The main conclusion from the feed- 
mg experiments is that alkaloid synthesis IS directed to 3,4dimethoxyphenylethylamme and 
not to salsolme or hordenme The mcorporatton of tyrosme mto tyramme and of tyrosme 
and dopamme mto 3,4-dimethoxyphenylethylamme does not give any mformation on the 
role of dopa Thus there remains the posstblhty that the reactton sequence tyrosme -+ dopa 
-+ dopamme is operating The btosynthests of hordemne (III) m barley from tyrosme and 
tyramme 1s well established 2 In E. merkerz, tyrosme is efficiently mcorporated into tyramme 
but not into hordenme This can only be explamed by the non-avatlabthty of the N-methyl- 
atmg enzymes at this stage of the plant’s development The non-mcorporatton of both 
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tyrosme and dopamme mto salsohne (IX) 1s surpnsmg particularly as 3-hydroxy-4- 
methoxyphenylethylamme (VII) IS mcorporated. These results pomt to a blockage m the path- 
way, speclfically to the methylatmg enzyme which converts dopamme mto (VII) There are 
a number of possible mtermedlates between (VII) and salsolme which differ m the ongm 
of the C-2 unit Two of these possible mtermedlates are suitable for mcorporatlon studies. 
One IS the N-acetyl amme from (VII), namely N-acetyl-3-hydroxy-4-methoxyphenyl- 
ethylamme which could be formed from acetyl CoA and (VII) This amide IS not 
mcorporated mto salsolme m E merkerr 3 A second posslb&y 1s I-methyld-hydroxy- 
7-methoxy-1,2,3,4-tetrahydro~soqu~nohne-l-carboxyllc aad, (VIII) which could be 
synthesized III the plant from (VII) and pyruvate This acid 1s mcorporated mto salsohne 
m E merken. An analogue of this aad, l-methyl-6,7-dlmethoxy-&hydroxy-1,2,3,4-tetra- 
hydrolsoqumohne-1-carboxyhc acid has been found4m Lophophora wrlfzamsu and proposed 

Table 1 FEEDING EXPERIMENTS TO E merkerr 

~moles ‘Y-product formed 

Substrate 

D,L-2’-I%-Tyrosme* 
1’,2’-3H-Dopamme HCI 
Rmg-(G)-3H-3-hydroxy-4- 

methoxyphenylethylamme HCI 
l-Methyl-l-14C-6-hydroxy-7- 

methoxy-1,2,3,4_tetrahydrolso- 
qumolmel-carboxyhc acid 

Speafic 
actwty 

(me/m-mole) 

50 
390 

13 6 

pmoles 
Injected 

0 74 
02 

9 34 

3,4-Dlmeth- 
oxyphenyl- 
ethylamme 

0004 
00015 

0 84 

Salsohne 

0000 
0000 

0 28 

0 068 44 - 0006 

* Tyrosme gave 0 036 rmoles of tyramme but no detectable amount of hordenme 
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TABLE 2 P~RMANGANATE OXIDATION OF PHENYLETHYLAMINES FROM E merkm 

Substrate Product 

3,4- 
specific Dunethoxy- p-Methoxy- 
actlvlty benzoic benzOlC 

(dpmlpmole) acid* acid* 

L),L-2’-14C-Tyrosme Tyramme HCl 119 - 08 
D,L-2’-14C-Tyrosme 3,CDimethoxyphenyl- 154 11 - 

ethylamme HCl 
1’,2’-3H-Dopamme HCl 3,4_Dlmethoxyphenyl- 314 18 - 

ethylamme HCl 
Rmg-(G)-3H-3-hydroxy-4- 3,CDimethoxyphenyl- 6182 95 0 - 
methoxyphenylethylamine HCI ethylamme HCl - 

* Per cent of product acuvlty 

as an immediate precursor of anhalomdme The major alkaloids (80%) m E merkerz 
are 3,4_dimethoxyphenylethylamme and its N-methyl derivatrves’ and it is perhaps not 
surprismg that m these feeding experiments alkaloid synthesis is directed towards their 
production That IS, both tyrosme and dopamme are incorporated mto 3&dimethoxy- 
phenylethylamme (VI) In addition (VII) was also mcorporated mto (VI) It is suggested 
that (VII) is not a normal intermediate m the biosynthesis of (VI) and that (VI) IS bemg 
produced from it by non-spectfic methylation Rather, the true intermediate is 3-methoxy-4- 
hydroxyphenylethylamme (V) which has been found m E merkerz l This means that the 
direction of methylation of dopamme determmes whether the plant makes (VI) and its 
derivatives or whether it makes salsohne It is mterestmg to note that m Trzchocereus 
pachunoz which produces (VI) a detailed gas chromatography mass spectrometric analysis 
of the phenohc fraction could only detect (V) and not (VII) 5 The importance of methylation 
IS alkaloid synthesis m L wzllzamszz has been noted 6--8 The methylatron of 3-methoxy-4,5- 
dihydroxyphenylethylamme apparently determines whether mescaline or the tetrahydro- 
isoqumohnes are synthesized Thus 3-methoxy-4,5-dihydroxyphenylethylamme IS a pre- 
cursor for both alkaloid@*’ while the 3,4-dimethoxy-5-hydroxy derivative IS an intermediate 
for the tetrahydroisoqumohnes6 and the 3,5-dimethoxy-4-hydroxy derivatives is essentially 
only an Intermediate m mescaline synthesis * 

The results illustrate the caution which must be used both with positive and negative 
results from feeding experiments For example it is unlikely that tyrosme is not a precursor 
of all the alkaloids under discussion but reports of such non-mcorporation of basic pre- 
cursors are too rare m the hterature 

EXPERIMENTAL 
General Plant material, chromatography, autoradiography, m p determmatlons and radmactlve count- 

mg were as d-bed previously 3 
Admunstratzon of radtoactrve substrates All radloactlve substrates were injected m aq solution The 

tetrahydrolsoqumolme carboxyhc acid (VIII) was converted to the HCI-lde by cautious addmon of 0 01 M 
HCl After mJectlon the cacti were grown for 3 weeks 

Zsolatron and detection of alkaloids This was as described previously 3 In addition, tyramme HCl, 
hordenme sulphate and 3,4-dlmethoxyphenylethylamme HCl were recrystalhzed from MeOH-EtOAc They 

5 S AGURELL, Lloydra 32,40 (1969) 
6 K L KHANNA, M TAKIW and H ROSENBERG, Phytochem 9, 1811 (1970) 
7 K L KHANNA, H ROSENBERG and A G PAUL, Chem Commun 315 (1969) 
* A G PAUL, K L KHANNA, H ROSENBERG and M TAKIDO, Chem Commun 838 (1969) 
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were detected on TLC with 0 5% o-dlamsldme m 1 M HCl and 10% NaNOz (tyramme and hordemne) or 
lodoplatmate (tyramme and 3,4-dlmethoxyphenylethylamme) 

Chemzcal svntheses 1-Methvl-l-‘4C-1.2,3.4-tetrahvdrozsoauznolzne-l-carboxylzc aczd (VIII) This was 
synthesized by- a moddicatlon of the meth%l of Hahn and- Rumpf’ Sodn& 2-“C-pyiuvate (0 05 mc, 
82 5 mg) and 3-hydroxy-bmethoxyphenylethylamme HCI (102 mg) were dissolved m Hz0 (0 5 ml) and the 
pH adjusted to 6 with dd NH,OH Incubation for 4 days at 20-25” gave white crystals of (VIII) It was 
recrystallized from Hz0 (loo”) yield 53 mg (45 ‘A), m p 252” (reported 254”) 5 Specdic activity 0 068 mc/ 
m-mole For zn uzuo experiments (VIII) was further purified on TLC (neutral plates with solvent system A) 

Rzng-(G)-3H-3-hydroxy-4-methoxyphenyZethyfamzne HCI Prepared from 3-hydroxy-4-methoxyphenyl- 
ethylamme HCI and (CF&CO and 3Hz0 The exchange was effected by allowmg the reactants to stand for 
7 days at -15” m a sealed tube M p 203-205” (reported 206-207”) Specific actlvlty 13 6 me/m-mole Szngie 
spot on autoradlography of TLC (neutral plates with solvent system C) In a parallel experiment in DzO It 
was shown by NMR that 31 per cent of the aromatic protons had exchanged 

0-Methylhordenzne methzodzde Tyramme HCI-lde (211 mg) was added to EtOH (10 ml) m which Na 
(100 mg) had been dissolved The mixture was refluxed for 5 mm m N 2 Me1 (3 ml) was then added and 
the refluxmg continued for 2 hr NaHCO, (0 5 g) and more Me1 (3 ml) were then added and the mixture was 
refluxed for 3 hr The residue obtained on evaporation was extracted with hot CHCIJ whch was then filtered 
and evaporated The residue was crystallized from EtOH affording colourless plates of 0-methyihordenme 
methlodlde m p 230-231” (reported 230-231”) lo 

Permanganate oxzdatzon ofphenylethylamznes The phenylethylamme (or o-methylhordenme methlodlde) 
(c 100 mg) was dissolved m 5 ml of H,O and NaOH (0 05 ml, 20 %) KMn04 (16 ml, 3 %) was added and the 
solution gently boded under reflux for 30 mm Whde stdl bodmg, excess KMn04 was destroyed by the 
addition of a few drops of EtOH The solution was filtered, the filtrate acldlfied with HCI and extracted with 
CHC13 (4x) The combined CHC13 extracts were dried (CaS04) and the solvent removed under N2 The 
crystalline residue was recrystalhzed 2 x boding H,O 
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