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Abstract-Three labelled N-ace@ ammes have been syntheszed and tested as precursors of tetrahydro-fl- 
carbolme and tetrahydrmsoqumolme alkaloids These are N-114Gacetyltryptamme, N-l-14C-acetyl-3- 
hydroxy4methoxyphenylethylamme and N-l-‘*C-acetyl-3,4-dImethoxy-5-hydroxyphenylethykunme which 
were tested as precursors for eleagmne m Elaeagnus angustrfoha, salsolme m Echmocereus merkerl and 
anhalomdme m Lophophoru wdhamszr, respectively Under conditions when the plants were syntheslzmg 
these alkaloids from other precursors none of these amldes was mcorporated 

INTRODUCTION 

A PREVIOUS paper’ from this laboratory suggested that N-acetyltryptamme 1s a precursor 
of the &carbohne alkaloid harman An lmphcatlon of this result IS that other simple 
alkaloids presumed to be formed from tryptophan or tyrosme and a C-2 fragment could 
anse from the N-acetyl derivative of the appropnate ammes. Such alkaloids are the l- 
methyl tetrahydro-/3-carbolmes, and the 1-methyl-tetrahydrolsoqumolines This hypo- 
thesis has been tested m the present paper by syntheslzmg and feeding radloactlve N-acetyl 
ammes to plants which produce these alkaloids. 

RESULTS AND DISCUSSION 

There are about 30 alkaloids of known structure m the fl-carbohne and the tetrahydro- 
lsoqumohne series which can be formally derived from either a tryptamme or a tyramme 
unit and a C-2 fragment How the C-2 fragment combines with the ammes to form these 
alkaloids has been the subject of contmumg speculation mainly because the great metabolic 
actlvlty of Cz and C3 compounds such as acetate, acetaldehyde and pyruvate makes It very 
difficult to obtain unambiguous results from classical feedmg expenments Acetate-1-‘*C 
fed to Elueagnus angustzfolta led to specific mcorporatlon of the label mto the C-l of eleag- 
mne (I) 2 In contrast, when radioactive acetate was fed to Peganum harmala and Lopho- 
phora wzllramsn** 5 it led to apparent randormzatlon of the label m harmme and pellotme 
respectively The feeding of pyruvate to these plants was clalmed3*6 to lead to significant 
specific mcorporatlon of the label. Fmally the spontaneous condensation and cychzatlon of 
acetaldehyde mth the aromatic ammes has made per se feedmg expenments worthless It is 
the comparatively restncted metabolism of tyrosme and tryptophan which has enabled the 
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unamhguous mterpretatlon of the mcorporatlon of these ammo acids into alkaloids. 
Accordmgly, it was reasoned that If the C-2 unit could be removed from general metabolism 
by combmmg It with the aromatic amme unit, then such a compound could be tested as a 
potential precursor of the alkaloids ZV-2-14C-acetyltryptamme (II) 1s an example and this 
has been shown1 to be an efficient precursor of harman (III) m Pasq7ora edulrs Further, 
labelled N-acetyltryptamme was trapped after feeding either radloactlve tryptophan or 
tryptamme to plants which had previously been fed unlabelled N-acetyltryptamme This 
result suggested that N-acetyl ammes may be precursors for the 1,2,3,4-tetrahydro$- 
carbohne and the 1,2,3&tetrahydrolsoqumolme alkaloids 
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For example, eleagnme (I) could nse from the carbmol (IV) formed on cychzation of 
the amide by dehydration to harmalan (V) and then reduction Alternatively the carbmol, 
assumed as a transient intermediate, could be converted directly to eleagnme by a reductive 
ehmmatlon of OH These same conslderatlons could also apply to the blosynthesls of the 
tetrahydrolsoqumohnes 

Three alkaloids were chosen for biosynthetic study These were the tetrahydro$- 
carbolme eleagnme (I) m EIaeagnus angustzfoba, and the tetrahydrolsoqumohnes, salsohne 
(VI) m Echmocereus merkerl and anhalomdme (VII) m Lophophora wzllzamszz The avad- 
ability of plant material was the determining factor m the choice of alkaloids 

CH3:wH CH3:wH 

R’ CH3 CH3 
PI (R=OH. R’=H) IElI (R=OH, R’=H) 
p1I (R=OCH3.R’=OH) IX (R=OCH3,R’=OH 1 

In the case of harman and tetrahydroharman, there 1s only one amine, viz tryptamme, 
but with salsohne and anhalomdme the mtroductlon of hydroxy and methoxy groups mto 
the benzene nng means that there are a number of possible N-acetyl ammes which have to be 
considered as potential precursors for the tetrahydrolsoqumolme skeleton The mcorpora- 
tlon of dopa and dopamme mto a number of tetrahydrolsoqumolmes as well as the un- 
reported occurrence of any mono-oxygenated tetrahydrolsoqumolmes strongly suggests that 
the oxygen pattern m salsohne 1s formed pnor to the tetrahydrolsoqumohne rmg and may be 
necessary for the cychzatlon The amme precursor mvolvmg the least number of steps from 
dopamme to salsohne 1s 3-hydroxy-4-methoxyphenylethylamme and this has been shown 
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to be effictently mcorporated mto salsohne under stmtlar condrttons.’ The mtroduc- 
tton of the thud oxygen into anhalomdme will obvtously result m a larger number of pos- 
stbthttes for the normal phenylethylamme. 3,4-Dimethoxy-Shydroxyphenylethylamme has 
been shown to be incorporated mto pellotme (N-methyl anhalomdme)* and anhalammeQ 
m L. wdhamszz though the confusing results from feeding experiments of variously methyl- 
ated tnoxygenated phenylethylammes makes it dtfficult to designate this amme as the normal 
ultimate phenylethylamme precursor of anhalomdme. Based on these constderattons 
N-lJ4C-acetyltryptamme (II) N-l-14C-acetyl-3-hydroxy-4-methoxyphenylethylamme (VIII) 
and N-l-14C-acetyl-3,4-d~methoxy-5-hydroxyphenylethylam~ne (IX) were synthesized and 
tested as precursors for eleagnine, salsolme and anhalomdme respectively. The results of 
feeding the N-acetyl ammes are m Table 1 and are umformly negattve. 

TABLE 1 FEEDING EXPERIMENTS WITH E angustlfolia, E merkerr AND L. wrlbamsr~ 

Plant 
Feedmg 
method 

E angustlfolra Hydropomc 
E angustlfolra Wtck 
E angustlfolra Hydropomc 
E angustrfolra Hydropomc 

E. angustrfolra 
E angustlfoha 
E angustlfoha 
E angustlfolra 
E merkerr 

Hydroponic 
Hydroponic 
Hydroponic 
Hydropomd 
Injection 

L wdhamsar InJectIon 

Substrate 
SpeclfiC 

acfivlty 
me/m-mole 

L-methylene-14C-tryptophan 
a-‘*C-tryptamme HCl 
a-14C-tryptamme HCl 
@-‘%tryptamme HCl 

> 

+ 
rmg-(G)-3H-tryptanune HCl 

N-l-14C-acetyltryptamme 
N- 1 -‘4C-acetyltryptamme 
nng (G)-3H-N-1 -14C-acetyltryptammes $ 
l-14C-harmalan-HCl 
N-1-14C-acetyl-3-hydroxy- 

Cmethoxyphenylethylamme 
N-l-14C-acetyl-3,4-dlhoxy- 

5-hydroxyphenylethylamme 

54 5 
0 315 
0 315 
0 018 

49 1 
0 018 
0 018 

14 3 
0018 

133 

Plant 
pmoles Expected pmoles 

absorbed product formed 

E angustrfoha 
E angustlfolra 
E. angustlfolza 
E angustrfoha 

0 037 
11 

13 6 
460t 

E angustrfoba 695 
E angustzfolta 3 65 
E angustlfolra 172 
E angustlfolra 8 62 
E merkerl 13 4 

Eleagmne 
Eleagnme 
Eleagome 
Eleagnme 

Eleagnme 
Eleagnme 
Eleagnme 
Eleagmne 
Salsohne 

43 x 10-S 
005 
0 17 
0 21tt 

000 

xzi 
006 
000 

L. wrlllamsu 26 47 Anhalomdme 000 

*3H14C 208 l.tbasedon% $3H14C,1141 s3H1*C,4251 , 
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Although there always remams the posslblhty that the amides are not reachmg the sate 
of synthesis, we prefer, because of the mcorporatlon of N-acetyltryptamme mto harman m 
P edulzs, to regard our results as valid, 1 e In the biosynthesis of tetrahydro-/I-carbohnes 
and the tetrahydrolsoqumolmes N-acetyl ammes are not involved 

As controls for these expenments alkaloid synthesis was demonstrated m each case m 
srmllar plant material from at least one precursor Both tryptophan and tryptamme were 
incorporated mto eleagmne m E angustzfolza, 3-hydroxy-4-methoxyphenylethylamme was 
incorporated mto salsohne m E merkerz and dopamme was mcorporated mto anhalomdme 
m L wzllzamszz In addition, under condtttons whereby N-acetyltryptamme m P edulzs 
could be trapped’ after feedmg either tryptophan or tryptamme, no such result could be 
demonstrated m E angustlfolza (see Table 2) 

TABLE 2 ATTEMPTED DOUBLE LABEL TRAPPING EXPERIMENTS WITH E. angustrfolza 

Feedmg 
method Trap 

pmoles 
added 

RadioactIve 
L-tryptophan 

added 
(dls/mm x 10e6) 

rmoles of 
radroactn%y 

trapped 

Hydroponrc N-acetyltryptamme 2 00 3H-(G)* 764 000 
(shoots) ‘“C-(P))t 0 222 000 

Wick N-acetyltryptamine 5 55 “H-(G)* 7.64 000 
“%-(/qt 0 222 000 

* Spectic actlnty 500 me/m-mole 
t Spectfic activity 54 5 me/m-mole 

If N-acetyltryptamme IS not a precursor of eleagmne then the observed mcorporation of 
harmalan, the expected cychzatlon product of N-acetyltryptamme mto eleagmne must be 
regarded as incidental to the blosynthesls of eleagmne and merely a reaction the plant IS 
capable of carrying out Slmllarly the mcorporatlon of eleagmne mto harman m P edulzs’ IS 
probably incidental to the biosynthesis of harman 

Harman IS exceptional among the alkaloids under dIscussIon m bemg fully aromatic, 
and It IS possible that N-acetyl ammes are involved only m the blosynthesls of the rarely 
occurrmg 8-carbolmes Tlus means that separate pathways are operatmg m those plants 
where the /3-carbolmes and the tetrahydro+carbohnes occur together An alternate 
explanation for the co-occurrence IS that the ,&carbohnes are autoxldatlon products of the 
tetrahydro-p-carbohnes and are artifacts of extraction In support of this the tetrahydro- 
lsoqumohnes are more stable to autoxldatlon and there are no reported co-occurrences of 
tetrahydrolsoqumohnes and lsoqumohnes Further there are no known lsoqumohnes 
derived from a phenylethylamme umt and a C-2 fragment 

EXPERIMENTAL 
General M ps were determmed on a Kofler block and are uncorrected. Autoradlograms were prepared 

usmg Kodirex MedIcal X-ray film (Kodak (Australasia) Pty Ltd > IR spectra were obtamed (Nu~ol mull) 
usmg a Urucam SP 200 spectrophotometer NMR spectra were run m DrO usmg Na 3-(tnmethylsdyl)-l- 
propane sulphonate as an mtemal standard on a Vanan Associates A-60 spectrometer 

PIant material Seed of Elaeagnus angustlfolra was purchased from Thompson and Morgan Ltd., Ipswlch, 
England Lophophora wdlramsn and Echmocereus met-ken plants were obtamed from members of the N S W 
Cactus and Succulent Society 
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All plant mater& was grown m a temperature controlled green house at 21-24”, daylight bemg supple- 
mented with fluorescent hghtmg set on a 16-hr day 

E atzgustzfolia plants were obtained by germmatmg the seeds m sand Two types of plant material from 
E angustzfofza were used (a) growmg shoots from a mature plant, (a) young seedhngs 4-6 m htgh 

L wzllzamszi and E merkerz plants were used for feedmg experiments after bemg allowed to grow m the 
greenhouse for at least 4 weeks 

Chromatography Descending paper chromatography was performed on Whatman No 3 paper usmg 
n-BuOH-toluene-HOAc-H20 (20 10 3-9) Before applymg the sample the paper was equthbrated by 
dtppmg m the aq phase with acetone (3 7) and allowing the acetone to evaporate 

TLC was carned out on plates (1 mm) prepared m the usual way(neutra1 plates)as was descrrbed prevtously 
(basic plates) 1 If required acttvated they were heated at 110” for 60 mm The followmg solvent systems 
(v/v) were used (A) MeOH, (B) CHCl,-MeOH (19 l), (C) CHC13-EtOH-Et2NH (85-10 5), (D) Et,0 

Admznzstratzon of radzoactzve substrates Where posstble radtoacttve substrates were added m aq solutton 
N-acetyltryptanune was dispersed m 0 2% Tween 80 and (VIII) and (IX) m 10% Me$O, After wick 
feeding, the plants were grown for 2-3 weeks With hydropomc feedmg the shoots were grown m water for 
3-9 days while after mJectton the cacti were grown for 3 weeks 

Isolatzon anddetectzon of alkalords E angustzfolza maternal was homogemzed m a Ten Broeck homogemzer 
or Waring Blendor with carrter alkalotd (2 mg) and 90% EtOH and allowed to stand for 2 days at 0” After 
filtration the extract was washed through a cellulose phosphate ton-exchange column (1 x 10 cm) (H+ 
form) with 90 % EtOH solutton The baste fractton was eluted with 90% EtOH made 0 5 N wtth respect to 
HCI or EtOH-conc NH*OH (9 l), then separated by TLC (basic activated plates, solvent A) and the 
alkaloid eluted with MeOH The alkaloid was recryst&ed to constant spec& acttwty after addmon of 
unlabelled maternal from ather MeOH EtOAc (eleagmne-HCl) or EtOAc (eleaamne) 

Alkaloids from cacti were isolated by a combtnatton of the methods‘of &eteio and Lundstrom and 
Agurell Ii After separation on preparative TLC (neutral plates, solvent C) and elutton wtth EtOH, the 
alkaloid HCl-lde was recrystalhzed to constant spectfic acttvtty after addition of further unlabelled material 
from MeOH-EtOAc 

Eleagmne was detected on TLC either by its purple fluorescence under UV light or its magenta colour 
wtth 1% xanthydrol m EtOH-conc HCl(95 5), salsolme and anhalomdme by their orange and crnnson 
colours respectively with 0 5% o-dnunstdme m 1 M HCl and 10% NaNOz 

Trappzng experzments N-acetyltryptamme was added 72 hr before the radtoactlve tryptophan and the 
shoots were then allowed to grow for 7 days Plant material was homogenized m a Warmg Blendor with 
tamer (ca 30-40 mg) m 90 % EtOH and the homogenate allowed to stand for 2 days at 0” After filtratton 
the extract was washed through a cellulose phosphate ton-exchange column (1 x 10 cm) (H+ form) with 
90% EtOH solutton The eluate was evaporated to dryness and the residue dissolved m Et20 Thts solution 
was twice extracted with 0 01 M NaOH, drted (NazSO+) and the solvent removed T’he residue was subhmed 
(160”, 0 15 mm Hg), the sublimate punfied by preparattve TLC (basic plates, solvent D) and the N-acetyl- 
tryptamme eluted wnh MeOH 

Coantzng of radwactzvzty W and 3H containing compounds were counted on a Packard Tn-Garb 
Ltqutd Scmttllatton Spectrometer (Model 3375) m 15 ml of scmttllant (contatmng 4 g of PPO and 100 mg 
POPOP/l of toluene), 1 ml Soluene TM 100 and mercaptoethanol (20 ~1) All vials were internally stan- 
dardized using *‘C or JH-toluene 

For samples contammg both 3H and 14C, condttions for countmg were determined usmg pure samples of 
the two tsotopes The isotope of higher energy (%) was counted under condmons where less than 0 001% 
of the low energy (3H) isotope counts were detected For the isotope of lower energy the percentage of the 
high energy cotmts‘detected under the condtttons used was determu& and the approprtate-correctton made 

Chemzcal syrzfheses Rzna-(G)3-H-trvotamzne Trvotamme (7Omg) was heated at 100” m JH20 (0 17 ml, 
26 4 me/m-mole) contammgole&n (2 o/, SO, m H2S& 0 03 ml) for-4 hr m a sealed tube The cooledsolutton 
was diluted with MeOH (4 ml), bastfied wtth 10 M NaOH and the solvents removed zn vacua Extraction of 
the residue with hot benzene and evaporatton of the benzene ytelded a pale brown solid This was sublimed 
(lOO-120”, 0 1 mm Hg) and crystalhzed from benzene to give 3H-tryptanune (45 6 mg), m p 114-116” Single 
spot on autoradtography of TLC (basic plates with solvent system A) Spectfic activity 49 1 me/m-mole 
In a parallel expertment m D,O tt was shown by NMR that 84% of the aromatic hydrogens had exchanged 

N-l-‘4C-acetyZ-rzng-(G)-3H-tryptamzne (II) Ace&c-l -14C anhydrtde (0 1 mc, 0 34 mg) was transferred 
by heating under vacuum to a solutton of unlabelled AcaO (0 22 ml), nng-(G)-JH-tryptamme (0 88 mc, 
178 5 mg) and anhydrous NaOAc (6 2 mg) frozen m hqmd Nz The reaction nnxture was then heated at 
100” for 2 5 hr when the excess AczO was decomposed with 5 M HCl(l0 ml) and the solution extracted with 
Et,0 (4x) Extraction of the combined Et20 fractions with dilute Na2C03 solutton and removal of the 
solvent under Nz gave an oily residue which crystalhzed on standing Sublumnatton at 160-180” (0 6 mm 
Hg) and recrystalllzatton from Et&-l& petroleum (62-76”) gave JH 14C-N-acetyltryptamme as long 

lo E LEETE, J Am Chem Sot S8,4218 (1966) 
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colourless needles Yield 157 mg (70x), m p 78-80” SmgJe spot on autoradlography of TLC (base plates 
with solvent system A) 

N-1-“%-acetyZtryptamme Slmdarly prepared from 1 -%-AczO and tryptamme Spectic actlvlty of 
N-l-14C-acetyltryptamme 0018 me/m-mole Single spot on autoradiography of TLC (basic plates with 
solvent system A) 

N-l-‘4C-acetyl-3-~yd~oxy~-methaxy-4_methyZam~ne (VIII) 3-Hydroxy-4-methoxyphenylethylamme 
was converted to the dmcetate (IR spectrum 1690 cm-’ (CONHR) and 1750 cm-l (CH&OOR) as descrgbed 
for (II)) The dlacetate was heated at 100” m 1 M NaHC03 (2 ml) for 3 hr m a sealed tube The cooled 
solution was adJusted to pH 6 and extracted with CHCIJ Evaporation of the CHC13 gave a colourless, 
partially crystalline 01 A solution of this m 30% aq MeOH (50 ml) was slowly applied to an Amberhte 
IRA 400 (OH- form) ton-exchange column (1 x 20 cm) and the non-phenohc material washed through 
with 30% aq MeOH 200 ml) The N-acetyl-3-hydroxy-4-methoxyphenylethylamme was eluted with a 
solution of MeOH-H&-HOAc (6 3 1) (200 ml) Subhmatlon (120-140”, 0 2-O 3 mm Hg) followed by 
crystalllzatlon from EtOH-heptane of the residue after removal of the solvent gave (VIII) Yield 116 mg 
(55 %), m p 125” Specific activity 0 018 me/m-mole Smgle spot on autoradlography of TLC (neutral plates 
with solvent system B) 

N-1-‘4C-acetyI-3,4-dimethoxy -5-hydroxyphenylethylamme (IX) Prepared from 3,4-dlmethoxy-S-hydroxy- 
phenylethytamme and acetlc-l-‘4C-anhytide as described for the synthesis of (VIII) CoJourJess crystals 
of (IX) were obtained from EtOH-heptane, m p 102-105” Specific actlvlty 1 33 me/m-mole Single spot on 
autoradlography of TLC (neutral plates with solvent system B) 
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